i |

e B B

= -

= |

=

B B B B B BE B E B3

£-S1e).9 6T

FINAL FEASIBILITY STUDY REPORT

ADEQ ESTES LANDFILL WQARF SITE RI/FS
PHOENIX, ARIZONA

July 3, 2002

PREPARED FOR:
ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY

3033 NORTH CENTRAL AVENUE
PHOENIX, ARIZONA 85012

PREPARED BY

HARDING ESE
6200 EAST THOMAS ROAD, SUITE 202
SCOTTSDALE, ARIZONA 85251

ESE PROJECT # 660008.0500



F 1 F }
[ re———| | S—

= T

E

= =

E

==

=

™

bad

Final Feasibility Study Report Page ii
ADEQ Estes Landfill WQARF Site RI/FS
July 3, 2002

This report, including all related activities, was prepared and/or conducted by Harding ESE (H/ESE), under the direct
supervision of John Kim, Chief Engineer and Arizona Superfund Response Action Contract (ASRAC) Project Manager,
for the exclusive use of the client as it pertains to the Estes Landfill in Phoenix, Arizona. Our professional services have
been performed using that degree of care and skill ordinarily exercised under similar circumstances by other
hydrogeologists and engineers practicing in this field. No other warranty, expressed or implied is made as to the
professional advice in this report. Any use of or reliance on these reports by a third party shall be at such a party's
sole risk.

H/ESE can offer no assurances and assumes no responsibility for site conditions or activities outside the scope of the
inquiry requested by the client as outlined in this document. It should be understood that H/ESE has relied on the
accuracy of documents, oral information, and other material and information provided by the client and other associated
parties. It is recognized that regulatory requirements may change, including the revision of suggested cleanup levels,
which could necessitate a review of the discussion, findings, recommendations or conclusions of this report. Any
subsequent modification, revision, or verification of this report must be provided in writing by H/ESE.
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Chief Engineer
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John S.Kim Jhlie M. Powers
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Arizona Registered Geologist #30448
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1.0 INTRODUCTION & OBJECTIVES

In accordance with Task 3D of the January 3, 2002, “Feasibility Study Work Plan to Arizona Department
of Environmental Quality (ADEQ) Work Assignment # 99-0184 for Estes Landfill Water Quality
Assurance Revolving Fund (WQARF) Registry Site,” this report presents the results of the Feasibility
Study (FS) completed for the Estes Landfill WQAREF Site as part of the Remedial Investigation/Feasibility
Study (RI/FS) completion process.

Presented in the following sections are: Section 1.0 - an introduction that describes the contents of this
report, and objectives section that summarizes the FS objective; Section 2.0 - a description of the site
including physical location, and site hydrogeology; Section 3.0 - relevant site background information;
Section 4.0 - a description of current site conditions; Section 5.0 - a description of the FS evaluation
approach in identifing the remedial alternatives for detailed evaluation; Section 6.0 - a detailed analysis of
each alternative; Section 7.0 - a comparison summary of each alternative; and Section 8.0 - referenced
documents.

In accordance with Section R18-16-407 of the WQARF Remedy Rules, the objective of the FS is to
identify and evaluate remedial alternatives to address the contaminants of concern (COCs) assessed and
characterized in the RI that are present in soil, groundwater, and ambient air at the Estes Landfill
WQAREF Site to achieve Remdial Objectives (ROs) finalized by ADEQ on January 15, 2002 (ADEQ,
2002), and to specify the appropriate perferred remedy to be addressed in the Proposed Remedial Action
Plan (PRAP). Specifically, the following three remedial alternatives were evaluated and in this FS report;
no interim remedial measures have been identified for this Site:

* A.1. More Aggressive Alternative - Plume Remediation: Which features modification of the
existing CAP to include erosion protection and storm water run-off control; institutional controls that
prevent any developer from altering the integrity of the CAP; groundwater extraction and treatment
using Ultraviolet Light Peroxidation; and monitoring.

* A.2. Reference Alternative - Source Control: Which features modification of the existing CAP
to include storm water run-off control; institutional controls that prevent any developer from altering
the integrity of the CAP; natural attenuation; and monitoring.

* A.3. Less Aggressive Alternative - Monitoring: Which features institutional controls that
prevent any developer from altering the integrity of the CAP; natural attenuation; and monitoring;

n:\...\FS Report.wpd Harding ESE, Inc.
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A comparative evaluation was conducted for these remedial alternatives in accordance with the following
criteria:

* A demonstration that the remedial alternative meets the ROs.

 An evaluation that remedial alternatives consistent with water management plans of affected water
providers and the general land use plans of local governments with land use jurisdiction.

* An evaluation of the practicability of implementing the remedial alternative.

* An evaluation of risk associated with implementation of the remedial alternative to the overall
protectiveness of public health, and aquatic and terrestrial biota under reasonably foreseeable land
use scenarios and end uses of water.

* An evaluation of cost of the remedial alternative, including capital, operating, maintenance, and life
cycle costs (and cost uncertainties).

* An evaluation of the benefit, or value of implementing the remedial alternative.

The results of the evaluation and comparison of the three remedial alternatives, are presented in this FS
Report, which also identifies the preferred remedy, which may be: 1) the reference alternative, 2) any of
the other two alternatives evaluated, or 3) a differenct combination of remedial strategies that were
included in the comparative evaluation. In presenting the preferred remedy, the FS report describes the
rationale and justification for selection of the said remedy including: 1) how the preferred remedy meets
the ROs; 2) how the comparison criteria were considered; and 3) how the preferred remedy meets the
requirements of Arizona Revised Statute (ARS) 49-282.06.

n:\..\FS Report.wpd Harding ESE, Inc.
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2.0 SITE DESCRIPTION

2.1 SITE LOCATION

The Site was defined, by the ADEQ on April 28, 1998, as the Estes Landfill WQARF Registry Site, and
was based on inferred distribution of dissolved contaminants in groundwater that were identified as
signature compounds to the Estes Landfill. The current boundaries of the Site, as well as the Estes
Landfill (landfill), which cover approximately 45 acres, are shown on Figure 1.

The Site and landfill are located adjacent to and south of the Salt River between 40th and 45th Streets in
Phoenix, Arizona (Figure 1). The Site and vicinity is shown on Figure 2. The Site area includes a
network of groundwater monitor wells that extends beyond the portion of the aquifer, which is impacted
by the Site. The Bradley, or Fortieth Street Landfill, a newer landfill that is also privately owned and
operated, lies south of the Estes Landfill. The two are separated by a 50-foot east/west utility easement.

2.2 SITE HYDROGEOLOGY
As described in the RI Report (ESE, 1999), Estes Landfill is underlain by approximately 115 to 175
feet of heterogeneous alluvial sediments and several hundred feet of consolidated sedimentary bedrock.
The alluvium beneath the site contains sediments (cobbles, gravel, sand, and fines) of similar
composition with differing hydraulic properties, which result from differences in the degree of sorting of
the sediments. The RI report identified three distinct alluvial hydrostratigraphic units in the following
order from the ground surface downward:
* Unit Fl, an unconfined, highly permeable aquifer where saturated, from the surface to
approximately 60 feet;
* Unit F2, a semi-confined, low permeability aquitard from approximately 60 to 90 feet bgs; and,
* Unit F3, a semi-confined, medium permeability aquitard from approximately 90 feet bgs to the
underlying sedimentary bedrock (Unit F4).

Unit F4 is well consolidated and appears to correlate with the Tertiary Tempe Beds and (older) Tertiary
Camelshead Formation. The contacts between the alluvial units are gradational, whereas, the contact with
underlying bedrock is well defined. Unit F2 is not continuous throughout the Site and vicinity, and where
the F2 Unit is absent, Units F1 and F3 are considered to be one unconfined alluvial aquifer.

n:\...\FS Report.wpd Harding ESE, Inc.
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The major hydrologic feature in the study area is the Salt River immediately adjacent to the site. The Salt
River is normally dry, but periods of above-average precipitation and/or releases from upstream reservoirs
have caused river 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 “dry” river conditions and southwest during sustained river flow events. Water
levels have fluctuated historically between approximately 25 and 80 feet below ground surface (bgs) at
the Site and are significantly impacted by recharge from river flow events.

n:\...\FS Report.wpd Harding ESE, Inc.
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3.0 SITE BACKGROUND

The Estes Landfill was operated by a commercial refuse collection and disposal company from the early
1950s through 1972. The landfill was permanently closed as a commercial disposal site in 1972. The City
of Phoenix (COP) purchased the landfill in the early 1980s to re-channel the Salt River to prevent future
flooding of Sky Harbor Airport. The Estes Landfill was primarily a municipal waste landfill, however,
liquid wastes that would now be classified as hazardous wastes were also accepted. Bulk liquids were
discharged into ponds excavated in the refuse pits. Coring data collected in the Estes Landfill suggest that
the maximum pit depth was about 50 feet, with approximately 40% of the landfill within the 35 to 50 foot
depth range. The depth to groundwater in the vicinity of the landfill ranges from approximately 25 to 80
feet.

Groundwater contamination was discovered in two industrial supply wells located downgradient of the
Estes/Bradley Landfills between 1980 and 1982 one on the Bradley Landfill, and one 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 by products of the industrial solvent
Trichloroethene (TCE). Lower concentrations of other 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.

The discovery of volatile organic compounds (VOCs) in groundwater at the Estes Landfill project area
and the subsequent groundwater assessment efforts are further summarized in the "Estes Landfill
Remedial Investigation Report" (RI Report). As described in the RI Report, flooding along the Salt River
in 1978, 1979 and 1980 caused substantial damage to both public and private property along the river,
including Phoenix Sky Harbor International Airport (PSHIA). As a result, the COP, in conjunction with
local, State and Federal flood control and transportation agencies, developed a program of river
channelization and bank stabilization. To complete the project, a large portion of the Estes Landfill that
was located in the riverbed had to be moved. In 1982, the COP acquired the Estes Landfill through
eminent domain and the landfill relocation project was initiated. Hazardous wastes were segregated and
shipped off-site for disposal. Most of the remaining material in the riverbed was excavated and moved
onto the southern portion of the property out of the riverbed.

n:\...\FS Report.wpd Harding ESE, Inc.
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Since 1987, several phases of remedial investigation have been conducted at the Site, ultimately in
support of the September 5, 1997 draft RI report prepared by Harding Lawson Associates (HLA) for the
COP. Technical activities that were completed included the drilling and installation of numerous
groundwater monitor wells and piezometers; collection of numerous soil, groundwater, and soil gas
samples; geophysical surveys and several aquifer tests; and the performances of both bench scale and
pilot scale treatability tests. The data compiled during this phase of the remedial investigation was used to
develop a detailed Site Conceptual Model (SCM) which was presented in the draft RI report. The SCM
provided specific information on the site conditions as it relates to site hydrology, groundwater
contamination sources, groundwater chemistry, and human health risk assessment (RA). In addition, the
draft RI report provided information on the movement and fate and transport of the groundwater plume.
In general, the conclusions reached in the Draft RI report on the source of contamination, groundwater
chemistry, and RA evaluation are as follows:

=

S =

 — |

* For onsite sources, the draft report concludes that the source area on the Estes landfill appears to
be a liquid waste disposal pit that was located near the southeast corner of the Site.

* For off-site sources, the draft report concludes that an offsite groundwater plume from an
independent unknown source(s) that contains TCE and 1,1-Dichloroethene (1,1-DCE) is present
about one-half mile to the south and southwest of the Site. The contaminants associated with the
off-site source area flow to the northwest and impact certain wells west of the Site that are also
impacted by contaminants apparently attributable to the Site.

* The draft report identified VC and cis-1,2-dichloroethene (cis-1,2-DCE) as signature chemicals for

the Site used to define the extent of impacts to groundwater. The draft report further concludes
that, based on seven years of groundwater monitoring, the lateral and vertical extent of
contamination from the Site is relatively stable with declining VOCs concentrations in wells
downgradient to the source area demonstrating that groundwater impacts have decreased over time
through natural attenuation. The draft report also concludes that site data demonstrate that
sequential anaerobic degradation followed by aerobic degradation of the more highly chlorinated
compounds onsite and less chlorinated compounds offsite, respectively, is occurring.

* The results of two RAs; one performed by ADHS and the other performed by HLA, concluded

that the media of concern was groundwater and the chemical of concern was VC. In addition, both
RAs concluded that there are no current public health risks associated with the Site, and no
complete exposure pathway for groundwater. However, in terms of the hypothetical potential
future use of groundwater, the two RAs differed. The RA completed by ADHS assumed potential
potable use (ingestion) of the groundwater. The RA completed by HLA did not consider potential
future use of groundwater. Consequently, the estimates of risk varied significantly, from a

n:\...\FS Report.wpd Harding ESE, Inc.
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determined cancer risk of 2 x 102 in ADHS’s RA to 1 x 10 in HLA’s RA.

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, 1999 Quality Assurance Project Plan (QAPP) for the
Estes Landfill, prepared by Environmental Science and Engineering, Inc. (ESE) and approved by ADEQ.

The results of the supplemental RI activities and all past investigation activities were described in the
Remedial Investigation Final Report, dated July 30, 1999. The following provides a brief description of the
findings contained in the report.

* Review of all soil samples collected from soil borings drilled within the current and former landfill
indicated that no significant sources of VOCs were identified in any of the areas sampled. The
analytical results for VOCs were all below their respective method reporting limits. Arsenic,
Thallium, and Lead were considered compounds of interest in the current and former Landfill
because they exceeded appropriate action levels and were detected at a frequency of greater than
5%. The report consequently concluded that metals in the form of Arsenic 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 ADEQ Soil Remediation Level (SRL). Because these
metals are present in subsurface soils, direct human exposure was not a concern. However, the
potential of these metals to leachate into the groundwater, and potential future exposure during site
redevelopment were of concern. Consequently, further evaluation of the potential risks to human
health and the environment was recommended.

* Review of all collected groundwater sample results confirmed that the Site plume is suspected of
originating from an onsite former liquid waste disposal pit (primary source). VC, 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 groundwater samples from downgradient and cross-gradient wells. In addition,
VC and TCE have the two lowest Aquifer Water Quality Standards (AWQSs) of the VOC
Compounds of Interest, which correlates to the higher toxicity value of these compounds. VC, cis-
1,2-DCE, and TCE will be used to identify the extent of groundwater contamination from the Site.
Other conclusions made in the report regarding the groundwater plume are as follows:

— In the vicinity of the Site, two plumes of dissolved VOCs in groundwater have been identified

n:\...\FS Report.wpd Harding ESE, Inc.
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through the evaluation of groundwater quality data. One plume is located onsite (Figure 3),
the other plume is located to the south and southwest of the Estes Landfill and is considered
to have originated from another off-site source.

The groundwater plume from the Site is stable and not migrating. 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.
Based on inferred westerly to southwesterly groundwater flow, 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.

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. An evaluation
of concentration spikes over time indicates that the magnitude of the spikes is declining.

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.

Natura] attenuation of TCE, cis-1,2-DCE, and to a limited extent, VC, is occurring at the Site.
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 Groundwater Compounds of Interest that met the criteria
are as follows: VC; trans-1,2-Dichloroethene (trans-1,2-DCE); cis-1,2-DCE; TCE; 1,2-
Dichlorobenzene (1,2-DCB); Chlorobenzene; 1,1-DCE; 1,4-Dichlorobenzene (1,4-DCB);

n:\..\FS Report.wpd Harding ESE, Inc.
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Tetrachloroethene (PCE); Benzene; 1,2-Dichloroethane (1,2-DCA); Chloroform; Bis(2-
ethylhexyl)phthalate; Arsenic; Barium; Chromium; Cadmium; Lead; Manganese; and Nitrate
as N.

* 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 structures were present. However, because these types
of site conditions are not present explosion potential due to build up of methane are 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.

* Based on the results of the ecological screening, compounds of concern (COCs) 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 COCs
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 RA is not
warranted.

On July 10, 2000, Harding ESE issued a Technical Memorandum that presented the results of the
evaluation of the COP Rio Salado Project, Assured Water Plan, and Drat WQARF Remedy Selection
Rule (draft Rule) as it relates to the remedy selection process at Estes. Based on this review it was
concluded that certain aspects of the FS remedy selection process would need to be changed or modified,
as follows:
* During the remedial alternative evaluation “source control” must be considered for all remedies
except for the monitoring and no action strategies.
* All remedial alternatives must be evaluated for consistency with appropriate water management
plans of water providers and land use plans of local governments.
* During the remedial alternative evaluation, the cost comparison criteria must include transactional
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costs to implement the remedy.

» Existing plans for the potential reasonable foreseeable future use of groundwater by COP, within
the vicinity of the Site, should be considered in the ROs.

e Current and potential future usage of groundwater by individual property owners within the vicinity
of the Estes site must be considered (survey data) in the ROs and during the evaluation of remedial
alternatives, which would include conducting groundwater risk evaluations for no-action or natural
attenuation remedial alternatives.

* During the remedial alternative evaluation, storm water run-off from the landfill discharging into the
Salt River potentially impacting the Rio Salado riparian habitat, newly established wildlife, and
wetlands may need to be considered.

On January 25, 2001, Harding ESE issued a Technical Memorandum describing the results of the
reevaluation of the soil COCs for the Estes Landfill. The soil COCs were identified in the Final RI
Report, and included the following compounds: Arsenic; Lead; and Thallium. The reevaluation of the
subsurface soil COCs was based on comparing results of past soil boring investigations that were outlined
in the final RI Report to site-specific background data obtained for Arsenic and Lead. In terms of
Thallium, since no action level had been established, the past soil boring investigation results were
compared with the residential SRL for Thallium Chloride, which is a compound of Thallium and had the
most conservative SRL when compared with other Thallium compounds. The results of the reevaluation
indicated that these three metals should continue to be COCs for subsurface soils.

On February 21, 2001 (Revised and reissued on June 19, 2002), Harding ESE submitted the Final
Groundwater Modeling Report for the Estes Landfill Site. The primary objective of this task was to
develop groundwater flow and contaminant transport models capable of simulating current and future
TCE, cis-1,2 DCE, and VC concentrations in the overburden aquifer underlying the Site. Specifically,
Visual MODFLOW MT3D99 software was used in conducting the modeling, which was calibrated to
match existing data and used to conduct 100-year simulations of concentration changes resulting from
flow and natural attenuation mechanisms. The results of the modeling demonstrated that natural
attenuation was effectively reducing the concentration of the groundwater COCs. Model simulations
indicated that: by the year 2006 cis-1,2 DCE concentrations were expected to be less than the AWQS;
and VC concentrations would be less than the AWQS by 2012. In a worse case scenario, if significantly
less than measured biodegradation rates were utilized, these anticipated timeframes would be increased
by 8 years (i.e., 2014 for cis-1,2 DCE and 2020 for VC).
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On July 9, 2001, a Land and Water Use Study Report was finalized and issued for public comment. This
report presented a summary of current and potential future uses of land and water at the Estes Landfill
site as required in the WQARF Remedy Rules (R18-16-406). The Use Study was intended to be an
inclusive summary of information gathered from discussions with property owners, water providers,
municipalities, and well owners. In general the study did not discriminate between “reasonably
foreseeable™ uses and other uses that were identified. The results of the Use Study indicated that future
land use at the Estes Landfill could possibly include: a trail linkage between the Tempe Town Lake and
the Phoenix Rio Salado Project for pedestrian, bike, and equestrian use; redevelopment of the landfill for
commercial or recreational use by an outside developer; surface or structure parking, surface storage, or
construction of buildings and structures by the COP Aviation Department; and temporary use for material
processing and a concrete batch plant, although no development plans were available. In terms of
groundwater use, the study concluded that there were currently no production wells within the Estes
Landfill groundwater plume that have been impacted or are likely to be impacted by the plume except for
the Bradley Landfill well. The Bradley Landfill immediately south of the Estes Landfill has a production
well that is currently used for dust control. The well has been impacted by contaminants from the Estes
Landfill, but the contamination levels do not prohibit the use of the water for dust control. No other
current public or private groundwater users in the vicinity of the landfill could be identified. The possible
future groundwater uses included: use of the old Estes production well; use of wells by private property
owners in the vicinity of the Estes Landfill; and the general potential need by the COP, the area water
provider for additional groundwater supplies from the central wellfield sometime in the future.

On January 15, 2002, the ROs were finalized by ADEQ for all of the possible uses considered as
reasonably foreseeable. In terms of land uses, the ROs required that the selected final remedy must
protect against possible exposure to hazardous substances in surface and subsurface soils that could occur
if any of the following uses would occur: A trail linkage between the Tempe Town Lake and the Phoenix
Rio Salado Project for pedestrian, bike, and equestrian use; Redevelopment of the landfill for commercial
or recreational use by an outside developer; Surface or structure parking, surface storage, or construction
of buildings and structures by the COP Aviation Department; and Temporary use for material processing
and a concrete batch plant. However, any stabilization of soils to support structures and removal of non-
hazardous substance containing landfilled waste and debris would be conducted at the expense of the
developer and/or landowner. The final remedy will be compatible with any applicable developed plans, if
available, and remedy plans would be coordinated with the developer/landowner to encourage the
development of the property. In term of water uses, ADEQ established ROs for the current use of the
Bradley Production Well and future reasonably foreseeable uses by the COP, the area water provider for
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additional groundwater supplies potentially within the vicinity of the landfill. The RO for the current use
of the Bradley Well for dust control is to protect, replace or otherwise provide alternative water supply
should use of the Bradley Well be lost in the future due to change in the concentration of contaminants.
This action would be needed at the time when the level of contamination in the Bradley well, coming from
the Estes Landfill plume, prohibits its intended use, and would continue as long as the Bradley Well is in
use and/or contaminant concentrations prohibit its intended use. The RO for the potential future use of
groundwater by the COP is to restore, replace, or otherwise provide for the COP water supply if the

COP needs groundwater in the vicinity of the Estes Landfill area and the identified water resources is
impaired or lost by contamination emanating from the site. The water supply to be provided for may
include the potential production of one well pumping approximately 2 million gallons per day, with a
utilization factor of 75%. This action would not be needed prior to the year 2020 and will be needed for
as long as the level of contamination originating from the Estes Landfill plume in the identified
groundwater resource prohibits or limits its use.

On February 21, 2002, Harding ESE issued two technical memorandums to ADEQ); one pertaining to the
results of the investigation of former liquid disposal pit, and the other pertaining to the results of ambient
air monitoring conducted at the landfill surface. The findings presented in these memorandums are as
follows:

» The objective of the former liquid disposal pit investigation was to characterize the extent to
which hazardous substances are present within the vadose zone and vadose/saturated zone
interface of the liquid disposal pit located on the Estes Landfill Site. The report concluded that the
following compounds should be added to the subsurface soil COC list: Benzene; 1,2,4-
Trimethylbenzene; Chromium; Isopropylbenzene; p-Isopropyltoluene; n-Propylbenzene; and 1,2,3-
Trichlorobenzene. The updated baseline RA, should include these soil COCs as part of the
updated exposure and toxicological evaluations.

» The objective of the ambient air monitoring was to determine if VOC vapors were migrating to
the landfill surface at concentrations exceeding the Arizona Ambient Air Quality Guidelines
(AAAQGs), as recommended in the 2™ Quarter 2001 Groundwater Monitoring Report. The
results of sampling showed that all detected compounds were well below their respective
AAAQG. Consequently, further assessment of the potential health effects associated with
exposure to these compounds was not recommended.

On July 2002, Harding ESE completed a Human Health Risk Assessment Update (RA Update). The RA
update evaluated potential exposure and risk from contaminants present in various media in and adjacent
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to the Estes Landfill that were not addressed in the original August 1995 Draft RA. This update also

compared the toxicity values used in the 1995 Draft RA with current values to determine if they had

become more stringent as to impact any conclusions made in the original report. The results of the RA

update supported the following conclusions:

L » Just as concluded in the draft RA, no current risk is known to exist from exposure to contaminants

i in groundwater through registered private domestic wells within the portion of the aquifer
contaminated by the Estes/Bradley Landfills.

* Use of the Bradley Landfill production well for dust control purposes currently presents a negligible
health risk (i.e., less than 1x10° excess lifetime cancer risk) .

=
9

* Emissions of organic compounds present in the soil gas at the Estes Landfill currently presents a
negligible health risk, as verified by the ambient air monitoring results that showed COCs detected

in the air are significantly less than their respective AAAQGs. The draft RA of soil gas presenting

7y

a negligible risk is confirmed.
} * Potential exposure to surface soil via incidental ingestion, inhalation of fugitive dust and volatiles,
| and dermal contact on the Estes Landfill presents a negligible health risk.
* While some contaminants were identified in subsurface soils, including the area of the liquid disposal
pit, the absence of an effective exposure pathway, indicate that there is negligible health risk.
* If unregistered private domestic wells exist in the area of contaminated groundwater, then some risk
il may be presented by contaminants from the landfill. However, given the nature of land uses
) downgradient of the landfill, such an occurrence is considered unlikely.
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4.0 CURRENT SITE CONDITIONS

The following description of the current groundwater conditions at the Site is based on the evaluation of
groundwater data from June 1999 through December 2001. Evaluation of these data has shown that
inferred groundwater flow directions and gradients varied slightly between the three hydrostratigraphic
units during the monitoring periods. In all three Units, groundwater appears to consistently flow west
across the site and changed directions slightly west-northwest west of 40" Street. Evaluation of the VOC
and Semivolatile Organic Compound (SVOC) data has confirmed that the Site groundwater TCE plume
continues to be confined to the general source area, both horizontally and vertically. The groundwater
cis-1,2-DCE plume that exceeds the AWQS is with the boundary of the landfill in the north, east, and
west, and extends just beyond the landfill boundary in the south. In general, cis-1,2-DCE concentrations
decrease both horizontally away from the source area, and vertically at the source area. The cis-1,2-
DCE concentration in well EW-18 (Bradley Well) was well below the AWQS. The groundwater VC
plume extends downgradient beyond well EW-23 at concentrations exceeding the AWQS of 2 pg/l. The
VC concentration in well EW-18 (Bradley Well) continues to be above the AWQS with the current
concentration of 3.7 ug/l. Benzene has, occasionally, been detected in a couple of on-site wells EW-PZ5
and EW-PZ9 at concentrations exceeding the AWQS. However, the sporadic detection of Benzene in on-
site wells indicates that there is no plume associated with this compound. The same can be concluded for
Bis(2-ethylhexyl)phthalate, which is also sporadically detected in on-site wells occasionally exceeding the
U.S Environmental Protection Agency (USEPA) Preliminary Remediation Goal (PRG). Overall, the
VOC plume is stable and appears to show a declining trend in concentrations near the source and at the
fringe of the plume. Figure 3 provides a boundary of the maximum extent of the current VOC plume.
Evaluation of the inorganic groundwater data has confirmed that well EW-12 has consistently had nitrate
concentrations just above the AWQS. The Barium concentration in well EW-16 also has consistently
exceeded the AWQS. Manganese has consistently exceeded the ADEQ’s Health Based Guidance Level
(HBGL) in wells EW-4, EW-6, EW-9, EW-16, EW-18, EW-24, EW-PZ1, EW-PZ3, EW-PZ5, and EW-
PZ9. Arsenic was occasionally detected in wells EW-16 and EW-PZ9 exceeding the AWQS. The Draft
RA and RA Update both confirmed that of these detected COCs, VC was the only compound that
presented a risk to human health if it were used for consumption.

Review of the analytical data of all surface soil samples collected within the landfill indicates that there
are no surface soil COCs that exceeds the non-residential SRL. Review of the analytical data of all
subsurface soil samples collected within the landfill indicates that Arsenic is present at some locations of
the former and current landfill (including the Liquid Disposal Pit) at concentrations exceeding the non-
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residential SRL; In addition, Chromium and 1,2,4-Trimethylbenzene was also detected in the Liquid
Disposal Pit at concentrations exceeding their respective non-residential risk-based levels. Comparison of
the groundwater data to the soil COCs has confirmed that these compounds do not contribute to Site’s
groundwater plume. In addition, the RA Update confirmed that there were no other exposure routes
associated with the presence of these compounds in subsurface soils.

Review of the analytical results of vapor/air samples collected from soil-gas, gas monitoring probes, and
ambient air has confirmed that detected VOCs at the surface or boundary of the landfill are below
AAAQGs. Review of the Methane data indicates that Methane gas does not appear to be migrating
beyond the eastern and western boundaries of the landfill. However, a determination of Methane
migration within the north and south boundaries of the landfill could not be confirmed because it is
suspected the probes located within these areas may be in landfilled trash, and/or influenced by potential
methane generation from the Bradley Landfill. When comparing the methane results to previous sampling
events, it was confirmed that the probes installed within the eastern portion of the landfill have consistently
the highest methane concentrations. In addition, it is also confirmed that probes located within the east
and west boundaries of the landfill have continually not detected the presence of Methane.
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5.0 INITIAL TECHNOLOGY SCREENING

The selection of the alternatives that were included in the detailed evaluation (Section 6.0) was based on
reevaluating the initial screening of remedial technologies, the results of which were first submitted to
ADEQ in Technical Memorandum dated August 25, 1999. Efforts presented and discussed in this report
focused on reevaluation of the alternatives and technologies previously screened with the final ROs
(ADEQ, 2002). In order to facilitate a rapid evaluation of the screening process, its major highlights and
significant conclusions, results were presented primarily in tabular form (Table 1).

In addition to conforming with the approved original Task Assignment Scope of Work (TASOW), this
screening process incorporated the stated desire of the ADEQ to address natural attenuation and the
CERCLA Presumptive Remedy for landfills as potentially applicable approaches for the Estes Landfill
WQAREF site. As mentioned above, the ROs served as a primary basis for the technology screening
process, as did relevant findings of the prior September 5, 1997, Estes Landjfill RI/FS Remedial
Investigaion Draft Report prepared by HLA (data from the groundwater treatability studies). In order to
ensure completeness, several relevant guidance documents were also consulted including, but not limited
to, “Presumptive Remedy for CERCLA Municipal Land(fill Sites, September 1993,” “Conducting
Remedial Investigation Studies of CERCLA Municipal Landyfill Sites, February 1991,” “Design and
Construction of RCRA/CERCLA Final Covers, May 1991,” “Draft Process for Selecting Remedial
Objectives and General Remedial Alternatives for ADEQ - Lead WQARF Sites, November 1998, ”
“Draft Remediation Risks Committee Concept Paper, May 1997,” and “Final Reconsiderations of

the Remedy Selection Subcommittee as Approved by the Groundwater Cleanup Task Force,

December 1993.” In addition, the following reports prepared by Harding ESE (HESE) were also
consulted when evaluating alternatives/technologies in the screening process: June 2002, “Human Health
Risk Assessment Update, Estes Landfill, Phoenix, Arizona,” (RA Update); and June 19, 2002,
“Groundwater Modeling Report, Estes Landfill, Phoenix, Arizona.”

Following assessment of available site data, review of relevant guidance documents and consideration of
the final ROs, HESE identified and recommended a reference strategy as well as two alternatives, one
more aggressive than the reference strategy and one less aggressive, from among the following general
categories (listed in order of most aggressive to least aggressive):

* Plume Remediation;

* Physical Containment;

* Controlled Migration;
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* Source Control;

* Institutional Controls;

» Monitoring (w/Institutional Controls); and
* No Action.

These general categories of remedial alternatives were originally set up to address groundwater concerns
only. However, because the ROs for the Estes Landfill site indentified potential future land uses that
needed to be protected from exposure to COCs in subsurface soils, HESE adjusted the alternative
categories to accommodate site-specific needs. These adjustments consisted primarily of adding additional
soil (treatment/containment) technology options to a typical alternative (for example, combining capping
with groundwater extraction and treatment). Although this expanded the total number of singular options,
the net apparent impact on total screening process was minimal. This was due largely to the fact that few
technologies can be applied singularly; rather, single options are combined with one another to form
effective remedial alternatives. Based upon this screening analysis of the recommended site ROs, the six
available remedial alternatives, and the RA Update, HESE selected the following three alternative
strategies to be included in the detailed RAE:

* Reference Alternative - Source Control: Which features modification of the existing CAP to
include storm water run-off controls; institutional controls that prevent any developer from altering
the integrity of the CAP; natural attenuation; and monitoring.

* More Aggressive Alternative - Plume Remediation: Which features modification of the
existing CAP to include erosion protection and storm water run-off control; institutional controls that
prevent any developer from altering the integrity of the CAP; groundwater extraction and
treatment using Ultraviolet Light Peroxidation; and monitoring.

* Less Aggressive Alternative - Monitoring: Which also features institutional controls that
prevent any developer from altering the integrity of the CAP; natural attenuation; and monitoring.

It was determined that all three alternative would be appropriate to sites such as Estes, and, if
implemented, would achieve the final ROs, as follows:

» The RA Update concluded that health risks associated to direct exposure of surface soil COCs to
on-site workers or visitors were negligible(< 1x10 ELCR). The RA Update further concludes that
the emissions of organic compounds presented in soil gas, as confirmed by ambient air monitoring,
also presents a negligible health risk to on-site workers and visitors. Lastly, the RA Update
confirmed that there were no complete exposure pathways to the subsuface COCs. Based on
these findings, it was concluded that the existing CAP, currently, provide an adequate barrier to

n:\...\FS Report.wpd Harding ESE, Inc.



[ =

Final Feasibility Study Report Page 18
ADEQ Estes Landfill WQARF Site RI/FS
July 3, 2002

=
| =

wove S e

B =3

prevent exposure of COCs to on-site workers and visitors. Consequently, the ROs for any land use
that does not involve altering the integrity of the CAP, would be satisfied. Based on these findings,
the existing CAP was applicable for inclusion in the detailed evaluation in order to satisfy the ROs
established for land use.

ADEQ has the authority in providing on-site restrictions to properties such as the Estes Landffiill.
This would conclude that restrictions can be established in the final remedy that prevent any site
development that alters the integrity of the CAP. Based on these findings, the implementation of
institutional controls was included in the detailed evaluation the to satisfy the ROs established for
land use.

Evaluation of the existing CAP has shown that erosion controls are in place and appears to be
effective in reducing the erosion of soils on top and sides of the landfill. However, properly
engineered storm water run-off drainage controls have not been established. Historically, at similar
landfills located adjacent to the Salt River, uncontrolled storm water run-off resulting from large
storm events caused significant erosion from landfills resulting in subsurface landfill wastes and
contaminated soil to be exposed, and sometimes discharged into the Salt River. Because hazardous
substances have been confirmed in the subsurface soils at the site, protection against erosion of the
CAP appears to be warranted to ensure that hazardous substances in subsurface soil do not

become exposed or discharged into the Salt River. Based on these findings, modification of the
existing CAP to include storm water run-off controls was applicable for inclusion in the detailed
evaluation to further satisfy the ROs established for land use. In addition, placement of a new
erosion control cover system was also included in the detailed evaluation as a more aggressive
alternative.

Gas venting, which was included for detailed evaluation in the previous screening memorandum was
removed from further evaluation, because the results of the RA Update confirmed that any
emissions of VOC:s to the landfill surface posed a negligible health risk to any on-site worker or site
visitors during, and post site development. Consequently, the need for control of VOC gases was
not applicable.

The Draft RA confirmed that the use of the Bradley Well for dust control presented a negligible
health risk based on past groundwater conditions. The RA Update confirmed these findings, on
current groundwater concentrations, which have significantly decreased from the data evaluated in
the Draft RA. Consequently, it was determined that no interim remedial action, except for on-going
monitoring, was necessary in satisfying the RO for this use.

ROs have been established for potential future use of groundwater by the COP, within the vicinity
of the Site’s plume. Based on water use plans provided by the COP, this anticipated use would not
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be needed prior to the year 2020. Natural attenuation data collected from groundwater samples as
verified in the June 19, 2002, “Groundwater Modeling Report,” indicates that natural attenuation of
organic COCs in the Site plume will decrease concentrations of these compounds before the year
2020. Based on these findings, natural attenuation of groundwater COCs was included in the
detailed evaluation to satisfy the ROs established for future groundwater use. This would require
on-going monitoring of the Site plume to ensure that concentrations of the COCs are decreasing as
projected in the groundwater model.

Based upon the screening process, six technology options were indentified for detailed evaluation (Section
6.0): modification of the existing CAP to include both erosion protection and storm water run-off control;
modification of the existing CAP to include a storm water run-off control; groundwater extraction and
treatment using Ultraviolet Light Peroxidation; natural attenuation; institutional controls; and monitoring.
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6.0 DETAILED EVALUATION APPROACH

Based on the result of technology screening, the six technologies selected for detailed evaluation were
combined to form the following three remedial alternatives:

* A.1. More Aggressive Alternative - Plume Remediation

—A.l.a Modification of the existing CAP to include erosion protection and storm water runoff
controls;

— A.l.b Institutional controls that prevent any developer from altering the integrity of the CAP;

-~ A.l.c Groundwater extraction and treatment using Ultraviolet Light Peroxidation, and

—A.l.d Monitoring.

* A.2. Reference Alternative - Source Control;

—A.2.a Modification of the existing CAP to include storm water runoff controls;

—~A.2.b Institutional controls that prevent any developer from altering the integrity of the CAP;
-~ A.2.c Natural attenuation; and

—A.2.d Monitoring.

* A.3. Less Aggressive Alternative - Monitoring:
—A.3.a Institutional controls that prevent any developer from altering the integrity of the CAP;

— A.3.b Natural attenuation; and
—AJ3.c Monitoring.

As stated in the FS objectives (Section 1.0) comparative evaluations were conducted for these remedial
alternatives in accordance with the following criteria:

* An evaluation that remedial alternatives are consistent with water management plans of affected
water providers and the general land use plans of local governments with land use jurisdiction.

* A demonstration that the remedial alternative meets the ROs.

* An evaluation of the practicability in carrying out the remedial alternative.

* An evaluation of risk associated with the implementation of the remedial alternative to the overall
protectiveness of public health, and aquatic and terrestrial biota under reasonably foreseeable land
use scenarios and end uses of water.

* An evaluation of cost of the remedial alternative, including capital, operating, maintenance, and life
cycle costs (and cost uncertainties).

n:\...\FS Report.wpd Harding ESE, Inc.



=3

=3

El B B3 B3

=i

Final Feasibility Study Report Page 21
ADEQ Estes Landfill WQARF Site RI/FS
July 3, 2002

* An evaluation of the benefit, or value of implementing the remedial alternative.

In the screening process, it was shown that the three alternatives would meet the ROs. In addition,
review of land use and water management plans provided by the local government, and the affected
area’s water provider (i.e., COP), summarized in Use Study Report finalized by ADEQ on July 9, 2001,
has shown that the three alternatives would also be consistent with water management plans of affected
water providers and the general land use plans of local governments with land use jurisdiction. Based on
these determinations, the detailed analysis of remedial alternatives focused on the assessment of each
alternative's feasibility and overall effectiveness, based on the following remaining four criteria:

1.Practicability;
2.Risk;

3.Cost;
4.Benefit;

Detailed description of these evaluation criteria are provided in the following sections.

6.1 PRACTICABILITY CRITERIA

Practicability refers to the feasibility, short- and long-term effectiveness, and reliability of the remedial
alternative. The practicability of a remedial alternative can be influenced by criteria such as site-specific
conditions, the chemical properties and physical distribution of contaminants, the performance capabilities
of available technologies, and institutional considerations.

The feasibility of the remedial alternative can be separated into the following criteria:

« technical feasibility, e.g., the difficulties and unknowns associated with the construction and
operation of a technology, the reliability of the technology, and the ability to monitor the
effectiveness of the remedy;

* administrative feasibility includes activities needed to coordinate with other offices and agencies,
and the ability and time required to obtain any necessary approvals and permits from other agencies
(for off-site actions);

* availability of services and materials includes the availability of adequate off-site treatment,
storage capacity, and disposal capacity and services; the availability of necessary equipment and
specialists and provisions to ensure any necessary additional resources; the availability of services
and materials; and availability of prospective technologies; and
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» ease of undertaking additional remedial actions, if necessary.

The short-term effectiveness assesses the degree to which alternatives employ recycling or treatment
that reduces toxicity, mobility, or volume, and how treatment is used to address the principal threats posed
by the site. Factors that may be considered include the following:

o the treatment or recycling processes the alternatives employ and materials they will treat;

o the amount of hazardous substances, pollutants, or contaminants that will be destroyed, treated, or
recycled;

o the type and quantity of residuals that will remain following treatment, considering the persistence,
toxicity, mobility, and propensity to bioaccumulate of such hazardous substances and their
constituents (EPA, 1990);

* potential impacts on workers during remedial action and the effectiveness and reliability of
protective measures;

* potential environmental impacts of the remedial action, and the effectiveness and reliability of
mitigative measures during implementation; and

» time until remedial action objectives are achieved (EPA, 1990).

The long-term effectiveness and permanence of alternatives are assessed considering the following:
* the degree of expected reduction in toxicity, mobility or volume of the waste due to treatment or
recycling and the specification of which reduction(s) are occurring;
o the degree to which the treatment is irreversible; and
* adequacy and reliability of controls such as containment systems, and institutional controls that are
necessary to manage treatment residuals and untreated waste (EPA, 1990).

6.2 RISK CRITERIA
Risk refers to the evaluation of the remedial alternatives to determine their overall protectiveness of public
health and aquatic and terrestrial biota under reasonably foreseeable land use scenarios and end uses of
groundwater. Issues to be considered in the risk evaluation include:

» fate and transport of contaminants, and concentrations and toxicity over life of the remediation;

o present and future land and resource use;

* exposure pathways, duration of exposure, and changes in risk over the life of the remediation;

» protection of human health and aquatic and terrestrial biota while implementing the remedial action;

and,
* residual risks in the aquifer and soils at the end of remediation.
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In the risk evaluation, alternatives are assessed to determine whether they can adequately protect human
health and the environment, in both the short- and long-term, from unacceptable risks posed by hazardous
substances, pollutants, or contaminants present at the site by eliminating, reducing, or controlling
exposures to levels established during development of remediation goals. The August 1995 Draft “Human
Health Risk Assessment,” (Draft RA) completed by the Arizona Department of Health Services

(ADHS), and the June 2002 “Human Health Risk Assessment Update,” (RA Update) completed by
Harding ESE (HESE), served as the basis in completing the Risk evaluations in this memorandum.

6.3 COST CRITERIA

Cost refers to the expense associated with a remedial alternative. The cost analysis considers:
e capital costs;
» operating and maintenance (O&M) costs; and
» life cycle costs.

In addition, the cost analysis may also consider any uncertainties, if appropriate, that may affect the cost
of a remedial alternative. However, the cost analysis will not consider the following criteria because the
anticipated groundwater use data established in the ROs will not be until the year 2020 and it has already
been determined that all three remedial alternatives can reduce the concentrations of the COCs to meet
Aquifer Water Quality Standards (AWQSs) by that date:

* analysis of projected groundwater uses and costs associated with use-based treatment;

e resource impairment cost of groundwater not remediated to ambient water quality; or

* cost of alternative water supply or wellhead treatment.

In addition, since no financial mechanism is required, transactional costs were not considered.

The accuracy of each cost estimate developed during the detailed evaluation depends upon the
assumptions made with respect to the design, implementation, and operation of an alternative; it further
depends on the cost information available. To assess the degree of certainty associated with the cost
estimates for each alternative, and the impact of changes in underlying assumptions, a cost sensitivity
analysis is performed. The sensitivity analysis assesses assumptions associated with individual cost
components and the effects they can have on the estimated cost for an alternative.

The cost sensitivity analysis varies certain assumptions to determine potential effects on the cost of each
alternative. The assumptions varied include factors that possess the ability to cause significant change to
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total alternative costs with only small changes in values, and factors with a high degree of uncertainty
associated with them. These factors include items such as operation and maintenance costs, the volume
of treated material, life of the remedial action, size of the treatment system, and the combination of
remedial technologies. Low, medium, and high case scenarios are developed for each alternative. A 30-
year present worth cost is then prepared for the low, medium and high case scenarios of each alternative.

Attachment A provides detailed back-up associated with each alternative's cost analyses. Present-worth
costs are presented assuming a 30-year operational period, as appropriate, a five percent interest rate and
a three percent inflation rate.

6.4 BENEFIT CRITERIA
Benefit refers to the value of the remediation, and considers factors such as:
* lowered risk to human and aquatic and terrestrial biota;
» reduced concentration and/or volume of contaminated soil and water;
* decreased liability;
e acceptance by the public;
¢ aesthetics;
* preservation of existing uses;
¢ enhancement of future uses; and
« improvements to local economies.
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7.0 DETAILED ANALYSIS OF ALTERNATIVES

The evaluations of the alternatives discussed below also addresses the degree to which the alternative
would meet the ROs. Table 1 provides a summary of the detailed analysis of the alternatives and the
respective technologies.

7.1 ALTERNATIVE Al - PLUME REMEDIATION
Alternative A1 involves plume remediation and is the most aggressive alternative under this evaluation.
Four separate technologies have been identified for the implementation of this alternative, as follows:
* Alla  Modification of the existing CAP to include erosion protection, and storm water run-off
controls;
* Alb  Institutional controls that prevent use of on-site groundwater, and prevent any developer
from altering the integrity of the CAP;
* A.l.c  Groundwater extraction and treatment using Ultraviolet Light Peroxidation, and
* Ald  Monitoring.

7.1.1 Description of Alternative Al- Plume Remediation
The detailed description of the four technologies incorporated into Alternative Al is provided below.

7.1.1.1 Technology Ala - Modification of Existing CAP

Evaluation of the existing CAP on the landfill indicates some eroded areas, especially at the north side of
the landfill around the access ramp leading to the top of relocated portion of the landfill. The existing
CAP has erosion control, but limited perimeter drainage control of storm water run-off, which is the main
cause of the erosion. Without proper storm water run-off control hazardous substance in subsurface soil
may become exposed, and may be discharged to the Salt River. Based on these findings, this alternative
proposes that the CAP be modified to include storm water run-off controls. In addition, as the more
aggressive approach, this alternative also proposes the placement of new erosion control system.

Technology Ala would include the following components:
» filling of the eroded areas with clean fill material;
* placement of top soil on the existing CAP and seeding and mulching;
* construction of drainage swale/storm water controls to properly convey surface water run-off from
the landfill CAP; and ‘
« periodic maintenance, including maintenance and repair of the fence and cap system and access
n:\..\FS Report.wpd Harding ESE, Inc.
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road for 30-years.

Existing Cap Modification
The modified Cap would have an additional 18 inches of thickness to provide an adequate vegetation
cover for erosion control, which would consist of the following layers (from top to bottom)

* six inches of topsoil to support a vegetative cover; and

* 12 inches of soil fill to provide a root zone and protect the underlying components;

Prior to placement of the vegetation cover soils over the Cap, on-site fill would be placed into the landfill
depressions and eroded areas to the required grade. Fill would also be placed within appropriate areas of
the landfill for appropriate sloping to promote proper drainage away from the landfill. It is assumed that
this material should be readily available. Soil fill and topsoil would then be placed on the Cap. The topsoil
would be conditioned, as needed, to support vegetative growth. The soil fill provides a root zone to
establish growth while protecting the underlying Cap. Topsoil and soil fill would be obtained from local
borrow sources. A perimeter drainage swale would be constructed around the base of the cap to collect
surface water runoff. The swale would be lined with gravel or rip-rap to reduce erosion. Water would

be directed away from the landfill through a drainage channel that would ultimately discharge to the Salt
River under a National Pollution Discharge Elimination System (NPDES) permit. In addition, results of a
Storm water/Erosion Control Management Study (See Following Section) may indicate that lateral
drainage channels may be required on top of the Cap to redirect surface flow in areas more prone to
erosion to an engineered conveyance system that would appropriately channel the water to the perimeter
drainage channel.

The footprint of the cap covers approximately 45 acres. The eroded areas to be filled is assumed to be
approximately 5 acres, which was determined based on visual inspections of the landfill. For the cost
evaluation presented in this memorandum, it is assumed that an average 1-foot of fill will be required for
the 5 acres. Consequently, approximately 8,070 cubic yards of material would be needed for this purpose.
The cost evaluation also assumes that no major regrading of the landfill surface will be required. In
addition, the cost evaluation assumes that no sedimentation ponds will be required prior to the discharge of
the storm water to the Salt River.

Predesign Studies

In order to support the design of Technology Ala, completion of the following predesign studies would be
necessary:
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» Storm water/Erosion Control Management Study: A detailed storm water/erosion control study

.] would be performed to evaluate appropriate design options. The results of this study would be
incorporated into the detailed design to provide the erosion and sedimentation controls necessary to

n prevent impacts to Salt River during and after construction activities. The data collected from this

i study will also be used to develop a storm water pollution prevention plan (SWPPP) as required for

construction sites.
] » Geotechnical Data: Geotechnical data will be evaluated to determine the engineering properties for
foundation soils within the landfill to withstand loads during the CAP modification. Geotechnical
'"1; data will include evaluation original data and data collected during the RI. If sufficient geotechnical
= data are not available, additional data may have to be collected.

[
LS 71.1.2 Technology A1b - Implementation of Institutional Controls
Institutional controls, would be used to prevent any development over the landfill that may damage or alter
I
IV] the integrity of the Cap. This form of institutional control would require some form of legal document or

set of requirements established by ADEQ that restricts any proposed development of the site that may
degrade the integrity of the Cap. In addition, the institutional control should further require that any
development plans must address how the proposed site development will not degrade the integrity of the
Cap, which will be subject to review and approval by ADEQ.

7.1.1.3 Technology Alc - Groundwater Extraction and Treatment
Based on pilot testing data conducted by HLA, Alternative Alc would include the following measures:
* Installation of eight large diameter (12-inch ID) wells across the impacted portion of the Site, in
addition to one existing well (EW-RW2), for a total of nine wells as part of the groundwater
extraction system. Each well will be equipped with a 150 gpm rated pump, for a maximum

cumulative system flow capacity of 1,350 gpm;

* Installation of a 1,350 gpm rated groundwater treatment system, consisting of UV/peroxidation with
provisions for pretreatment of metals, as necessary;

» sampling and analysis of groundwater at the treatment system in accordance with QA/QC and

-
'uj- discharge permit requirements;
o discharge of groundwater treatment effluent to either the POTW or to the Salt River via NPDES
permit;
« off-site disposal and/or further treatment or destruction of treatment residuals; and,

* operation and maintenance of the groundwater treatment system;
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The following discussion provides additional details regarding components of Alternative Alc.

Groundwater Extraction

The intent of the groundwater extraction system will be to remove COCs (predominantly VOCs) from
three hydrostratigraphic units identified beneath a significant portion of the Site. Based on data from
previous aquifer tests at the Site, the middle unit (comprised of clayey gravel) is the least permeable, and
may act as a semi-confining layer to the lower unit. It is estimated that during normal static conditions (no
flow in the river), most of the groundwater yield will be from the lower hydrostratigraphic unit, capable of
sustaining flow rates of at least 400 gpm.

The extraction wells will be designed to pump water from all three units. Capture zones will likely vary
greatly in each of these zones. It was estimated that a conservative (average) capture zone of
approximately 300 feet around each well could be achieved, with an average pumping rate of 150 gpm
per well.

Influent Concentrations

Influent VOC and metal concentrations were estimated from long-term groundwater monitoring data
(ESE, 1999). Actual influent concentrations would be determined during subsequent well installation and
groundwater monitoring events. Inorganic concentrations (iron, manganese, hardness) were not present
at levels that typically cause fouling of treatment system components via precipitation or sedimentation.
Metal COC have been detected sporadically and may not necessarily require treatment to meet discharge
standards; however, metals pretreatment was considered in the cost sensitivity analysis, and metals
pretreatment would be revisited during the design phase. Pretreatment would address metal COC in
extracted groundwater. For the purposes of equipment sizing, worst-case concentrations were used.

This ensures that discharge standards can be met from the beginning of treatment system operation.

Groundwater Treatment

Aboveground treatment of extracted groundwater would involve flow equalization, followed by
UV/peroxidation with discharge to either the POTW or to the Salt River Channel (under an NPDES
permit). The treatment system would be constructed after the Cap modification. A road would be
constructed to allow vehicles and utilities to access the facility. Groundwater would be pumped from the
wells to the treatment system for treatment prior to discharge to the Salt River. Treated water would be
discharged to the POTW, if a NPDES discharge permit could not be obtained.
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Groundwater would be conveyed from the wells to a flow equalization tank within the treatment system.
The equalization tank serves to provide adequate storage and attenuate fluctuations in flow rates. As a
precautionary measure, water would be pumped from the equalization tanks through two in-line bag filters
in series. The filters would remove particulates from the aqueous stream that may clog downstream
processes. A 50-micron and a 10-micron filter are assumed for this alternative. Depending upon
sediment loading, the bag filters would be changed periodically to ensure that flow rates are not affected.
If higher sediment loading is determined during predesign studies, other filters (e.g., media filter) may be
more effective in removing suspended particles. After flowing through the bag filters, water would be
passed through the UV/oxidation unit.

UV/oxidation is a destruction technology that utilizes ultraviolet light and an oxidizer (usually hydrogen
peroxide) to break the chemical bonds of organic compounds. The UV light breaks down the hydrogen
peroxide to form free hydroxyl radicals. These radicals, coupled with the energy from the UV light, break
down organic compounds. The end products from the reaction are CO, and water.

A typical UV/oxidation unit consists of a metering pump for the hydrogen peroxide, an in-line mixer, and a
UV reactor. The hydrogen peroxide is mixed with the contaminated water prior to entering the UV

reactor. The UV reactor operates at a high voltage (typically between 1,000 and 3,000 volts) to produce
the energy necessary to break the chemical bonds. Depending on the flow rate and influent

concentrations, multiple units may be needed. The reactor is typically housed in a stainless steel shell to
prevent corrosion. For a flow rate of 1,350 gpm, 125, 20-KW lamps would be needed to reduce
constituents to discharge standards. The actual design may vary based on influent concentrations and
pumping rates as determined during the design phase.

After treatment, water would flow to an effluent holding tank. The tank would act as a reservoir for
clean water that may be needed for maintenance of the treatment system (e.g., backwashing, cleaning).

Treated Groundwater Discharge
Water would be pumped from the effluent holding tank to the Salt River Channel through a discharge
pipe. It is assumed that an NPDES discharge permit would be obtained.

Monitoring and Reviews of Treatment System
Periodic monitoring of both influent and effluent would be used to determine the efficiency of the
treatment system as well as compliance with the NPDES discharge permit. Effluent monitoring would be
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dictated by the discharge permit. For the purposes of this evaluation, monitoring frequency is assumed to
be daily for the first week, weekly for the following two months, and monthly thereafter. Samples would
be analyzed for the parameters specified in the discharge sampling requirements.

7.1.1.4 Technology Ald - Monitoring and Reviews

A long-term monitoring program would be established for the Site. It is assumed that the long-term
monitoring program for this alternative would use the existing monitoring well network. Groundwater
would be sampled from a maximum of 31 existing monitoring wells. Samples would be analyzed for
VOCs and COC inorganics (arsenic, barium, chromium, manganese, and nitrate). Groundwater
monitoring will be conducted annually, however, nine contingent monitoring events will be added, that may
be completed at the discretion of ADEQ), after significant storm events in which high level surface water
flows are present in the Salt River.

Five-Year Site Reviews would also be performed to confirm the effectiveness and adequacy of measures
implemented under Alternative Al.

7.1.2 Detailed Evaluation of Alternative A1
The detailed evaluation presented below addresses all four technologies.

7.1.2.1 Practicability of Alternative A1

Feasibility

Modification of the existing cap would be reliable and could be implemented. All of the modified cap
components are well developed and readily available. Cover and storm water control systems have been
successfully designed and constructed at similar sites, and experienced subcontractors are available.
Periodic inspection of the cover to ensure that its integrity is maintained would be necessary and could be
readily implemented. The modification of the cap will require control of dust emissions under Maricopa
County regulations, and the development and implementation of a storm water pollution prevention plan
(SWPPP). Storm water run-off from the cap will require a NPDES permit to discharge into the Salt
River, which may limit the amount of silt being discharged to the river. Consequently, sedimentation
ponds may be required before discharge of the storm water is allowed.
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Institutional controls placed on property can be easily implemented, are readily enforceable, and fully
feasible to restrict access or limit development of on-site land use.

Treatment of extracted groundwater would be conducted in accordance with NPDES permit

requirements prior to discharge. Periodic repair of pumps and treatment equipment would be required. In
addition, redevelopment of wells may be required if yields significantly decrease due to siltation or other
causes. The groundwater treatment system would effectively reduce the concentration of the COC to
discharge limits. UV/Oxidation is a well established and readily available groundwater treatment
technology that is effective in destroying most organic compounds. Off-gas treatment may be required as
well. An NPDES surface water discharge permit would be required.

The effectiveness of this remedy would be assessed through the long-term groundwater and surface
water monitoring program and during the Five-Year Site Reviews.

Short-Term Effectiveness

Short-term risks to the community during modification of the cap under Ala would be controlled through
special precautions. There would be an increase in truck traffic and associated noise, and an increase in
dust levels associated with site preparation and cap modification. Dust control procedures (a moisturizing
program) would be used to minimize fugitive dust emissions.

The implementation of A1 would require compliance with health and safety precautions and could be
accomplished at minimal risk to construction workers. Safety concerns would involve the potential for
normal construction-related injuries. There is little potential (RA Update) that workers may become
exposed to vented gases or exposed to explosion hazards. However, open flames and smoking would be
prohibited in the work area. In addition, regular monitoring of methane, oxygen, and other gases of
concern would be conducted. During trench activities no workers would be allowed to go into the trench.
A storm water/erosion control management study would need to be performed to ensure that impacts to
Salt River are minimized during cap construction.

The time required to construct the remedy under Ala is estimated to be 20 months. Potential exposure of
hazardous substances in subsurface soils due to storm water run-off erosion would be eliminated
immediately upon construction of the cap. This in conjunction with institutional controls would achieve the
land use ROs in the short-term.
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Task Months
Predesign Activities 5
Design 7
Modification of Cap and Groundwater Extraction and Treatment 5
System Installation
Vegetation, Fence and Sign Installation, Implementation of 3
Institutional Control
Total Estimated Implementation Time (Calendar) 20

Institutional controls would be effective in preventing public exposure to on-site soils. Institutional controls

cannot be used to restrict off-site groundwater use from off-site plumes.

Under Alternative A1, ROs would be met in the short-term. In terms of land use ROs, the RA Update
has concluded that health risks associated to direct exposure of surface soil COCs to on-site workers or
visitors were negligible. The RA Update further concludes that the emissions of organic compounds
presented in soil gas, as confirmed by ambient air monitoring, also presents a negligible health risk to on-
site workers and visitors. Lastly, the RA Update confirmed that there were no complete exposure
pathways to the subsurface COCs. Based on these findings, it must be concluded that the existing CAP
appears to, currently, provide an adequate barrier to prevent exposure of COCs to on-site workers and
visitors. Consequently, the ROs for any land use that does not involve altering the integrity of the CAP,
would be satisfied. Institutional controls, would therefore, need to be established that would prevent any
site development that alters the integrity of the CAP. Evaluation of the existing CAP has shown that
erosion control has been provided for, however, proper management of storm water run-off has not been
established. Historically, significant erosion of landfills due to improper control of storm water run-off
during heavy storm events has resulted in subsurface landfill wastes and contaminate soil to be exposed,
and sometimes discharged into the Salt River. Because hazardous substances have been confirmed in the
subsurface soils at the site, providing proper storm water run-off drainage controls on the CAP appears to
be necessary to ensure that hazardous substances in subsurface soil do not become exposed or
discharged into the Salt River. In addition, because this alterative is considered more aggressive,
placement of a new erosion protection cover is also appropriate. Based on these findings, alternative A1l
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would meet, in the short and long-term, the ROs established for land use.

In terms of the groundwater use ROs, the RA Update confirmed that current use of the Bradley Well for
dust control presented a negligible health risk based on current site groundwater conditions. In addition,
potential future use of groundwater by the COP, within the vicinity of the Site’s plume, will not be needed
prior to the year 2020. Based on these findings, alternative A1 would meet, in the short and long-term, the
ROs established for groundwater use.

Long-Term Effectiveness and Reliability

The performance of the modified cap system is proven, in general, to be excellent in providing a physical
barrier preventing public exposure to hazardous substances including protection against erosion of the cap
exposing hazardous substances in subsurface soils. The long-term effectiveness of a cap would depend
on ensuring that any planned development of the landfill will not alter the integrity of the cap. This can be
accomplished by implementing institutional controls that requires any planned development have plans,
subject to approval by the ADEQ, to address and maintain the cap’s integrity. The modified cap in
conjunction with institutional control would prevent future activities that might penetrate the cap. In
addition, periodic monitoring and maintenance of the cap would ensure that any integrity issues associated
with the cap be identified and repaired.

As stated above implementation of institutional controls will be effective and reliable in the long-term in
preventing public exposure to on-site soils. '

Implementation of a groundwater extraction and treatment system under this alternative would prevent
potential further migration of the Site-related VOC plume and should result in a shorter groundwater
remediation time frame relative to Alternatives A2 and A3. Groundwater extraction systems have been
proven reliable for the containment of contaminated groundwater; therefore, the extraction system should
reliably prevent the movement of groundwater containing COC above remediation goals beyond the
capture zone of the system. There would also be a reduction of the toxicity, mobility and volume of VOC
COC through groundwater treatment. Only metals treatment residuals would be generated.

Under Alternative A1, ROs would be met in the long-term. As previously stated, alternative A1 would
meet, in the short and long-term, the ROs established for land use. In terms of the groundwater use ROs,
the RA Update confirmed that current use of the Bradley Well for dust control presented a negligible
health risk based on current site groundwater conditions. Anticipated future use of the Bradley Well
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should not change. Potential future use of groundwater by the COP, within the vicinity of the Site’s plume,
will not be needed prior to the year 2020. Natural attenuation data collected from groundwater samples

as verified in the June 19, 2002, “Groundwater Modeling Report,” indicates that natural biodegradation of
organic COCs in the Site plume will decrease concentrations of these compounds below AWQSs before
the year 2020. Implementation of the groundwater extraction and treatment system would decrease the
natural attenuation remedial timeframe of COCs in reaching AWQSs. Based on these findings,

alternative A1 would meet, in the long-term, the ROs established for groundwater use.

7.1.2.2 Risk Evaluation of Alternative A1

Fate and Transport of COCs

The permeability of the modified cap (Ala) at some locations within the landfill will not mitigate the
transport of soil COCs to groundwater. However, the final RI (ESE, 1999) has concluded that vertical
migration of soil COCs to groundwater does not occur, as verified by comparing landfill soil organic COCs
to groundwater organic COCs, which has no correlation. Consequently, fate and transport of soil COCs

to groundwater was not evaluated. In addition, because there are no designated surface soil COCs that
present any exposure health risk (RA Update), further evaluation of the direct exposure to these COCs

was not completed. The modified cap will also serve to prevent erosion of the cap to uncover COCs
present in subsurface soil, thereby preventing exposure.

With regard to the organic COCs being emitted to the landfill surface, the existing cap provides an
adequate barrier preventing VOCs from migrating to the landfill surface at concentrations exceeding the
AAAQGs. The Draft RA and confirmed in the RA Update, also concluded that potential exposure of the

“VOCs in soil gas, would pose negligible health risk. Consequently, further evaluation of the fate and
transport of these COCs was not completed. In terms of methane, because the modified cap will not add
any layers designed to decrease the permeability of the cover, this compound was not identified as a true
COC, and further evaluation on the fate and transport of methane was not completed.

In terms of the fate and transport of the groundwater organic COCs, the results of the June 2002,
Groundwater Modeling Report demonstrated that, not only was the off-site plume stabile (i.e., not
migrating), but that natural attenuation was effectively reducing the concentration of the groundwater
COCs. Model simulations showed that: by the year 2006 the cis-1,2 DCE concentrations were expected
to be less than the AWQS; and Vinyl Chloride concentrations would be less than the AWQS by 2012. In
a worse case scenario, if significantly less than measured biodegradation rates were utilized, these
anticipated timeframes would be increased by 8 years (i.e., 2014 for cis-1,2 DCE and 2020 for Vinyl
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Chloride). The most striking and substantial finding to the modeling conclusions is that actual site
groundwater data provides documentation of a stable COC groundwater plume for the last seven years.
Groundwater monitoring has provided confirming data indicating that natural attenuation processes are
controlling and reducing the COC groundwater plume. The introduction of the groundwater extraction
and treatment system proposed in alternative A1 would serve only to enhance and accelerate the clean up
timeframe associated with these groundwater COCs.

Present and Future Land and Resource Use

The RA Update addressed the risks associated with land uses established as ROs. Implementation of
alternative A1 would provide a sufficient barrier that will prevent exposure to COCs present in subsurface
soils, and soil gas. In addition alternative A1 will also ensure that future exposure to subsurface soil
COCs due to erosion is eliminated, and institutional controls will prevent future land development from
altering the cap integrity.

For groundwater uses established as ROs, the RA Update has concluded that current use of the Bradley
well is not restricted by the current concentrations of the COCs. Consequently, no interim action is
necessary to provide for or replace this use. In addition, because there is no anticipated change on the

use of the Bradley well, no long-term action is necessary to provide for or replace this use. The ROs was
identified for potential future use of groundwater by the COP within the vicinity of the Site’s plume, which
would not be needed prior to the year 2020. Consequently, no interim action is necessary to provide for or
replace this use. For the long-term groundwater uses established in the ROs, natural attenuation data
collected from groundwater samples as verified in the June 2002, “Groundwater Modeling Report,”
indicates that natural biodegradation of organic COCs in the Site plume will decrease concentrations of
these compounds below AWQSs before the year 2020. Implementation of the groundwater extraction

and treatment system (A1) would decrease the natural attenuation remedial timeframe of COCs in
reaching AWQSs.

Based on these findings, alternative A1 would not present any short-term or long-term risks to the ROs
established for land and groundwater uses.

Exposure Pathways, Duration of Exposure, and Changes in Risk Over Life of Technology
Implementation

The RA Update has confirmed that currently, there are no risks to exposure of surface soil COCs, and
soil gas COCs. In addition, the RA Update also confirmed that there were no exposure pathways
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associated with subsurface soil COCs. Modification of the cap in providing storm water run-off erosion
control will ensure that the existing physical barrier is properly designed to ensure future subsurface soil
COCs do not become exposed. Periodic inspection and maintenance of the cap will ensure that the
protectiveness and integrity of the cap is maintained. In addition, implementation of institutional controls
will also ensure future site development is planned, designed, and implemented not to negatively impact
the protectiveness and integrity of the cap. Implementation of Alternative A1 will ensure that no exposure
pathways to subsurface soil COCs will occur in the future.

The only current exposure pathway of the groundwater COCs is the Bradley well, which is used for dust
control. The RA Update has concluded that there is negligible risk associated with concentrations of the
COCs present in the Bradley well and its corresponding use. In addition, because the anticipated long-
term of use of the Bradley will not change, there would also be negligible risk associated with future use
of the Bradley well provided that the COC concentrations do not significantly increase, or the assumed
long-term usage of the Bradley well does not change. In terms of groundwater use by the COP, because
there are no current production wells within or near the vicinity of the groundwater plume, there is no
current compete exposure pathway for exposure to the groundwater COCs. In addition, since anticipated
use of groundwater within or near the vicinity of the Estes groundwater plume would not occur until the
year 2020, exposure pathways would not be complete until these wells are installed. Consequently, the
main objective of the groundwater remedy from a risk standpoint would be to ensure groundwater COCs
are reduced to acceptable risk exposure levels (i.e., AWQS) before the exposure pathway is completed
(by 2020). Because groundwater modeling has already demonstrated that natural attenuation would
achieve the risk-based objective, implementation of A1 would reduce the risk/hazard for the groundwater
pathway more quickly than natural attenuation. Consequently, the primary benefit of A1 when compared
to the other two alternatives (i.e., A2 and A3) is providing accelerated protection of the groundwater

resource.

Protection of Human Health and Environment

Implementation of Ala and A1b would prevent the potential for direct exposure with soil and soil gas
COCs. No COC:s for surface soil have been identified, so no exposure or risk/hazard is associated with
surface soil. Direct exposure to COCs in soil gas, as verified by ambient air monitoring does not pose a
risk. In addition, there are no complete exposure pathways for COCs present in subsurface soils. In
addition, implementation of Alc would reduce the exposure risk for the groundwater COCs before the
exposure pathway is completed. Lastly, while monitoring (A 1d) cannot achieve protection of human
health and the environment, it will provide on-going data to demonstrate that groundwater COCs are being
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reduced to insure ROs are being met.

Residual Risk at End of Remediation

Upon completion of A1, the residual COC concentrations in the landfill soils will degrade over time while
the landfill is under the control of an O&M program. Institutional controls will provide an important role
for the control of residual risk going forward.

With focused remedial action such as implementation of pump-and-treat technologies as proposed in A1,
cleanup objectives (AWQSs in groundwater) will be met sooner than the timeframe established for
natural attenuation. The residual risk associated with attaining AWQSs in the groundwater is expected, in
general, to be acceptable although some MCLs (e.g., arsenic) are also based on economic and
technological feasibility. Because the remedial action to control the COC groundwater plume is a specific
action to control risk/hazard from a portion of the landfill constituents, the end of remediation should be
followed by monitoring of the groundwater as part of the landfill O&M program. Monitoring is expected
to be a necessary component of the landfill O&M program now and in the future. It will help to
document the end of the remedial action for current groundwater COC concentrations as well as provide
documentation of protective conditions as time passes.

7.1.2.3 Cost Evaluation of Alternative A1

In accordance with EPA guidelines, a cost sensitivity analysis was performed, resulting in the preparation
of low-, medium-, and high-cost scenarios. The costs are summarized in the table below. Back up cost
tables and assumptions are presented in Attachment A.

Cost Case Capital Cost Present Worth Total Present
Scenario O&M Cost Worth
Al High $ 14,825,988 $13,202,113 $ 28,028,101
Al Actual $9,883,992 $ 8,801,409 $ 18,685,401
Al Low $6,918,794 $ 6,160,986 $ 13,079,780
7.1.2.4 Benefit Evaluation of A1

This action presents an advantage over a natural attenuation option (A2) or a monitoring option (A3)
because it offers the potential for:
» remediating “hot spot”groundwater COC concentrations apparently associated with selected areas
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of the landfill (a one-time need);
o effecting that remediation in a shorter time frame than natural attenuation; and
* when compared to A3, A1l provides a higher level of exposure protection to subsurface soil COCs.

Since the groundwater is not currently used for consumption and potential future use of groundwater for
consumption would not be until 2020, a primary benefit of the groundwater cleanup is protection of the
groundwater resource.

Lowered Risk to Human Health and Environment

There are no differences to the risk potential of exposure to soil COCs in alternatives Al and A2.
Implementation of both of these alternatives would lower risk to human health and environment to a
degree that negligible risk would be observed for all land use ROs. However, when comparing A1 to A3,
the risk to human health and environment in A1 is lower because the potential of subsurface soils COCs
being exposed or discharged into the Salt River due to storm water run-off erosion has been eliminated in
Al but not in A3.

Since the groundwater is not used for consumption, and will not be used for that purpose until the year
2020, implementation of A1 would not substantially lower the risk to human health and environment when
compared to A2 and A3. All three alternatives have the potential to meet groundwater use ROs.

Reduction in Concentration and/or Volume of Contaminants

Reduction of soil COC concentrations through natural biodegradation would occur at the same rate in all
three alternatives. However, for groundwater COCs, alternative A1 would result in a faster reduction of
groundwater concentrations in meeting AWQSs than the other two alternatives. All three alternatives
can meet the groundwater use ROs.

Decreased Liability
There is less liability in implementing alternatives A1 and A2 in meeting land use ROs than alternative A3,
because the potential for exposure to subsurface soil COCs in A1 and A2 have been eliminated.

A potential benefit could be realized in the faster reduction of the groundwater COC concentrations as
proposed in Al, so that off-site groundwater used could be made available quickly for industrial or
irrigation purposes. Consequently, there is decreased liability in the implementation of A1 versus the other
two alternatives.
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Public Acceptance

The activities envisioned in Alternative A1 would not need to be imposed on the public, either for traffic
flow, or additional taxes beyond current conditions. A new management initiative to augment the current
landfill O&M program should be comforting to the public. On this basis, public acceptance is likely to be
favorable.

Aesthetics

There are no differences in aesthetics associated with alternatives A1 and A2 in that placement of a new
erosion protection cover (A1) would not improve the aesthetics of the property when compared to the
existing erosion protection cover (A2). However, the aesthetics of the landfill would be improved for A1l
verses A3, because modification of the cap will provide engineered storm water run-off controls and
greatly improved the overall appearance of the property, making future site development more attractive.
In addition, some anticipated uses established in the ROs (i.e., trails) could be developed more easily.
Future land use development would mean improved appearance and usefulness, thereby contributing to a
net benefit in the aesthetics of the property.

Preservation of Existing Uses

The activity and use limitations necessary to control site access and prohibit the use of the groundwater in
the vicinity proposed in A1l will not impair existing uses. The industrial properties in the vicinity all use
municipal water. The landfill has been used as a controlled area for years. Therefore, existing uses will
be preserved in Alternative Al.

Enhancement of Future Uses

Future property use has been established in the ROs. The technologies addressed in A1 would not imped
future development of this property, because site development on any type of landfill would require that
provisions are in place to maintain the protectiveness and integrity of the cap, which is normally funded by
the site developer. Modification to the cap as proposed in A1 would enhance future uses because
engineered storm water run-off controls and erosion protect controls will already be provided. If bond
monies are necessary in the future for property development, or if investors might be needed, the modified
control program as proposed in A1 for the landfill will facilitate the success of these efforts.

Improvements to Local Economy
Any time that property value can be enhanced, the local economy benefits. Alternative Al is consistent
with that principle in that modification of the cap will not only prevent exposure of hazardous substances
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to on-site worker and/or visitors, but overall the landfill will be more aesthetically pleasing. In addition,
engineered storm water controls will be provided for, making future site development more attractive. An
aging landfill can be a nuisance and potential danger from exposure, or it can be a resource of property
for business or the public good. Characteristics of an aging landfill must be managed, including
subsidence and erosion, but a positive effort to develop the facility can result in returning the land to
commerce with benefit to the City of Phoenix.

7.2 ALTERNATIVE A2 - SOURCE CONTROL
Alternative A2 involves source control with natural attenuation and is the referenced alternative under this
evaluation. Four separate technologies have been identified for the implementation of this alternative, as
follows:

* A2.a  Modification of the existing CAP to include storm water run-off controls;

* A2b Institutional controls that prevent any developer from altering the integrity of the CAP

(Same as Alb);
* A2.c Natural Attenuation; and
e A2d  Monitoring (Same as Ald).

7.2.1 Description of Alternative A2 - Source Control
The detailed descriptions of the four technologies incorporated into Alternative A2 is provided below.

7.2.1.1 Technology A2a - Modification of Existing CAP

Evaluation of the existing CAP on the landfill indicates some eroded areas, especially at the north side of
the landfill around the access ramp leading to the top of relocated portion of the landfill. The existing
CAP has erosion control, but limited perimeter drainage control of storm water run-off, which is the main
cause of the erosion. Without proper storm water run-off control hazardous substance in subsurface soil
may become exposed, and may be discharged to the Salt River. Based on these findings, this alternative
proposes that the CAP be modified to include storm water run-off controls.

Technology A2a would include the following components:
« filling of the eroded areas with clean fill material;
* construction of drainage swale/storm water controls to properly convey surface water run-off from
the landfill CAP; and
* periodic maintenance, including maintenance and repair of the fence and cap system and access
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road for 30-years.

Existing Cap Modification

The existing Cap would be modified to include a perimeter stormwater run-off drainage control system.
Prior to the installation of the drainage system, fill would be placed into the eroded areas to the required
grade. It is assumed that this material should be readily available. A perimeter drainage swale would
then be constructed around the base of the cap to collect surface water runoff. The swale would be lined
with gravel or rip-rap to reduce erosion. Water would be directed away from the landfill through a
drainage channel that would ultimately discharge to the Salt River under a National Pollution Discharge
Elimination System (NPDES) permit. In addition, results of a Storm Water Control Management Study
(See Following Section) may indicate that lateral drainage channels may be required on top of the Cap to
redirect surface flow in areas more prone to erosion to an engineered conveyance system that would
appropriately channel the water to the perimeter drainage channel.

The footprint of the cap covers approximately 45 acres. The eroded areas to be filled is assumed to be
approximately 5 acres, which was determined based on visual inspections of the landfill. For the cost
evaluation presented in this memorandum, it is assumed that an average 1-foot of fill will be required for
the 5 acres. Consequently, approximately 8,070 cubic yards of material would be needed for this purpose.
The cost evaluation also assumes that no major regrading of the landfill surface will be required. In
addition, the cost evaluation assumes that no sedimentation ponds will be required prior to the discharge of
the storm water to the Salt River.

Predesign Studies

In order to support the design of Technology A2a, a Storm Water Control Management Study should be
performed. This study would evaluate appropriate control and drainage design options based on the storm
water run-off volume, pathways, flowrates, and seepage rates. The results of this study would be
incorporated into the detailed design to provide the necessary controls to prevent impacts to Salt River
during and after construction activities. The data collected from this study will also be used to develop a
storm water pollution prevention plan (SWPPP) as required for construction sites.

7.2.1.2 Technology A2b - Implementation of Institutional Controls

The same Institutional controls described in Alternative A1b would be used to protect and preserve the
integrity of the cap during site use development. Further description of this technology is provided in
Section 7.1.1.2.
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7.2.1.3 Technology A2c - Natural Attenuation of VOCs

The plume of dissolved VOCs in groundwater as of December 2001 that originates from the Site is
depicted on Figure 1. Groundwater is encountered beneath the Site at depths ranging from 25 to 80 feet
bgs. The Salt River has the greatest hydrologic impact on local groundwater movement. 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 shifts 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 and duration of flow in the river.

As discussed in detail in the RI Report (ESE, 1999) and subsequent Groundwater Monitoring Reports,
VC, cis-1,2-DCE and TCE have been identified as signature chemicals that are unique to the Estes
Landfill plume. VC and cis-1,2-DCE are the two VOCs with the greatest concentrations in groundwater
samples collected from on-site wells. These compounds are present in lesser concentrations in
groundwater samples from down gradient and cross-gradient wells. All three compounds have been
detected above their respective AWQS in more than one monitoring well during the most recent sampling
event (December 2001).

Contaminant concentrations in groundwater have been declining over time and with distance from the
source area, which is presumed to be the former liquid disposal pit located in the southern portion of the
landfill (see Figure 1). Since the last major river flow event in 1993, concentrations of COC have declined
by 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. Groundwater concentrations generally
decline by about two orders of magnitude from the source area to the western edge of the landfill
(approximately 1,700 feet). Groundwater concentrations generally 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
the F2 hydrogeologic unit beneath the source area 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
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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. Biotic
transformations caused by microorganisms are generally the most important transformation mechanisms
in groundwater systems (Wiedemeier et 1996). Biodegradation of the signature compounds has been
shown to occur via three mechanisms: use as an electron acceptor (reductive dechlorination), use as an
electron donor (primary substrate oxidation), and through cometabolism. These mechanisms can work
alone or in combination (Wiedemeier et al., 1998).

Microbial populations use a variety of electron acceptors. Elucidating the relative importance of the
terminal electron-accepting processes is key to understanding which biodegradation mechanisms may be
important at the site. Generally, microorganisms use the electron acceptor that will provide them with the
most energy. Consequently, electron acceptors are used, as available, in the following order of
preference (beneath each electron acceptor is its resulting reduced metabolic by-product):

Dissolved oxygen (O,) — Nitrate (NO;’) + Manganese (IV) (MnQ,) - Iron (II) (FeOOH) — Sulfate (SO,2) — Carbon dioxide (CO,)
! ! ! ! ! 1
CO, Nitrite Manganese (II) Iron (I) Sulfite Methane

To confirm that natural attenuation through biodegradation was occurring at the Site, during the period
from November 1999 to November 2000, five rounds of natural attenuation parameters were collected,
the results of which were presented in applicable Groundwater Monitoring Reports issued for the period
sampled.

Examining biodegradation indicator parameter measurements and signature compound concentrations
provides some insight into the geochemical environment in groundwater at the Site. The following table
provides a comparison between the geochemical conditions within the core of the plume and background
conditions using the November 2000 analytical results (HESE, 2000).
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| Units | Core of Plume (EW-PZ-

TCE (ng/L) - 169 <2.0
Cis-1,2-DCE (ug/L) 310 <2.0
VC (ug/L) 99 <2.0
Ethene (ng/L) 1.885 NA
ORP MV -90.3 NA
DO (mg/L) 1.03 NA
Nitrate (mg/L) 4.5 4
Nitrite (mg/L) <0.10 <0.10
Manganese (dissolved) (mg/L) 0.20 0.039
Iron(Il) — Field (mg/L) 0.8 0.0
Measurement
Sulfate (mg/L) 88 80
Sulfide (mg/L) <0.10 <0.10
CO, (mg/L) 52 55
Methane (mg/L) 0.06336 NA
Chloride (mg/L) 190 190
Alkalinity (mg/L) 270 290
TOC (mg/L) 1.3 6.6
Hydrogen (mg/L) 6.80 NA

The data presented in the above table show that the core of the plume is anaerobic (i.e., low dissolved
oxygen [DO] concentrations and negative oxidation-reduction potential [Eh]). The parameters
consistently point to the core of the plume being under more highly reducing conditions than background,
which is consistent with the groundwater analytical results from previous sampling events. The data also
suggest a manganese and or iron-reducing environment within the core of the plume. However, based on
the data collected, it is not possible to determine which terminal electron acceptor process is most
important. High concentrations of nitrate (1.8 to 6.1 milligrams per liter [mg/1]) were detected in
groundwater at the background well and the wells located in the core of the plume. At these
concentrations, nitrate may compete with the reductive pathways, thus inhibiting the biodegradation
process. Nitrate was not detected in monitoring wells EW-9, EW-16, and EW-PZ5. Nitrite was not
detected in any of the groundwater samples above the laboratory’s reporting limit (i.e., less than 0.10
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mg/L), except for well EW-15 in which Nitrite was detected at a concentration of 0.17 mg/l. Low
concentrations of manganese (II) were detected in groundwater at all locations sampled. Sulfate
concentrations in groundwater are similar throughout the site. Sulfide was detected in only one well (EW-
27) at a concentration that just exceeded the detection limit; indicating sulfate reduction is not an important
process at the site. Methane, ethene, and ethane were detected within the core of the plume at low
concentrations. Methane, ethene, and ethane would normally be generated under methanogenic
conditions. However, other indicator parameters (i.e., under methanogensis typical Eh measurements are
less than —200 millivolts) indicate that methanogenesis is not prevalent within the plume.

Hydrogen, often a strong indicator of which terminal electron-accepting process is dominant, was

detected at concentrations significantly higher than would be expected from the other site data. The high
hydrogen concentrations may be only partly the result of native microbial process since metal buried in the
landfill could result in hydrogen production and lead to the high hydrogen concentrations.

The following sections discuss how geochemical conditions at the site may relate to the three methods of
biodegradation of the signature compounds.

Reductive Dechlorination

During reductive dechlorination an available organic carbon source is used as the primary substrate
(electron donor) and the signature compounds or chlorinated aliphatic hydrocarbons (CAHs) are used as
the terminal electron acceptor. Because the CAHs are used as the electron acceptor, for the process to
occur there must be a carbon source to support microbial growth. The carbon source can be natural
organic matter or anthropogenic sources such as petroleum hydrocarbons or landfill leachate.
Transformation of CAHs under anaerobic conditions proceeds by sequential dechlorination through the
stepwise transfer of two electrons from the donor to the CAHs, forming intermediate daughter products
(Sewall and Gibson, 1997). At the Estes Landfill Site, reductive dechlorination of parent products (e.g.,
TCE) may occur through the series of reactions shown below:

TCE = DCE = VC = ethene
Cis-1,2-DCE is the predominate form of dichloroethene (DCE) produced, when TCE undergoes reductive

dechlorination and VC are both intermediates in the reductive dechlorination of TCE. Their presence at
the site is strong evidence of reductive dechlorination.
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Reductive dechlorination occurs most rapidly under sulfate reducing and methanogenic conditions (i.e.,
oxidation-reduction potentials [ORP] less than -200 millivolts [MV]), but has been demonstrated under
denitrification and iron (III) reducing conditions. Reductive dechlorination will result in a decrease of
parent compounds and accumulation of daughter products and chloride ions. 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 moderate reducing conditions whereas dechlorination of DCE to VC generally
requires more strongly reducing conditions. Specifically, methanogenic conditions are reportedly required
to further reduce DCE and VC (Semprini et al., 1995). If reducing conditions are not strong enough,
DCE and VC will not be degraded through reductive dechlorination. These intermediates may then either
accumulate or be degraded through other mechanisms. The presence of ethene in the plume suggests

that there is some reductive dechlorination of VC occurring. The reductive dechlorination of VC may be
occurring in pockets of methanogenic activity within the plume. Perhaps more likely, reductive
dechlorination of VC may be ongoing at a slow rate within the more iron reducing conditions that are
more prevalent in the plume.

With methanogenic conditions apparently rare within the plume, DCE and VC would be expected to
accumulate, if reductive dechlorination was the dominant degradation mechanism. However, evaluation
of CAH concentrations over time in monitoring well EW-PZ1 located near the source suggests that, not
only is DCE and VC are not accumulating, all of the CAH concentrations appear to be declining at similar
rates. This is further confirmed by examining the trend of one year’s data (2000) of the CAHs in other
source wells, which also indicates that the CAHs are declining. 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 VC to reduce their concentrations.

To further evaluate reductive dechlorination, a screening of the November 2000 groundwater sampling
results for evidence of reductive dechlorination was conducted as described in United States
Environmental Protection Agency (USEPA’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. The summary of the indicator parameters and weighting factors used
for the preliminary screening for anaerobic biodegradation processes is provided in the following Table. It
is important to note that this analysis does not factor in any other transformation mechanisms besides
reductive dechlorination (Weidemeier et al., 1998).
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Analyte Concentration in Interpretation Points
Most Awarded
Contaminated
Zone
Oxygen <0.5 mg/L Tolerated; suppresses reductive (dechlorination) 3
pathway at higher concentrations
Oxygen >5 mg/L Not tolerated; however, vinyl chloride may be -3
oxidized aerobically
Nitrate <1 mg/L At higher concentrations may compete with 2
reductive pathway
Iron (IT) >1 mg/L. Reductive pathway possible; vinyl chloride may 3
be oxidized under Fe(IlI)-reducing conditions
Sulfate <20 mg/L At higher concentrations may compete with 2
reductive pathway
Sulfide >1 mg/L Reductive pathway possible 3
Methane <0.5 mg/L Vinyl chloride oxidizes 0
>0.5 mg/L Ultimate reductive daughter product, Vinyl 3
chloride accumulates
Oxidation Reduction <50 millivolts (mV) Reductive pathway possible 1
Potential (ORP) against <-100 mV Reductive pathway likely 2
Ag/AgClI electrode
PH 5<pH<9 Optimal range for reductive pathway 0
5>pH>9 Outside optimal range for reductive pathway -2
TOC >20 mg/L Carbon and energy source; drives dechlorination; 2
can be natural or anthropogenic
Temperature >20EC (68EF) At T>20EC, biochemical process is accelerated 1
Carbon Dioxide >2x background Ultimate oxidative daughter product 1
Alkalinity >2x background Results from interaction of carbon dioxide with 1
aquifer minerals
Chloride >2x background Daughter product of organic chlorine 2
Hydrogen >1 nM Reductive pathway possible; vinyl chloride may 3
accumulate
Hydrogen <1 nM Vinyl chloride oxidized 0
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Analyte Concentration in Interpretation Points
Most Awarded
Contaminated
Zone
Volatile Fatty Acids >0.1 mg/L Intermediates resulting from biodegradation of 2
more complex compounds; carbon and energy
source
BTEX >0.1 mg/L Carbon and energy source; drives dechlorination 2
Tetrachloroethene (PCE) Material released 0
Trichloroethene (TCE) Material released 0
Daughter product of PCE 2
Dichloroethene (DCE) Material released 0
Daughter product of TCE 2
If cis is >80% of total DCE it is likely a daughter
product
1,1-DCE can be a chemical reaction product of
TCA
Vinyl Chloride (VC) Material released 0
Daughter product of DCE 2
1,1,1-Trichloroethane Material released 0
(TCA)
Dichloroethane (DCA) Daughter product of TCA under reducing 2
conditions
Ethene/Ethane >0.01 mg/L Daughter product of vinyl chloride/ethene 2
>0.1 mg/L 3

The weighting factors used for the preliminary screening for anaerobic biodegradation processes are then
totaled and the points are compared to evidence of biodegradation as follows:

0 -5 Points:  Inadequate Evidence of Biodegradation;

6 - 14 Points: Limited Evidence of Biodegradation;

15 - 20 Points: Adequate Evidence of Biodegradation; and

>20 Points:  Strong Evidence of Biodegradation.

Examination of the November 2000 site data for wells considered representative of background, source,
leading edge and downgradient areas of the Site in accordance with the biodegradation screening
protocol, showed limited evidence that reductive dechlorination is still occurring within the CAH plume.
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Currently, reductive dechlorination may be contributing to the degradation of TCE, DCE, and VC but
other mechanisms may also be significant to the degradation process. Review of all the year 2000 data
also confirms that there is limited evidence that reductive dechlorination is occurring within the CAH
plume.

Primary Substrate Oxidation

In the process of direct oxidation, microorganisms utilize the CAH as the electron donors in a series of
oxidation-reduction (redox) reactions. Unlike reductive dechlorination, the CAH are oxidized (i.e., used
as the primary growth substrate by the microbial consortium) instead of being reduced. Compounds such
as cis-1,2-DCE and VC may be directly metabolized by subsurface microorganisms, resulting in
mineralization to carbon dioxide, water, and chloride. The lesser chlorinated ethenes (e.g., DCE and VC)
can be used as primary substrates. The more highly chlorinated ethenes (TCE) are not likely to serve as
primary substrates or electron donors. 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). 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).

A plausible explanation for the apparent lack of daughter product accumulation, which would be expected
for reductive dechlorination under mildly reducing conditions, is that DCE and VC are being oxidized to
carbon dioxide, water and chloride. As noted previously, this metabolism of DCE or VC may occur in
either aerobic or anaerobic conditions. 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. Carbon dioxide concentrations do appear to be elevated within the
plume (i.e., monitoring well EW-PZ8). However, the background concentration variability of these two
analytes at the site is significant enough to mask any change in concentration potentially produced by
primary substrate 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 mechanism is
occurring. Nonetheless, due to the continued decrease in DCE and VC concentrations, and the general
absence (or low concentrations) of ethane and ethene across the site, there is a strong possibility that
direct oxidation of DCE and VC may be occurring.
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Cometabolism

A CAH biodegraded through cometabolism is degraded by an enzyme or cofactor that is fortuitously
produced by organisms for other purposes. During cometabolism CAHs are indirectly transformed by
bacteria using another substrate to meet their energy requirements. The bacteria then derive no benefit
from the degradation of CAHs. Cometabolism is best documented under aerobic conditions but may
occur under anaerobic conditions. The rate of cometabolism of CAH compounds is reported to increase
as the degree of chlorination decreases (for example VC will degrade by cometabolism more quickly than
TCE) (Wiedemeier, 1998). Because cometabolism is typically an aerobic process and that the core of the
plume at the site is primarily anaerobic, it is unlikely that cometabolism is an important degradation
mechanism at the site.

Natural Attenuation Conclusion

Based on the evaluation of three methods of biodegradation compared to actual site data, it has been
concluded that there is strong evidence that natural attenuation of the signature compounds is occurring
through a combination of reductive dechlorination and direct oxidation. In addition, the natural attenuation
groundwater modeling of the signature compounds, presented in the June 2002, Groundwater Modeling
Report, demonstrated that natural attenuation was effectively reducing the concentration of the
groundwater compounds. Model simulations also indicated that: by the year 2006 cis-1,2 DCE
concentrations were expected to be less than the AWQS; and Vinyl Chloride concentrations would be

less than the AWQS by 2012. In a worse case scenario, if significantly less than measured

biodegradation rates were utilized, these anticipated timeframes would be increased by 8 years (i.e., 2014
for cis-1,2 DCE and 2020 for Vinyl Chloride). All of these findings would be evaluated by conducting
annual monitoring for natural attenuation parameters. Consequently, implementation of A2c appears to be
a viable option in addressing the groundwater plume. However, implementation of this technology will
require on-going evaluation and assessment of natural attenuation indicator parameters during the
monitoring program.

7.2.1.4 Technology A2d - Monitoring and Reviews

The same monitoring and review program described in Alternative Ald would be used to monitor the
decrease of groundwater organic COCs, through natural attenuation. Further description of this
technology is provided in Section 7.1.1.4.

7.2.2 Detailed Evaluation of Alternative A2
The detailed evaluation presented below addresses all four technologies.
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7.2.2.1 Practicality of Alternative A2

Feasibility

Modification of the existing cap would be reliable and could be implemented. All of the modified cap
components are well developed and readily available. Storm water control systems have been
successfully designed and constructed at similar sites, and experienced subcontractors are available.
Periodic inspection of the cover to ensure that its integrity is maintained would be necessary and could be
readily implemented. The modification of the cap will require control of dust emissions under Maricopa
County regulations and the development and implementation of a storm water pollution prevention plan
(SWPPP). Storm water run-off from the cap will require a NPDES permit to discharges into the Salt
River, which may limit the amount of silt being discharged to the river. Consequently, sedimentation
ponds may be required before discharge of the storm water is allowed. Institutional controls placed on
property can be easily implemented, are readily enforceable, and fully feasible to restrict access or limit
development to on-site land.

No active remediation of contaminated groundwater would be undertaken as part of the alternative, but
concentrations of COCs in groundwater would continue to decrease via natural attenuation processes and
dilution. Periodic monitoring of groundwater (A2d) would be easily implemented using standard, reliable
techniques. Materials and qualified personnel to conduct the monitoring would be readily available. In
addition, the effectiveness of this remedy would be assessed through the long-term groundwater and
surface water monitoring program and during the Five-Year Site Reviews.

Short-Term Effectiveness

Short-term risks to the community during modification of the cap under A2a would be controlled through
special precautions. There would be an increase in truck traffic and associated noise, and an increase in
dust levels associated with site preparation and cap modification. Dust control procedures (a moisturizing
program) would be used to minimize fugitive dust emissions.

The implementation of A2 would require compliance with health and safety precautions and could be
accomplished at minimal risk to construction workers. Safety concerns would involve the potential for
normal construction-related injuries. There is little potential (RA Update) that workers may become
exposed to vented gases or exposed to explosion hazards. However, open flames and smoking would be
prohibited in the work area. In addition, regular monitoring of methane, oxygen, and other gases of
concern would be conducted. During trench activities no workers would be allowed to go into the trench.
A storm water/erosion control management study would need to be performed to ensure that impacts to
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Salt River are minimized during cap construction.

The time required to construct the remedy under A2 is estimated to be 15 months. Potential exposure of
hazardous substances in subsurface soils due to storm water run-off erosion would be eliminated

immediately upon construction of the cap. This in conjunction with institutional controls would achieve the
land use ROs in the short-term.

Task Months
Predesign Activities 4
Design 5
Modification of the Cap 3
Fence and Sign Installation, Implementation of 3
Institutional Controls
Total Estimated Implementation Time (Calendar) 15

Institutional controls (A2b) would be effective in preventing public exposure to on-site soils. Institutional
controls cannot be used to restrict off-site groundwater use from off-site plumes.

Under Alternative A2, ROs would be met in the short-term. In terms of land use ROs, the RA Update
has concluded that health risks associated to direct exposure of surface soil COCs to on-site workers or
visitors were negligible. The RA Update further concludes that the emissions of organic compounds
presented in soil gas, as confirmed by ambient air monitoring, also presents a negligible health risk to on-
site workers and visitors. Lastly, the RA Update confirmed that there were no complete exposure
pathways to the subsurface COCs. Based on these findings, it must be concluded that the existing CAP
appears to, currently, provide an adequate barrier to prevent exposure of COCs to on-site workers and
visitors. Consequently, the ROs for any land use that does not involve altering the integrity of the CAP,
would be satisfied. Institutional controls, would therefore, need to be established that would prevent any
site development that alters the integrity of the CAP. Evaluation of the existing CAP has shown that
erosion control has been provided for, however, proper management of storm water run-off has not been
established. Historically, significant erosion of landfills due to improper control of storm water run-off
during heavy storm events has resulted in subsurface landfill wastes and contaminate soil to be exposed,
and sometimes discharged into the Salt River. Because hazardous substances have been confirmed in the
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subsurface soils at the site, providing a proper engineered storm water control system to minimize erosion
appears to be necessary to ensure that hazardous substances in subsurface soil do not become exposed or
discharged into the Salt River. Based on these findings, alternative A2 would meet, in the short and long-
term, the ROs established for land use.

In terms of the groundwater use ROs, the RA Update confirmed that current use of the Bradley Well for
dust control presented a negligible health risk based on current site groundwater conditions. In addition,
potential future use of groundwater by the COP, within the vicinity of the Site’s plume, will not be needed
prior to the year 2020. Based on these findings, alternative A2 would meet, in the short-term, the ROs
established for groundwater use.

Long-Term Effectiveness and Reliability

The peformance of the existing cap system has proven, in general, to be excellent in providing a physical
barrier preventing public exposure to hazardous substances, and in providing adequate erosion control.

The placement of an engineered storm water run-off control system will ensure long-term protection
against erosion of the cap exposing hazardous substances in subsurface soils. The long-term

effectiveness of a cap would depend on ensuring that any planned development of the landfill will not alter
the integrity of the cap. This can be accomplished by implementing institutional controls that requires any
planned development have plans, subject to approval by the ADEQ, to address and maintain the cap’s
integrity. The modified cap in conjunction with institutional control would prevent future activities that
might penetrate the cap. In addition, periodic monitoring and maintenance of the cap would ensure that
any integrity issues associated with the cap be identified and repaired.

As stated above implementation of institutional controls will be effective and reliable in the long-term in
preventing public exposure to on-site soils.

Under alternative A2, no active remedial measures of the contaminated ground water will be conducted.
However, evaluation of monitoring data (HESE, 2000) as confirmed by groundwater modeling (HESE,
2002) has shown that natural attenuation mechanisms have prevented further migration of the plume and
is continuing to reduce the concentrations of the groundwater COCs. This rate of reduction is assumed to
be slower than alternative A1. Consequently, natural attenuation is a viable remedial option, which has
been proven reliable, based on site conditions (like Estes), for the containment of contaminated
groundwater, and reduction of the toxicity, mobility and volume of VOC COC. Inorganic COCs present in
the groundwater plume would not be addressed. However, the Draft RA and RA Update have
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concluded that there is negligible risk associated with exposure to the concentrations of these compounds

found in the off-site plume.

Under Alternative A2, ROs would be met in the long-term. As previously stated, alternative A2 would
meet, in the short and long-term, the ROs established for land use. In terms of the groundwater use ROs,
the RA Update confirmed that current use of the Bradley Well for dust control presented a negligible
health risk based on current site groundwater conditions. Anticipated future use of the Bradley Well
should not change. Potential future use of groundwater by the COP, within the vicinity of the Site’s plume,
will not be needed prior to the year 2020. Natural attenuation data collected from groundwater samples
as verified in the June 2002, “Groundwater Modeling Report,” indicates that natural biodegradation of
organic COCs in the Site plume will decrease concentrations of these compounds below AWQSs before
the year 2020. This decrease of the signature compounds will be continuously monitored (A2d) in order to
confirm COC concentrations will meet AWQSs before the anticipated use date. Based on these findings,
alternative A2 would meet, in the long-term, the ROs established for groundwater use.

7.2.2.2 Risk Evaluation of Alternative A2

Fate and Transport of COCs

The permeability of the modified cap (A2a) at some locations within the landfill will not mitigate the
transport of soil COCs to groundwater. However, the final RI (ESE, 1999) has concluded that vertical
migration of soil COCs to groundwater does not occur, as verified by comparing landfill soil organic COCs
to groundwater organic COCs, which has no correlation. Consequently, fate and transport of soil COCs

to groundwater was not evaluated. In addition, because there are no designated surface soil COCs that
present any exposure health risk (RA Update), further evaluation of the direct exposure to these COCs

was not completed. The modified cap will also serve to prevent erosion of the cap to uncover COCs
present in subsurface soil, thereby preventing exposure.

With regard to the organic COCs being emitted to the landfill surface, the existing cap provides an
adequate barrier preventing VOCs from migrating to the landfill surface at concentrations exceeding the
AAAQGs. The Draft RA and confirmed in the RA Update, also concluded that potential exposure of the
VOCs in soil gas, would pose negligible health risk. Consequently, further evaluation of the fate and
transport of these COCs was not completed. In terms of methane, because the modified cap will not add
any layer that is designed to decrease the permeability of the cover, this compound was not identified as a
true COC, and further evaluation on the fate and transport of methane was not completed.
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In terms of the fate and transport of the groundwater organic COCs, the results of the June 2002,
Groundwater Modeling Report demonstrated that, not only was the off-site plume stabile (i.e., not
migrating), but that natural attenuation was effectively reducing the concentration of the groundwater
COCs. Model simulations showed that: by the year 2006 the cis-1,2 DCE concentrations were expected
to be less than the AWQS; and Vinyl Chloride concentrations would be less than the AWQS by 2012. In
a worse case scenario, if significantly less than measured biodegradation rates were utilized, these
anticipated timeframes would be increased by 8 years (i.e., 2014 for cis-1,2 DCE and 2020 for Vinyl
Chloride). The most striking and substantial finding to the modeling conclusions is that actual site
groundwater data provides documentation of a stable COC groundwater plume for the last seven years.
Groundwater monitoring has provided confirming data indicating that natural attenuation processes are
controlling and reducing the COC groundwater plume.

Present and Future Land and Resource Use

The RA Update addressed the risks associated with land uses established as ROs. Implementation of
alternative A2 would provide a sufficient barrier that will prevent exposure to COCs present in
subsurface soils, and soil gas. In addition alternative A2 will also ensure that future exposure to
subsurface soil COCs due to erosion is eliminated, and institutional controls will prevent future land
development from altering the cap integrity.

For groundwater uses established as ROs, the RA Update has concluded that current use of the Bradley
well is not restricted by the current concentrations of the COCs. Consequently, no interim action is
necessary to provide for or replace this use. In addition, because there is no anticipated change on the

use of the Bradley well, no long-term action is necessary to provide for or replace this use. The ROs was
identified for potential future use of groundwater by the COP within the vicinity of the Site’s plume, which
would not be needed prior to the year 2020. Consequently, no interim action is necessary to provide for or
replace this use. For the long-term groundwater uses established in the ROs, natural attenuation data
collected from groundwater samples as verified in the February 21, 2001, “Groundwater Modeling
Report,” indicates that natural biodegradation of organic COCs in the Site plume will decrease
concentrations of these compounds below AWQSs before the year 2020.

Based on these findings, alternative A2 would not present any short-term or long-term risks to the ROs
established for land and groundwater uses.
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Exposure Pathways, Duration of Exposure, and Changes in Risk Over Life of Technology
Implementation

The RA Update has confirmed that currently, there are no risks to exposure of surface soil COCs, and

soil gas COCs. In addition, the RA Update also confirmed that there were no exposure pathways
associated with subsurface soil COCs. Modification of the cap in providing storm water run-off control
will ensure that the existing physical barrier is properly designed to ensure future subsurface soil COCs do
not become exposed. Periodic inspection and maintenance of the cap will ensure that the protectiveness
and integrity of the cap is maintained. In addition, implementation of institutional controls will also ensure
future site development is planned, designed, and implemented not to negatively impact the protectiveness
and integrity of the cap. Implementation of Alternative A2, will ensure that no exposure pathways to
subsurface soil COCs will occur in the future.

The only current exposure pathway of the groundwater COCs is the Bradley well, which is used for dust
control. The RA Update has concluded that there is negligible risk associated with concentrations of the
COCs present in the Bradley well and its corresponding use. In addition, because the anticipated long-
term of use of the Bradley will not change, there would also be negligible risk associated with future use
of the Bradley well provided that the COC concentrations do not significantly increase, or the assumed
long-term usage of the Bradley well does not change. In terms of groundwater use by the COP, because
there are no current production wells within or near the vicinity of the groundwater plume, there is no
current compete exposure pathway for exposure to the groundwater COCs. In addition, since anticipated
use of groundwater within or near the vicinity of the Estes groundwater plume would not occur until the
year 2020, exposure pathways would not be complete until these wells are installed. Consequently, the
main objective of the groundwater remedy from a risk standpoint would be to ensure groundwater COCs
are reduced to acceptable risk exposure levels (i.e., AWQS) before the exposure pathway is completed
(by 2020). Groundwater modeling has already demonstrated that natural attenuation would achieve the
risk-based objective, for the organic COCs. Consequently only inorganic groundwater COCs would
remain, which have been demonstrated in the Draft RA and RA Update to have negligible heath effects if
exposed.

Protection of Human Health and Environment

Implementation of A2a and A2b would prevent the potential for direct exposure with soil and soil gas
COCs. No COC:s for surface soil have been identified, so no exposure or risk/hazard is associated with
surface soil. Direct exposure to COCs in soil gas, as verified by ambient air monitoring does not pose a
health risk. In addition, there are no complete exposure pathways for COCs present in subsurface soils.
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In addition, implementation of A2¢c would reduce the exposure risk for the groundwater organic COCs
before the exposure pathway is completed. Consequently only inorganic groundwater COCs would
remain, which have been demonstrated in the Draft RA and RA Update to have negligible heath effects if
consumed. Lastly, while monitoring (A2d) cannot achieve protection of human health and the
environment, it will provide on-going data to demonstrate that groundwater COCs are being reduced to
insure ROs are being met. Overall implementation of A2 would be protective of human health and
environment in the short and long-term.

Residual Risk at End of Remediation

Upon completion of A2, the residual organic COC concentrations in the landfill soils will eventually
degrade over time while the landfill is under the control of an O&M program. Institutional controls will
provide an important role for the control of residual risk going forward.

As previously stated, natural attenuation would be effective in reducing the concentration of organic
COCs in groundwater to meet AWQSs before the anticipated use date. The residual risk associated with
attaining AWQSs in the groundwater is expected, in general, to be acceptable although some AWQSs
(e.g., arsenic) are also based on economic and technological feasibility. Inorganic COCs would also
represent residual risk since natural attenuation would not address these compounds. The concentrations
of the inorganic groundwater COCs found within the off-site plume have been demonstrated in the Draft
RA and RA Update to have negligible heath effects if consumed. Monitoring is expected to be a
necessary component of the landfill O&M program now and in the future. It will help to document the
end of the remedial action for current groundwater COC concentrations and to provide documentation of
protective conditions as time passes.

7.2.2.3 Cost Evaluation of Alternative A2

In accordance with EPA guidelines, a cost sensitivity analysis was performed, resulting in the preparation
of low-, medium-, and high-cost scenarios. The costs are summarized in the table below. Back up cost
tables and assumptions are presented in Attachment A.
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Cost Case Capital Cost Present Worth | Total Present
Scenario O&M Cost Worth
A2 High $3,111,048 $ 4,429,442 $ 7,540,490
A2 Actual $ 2,074,032 $ 2,952,962 $ 5,026,994
A2 Low $ 1,451,822 $ 2,067,073 $ 3,518,895
7.2.2.4 Benefit Evaluation of Alternative A2

There is no additional benefit in providing a new erosion control cover as proposed in A1 versus utilizing
the existing erosion protection system as proposed in A2. In terms of addressing the groundwater
contamination, Implementation of Alternative A2 will result in the same benefits as Alternative A1 (See
Section 5.1.2.4), but in a longer time frame for natural attenuation to meet AWQSs. Although the
groundwater remedial timeframe for this alternative is longer than A1, because groundwater use ROs will
be met before the anticipated use date there is no additional benefit, other than reducing potential for
litigation of groundwater use, in providing a more aggressive technology (i.e., A1) cleaning up the
contaminated more quickly. Benefits relating to specific topics are discussed below.

Lowered Risk to Human Health and Environment

There are no differences to the risk potential of exposure to soil COCs in alternatives A2 and Al.
Implementation of both of these alternatives would lower risk to human health and environment to a
degree that negligible risk would be observed for all land use ROs. However, when comparing A2 to A3,
the risk to human health and environment in A2 is lower because the long-term potential of subsurface
soils COCs being exposed or discharged into the Salt River due to erosion caused by improper storm
water run-off drainage control has been eliminated in A2 but not in A3.

Since the groundwater is not used for consumption, and will not be used for that purpose until the year
2020, implementation of A2 would lower the risk to human health and environment, because groundwater
COC concentrations will have met AWQSs before the anticipated use date (2020).

Reduction in Concentration and/or Volume of Contaminants

Reduction of soil COC concentrations through natural biodegradation would occur at the same rate in all
three alternatives. However, for groundwater COCs, alternative A2 would result in a slower reduction of
groundwater concentrations in meeting AWQSs than A1. However, alternative A2 will meet the
groundwater use ROs.
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Decreased Liability

There is less liability in implementing alternatives A1 and A2 in meeting land use ROs than alternative A3,
because the long-term potential for exposure to subsurface soil COCs in A1 and A2 have been

eliminated.

Public Acceptance

The activities envisioned in Alternative A2 would not need to be imposed on the public, either for traffic
flow, or additional taxes beyond current conditions. On this basis, public acceptance is likely to be
favorable.

Aesthetics

There are no significant differences in aesthetics associated with alternatives A2 and A1. However, the
aesthetics of the landfill would be improved for A2 verses A3, because modification of the cap will
provide engineered storm water run-off controls and greatly improved the overall appearance of the
property, making future site development more attractive. In addition, some anticipated uses established
in the ROs (i.e., trails) could be developed more easily. Future land use development would mean
improved appearance and usefulness, thereby contributing to a net benefit in the aesthetics of the

property.

Preservation of Existing Uses

The activity and use limitations necessary to control site access and prohibit the use of the groundwater in
the vicinity proposed in A2 will not impair existing uses. The industrial properties in the vicinity all use
municipal water. The landfill has been used as a controlled area for years. Therefore, existing uses will
be preserved in Alternative A2.

Enhancement of Future Uses

Future property use has been established in the ROs. The technologies addressed in A2 would not
impede future development of this property, because site development on any type of landfill would
require that provisions are in place to maintain the protectiveness and integrity of the cap, which is
normally funded by the site developer. Modification to the cap as proposed in A2 would enhance future
uses because engineered storm water run-off controls will have already been provided for. If bond
monies are necessary in the future for property development, or if investors might be needed, the modified
control program as proposed in A2 for the landfill will facilitate the success of these efforts. Lastly,
because no active groundwater remedial action is proposed in this alternative, there will be no
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groundwater treatment plant located on-site that may interfere with development plans.

Improvements to Local Economy

Any time that property value can be enhanced, the local economy benefits. Alternative A2 is consistent
with that principle in that modification of the cap will not only prevent exposure of hazardous substances
to on-site worker and/or visitors, but overall the landfill will be more aesthetically pleasing. In addition,
engineered storm water controls will be provided for, making future site development more attractive. An
aging landfill can be a nuisance and potential danger from exposure, or it can be a resource of property
for business or the public good. Characteristics of an aging landfill must be managed, including
subsidence and erosion, but a positive effort to develop the facility can result in returning the land to
commerce with benefit to the COP.

7.3 ALTERNATIVE A3 - MONITORING ONLY
Alternative A3 involves monitoring with natural attenuation and is the least aggressive alternative under
this evaluation. Three separate technologies have been identified for the implementation of this alternative,
as follows:

* A3.a Institutional controls that prevent any developer from altering the integrity of the CAP

(Same as Alb and A2b);
*» A3.b  Natural Attenuation (Same as A2c); and
* A3.c  Monitoring (Same as Ald and A2d).

7.3.1 Description of Alternative A3
The detailed description of the three technologies incorporated into Alternative A3 is provided below.

7.3.1.1 Technology A3a - Institutional Controls
The same institutional controls as alternatives A1 and A2 are proposed for this alternative. Detailed

description of institutional controls that will be applied to the site is addressed in Sections 7.1.1.2 and
7.2.1.2.

7.3.1.2 Technology A3b - Natural Attenuation of VOCs

The natural attenuation of groundwater proposed in alternative A3 is the same as alternative A2.
Detailed description of natural attenuation is addressed in Section 7.2.1.3.
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7.3.1.3 Technology A3c - Monitoring and Reviews
The monitoring and reviews proposed in alternative A3 is the same as alternatives A1 and A2. Detailed
descriptions of monitoring and review requirements are addressed in Sections 7.1.1.4 and 7.2.1.4.

7.3.2 Detailed Evaluation of Alternative A3
The detailed evaluation presented below addresses the three technologies.

7.3.2.1 Practicality of Alternative A3

Feasibility

Institutional controls will be applied to the existing landfill and cap that would prevent any site
development that alters the protectiveness and integrity of the CAP. No active remediation of
contaminated groundwater would be undertaken as part of the alternative, but concentrations of COCs in
groundwater would continue to decrease via natural attenuation processes and dilution. Periodic
monitoring of groundwater (A3c) would be easily implemented using standard, reliable techniques.
Materials and qualified personnel to conduct the monitoring would be readily available.

Because there is no active modification to the cap or installation of groundwater remedial system

proposed in this alternative, implementation of A3 is highly feasible. No permits or authorization would be
required to implement this alternative. However, the reliability of this alternative to protect exposure or
subsurface soil COCs is questionable because proper erosion and storm water runoff controls have not
been provided.

Short-Term Effectiveness

There are no short-term risks to the community because all technologies proposed in A3 do not involve
any construction and/or installation activities. Under Alternative A3, ROs may not be met in the short-
term. In terms of land use ROs, the RA Update has concluded that health risks associated to direct
exposure of surface soil COCs to on-site workers or visitors were negligible. The RA Update further
concludes that the emissions of organic compounds presented in soil gas, as confirmed by ambient air
monitoring, also presents a negligible health risk to on-site workers and visitors. Lastly, the RA Update
confirmed that there were no complete exposure pathways to the subsurface COCs. Based on these
findings, it must be concluded that the existing CAP appears to, currently, provide an adequate barrier to
prevent exposure of COCs to on-site workers and visitors. Consequently, the ROs for any land use that
does not involve altering the integrity of the CAP, would be satisfied. Institutional controls would establish
conditions that would prevent any site development that alters the integrity of the CAP, which would
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further meet land use ROs. However, because the existing CAP has no storm water run-off control,
significant erosion of the landfill caused by uncontrolled run-off during heavy storm events, could result in
subsurface landfill wastes and contaminate soil to be exposed and potentially discharged into the Salt
River. Because hazardous substances have been confirmed in the subsurface soils at the site, providing
proper storm water run-off control to minimize erosion of the CAP appears to be necessary to ensure that
hazardous substances in subsurface soil do not become exposed or discharged into the Salt River. Based
on these findings, alternative A3 may not meet, in the short-term, the ROs established for land use.

In terms of the groundwater use ROs, the RA Update confirmed that current use of the Bradley Well for
dust control presented a negligible health risk based on current site groundwater conditions. In addition,
potential future use of groundwater by the COP, within the vicinity of the Site’s plume, will not be needed
prior to the year 2020. Based on these findings, alternative A3 would meet, in the short-term, the ROs
established for groundwater use.

Long-Term Effectiveness and Reliability

Implementation of institutional controls will be effective and reliable in the long-term in preventing public
exposure to on-site soils. The institutional control will require that any future development must have
plans (to be approved by ADEQ) to address and maintain the cap’s integrity. However, the long-term
effectiveness and reliability of the cap is in question because the existing CAP has no storm water run-off
control. Significant erosion of the landfill due to improper storm water run-off controls during heavy
storm events could result in subsurface landfill wastes and contaminate soil to be exposed and potentially
discharged into the Salt River. Because hazardous substances have been confirmed in the subsurface

soils at the site, providing an engineered storm water control system to minimize erosion of the CAP
appears to be necessary to ensure that hazardous substances in subsurface soil do not become exposed or
discharged into the Salt River.

Under alternative A3, no active remedial measures of the contaminated ground water will be conducted.
However, evaluation of monitoring data (HESE, 2000) as confirmed by groundwater modeling (HESE,
2002) has shown that natural attenuation mechanisms have prevented further migration of the plume and
is continuing to reduce the concentrations of the groundwater COCs. This rate of reduction is assumed to
be slower than alternative Al. Consequently, natural attenuation is a viable remedial option, which has
been proven reliable, based on site conditions (like Estes), for the containment of contaminated
groundwater, and reduction of the toxicity, mobility and volume of VOC COC. Inorganic COCs present in
the groundwater plume would not be addressed. However, the Draft RA and RA Update have
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concluded that there is negligible risk associated with exposure to the concentrations of these compounds
found in the off-site plume.

Under Alternative A3, ROs may not be met in the long-term. The future potential of subsurface soil
COCs being exposed due to improper storm water drainage controls causing erosion of the cap is
possible. Consequently, alternative A3 may not meet, in the long-term, the ROs established for land use.
In terms of the groundwater use ROs, the RA Update confirmed that current use of the Bradley Well for
dust control presented a negligible health risk based on current site groundwater conditions. Anticipated
future use of the Bradley Well should not change. Potential future use of groundwater by the COP, within
the vicinity of the Site’s plume, will not be needed prior to the year 2020. Natural attenuation data
collected from groundwater samples as verified in the June 2002, “Groundwater Modeling Report,”
indicates that natural biodegradation of organic COCs in the Site plume will decrease concentrations of
these compounds below AWQSs before the year 2020. This decrease of the signature compounds will be
continuously monitored (A3c) in order to confirm COC concentrations will meet AWQSs before the
anticipated use date. Based on these findings, alternative A3 would meet, in the long-term, the ROs
established for groundwater use.

7.3.2.2 Risk Evaluation of Alternative A3

Fate and Transport of COCs

The existing cap at some locations within the landfill will not mitigate the transport of subsurface soil
COCs to groundwater. However, the final RI (ESE, 1999) has concluded that vertical migration of soil
COCs to groundwater does not occur, as verified by comparing landfill soil organic COCs to groundwater
organic COCs, which has no correlation. Consequently, fate and transport of soil COCs to groundwater
was not evaluated. However, erosion of the landfill due to improper storm water drainage controls has
the potential of exposing these COCs to on-site worker and visitors during and post site-development in
accordance with the land use ROs. There are no designated surface soil COCs that present any
exposure health risk (RA Update), further evaluation of the direct exposure to these COCs was not
completed.

With regard to the organic COCs being emitted to the landfill surface, the existing cap provides an
adequate barrier preventing VOCs from migrating to the landfill surface at concentrations exceeding the
AAAQGs. The Draft RA and confirmed in the RA Update, also concluded that potential exposure of the
VOC:s in soil gas, would pose negligible health risk. Consequently, further evaluation of the fate and
transport of these COCs was not completed. In terms of methane, because no modification to the cap
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will be conducted under this alternative, this compound was not identified as a true COC, and further
evaluation on the fate and transport of methane was not completed.

In terms of the fate and transport of the groundwater organic COCs, the results of the June 2002,
Groundwater Modeling Report demonstrated that, not only was the off-site plume stabile (i.e., not
migrating), but that natural attenuation was effectively reducing the concentration of the groundwater
COCs. Model simulations showed that: by the year 2006 the cis-1,2 DCE concentrations were expected
to be less than the AWQS; and Vinyl Chloride concentrations would be less than the AWQS by 2012. In
a worse case scenario, if significantly less than measured biodegradation rates were utilized, these
anticipated timeframes would be increased by 8 years (i.e., 2014 for cis-1,2 DCE and 2020 for Vinyl
Chloride). The most striking and substantial finding to the modeling conclusions is that actual site
groundwater data provides documentation of a stable COC groundwater plume for the last seven years.
Groundwater monitoring has provided confirming data indicating that natural attenuation processes are
controlling and reducing the COC groundwater plume.

Present and Future Land and Resource Use

The RA Update addressed the risks associated with land uses established as ROs. Implementation of
alternative A3 may not provide a sufficient barrier that will prevent exposure to subsurface soil COCs,
because sufficient storm water control of the existing cap has not been provided for.

For groundwater uses established as ROs, the RA Update has concluded that current use of the Bradley
well is not restricted by the current concentrations of the COCs. Consequently, no interim action is
necessary to provide for or replace this use. In addition, because there is no anticipated change on the

use of the Bradley well, no long-term action is necessary to provide for or replace this use. The ROs was
identified for potential future use of groundwater by the COP within the vicinity of the Site’s plume, which
would not be needed prior to the year 2020. Consequently, no interim action is necessary to provide for or
replace this use. For the long-term groundwater uses established in the ROs, natural attenuation data
collected from groundwater samples as verified in the June 2002, “Groundwater Modeling Report,”
indicates that natural biodegradation of organic COCs in the Site plume will decrease concentrations of
these compounds below AWQSs before the year 2020.

Based on these findings, implementation of alternative A3 may present some short-term or long-term risks
to the ROs established for land uses, and no short-term or long-term risks to the ROs established for
groundwater uses.
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Exposure Pathways, Duration of Exposure, and Changes in Risk Over Life of Technology
Implementation

The RA Update has confirmed that currently, there are no risks to exposure of surface soil COCs, and

soil gas COCs. In addition, the RA Updates also confirmed that there were no exposure pathways
associated with subsurface soil COCs. Implementation of institutional controls will also ensure future site
development is planned, designed, and implemented not to negatively impact the protectiveness and
integrity of the existing cap. However, as previously stated, future exposure pathways may be complete to
subsurface COCs if proper storm water run-off controls are not provided to minimize erosion of the cap
that may result in exposure of and/or discharge to the Salt River of, subsurface soils COCs.

The only current exposure pathway of the groundwater COCs is the Bradley well, which is used for dust
control. The RA Update has concluded that there is negligible risk associated with concentrations of the
COC:s present in the Bradley well and its corresponding use. In addition, because the anticipated long-
term of use of the Bradley will not change, there would also be negligible risk associated with future use
of the Bradley well provided that the COC concentrations do not significantly increase, or the assumed
long-term usage of the Bradley well does not change. In terms of groundwater use by the COP, because
there are no current production wells within or near the vicinity of the groundwater plume, there is no
current compete exposure pathway for exposure to the groundwater COCs. In addition, since anticipated
use of groundwater within or near the vicinity of the Estes groundwater plume would not occur until the
year 2020, exposure pathways would not be complete until these wells are installed. Consequently, the
main objective of the groundwater remedy from a risk standpoint would be to ensure groundwater COCs
are reduced to acceptable risk exposure levels (i.e., AWQS) before the exposure pathway is completed
(by 2020). Groundwater modeling has already demonstrated that natural attenuation would achieve the
risk-based objective, for the organic COCs. Consequently only inorganic groundwater COCs would
remain, which have been demonstrated in the Draft RA and RA Update to have negligible heath effects if
exposed.

Protection of Human Health and Environment

Implementation of A3a may not prevent the future potential for direct exposure with subsurface soil
COCs. No COCs for surface soil have been identified, so no exposure or risk/hazard is associated with
surface soil. Direct exposure to COCs in soil gas, as verified by ambient air monitoring does not pose a
health risk. In addition, implementation of A3b would reduce the exposure risk for the groundwater
organic COCs before the exposure pathway is completed. Consequently only inorganic groundwater
COCs would remain, which have been demonstrated in the Draft RA and RA Update to have negligible
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heath effects if consumed. Lastly, while monitoring (A3c) cannot achieve protection of human health and
the environment, it will provide on-going data to demonstrate that groundwater COCs are being reduced
to insure ROs are being met.

Residual Risk at End of Remediation

For on-site soils, upon completion of A3, there may still be an on-going risk from exposure to subsurface
soil COCs that exceeds ADEQ’s SRLs. For on-site and off-site groundwater, natural attenuation would
be effective in reducing the concentration of organic COCs in groundwater to meet AWQSs before the
anticipated use date. The residual risk associated with attaining AWQSs in the groundwater is expected,
in general, to be acceptable although some AWQSs (e.g., arsenic) are also based on economic and
technological feasibility. Inorganic COCs would also represent residual risk since natural attenuation
would not address these compounds. The concentrations of the inorganic groundwater COCs found
within the off-site plume have been demonstrated in the Draft RA and RA Update to have negligible
heath effects if consumed. Monitoring is expected to be a necessary component to document the end of
the remedial action for current groundwater COC concentrations and to provide documentation of
protective conditions as time passes.

7.3.2.3 Cost Evaluation of Alternative A3

In accordance with EPA guidelines, a cost sensitivity analysis was performed, resulting in the preparation
of low-, medium-, and high-cost scenarios. The costs are summarized in the table below. Back up cost
tables and assumptions are presented in Attachment A.

Cost Case Capital Cost Present Total
Scenario Worth O&M Present
Cost Worth
A3 High $ 348,478 $ 4,046,731 $ 4,395,209
A3 Actual $232,318 $2,697,821 $ 2,930,139
A3 Low $ 162,623 $ 1,888,475 $ 2,051,097
7.3.2.4 Benefit Evaluation of Alternative A3

Implementation of Alternative A3 will result in the same benefits as Alternative A2 (See Section 5.2.2.4),
however there would be no additional benefit to the land for site development because no improvement of
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the cap is proposed in this alternative.
Benefits relating to specific topics are discussed below.

Lowered Risk to Human Health and Environment

When comparing A3 to Al and A2 (A1/A2), the risk to human health and environment in A1/A2 is lower
because the potential of subsurface soils COCs being exposed or discharged into the Salt River due to
storm water run-off erosion has been eliminated in A1/A2 but not in A3.

Since the groundwater is not used for consumption, and will not be used for that purpose until the year
2020, implementation of A3 (like A2) would lower the risk to human health and environment, because
groundwater COC concentrations will have met AWQSs before the anticipated use date (2020).

Reduction in Concentration and/or Volume of Contaminants

Reduction of soil COC concentrations through natural biodegradation would occur at the same rate in all
three alternatives. For groundwater COCs, alternative A3 would result in a slower reduction of
groundwater concentrations in meeting AWQSs than A1. However, alternative A3 will meet the
groundwater use ROs.

Decreased Liability
There is less liability in implementing alternatives A1 and A2 in meeting land use ROs than alternative A3,

because the potential for exposure to subsurface soil COCs in A1 and A2 have been eliminated.

Public Acceptance

The activities envisioned in Alternative A3 would not need to be imposed on the public, either for traffic
flow, or additional taxes beyond current conditions. However, since no modifications are proposed for the
cap that would assist in future site development, public acceptance may likely be unfavorable.

Aesthetics
There would be no improvements to the aesthetics of the landfill in implementing alternative A3.

Preservation of Existing Uses
The activity and use limitations necessary to control site access in the vicinity proposed in A3 will not
impair existing uses. The industrial properties in the vicinity all use municipal water. The landfill has been
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used as a controlled area for years. Therefore, existing uses will be preserved in Alternative A3.

Enhancement of Future Uses

Future property use has been established in the ROs. The technologies addressed in A3 would not
impede future development of this property, because site development on any type of landfill would
require that provisions are in place to maintain the protectiveness and integrity of the cap, which is
normally funded by the site developer. In addition, because no active groundwater remedial action is
proposed in this alternative, there will be no groundwater treatment plant located on-site that may
interfere with development plans. However, since no modification to the cap will be completed, there
would be no enhancement to future uses because engineered storm water run-off controls addressed in
alternatives A1 and A2 will not be provided for in alternative A3.

Improvements to Local Economy

Any time that property value can be enhanced, the local economy benefits. An aging landfill can be a
nuisance and potential danger from exposure, or it can be a resource of property for business or the public
good. Characteristics of an aging landfill must be managed, including subsidence and erosion, but a
positive effort to develop the facility can result in returning the land to commerce with benefit to the COP.
Alternative A3 will not improve the property and will not assist in enhancing the local economy.
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8.0 COMPARISON OF ALTERNATIVES

A comparative summary of the three remedial alternatives, based on the detailed evaluation, is provided in
Table 2. When comparing the practicability, risk, cost, and benefit associated with each alternative; and
the ability to meet ROs, the reference alternative (i.e., A2 - Source Control) remains the preferred
alternative.

A3 was immediately ruled out because land use ROs may not be met and the risks associated with this
alternative outweighed the benefits. In terms of other two alternatives, the difference in risk reduction
and benefits from implementing these alternatives were minimal, except that COCs in groundwater would
be reduced in the shorter time frame using A1 versus A2. This would potentially accelerate the
remediation time frame that returns the groundwater to beneficial uses. However, because anticipated
future use of groundwater within the off-site groundwater plume will not occur until 2020, and both
alternatives would adequately reduce concentrations to meet AWQSs before that timeframe, there is no
valid justification to expend the significant higher cost in the implementation of A1 versus A2.

n:\..\FS Report.wpd Harding ESE, Inc.



e i J

=3 &3 3

=3

skl

==

Final Feasibility Study Report Page 70
ADEQ Estes Landfill WQARF Site RI/FS
July 3, 2002

9.0 REFERENCES

Arizona Department of Environmental Quality (ADEQ) and Harding ESE (HESE), 2001, Land and
Water Study, A Supplement to the RI Report, Este Landfill WQARF Site, Phoenix, Arizona, July
9.

Arizona Department of Environmental Quality (ADEQ), 2002, Final Remedial Objectives Report, Estes
Landfill WOARF Site, Phoenix, Arizona, January 15.

Arizona Department of Health Services (ADHS), 1995, Draft Human Health Risk Assessment, Estes
Landfill, Phoenix, Arizona, August.

Bradley, P.M. and F.H. Chapelle, 1997. Kinetics of DCE and VC Mineralization Under
Methanogenic and Fe(Ill)-Reducing Conditions, Environmental Science & Technology, Vol. 31,
No. 9, pp. 2692-2696.

Bradley, P.M. and F.H. Chapelle, 1998. Effect of Contaminant Concentration on Aerobic Microbial
Mineralization of DCE and VC in Stream-Bed Sediments, Environmental Science & Technology,
Vol. 32, No. 5, pp. 553-557.

Bradley, P.M., F.H. Chapelle, and D. R. Lovley, 1998. Humic Acids as Electron Acceptors for
Anaerobic Microbial Oxidation of Vinyl Chloride and Dichloroethene, Applied and
Environmental Microbiology, Vol. 64, No. 8, pp. 3102-3105.

Bradley, P.M.,, J.E. Landmeyer and R.S. Dinicola, 1998. Anaerobic Oxidation of (cisl,2-)
Dichloroethene Under Mn(IV)-Reducing Conditions, Applied and Environmental Microbiology,
Vol. 64, No. 4, pp. 1560-1562.

Environmental Protection Agency (USEPA), 1988b. Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA, EPA/540/G-08/004, October.

Environmental Protection Agency (USEPA), 1991a. Conducting Remedial Investigations/Feasibility
Studies for CERCLA Municipal Landjfill Sites, February.

Environmental Science and Engineering (ESE) 1999, Remedial Invrestigation Final Report, Estes
Landfill, Phoenix, Arziona, July 30.

Gossett, J.M. and S.H. Zinder, 1997. Microbiological Aspects Relevant to Natural Attenuation of
Chlorinated Ethenes in Proceedings of the Symposium on Natural Attenuation of Chlorinated
Organics in Ground Water, United States Environmental Protection Agency, Office of Research
and Development, EPA/540/R-97/504.

n:\..\FS Report.wpd Harding ESE, Inc.



-
|

=3 &3 B3

Laaad

Caaaal

Final Feasibility Study Report Page 71
ADEQ Estes Landfill WQARF Site RI/FS
July 3, 2002

Harding ESE (HESE) 2000, 4" Quarter & Annual 2000 Groundwater Monitoring Report, Estes
Landfill WQARF Registry Site, Phoenix, Arizona, February 16.

Harding ESE (HESE) 2002, Groundwater Modeling Report Estes Landfill WQARF Registry Site,
Phoenix, Arizona, June 19.

Harding ESE (HESE) 2002, Human Health Risk Assessment Update, Estes Landfill, Phoenix,
Arizona, June.

Harding Lawson Associates (HLA), 1991a, Pilot Groundwater Treatment and Aquifer Tests, Estes
Landyfill Phoenix, Arizona, October 28.

Harding Lawson Associates (HLA), 1991b, Bradley Aquifer Test Evaluation, Estes Landfill, Phoenix,
Arizona, November 22.

Harding Lawson Associates (HLA), 1992a, EW-RW2 Aquifer Test, Estes Landfill, Phoenix, Arizona,
July 14.

Harding Lawson Associates (HLA), 1992b, Additional Aquifer Testing at EW-RW1, Estes Landfill,
Phoenix, Arizona, September 18.

Harding Lawson Associates (HLA), 1996, Groundwater Modeling Report, Estes Landfill, September
23,

Klier, N.J., R.J. West and P.A. Donberg, 1998. Aerobic Biodegradation of Dichloroethylenes in
Surface and Subsurface Soils, Chemosphere. Hutton, James Phillip, 1983. Results of Water-
Level Recovery Tests in the Salt River Valley, Arizona. Master's Thesis. University of Arizona.

Nielsen, R. Brent and J. D. Keasling, 1996. Reductive dechlorination of chlorinated ethene DNAPLs
by a culture enriched from contaminated groundwater. Department of Chemical Engineering,
University of California. September 27.

Sewall, G.W. and S. A. Gibson, 1997. Microbial Ecology of Adaptation and Response in the
Subsurface, in Proceedings of the Symposium on Natural Attenuation of Chlorinated Organics
in Ground Water, United States Environmental Protection Agency, Office of Research and
Development, EPA/540/R-97/504.

Vancheeswaran, S., R.U. Halden, K.J. Williamson, J. D. Ingle, Jr., and L. Semprini, 1999. Abiotic and
BiologicalTransformation of Tetraalkoxysilanes and Trichloroethene/cis-1,2-Dichloroethene
Cometabolism Driven by Tetrabutoxysilane-degrading Microorganisms, Environmental Science
& Technology, Vol. 33, No. 7, pp. 1077-1095.

n:\...\FS Report.wpd Harding ESE, Inc.



k|

| S|

1
il

| =¥

L3

=3

E=ad

B E=m

==

Bl

| FEEr |

Final Feasibility Study Report Page 72
ADEQ Estes Landfill WQARF Site RI/FS
July 3, 2002

Wiedemeier, T.H., Swanson, M.A., Moutoux, D.E., Wilson, J.T., Kampbell, D.H., Hansen, J.E., and
Hass, 1996. "Overview of the Technical Protocol for Natural Attenuation of Chlorinated
Aliphatic Hydrocarbons in Groundwater Under Development for the U.S. Air Force Center for
Environmental Excellence," In Symposium on Natural Attenuation of Chlorinated Organics in
Groundwater. EPA/540/R-96/509. September 11-13, Dallas, Texas.

Wiedemeier, T.H., M.A. Swanson, D.E. Moutoux, E.K. Gordon, J.T. Wilson, B.H. Wilson, D.H.
Kampbell, P.E.Haas, R.N. Miller, J.E. Hansen and F.H. Chapelle, 1998. Technical Protocol for
Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water, United States
Environmental Protection Agency, Office of Research and Development, EPA/600/R-98/128.

n:\...\FS Report.wpd Harding ESE, Inc.



oup ‘g Supavy

STANOIA

pdm-poday S4\"\u

z00Z ‘€ Anr
SH/TY 2118 TAVOM 11YpuvT s2159 DAY
140day Apmig 111q1spa [oUl]

E=N

i |

By &= EBE=

[ Jaia|

=

[

= £



2002/02/9 sr 0011800099 PRIIPMY ™7 19lueq
sjeg peaaiddy Jaquinp josfoid umeiqg ANVENOD DLV V
Beuozily ‘xjusoyd
L upue sere3 JSH SuIpIeH z
o dey uoneso] /
Aipunog aiS JHVYOM So)s§ ———
ST NI IIVOS
e —— s ™ e | Aipunog jjypue] seis3
L 0
"7_, uonBoOT [[BA UOHONpOld @
uoneoo s Aiddng onssuwioq =
NOILGI 9661 ‘SYLLV 15341S XINIOHd NVINOJONIIN FONINIER
—r] : o i ; -ﬁg S?:EHO ;
P . ; [l
: :E d > s — ]
2 . -
; Miy [T
. N =
K £ iy spnce 3
— . ] 5\0 r E
- = : S
7 = : ¢ =
dysS L] S gr] !
3 =) |
- o i
Rl 1

SR C Se oo

o e — e

=
' 5
| tenouvnuay
— —_ P 1 I
E s s A Hovd No ' -
: INIWIbUVING 335, 3
> T o 7 i e Yo
GNvE0 ‘ ; e o)
Ty 0 w :
vy = z =
D e WOROYN s 3 CH
® o et % :
_— OLSONDI L o _
@ = hi_pl 9|
ey . W g e r £
] o | " £ Lo
= o = 2] ?rli'; = Ty
. Sy p ;
e - w
- ==}
L 2 : e
Uﬁ'r' ‘_3 Lo ; w— 3 s -_ 5
. | RINBUNSIOSRIAI-SASSISoIEEM ZEDSNSIOPAWEBIAN

B =3



INVG T cuouy ﬁ%..%ommmsas g NS oB LAV ¥ : 1334 N TS
008 cos
rd ki) HSH SurpreH |
T ueld o)s \\\\

0
(£6/6 “VH) poder ] Yoip wiol pesiael einbiy ﬂ
N
UO}000T lejeuliozeld
4 U} pausaIog UCHDOOT [l isef Jejinby
€-4 U} psuselog UOUDOOT flep Uojonpold &
Z-4 U pausaIog WnjAnjy deeq uj pausalos Jlam Jojuoyy o+
L-4 U] pausaIog WINANRY MOOUS Uj PSUISSIS oM JOHIUON @
TeRA 10 IUN eAlRiUeseldoN Amopunog HPUDT BULOY E=—=1
s owna|

_J 0GRS PN M3
7 L1-M3
||l|-l'l/]l'l]'|l|!
[pUDT Asipolg — ieweBouny T
9C-M3 OSOM AupduioD Jeun)
wwu..ﬁ A gl-M3 1y 1LY 1
b g M \\\\\%_ - &
LZdMI < T g i % &
ry £t SZdM3 97dM3 g %
- + T CO-ONY
3o-M3 OlZd-M3 | | -m3 i
gzdm3 LM i { Lzma
(2dM3 i B Z12d-M3
N3 ! 2
.@ J
mu?% \ \.\.
o % QRIVIIO TVNOLIVN IV
.................................................. ww.}mﬁmﬂ £o-Md YNOZIY

JHOCUIY TYNOIVNRELNI YORRIVH A4S

- EI BEE)

zanByyeioceniid-aseiss\uobm 2ousisoopdminiopiu

= EBEe=d B3 D3

E

s I s I s R i SO vt QL s N e RO =~ N - N v N ===~ |



200Z/0E/9 Wor 00§0°900028 PRI 1 Iejluog

alva QINOUY BIGANN 1OAN0ud NMWRIQ ANVEWOD ITZLIVI vV 1334 NI TVO5
BUOZY ‘Yjueold 008 008
S/ iupua] sejes HNH H ‘ .
m SANNOdINOD INIVNOIS 30 SIRIVYANNOE INNd mwm wg..;u \“
Fned GNV SNOLLYO0T TI3M DNRIOLINON 3 LVMANNOYD \\\

‘PELS| Bi6M PEYSD] VBN Z @ DA JO UOHDIUSOUOD OF| PaUS| — 7 —
VBN 0L ® 300 Z'1-510 4O UOHOHUSOUCD O] PBIIBJU| == L=
VBN g @ 301 10 UOYDHUSIUOD OS] PEUOL| mm § e
Y4 U] peuesIog UOH0O0] JBjBLIozaY
€-1 Ul peussIOS UORDOO] IGM 1591 Jejinby

¢-4 U| psusslog
[-4 U] peuseIog UOHDOOT I8 Uoonpol] &

(L6/6 .Sx_ﬂ Hodai ] yoip uloy pasianel ainbi4

el — Z, — Y O

wniAngy desq Uj peusalos lIg 10Juol 8+
WNIANGY MOJJOUS U peusaios iem JOJUON @&
AlDpunog [PUsT ISUlio] E=—=1

i
I

J\W,

8P| AoMySH

RIORIY TYNOIVINEINI YJORIVH Dis

] E= : L

& E==1 [ 1 f

| s 1 ] B = ==m B

[ ik




“ouJ ‘qSH BupvH

STTAV.L

pdm-uoday S4\\:u

z00Z ‘€ e
SH/IY a1S IYVOM 11Ypuv] sai1sq OIaV
taoday Apryg A111q1s03,] oL



0050800099 :"ON 192(01d :Jq3 Y3)-5BI "\

1500 20 SJRIpOJy
*0Z0Z A9 sSSOMV
35300 JO SUDREIUEOUDI S13 JO UOTONPeT PUe UORIFUT SUNfoRT UT 0AROSH

r

B/ Bu B v L7 4 B/ PRIOJIUOUT 9q 0} STUHUI0O PO s[[om Sunsixe ‘pomsws(dur Afpeey dupxoproy
SAANBWoYE JoY)0 0} SAE]RI 1500 290 YSTH UOTBIpIWRI0lq
"020Z 49 SOV 395U 0} 9[qE oq PNOTS ‘UORBNUEYE [eMIEU /M UONITN{I0O Uy M OEUnEan
90UBURILITEUT PO UOTjoBNRS
Aoy sok Bu B 70 ¥/ | ume)-3uof axmbsr pynom weysAs $peyses jopd wasq Jour seY Inq £SoTouoa) o[qIsEe L I91BMpUNOID
SSAREUISNE TSRO O} CANIETST 1500 W20 YSTH uogEunZo
"020 49 SOMV 395U 01 9]q8 o PINOT “WONBTLSYE [RIMIEY /4 UoROUN{I00 U] s Jompan;
SITBURFUTEUT PUR UONOBNXO
Apeom sk B i B B s} 8u0] oxfubes pInom TE)sAs ‘OREPIRORg A() 5E SATOA 58 JON TEMpUNOID
SRAREIISHE IS0 O} SARE[RI 1500 W20 YSTH Smddmg
"020Z 49 SOMYV 199U 0}.9]qE 0q ]I “TOYETIIRYE [EIMET /4 TOROUNToo Ty TV Ya Jeumgson,
o - SOUBURTITELT PUE TOTORIXS
5ok sak Bu B L7 714 uns)-Suo] exnber pnom weysAs ‘uonEpRORg A[) 58 OAT}OAIID §8 JON Iojempunoin
uopeprxorad (An)
SIAEUIONE IS0 O} aATR[el 1500 330 YSIH T3] JoroTaRTM
020Z £q SOMV Wou 035300 1255 A[Tyssscons pnom P JuauneaT)
SOUBUSIIIYIT PUE UopoRnY?
sok 5ok BU Bu Bu ¥/ | wns)-Suo] axmbal pom wrmsks ‘syepnr Jo soussard o} enp JsunEenend sammboy TPRAPINOIS)
1500 Tepideo Mo (snumambay
“STIOS eoupmsqns 0} exnsodze Sugmosord rowyny Uy eATege (de) L3y
PAFIPO 10 ‘q D epnquS o) sIoTreq parsouids [eorsfyd s mononfzoo up VD) somuo)
L o saf sof S 89k poywe|dur Afipeey Euopmpsuy
1500 220 SJRISPOW 0} MO] 500 Terdeo oyBIOPOTT 0} 0T
Ao emsodxe "S9RIIS [[JPUY] 0 SUOISSAD DA Suneurmie/Supnpar Uf sARSePH
U B Jodea - poyroyy Ao emsodzoe Jodea - pajry Auo emsodze Jodua - payrun] Ayuo amsodxo sodea - peyrmoyy sdes [Tpue] 350w o Jenodurcs wOTIIOD 5T 12y} ASojoutpoa) waAQIg Sugmop sen
1500 WO A40] A[ANR[I {SAREIIHE JSTH0 0} 0ATB[eT 1500 Tefide0 Mo
5000 T10s eo¥ymsqns
uotsor deo woy esodzs dvo ot Jo UO[SOI0 JSTEM UNG}S PINOYS 598N PUE] J0] 500 Of aInsodze
£300 0} smsodxo uolsoR deo weg s500 uosels deo woy sD00 uorsex des WY 500 ysurs3e upoej0id uf 9ARoAE 589 ‘S[OXLCO [FUONNSY/4 TORIUNSTO U]
U o Tenpueiod - poyru o} amsodze Twjusiod - peyuny | o3 axsodzo reyusyod - papry 0} eansodze reymiod - pajy SIqBITEA® AUOUNIIOD 818 S301AJSS PUE S[EHRTHIT cowys payumwm|dun ATipeoy dep Supsey
(rounzan
1500 29O 0] A[ART[eI {SIARBUIANE JSTRO 0} 0ATB[3 3500 Tepideo mor] + | UopdIjexg UosOxy | pUE UOROBNRO _
"SO80 pUE] J0f $30D Ppue joryuo) TopEMpUnOIE
0} axmsodxa sureSe Suposjord uy eansage ‘STOXU0D TEUORMNSU]/4 Tonounfuns up . IEM utio)s | ynm psuquioo
74 -7 -7 50k 59k sok O[qB[IEA® ATUOUIIOD GIB SITAIDS pUR S[BLIR}BUY 00Uls popwtua]dwr Afpeoy « | pmde) pagpolyy Toxmoo
3 gm
500 deo Sunsmxo jo
WO 4107 AJOARH]OI SIARBWINE 190 0} oARE[ax 3500 Teyideo Y3 0F 67eIspORy uoRsogIpour
"S95TL pUE[ 10f §300D %o Bupddfen) |-
0} amsode ysurege Sunosjord up eAncer ‘S[ow0O TETORMNSIL/M uonounfuos ur (0 opmgns)
B L/ sok 5ok 5ok sk 9]qe[reA® AUOLREOD QT8 §OOIATIS PUE S[ELIDIETT QOIS popzsumiduy ATtproy de) oqestmaduy Apaumy ||
245333y
1500 AP0 0] A[PANIE[OI SOABURNB JSIO O} GATYE]OX 1500 [EpdE0 MOT ATON
'S950 PUE[ Iof 850D pesodoxg
o} amsodxe ysureSe Sunoejoxd uy cansage ‘SO0 [SUOHMISUT/M WoRounfiuoo Uy (Qopmgng) | uopepoumy
B/ L7 5ok sk 5ok [N SIqe[reAR A[UOURIO0D OJ8 SI0IATRS PUE S[BLIF R 0OUTS poprsuardur ATipray JAOD TIOS aumyy
‘nunreda woPEIAY JOD 3P "SI SBIUY XINJ0 esnuemsonba
sumid Q) 31p £q 3501 X0 paxyeduy s ap | Bussedoxd pepepenx 4£q s3ugpymq Jo woponpsuUed Pue ‘seanjonns ‘sSuprmq | Jo ‘oyrq ‘wepnsspad Jof ypuer
S} 592IM0RI IojeM PIgPBPL 9y | uIoyy SupsuBuR 530D ) 0} INP 0} posu s [Ipue| 10 ‘a3ul0)s 20¥)ms apupy 03 Tadopasp spEmo a1 Jo Awepunoq weION
PUS IS 1) JO APup]A a1 uypopssu | 3s0f Jo paapeduny 3q [pm Aappeag | o1p 3p sos sowyamsqus ‘Buppred 105 posn s ppue] |  we £q padopaspau sy pUE] 91 Suoe pafEIsUY 913M
5] IRMPUNOISE JT (707 Ie9£ a1 91 JO 50 JURLID 1 PIAOYE | PUB 2IVLMS TUF 50 1]} JX STOS 3oejmsqus pus 913 JI STIOS 22¥Jmsqus pue 1120} 8 J1 STJ0s 20uLmsqns pus
Tap3e Ajddns 1ejum 3O 1oy appacad |  Addns Toyem v apyacad AFTMINNO 03 amsodxa apqsod 208LINS U §)0)) 0} amsodys | aoeyms uf sHQ)) 03 aansodxa 20¥JINs Uy 5 03 3msodxa
aspIa0 J0 3veydax axoysoy 0 aoepdax ‘a30)s01 ajoxg ysurede pajorg appssod ysupede pajorg apqyssod jsupess y0ey01g smssod ysupde pajory
(50D Ty ‘Apyeoporay) Adofompay,
7002 ‘ST ATenusp panssy saapsefqO [ETpeUmY 31 199N 03 AHPYY SupRADS BERIIL) UORIIRS juunealy, PARBIINTY

= =1 B 3

Bl B B B

1 =3

£ B0 &3 B

M MypueT 57

§5300.1J SUIULIIIS SIANBWIN[Y [EIPWaY ‘I I[qEL



T 0050°800099 :"ON afo1g 1q¥gos)-sen "\
1509 Y290 SfRIspojy
'020T Aq sSOMV
015000 JO SUORRIUIT0D &1 JO UOHONPAT PUe WolyeIS I SUDORY UT SATOOGH
v s wu B wu vu PRICHIUOW 2q 0} STEHIOA PIaoMm s]jom Sunsixe popmours|dims ATpeay Supoyuopy
1500 W20 M0] £JOATE[eT ‘SSATBUIRYE IS0 0} AATB]I 1500 Tejido 1500 Y8 AToA
§200 Jo uoneI3TI 55 Jo Awaexd pnom
9UBJING M0]34 390] (01 Aerurzoxdide sTpRM SfooIpeq ot paks o o} mem
59k saf B/U B B/ Bu PISU PINOA Jrem pue 3293 05 IOQR ST Jagempunold of yydep esneoaq Teonorsduy o | UONORSY S[quetIRg
3800 Teiduo moT (smomannbay
“S[I08 QovpInsEqns 0} ermsodxe Summeaerd sy A8y
T 0anoage ‘(D POIPOIN o) sIITRq paseuBus TeorsAyd yum wononfizod up dv0) spenmo)
2/m wu o4 sk 5ok 5ok pemmordr Arpeay Teuonmmsur
1500 RO M0] A[PATEICT {SeATBUINE IO 0} 9ATjR]a 3500 [epdso mor]
"SO0D [1os eovpmsqus (ires wopower |
uorsox deo wiogy ssodzo deo o1 Jo TOJS0I0 JoTBM UIC}S PINOYS 5950 PUE] J0f SO0 Of eMmsodza ojqesuad pue
5000 0 amsodxo uotsoR des wog sD0D uots0s ded woy sDOD uorsoR deo wy D00 Jsurse Sunosjoid uf AR §59] S[ONUOS [PUORNINSU/A TORIUNAI0D U] deo Sunstxs Jo
v B/ Tepu=iod - pajrumy 0}.axnsodxs Teyueiod - peyu 0} exasodxe feyuzlod - payuy 0} e3m50dx0 [eymRi0d - payrmy S[qBIeA® A[UOUII0D 68 §301ATS8 PUE S[YHIUUT 0SUIS PARmR]dinT ATIpeoy dep Smsxg | wopzompowm
oT JO
3500 N0 M0] AJoARE[aT ‘SeATEUISFR JOTRO 0} 2AT}B[0I 3500 Teyiduo moT uoREoIpow) |
89811 pUre] J0J SO0 UORvj0I] WOTSOTY
01 amsodxa 3sureSe Sunssjord uy eARSAge ‘SO0 [FUDHMIRSUT/M TOROUN[I0S U] I Uty UORRISY
v Bu sk 5ok ok oA S]qE[IPAT AJUOWIIOS 818 §301ATDS PUE SEIISUIE SOUS poyuataydius ATipeoy s dep Sunsy paf[oxmoD
3500 2O STRISpOY
"0Z0Z £9 SSODMV
01830 JO SUCHRIROUY Tf} J0 UOHONPaT PUE TORBIBAT SULjoRx U QANOALJH
o wu B v ¥ wu PRICHUOWI 3q 0} OTINHIDO PINOA S[jom Sunsixe ‘popuaidany Aipeay Supoyuoly
SOANEUISIE 15RO 0} SARTIAI 1500 230 A0] 3nq 3500 Teyideo S A1op
"0Z0T Aq SSOMYV 018000 o¥s-H0
SonpaIuaY) PNOM UCHERUDHE [ENNEY 5D00 JO WONBIST oys-Jo Tmasid pmom
SOBRIS M0[8q 3097 00T Ajereuurzozdde sT qorys Joalpeq oymy pekayeq 03 IoLmeg ofig
54 oA B B B L Pastipriom Jrem pue 399§ ¢ Inoqe sf Japempunald o} qudap osuesaq [eonorsdur * | woUS I0 BM ATIM]S
3500 Teprdeo mog (spumararmbay
*S]108 83vFIMSqNS 0) amsodxo Sungmeasid wgymy Apx3smuy
U eaRooga ‘(deD pOIpON “o°7) s1atreq passemBue eorsAtd qum wononfuos up dVO) sfoxue)
B wu 89K 5ok 59k 5ok popmsuraydur Afpeey TeuoRmysuy
1500 {220 MO] A[9ARR]RI ‘SOARBUINE JYIO 0} SAT}E[eI 1500 Tejides Mo
"SO0D TIos sorpmsqns JauTeq
uofseXa deo urog asodze deo o1 Jo TO[S0I9 J9[BM TIIO}S PINOYE 5350 PUE] 10} 700 0} amsodze TeonIeA pue
5000 0} snsodxo uotsoxs deo Wwog 5D00D worsols deo WOy §D00 uotsexs des wrRyg 5500 Jsurese Sunosjand ut eAzoaps €591 ‘S[OII00 [EUORMINSU]/M ToRoNfI0o UY deo Supsmxo jo
L B Fepusiod - pajruy 0}.amsodze [eyuejod - payrung 0} amsodzo Tepusiod - pagruy 0} eamsodze [eyusjod - pejruy S[qUIFEA® ATUOTIIOD 318 $30[AI9S PUE SEHIaTEUT S0UYS poymata[dimy ATipeay] dep Supsy | wopeomIpOw
ouJo
3500 WO M0] A[PALB[eI ‘SAANBIIOHE JOYI0 0}.0ATE[eT 500 Teydeo mo'] ToRsoRIpom)
“§981L pUR] 30J SO0 UOH02)01d UOIS0IT
0} amsodxe jsureSe Sunoejold ur eARvege STONUOD [FUDHNSUT/AM UDROUN[I00 U FEMTIols | JRWuBRy
B B 59h 5ok sk sk S[qRIIEAB AJUOLIIIOO QIE S301ATDS PUR S[ULISIHUT SOUfs poyms]diuy Anpray s de) Sunsy TeorsAyq
Jusunredaq wopEAY 4O *SAIMIINTFUIUT I3[0 osnwensanba
sumpd 5O 9y 4q 3507 X0 pazpediuy s op | - Busseacad epayew 4&q s3uppmy Jo wopon.nsud PUB ‘saImonys S3mpimq | 1o ‘axiq ‘uernsapad oy ypuey
§] 3040053 TojuM PSPHURPL 3 | W0y SupEuEum 570 A 03 NP 0y Pasn s [Fpwe] 10 ‘93u0)s 90vgms | spupouy 03 3adopAap apysNo 313 Jo Arepunoq wistpIoU
PUE 2715 91 Jo AJuSEA oY uy papasu | 9sof Jo paxpeduy oq [pa Sefpexg | atp gy sos soepmsqus ‘Buppred 2oy pasm sT[RypUS] | we Lq padopaspex sy OpuEy a1 Suofe payruisuy M
S} IjuMpImoId 31 0707 1waL a1 91 JO 35 JUBLIMD Iy pOYs |  PUE IDELMNS UY 500 91} JY SIOS 30Emsqns pue U 31 SHOS 30¥KmsqUS puw TiBT) © ] S[JOS 30ujmsqns pus
Tage Ajddns xayes JOO) X0y appacad | Apddns Tepem v opracad aspurerpyo 03 amsodxs aqpssod 23epms Uy s 03 amsodxe |  3dgyms ursHQ)) 63 2Mmsodxa ad¥yms ur 50 0) 2aamsodxs
aspuIaYo J0 sovepdax ‘axoysay X0 aoudex ‘ax0ys3x pajorg ysupeds oajeag apqpssod ysupede pajorg apqpssod ysupede pj0xg Ipqssod supze pajoxg
(50D A5y “Ayprespoery) Adofonpag,
002 ‘ST Axenuep panssy saaR39[qO [PTPOWSY 31 193JAT 03 IV BUPRIIG SRR UORITPS fRUnEsLy, | PAREWINIY | [
NS NMgPue] 938

§53201J SUTUIAIOG SIAPBWIANY [EIPIUITY °Y I[qe



€ 0050800099 :"ON 1301 :1q} Foa}-sB1 """\,
SpIEpUElS AIend jepm Bymby - SOMV i
spunodwoy) sTmeSI0 S[RY0A - SOOA. s
UBTRIIE 7 suoned) - NFO .
Euo.noo.wo SusMNSuo) =000 s
"PIOG UT UAMOUE 318 TORBN[RAS PI[TB}P I0J PauTe)al oIe 1) SoIS0[ouyda], 1
‘OAHBUISNE SUO Ue)  IOUI ISpUM PAJST] S1¢ 2109191} PUR ‘SOATEUIAN[B [BIPSUIaI SATssIS3R aour Jo jusuoduos B ATensn 218 ‘sfoxuod [ewORMYsUT pue SunojTOUr ‘Buddeo se yous ‘sarSofouns) urepny oy Apawy] YeI DAV A JUSISISTOD T8 9A0qB PaST] SoAGEUIR)E T, P
1S9O\
SATEUISE ST} UF4A PSJBIOOSSE QIE §]500 ON r
"SD0D JO UORANPAIT MoTs "0Z0T 49 SOMV
“Surrojuow 0} PAIOJIUOUE 9 JOUTEY RASMOY 03 5000 JO UOROnpeI AFIISA 0} Pejonpuwo 9q pnom SuTIONUCIT OU JIASMOY
0/2A POSSOssE 8 Joutres ssaxjord ‘Joxuoo 1snp J0J [P As[pesg ‘uonnip pue se559001d UOREPRISAp [BIMIEY BIA G5BAIIGP O} SNIMTOD pinom
ST Isaamoq 0Z07 £q SSOMVY soeq 94330 a5 Jiqugoad 100 [ 5500 D00 Y8nouye ‘pstnzan YEnox; sO0O0 FojeMmpunois Uy TORINpeI O 9q Paom
0}.9683103p PIOOYS SO0 WY} RAGUOD Iommpunold ot Jo TonERmIE SIYL "5D0D THos sargmsqus o} armsodxe jueasrd o} sjoxm0s [EUORMETEUT ON |
SJ[nsox SUSpOW JyRMpN0Is - AFoNy TeIEY PONURT0S - ATex] Apoxprun Apoxum Ajorpun Apoxrum pooa]du Arpeey uonay oN UONIY ON |
1500 220 ORISpOJY m
"020Z A9 SSOMYV 03} 500D Wpaspunosd (=000 |
JO SUCHRRLIIN00 &Yy Jo UONONpas pUe UOHRISIUT SUforX) U 0RO Ipempunors | |
v B B/ L7 B/ B/ PRICJUOT 8q 0} STIHU0O PInoM s[[am Sunstxo ‘pepuswrsidioy A[ppesy duptoguoy | jo wonenwaye
eIy
1500 MO Sunroyuowr [T
- - “Supoyuom A |
JoyeAPINOIE YIM UOHON{U00 UF posum[diT oq SIUI UORENIRE [RIMEN ‘deo Sumstxs [~
“Synsa1 Suepour wyeapuncld Aq payrea s8 0707 Aq SUREY BEMpUNCIE Ot} 0} [OXy0D
Pue wopepRIspolq o} enp 6uB[d 93e] 0} SNUFLOS PoM SO0 Jo TORINPIY uogBmBRY Teuonmysur L.
A 5ok B B L eu popswldu Afpesy ey oprao1y) | |
1509 Tepdeo mor Apauy [
JJO-UnI T5yBM UIIOJS WO 2AssI38y
deo Sunsie o1 Jo UDISOIL O} NP QD JI05 SoBFMSqAS 07 exnsodxe Tequod (syusunambayy ssoY [
worsora deo woy P423d 10T S90p ‘AIMO ‘S[IOS SoBFINSqUS 0} emsodxe Surmeasid zvgqungy Aoy pasodoxg
$000 0} emsodxe worsoxs deo woy 6300 volsoss deo uroy sD0D uosols deo wog sDOD ureanoags (dep “o71) swureq parwemSus [eorsdyd Sunstse ym ToRonfuoo Uf VD) spomuo) 4o |
Bu B Tepmod - pagroun 0}.amsodze reyusod - poypuny 0} axnsodys [epmeiod - pagwny 0} emsodzo Teyuajod - pojuny popmwaldu Aipesy ruopmpsuy | Sumojpoly
1500 W90 STERPOIY 1
"020T A9 SSOMV _
0315300 JO SUCHERUROU0O ST JO UOROTPaS PUe GONRISIT SUjorRT). UT 0ARSATH B
B/ B B ®u B v PRIOHUOT 6q 0} SMURHOO PO sffom Sunstxe ‘pepsumding Apeoy Suproypropy
1500 MO'T |
TopmpunoIs s ononfuoo Uf poemSIdU oq ISUW VORBAUSHE [RIGEN
“SHNSS1 PO TyEMpUNOrs £q pogmeA 58 0707 Aq Sursny BRMpUNoIs
PR UonEpeIdapolq o) snp ¢9w(d oxe} o} snugmos pnom 50D JO WORONpeY uopEmIBRY =
Apoo ok oa su ®u su pemows don Appeoy eImEN |
ad
1500 Tepdeo moT (snmurpImbay
"S[tos oorymsqus 0) emsodze Sugmeerd sy Fxinroriiyg
F 9ARoaRa (de) paYIPOIN “o°7) SIIITRq pareaiBus Teorsiqd s ononfuoo Uy dvD) spormo)
B B/ 5ok 59K sak sok popmun]dur Afpeey TeuopmsUy (uogenuene
[B3IngEY pus
500 2P0 #0] AJoARBIeI (SAATETINE JI0 0} SAE[RI 3500 Toydes moT deo Sugse Jo
*$D00D [10s soupmSgns uonEsgIpow | .
uorsore deo woy osodxo dea o) Jo UOS0J0 JoTEM UINO)S PIOYE 95T PUB] 10F DO OF aIMsodxs ou 0
5000 0} exasodxe uoTs0Ia deo Wog 50D uolsels des wog sp0D uolsom deo wog 5500 ysuress SuURoojond Ut eATioafo 59] ‘S[ONII0O [EUORNSU]/M ToRoUNfiT0o U] woRzompow) || |
B s Teyuod - poyruay ojamsodyo feyuzjod - peyuny | 03 emsode rejusiod - peyrumy 0} axnsodzs Tejuziod - poyuny O[qeTEAR A[UOUINIOD aJ8 §S0IATS PUE S[ELISJEMT SoUTs pejuowelduwy ATipeay dep Supsmy
Lpauny
1500 Y290 0] A[PARE[OT {SIAREUIIIE J9YI0 0} OARE[0I 1500 Tepden Mo amRpy |7
"§98TL PUE] JOJ §D00 ToxpuoD pesodoxy ||
03 amsodxo 3sureSe Suposjosd Uy saRoag ‘SO [PUCRINSU]/M Tonounfiioo U . J3)BA ULIO)S ‘orguo) | L
B B/ 8ok 5ok 59K 59k 9]qe[TeA® AJUOUNIOD OT8 5907AJOS PUS S[¥LISEW SIUS papmwaldun Afipesy o | s dep pagrpoly a0amog
Jusunreda(] UOREIAY JOD 3 ‘SNSRI IO ‘s uersonba |
=umpd HY 9 £q 3sof 10 papedury sy | -Bupssedord pepayew £q s3uprmy Jo woponnsIOd PuE ‘samgonns SSupng | Yo ‘oqyq ‘uspnsepad Joy gpuer |2
5] SI2IN0SIX T3juM PIPPUIPI AN | uloxy Supeusum Q) Ity 03 Inp J0§ posn 5| [Pl 10 ‘ofer0)s eoeyms |  apmpuy 0p 2adopasp Ipismo 317} J0 ATepumoq UIIYRIONW
PUEB J[§ 31 Jo AUPIA Y up papasur | 350 Jo paapediuy aq JPm Seppeag | a1 Iy spros soermsqns ‘Bupged 2oy posn sympue] |  we Lq padopaspax s MIpuEY I Suole popre)suy axam .
ST I9juApunoas JY 0707 T84 91y 91} J0 36 JUBLIID Iupy POYE |  PUB VLS UF 50 31} 31 STJOS dBEMSqNS pus 91 3§ STI0S 3IEFMSqnS pue e} © 3] STJOS 30uJamsqns pus M
Joyye Sddns xajem JOD 0§ opraoad | Apddns Jojem v apyacad IO 03 amsodxe apqmsod REpms Ul 50 03 2msodra |  adgpms ursH;) o} amsodrs 2eLms uy 530 0) amsodxa
ISTMIY0 J0 2d8[dax ‘9x03s9Yy J0 ase[dai 2109521 ‘pajoag IsupEss 309j01g spqyssod ysurede raj0xg arqussod ysupede paj0xg afqussod ysupede pajoxg —
(50D ARy “Apeononig) Adojonpay,
7002 ‘ST Arenwer panssy soapaefqQ [erpoUIRY S1 193N 03 IV SupRRIG BEEIHL) UORIIPS NEUGEL], | PAREWINY | |

IS gpue] sa)5Y

§5300.1J SUIURAINGS SIANBILIN]Y [EIPIWIY ' I[qEL



2002 ‘9z suny pdam-zgl Hodar deid\ L Y-V IA\STLSTIIVOM ZVISNSO0dM\SmIpreEy WOLL:D

Awmouoaza

[820] 0y
jusmaAsoaduy o

§asn aImny yo
JUIWDUBYUY

sasn Sunsixa
"A1I0UI093 [800] ST SOTRYUS [ 1ojempunord pajoedun Jo dn ueapo pue des oy 03 sjuswaacidmy » | o UONBAIISIG »
*AtIOUC2? [800] ST ST [[IM JSjeMpunoId pajordun jo dn a0 pue deo o1 0) sjusmaAcIdmy “suefd yuemdofaaap armyng m Iapisyur e Suippng Jusunean Jajempunorr) deo SAPYISAY .
JuamdO[2A9p 9JIS 2N M I9JISI] 0} Enwm jusunuay punoidasoqe o -des a1 Jo AyuiBejul pue ssau2Anosi0xd o1 UreIHrRM 0) 908[d  axe suoisiaold yer axmbar pmom [TypuE] auwydade
*AUI0U023 [890] S 0] JUSWIOUBYUD ON o oy Jo AyuBajut pue ssausanosjoxd ot ureyurEW 03 208]d UT O18 sugtsiaoxd jey axmbar pmom [ypue) Aue vo yustdofaasp o1s feordA; sauys 4yuamdojoasap amny spadu] J0U PNOM S[ONUOD [BUORMTST]  « mqng .
S9SN aIYNY JO JUSMWIOUBYUD ON]  « Aue uo jusmdofaAap ay1s TeordA) 9oms Juatrdofaaap aryny spadim jou PINOM S[ONU0D [BUORMUSY] sosn Sunsmo medwr jou . - Anqen
saosn Supsm¢a edan Jou Iy, . sosn Sunswxo sedmrjou g o Smsusd A[reonayisse oq 03 pausisep aq pnoo des POLIPOIN o paseada(q
soBueno oNomISIB ON  » Surseald Afreonsuyisae aq g) pouBissp oq pynoo des pAIPO = souedasoe orjqnd I2350J PMOYS SJOQUOD JUSWATBUBHY o amWnjoA Jo/pue
[eaoxddessip orqnd 19350y Avt S[ONUOS JuSWAFEIEW JO NoBT « soweydaooe ofqnd 131507 PINOYS SJONU0S JusmSFEUBIA . *SOARBIIIY UonB.IIIIN0I
1V 0) parediuos usgm AJIqer 35810 PINOM JS1BMPUMOIS JO HOPBIPSal IIMOIS 1V 01 parediod uoym AJIIqRIf A5ES10UT PNOM INEMPUNOIE JO UOHBIPAmAI JOMO[S 0M] J2130 ST 0} parediuod UsYM AJIqRI] 3582193p PIOM JABMPUNOIS J0 UonBIPOWAI 13)SB o 520D
*S9AN93(QO [R[paWIAI ST} UT PIYSTEIsa S3jep d. *$3AR02[qo [BIpamal "SIARBUISITY 0M] JOT0 d Urys Apjomb 210wz ‘saAR93[qo [eIpswal uj uonINpay .
asn pajedionue a10§3q SOMV 19911 0) SDOD) Iajempunosd Suonpa oy 9ANOIPH 9t Ul pafsTIqeIsa s3jep asn pajedionue a10J9q SHMV 199W 0} )00 derempuno:s Suronpar oy AN o 3 Wl paYsTqEssa $3jep 3sn pajedidnue a10J9q SOMY 139W 0} 0 JRMPINoIS Furonpar ur 2An03gg o JUIWUONIAUD
'SD0D T1os-30e3msqns 5000 [1os a0gymsqus '§D0D T1os 3oermsqns Pus gjreay
03 amsodxa [egusjod J0 JUSTUONAUS PE YIESY TN 0} YSL 19MO] 10T PImoM . 0] [enuajod amsodxs Buponpar Aq JusmHONATS pUB RS uBumy 0} JSLI JaMo[ ATYSSa00NS ployy - 0} renuajod amsodxs Suponpas Aq JusUmoNATS pue YEeY uBUMY 0} JSU JaMO] A[[NJSSIOONS PO, » BNy 0}
“Ja1RMpUN0IS pajordmy “Iojempunoi3d *IoTRMPpUN0I3 JSLI PAIAMOTY o
Sunerpamal £q JUSWUONALS PUE YIRSy TRmAY 0) JSLI JaMOJ A[[TJS53000S PIIOA, o pajoedurr Sunerpamal Aq JUSWONAUS PUR [[BSY TBUINy 0} YSI J9MO] ANJSS30INS PO, » paroedu Supepawal £q JuaNIONATS pus ifeay uBwmNy 0} JSL I9MO] A[JSSI00NS PO, Syauayg
§3500 APAd A .
SeAReWsie A¥®0 -
"1V 2AREWS)[Y MM paredmon se deo Surureiudw Joj 51500 PO MO APATIEISY o 19130 03 AARE[AI JISUNBAY PUE UOROBIXS Jejempunor3 pue deo JuTureimrem Jof 1500 N0 B  » 5)s00 epde) .
(AN S¥ $ 01 WAL 1° §) SPARBIISYE J9130 0) SANE[AIIS00 MOT o (ADAL 9L § 03 NI §'€ $) SSARBIISIIE JATIO 0} QATB[I 1500 JJBISPO (ATAL 1°8T $ 03 NN 1°€T §) SSABBWIBIE 1010 0} SARR[3I 1509 Tendeo yBm 0 o110pON o 50D
Supumosp
318 50D JO S[9A9] J81) LUPUOO 0} AIBSSIOW 9q PNOM STLIOITOW Wuo}-8u0]
"070¢ 183k s w pajojdmod Surmap X8 SHOD JO S[OAI] I8 ULTUD 0} ATESSI0AU 3q pnom Suuoyuow une)-§uo] . JUIWUOIIAUD
am skemyged amsodxa aImny 210599 SSOMV 01 SJ0D 151EMpUnoId 20MPAIPMOM o Bopurosp are QD JO S[9AS] 8T WIGUOD 0} ATESS305( 99 pnom Suvioymow ws)-Suoy . *020T 182k pue
$J00 oS 0207 Tk oy ug pajo[dmod are sfemied amsodxs amng a10yaq SSOMY 0 $D0D 191BMPUNOIT 20NPAI PO, Yj[eay usmnyg
soezmsqns o} amsodxe [eRusiod GiM PaIRIOOSSE SISI 9JETIIN[S/30NPAI 10T POA,  » o w1 paje]dwon are siemmed amsodxa amyny a10jaq SSOMVY 0 §D0D 1918MpuN0IB 200PaI PHOA, 500D Itos 3oepmsqns 0) amsodxa [epuajod QLM PIIBIOOSSE SSLI SJBUII[3/30NPAl POA, o Jo uondazoad
SSOMYV 199w §O0D [10s 30BLmMSqnS 0} amsodxa [eRuslod IM PajeIoOssE SYSH SIBUT|3/0NPal PIIOA, £V PUB 7V SoAnEWI) Y B12AQ
0} TORNIp Pue 53553001d UOHEPRIBIP JBINIB BIA 95EAIOSP O} SNUFUCD PINOM SJOD) o SSOMYV 199U 0} TOAN[Ip pue 59553001 TONEBPRISIP [RINBU B1A IFLSIOIP 0] SNUNUOD PMOM SO0D o ueq) Aprdes a1ow SSOMV 199 0] 1978MpUNois UF STONENUSSUS SD00D 20Npar A[NISEIONS PO, o STy
‘] w.
-Buo] pus uus)-H0YGS S U] PIASIYIE 34 10U PINOM SSARDA[GO [BIPSWL] 5T PUB] e :m “ULI5)-SU0] PUB ULIA}-HIOYS ST UY PIASIOR oq PIOM 5IARIR[qO [BIPSTIY o
parmbas sougnsiUTEW ULS}-BUO] ON - “'ULI2}-SU0] PUB ULI3}-HOYS SY) UT PIAANRIE 2 PINOM SIANOS[QO [BIpImSY o SouensjuTE uLta}-8uof axmbar pmom des pagIpow pue walsAs JuogEaL puE UOROBIX3 IJRMPUNOIY) o
SSOMV 01 STORRRNIOU0D SHOD 90UBUAJUTEN ULIA}-5uo] oxmbar pmom des paryIpopy o SSOMYV 01 suonjenu5u09
JIsjempunosd Suionpal pus s5Q) Jajempunoss jo nogersim Suguaasid WaAR0PT . SSOMYV 0] STORERUIIUOD §000 J3mpunosd Suronpal pue 550 Isiempunosd Jo uoneidnu Suguasard Wy sAnoay Amqeipey -
$D0D 105 30Bymsqns 0} amnsodxa [erusjod Juonpar oy 9ANOSLIS 0N $20D Ja1empunoid uonpal pue sOOQ 2BMPUNoIs Jo toneidmm Suguaaard m 9ANOT . $D0D Tros 20ggIMsqns 0] amsodxa egusjod Suponpar o 2ARdAT o S59UAADI3JJ
UORBIPIWIAI IjBMPUNoI3 $D0D I1os aoepmsqns 0} amsodys (epusjod Suonpar oy 2AROIPT JTDUYBSY) PUE TONORHXS mra)-3uo .
Joy pasn usaq A[resid4) seq jet ABojouyoe) usa01d ST UOREMUAKE [BIUEN . UONBIPWAI J31BMpUNOI3 PuE Samso[o [[pue] 10§ pasn A[reordL) are 180 sa1ojotmas) maaoxd are syuouodwos [y . SSIUIANIAPGI
“sfuomanmbai amso[o [ypue] [8o1dA} 190m 0 sa0p ded FunsXg . JIayempumos pus samso[d [Jgpue] 10J pasn A[esrdA} are 18y sardojomyos; uaaoxd sre syusnoduos vy ueld Ayoyes pue qyea 01 soualsypE ySnomny PIZIWUT TONONSUOS FULMp SHSL W) HOYS [BNUSI0g o ULI)-LIOYS o
UonINNSTOO SULIND SHSLI ULIS} LOYS ON o ueyd £jayes pue gieay O} I0UAIYPE YN0} PAZITUTI TORONNST0d Fuump SY{SU W2} UOYS [BIUI0J o 3[nq 2q 03 Psll PINOM S[jaM TOROBNXD Anpqiseaq o
pajuamsidun ATTpeay o 9[qB[TeAB ATUOLIIOD AI8 S30IAIS PUB S[BLISIBLI 20UTS pajuswoidun ATIpesy . pue Surp[ing jusunean € pue pannbal ag pinom syuwad 20UIs Juswa[dury 0f JMONFIP A[SIBISPOJ o :Anqeanoslg
samseow
UONENUSYE [BINJBU SIINSBI [BIPIWRI JO SOINSBIW [BIP3tal JO SSIUIARYTI 2)BNTEAS 03 PIsn aq p[nom Buriojuow Jajempimors us) JuoT - pry  »
SSAUIAIV9YY? 2JeN[eAS 0 Pasn 3q p[nom SuLIoymoW 1BMpUNOIS 1Y) Juo - 96V o TEIPIWIAI JO SSAUIANIIS IJBN[BAS 0} PIsn 9q pinom mﬂ._oa.aoﬂ Jojempunols uus) SuoT - pTy e uonepmxorad (AN) W31 19[01aRRM
sum(d 1a1eMpunesd Jo uonENUANE [EIYEN - AEY - sumid 1372mpunoI3 Jo uoRBNULNE [RINEN] - 07V o IR JUIURESY PUB UOHOBIX J3BMPUMOIE B[A PIRIPoWSI 3q PInom awnjd Isjempunois ot - oIy .
191eMpUn0I3 9)I5-U0 Jo asn jiqryoxd Iojempunols ays-uo Jo asn yqmoxd o) pus ‘deo o Jo Aoy pue'ssauaanoajord o Suusyfe woxy I3jempunoIB a31s-uo 3o asn Jiqmord o) pue ‘deo o Jo AyiBayuy pue ssauasnosjord oty Supteye wogy
0} pue ‘deo a3 yo Aoy pus sseusAnsajerd sy Supae WO Jusudojaasp ans juswdofasop ay1s Aue juasaxd o) senadoad pajsagze wo paserd aq plhosm S[ORUOD [RUONMNSU] - 7Y  » juamdoraasp ayys Lue juasaid oy sapradord pajoagye uo paoed aq pnom S[oQUOD [BUORMNS] - [V  » syusuodmo))
Aue Juaaaid o} sopuadoad pajosjye o paserd aq pmom SjoRUOd feuonmusy] - BEY o SJORUOD JJO-UNI 15]BM TLIO)S SPNOUT O} PalFIpow oq [im duo SunsXy - BZy o S]OQUO JJO-UNL J3JeM ULIO)S PUE UOJSOI 9PN|OUT 03 PIYIPOw aq M deo Bunsxg - BIY o JofB
(uauneay) pue
(wonenuoye [BINBU pUE [01)UOD [EUONNIISUT) (zonenuaye [einjeu pue [0.3u0d [EuOnNIIS] M ded payIpom) UOHOB.IXI J9JBMPUNOIT )1 PIUIGUIOD [01JUOD [BUOLMIYSUT g ded pagipow) Jopeq
SULIONIUOIA] €V AN BUIN[Y [01U0) DIMNOS TV APEUIN[Y O BIPIWIIY SWN TV 2ADBUIN)[Y JUIWSSISS Y
BUOZLIY ‘XIU20YJ
IS Mypue] sy

SHAILVNYALTV TVICHNI A0 SISATVNY AA'TIV.LAA 40 AAVININAS T TTIIVL




¥

I ’___,J { |

P J { j E.—h-.«-‘i 11’ = 1

=

Final Feasibility Study Report
ADEQ Estes Landfill WQARF Site RI/FS
July 3, 2002

APPENDIX A
REMEDIAL ALTERNATIVES EVALUATION
COST ESTIMATE SUPPORT DATA
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Appendix A
Feasibility Study Cost Support Data
COST SUMMARY
Al - PLUME REMEDIATION
Breakdown Technology Capital O&M Total

-Actual ...... Alﬁ 6,8&5,486” . ) 255,141 ) 7,.(.)80,621”
Alb 167,712 2,630 170,342

Alc 2,878,800 6,049,730 8,928,530

Ald 12,000 2,493,908 2,505,908

Al Total 9,883,992 | § 8,801,409 18,685,401

Low Ala 4,777,836 178,599 4,956,435
Alb 117,398 1,841 119,240

Alc 2,015,160 4,234,811 6,249,971

Ald 8,400 1,745,736 1,754,136

Al Total 6,918,794 | § 6,160,986 13,079,780

High Ala 10,238,220 382,711 10,620,931
Alb 251,568 3,945 255,513

Alc 4,318,200 9,074,594 13,392,794

Ald 18,000 3,740,862 3,758,862

Al Total 14,825,988 | $ 13,202,113 28,028,101

n:\data\common\slyvie\estes\rea3-costs.xls
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Cost Analysis of Alternative A1l - Plume Remediation

Technology Ala; Design and Installation of Modified Cap

CAPTIAL COSTS
Unit Cost Breakdown
Task/Item Description Quantity Units Rate Actual Low High
1. Design
- Pre-design Studies 1 EA 60,000 60,000 42,000 90,000
- Design 1 EA 80,000 80,000 56,000 120,000}
- Construction QA Plan 1 EA 25,000 25,000 17,500 37,500]
2. Mobilization/Demobilization 1 EA 200,000 200,000 140,000 300,000]
3. Site Preparation 1 LS 130,000 130,000 91,000 195,000]
4. Staging Area 1 LS 30,000 30,000 21,000 45,000]
5. Modified Cap Installation
- Import/Placement/Compaction Fill 8,070 cY 20 161,400 112,980 242,100
- Field Compaction Verification 100 Days 120 12,000 8,400 18,000,
- Import/Placement Fill 94,380 cY 20 1,887,600 1,321,320 2,831,400
- Import/Placment Top Soil 65,340 cY 30 1,960,200 1,372,140 2,940,300
- Seeding 45 Acres 2,500 112,500 78,750 168,750
- Drainage Swales Excavation 8,000 LF 34 272,000 190,400 408,000
- Rip-Rap Installation in Swales 36,000 CY 17 612,000 428,400 918,000
16. Stormwater Outfall Installation 1 EA 7,200 7,200 5,040 10,800]
I7. Dust Suppression 100 Days 1,000 100,000 70,000 150,000]
I8. Air Monitoring 100 Days 150 15,000 10,500 22,5004
9. NPDES Permit Application 1 EA 15,000 15,000 10,500 22,500]
10. SWPPP for Construction Activities 1 EA 8,000 8,000 5,600 12,000}
11. Contingency 1 EA 20% 1,137,580 796,306 1,706,370
12. Ala 6;pital Costs 6,825,480 4,777,836 10,238,220
OPERATIONS AND MAINTENANCE COSTS
Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
13. NPDES Discharge Monitoring 60 EA 1,500 32,879 23,015 49,318
14. NPDES Annual Reporting 30 EA 1,200 26,303 18,412 39,455
15. Five Year Site Review & Report 6 EA 2,000 43,839 30,687 65,758]
16. O & M (Cap & Drainage Swales) 30 YR 5,000 109,597 76,718 164,395
17. Contingency 1 EA 20% 42,523 29,766 63,785
18. Ala O&M Costs 255,141 178,599 382,711
Ala Total Costs $ 7,080,621 | $ 4,956,435 | $ 10,620,931
n:\data\common\slyvie\estes\rae-cost3.xls 7/3/2002
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Cost Analysis of Alternative Al - Plume Remediation

Technology Alb; Implementation of Institutional Controls

CAPTIAL COSTS
Unit Cost Breakdown
Task/Item Description Quantity Units Rate Actual Low High
1. Fllmg of Institutional Controls 1 EA 2,000 2,000 1,400 3,000}
2. Perimeter Fencing (12' High) 8,000 LF 17 136,000 95,200 204,000]
3. Warning Signs - 80 EA 2 1,760 1,232 2,640
4. Five Year Site Review & Report Included w/Cap Installation Costs
5. Contingency 1 EA 20% 27,952 19,566 41,928
I6. Alb Captial Costs 167,712 117,398 251,568
OPERATIONS & MAINTENANCE COSTS
Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
7. O & M (Fencing & Signs) 30 YR 100 2,192 1,534 3,288
8. Contingency 1 EA 20% 438 307 658]
[o. A1bO&M Costs 2,630 1,841 3,945 |
Alb Total Costs $ 170,342 | $ 119,240 | $ 255,513
n:\data\common\slyvie\estes\rae-cost3.xls 7/3/2002
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Cost Analysis of Alternative Al - Plume Remediation

Technology Alc; Groundwater Extraction and Treatment with UV Peroxidation

CAPTIAL COSTS
Unit Cost Breakdown
Task/Item Description Quantity Units Rate Actual Low High
1. Workplan & Design 1 EA 500,000 500,000 350,000 750,000
2. Permitting 1 EA 100,000 100,000 70,000 150,000
3. System Construction
- Well Installation (10 wells) 10 EA 50000 500,000 350,000 750,000
- Trenching & Piping 3000 LF 32 96,000 67,200 144,000
- Equipment Compound 1 EA 30,000 30,000 21,000 45,000
- Utilities (Water) 1 EA 20,000 20,000 14,000 30,000
- Utilities (Electric) 1 EA 75,000 75,000 52,500 112,500
- Utilities (Phone) 1500 LF 12 18,000 12,600 27,000
- Discharge System 1 EA 10,000 10,000 7,000 15,000
- Treatment Equipment 1 EA 1,000,000 1,000,000 700,000 1,500,000
4. System Startup 1 EA 50,000 50,000 35,000 75,000]
5. Contingency 1 EA 20% 479,800 335,860 719,700}
|6. Alc Captial Costs 2,878,800 2,015,160 4,318,200]
OPERATION & MAINTENANCE COSTS
Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
7.0 &M —
- Operation (labor) 15 YR 50,000 1,095,966 767,176 1,643,948]
- Repair 15 YR 35,000 761,176 537,023 1,150,764,
- Utilities 15 YR 100,000 2,191,931 1,534,352 3,287,897
- Materials 15 YR 25,000 547,983 383,588 821,974
- Project Management 15 YR 15,000 328,790 230,153 493,184
- Reporting 15 YR 5,000 109,597 76,718 164,395,
18. Contingency 1 EA 20% 1,008,288 705,802 1,512,432
Io. Alc O&M Costs 6,049,730 4,234,811 9,074,594
Alc Total Costs 8,928,530 | $ 6,249,971 | $ 13,392,794
n:\data\common\slyvie\estes\rae-cost3.xls 71312002
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Cost Analysis of Alternative Al - Plume Remediation

Technology Ald; Groundwater Monitoring

CAPTIAL COSTS
Unit Cost Breakdown
Task/Item Description Quantity Units Rate Actual Low High
1. Workplan 1 EA 10,000 10,000 7,000 15,000
2. Contingency 1 EA 20% 2,000 1,400 3,000}
3. Ald Captial Costs 12,000 8,400 18,000}
OPERATION & MAINTENANCE COSTS
Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
4. Well Sampling/Analysis
- Quarterly 0 YR 0 - - 0
- Contingent Monitoring 9 YR 50,000 382,291 267,604 573,437
- Annually 30 YR 50000 1,095,966 767,176 1,643,948
5. Well Maintenance 30 YR 2,000 60,000 42,000 90,000}
6. Project Management 30 YR 8,000 240,000 168,000 360,000]
7. Reporting 30 YR 10,000 300,000 210,000 450,000
|8. Contingency 1 EA 20% 415,651 290,956 623,477
[9. A1d O&M Costs 2,493,908 1,745,736 3,740,862
[ Ald Total Costs [$ 2,505,908 s 1,754,136 | § 3,758,862 |
| ALTERNATIVE Al TOTAL COSTS [$ 18685401 |$ 13,079,780 |$ 28,028,101
n:\data\common\slyvie\estes\rae-cost3.xIs 7/3/2002
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Appendix A
Feasibility Study Cost Support Data

COST SUMMARY
A2 - SOURCE CONTROL
Breakdown ‘Technology ~ Capital | o&M Total

Actual A2a 1,894,320 255,141 2,149,461
A2b 167,712 2,630 170,342

A2 0 201,283 201,283

A2d 12,000 2,493,908 2,505,908

A2 Total $ 2,074,032 | $ 2,952,962 | $ 5,026,994

Low A2a 1,326,024 178,599 1,504,623
A2b 117,398 1,841 119,240

A2c 0 140,898 140,898

A2d 8,400 1,745,736 1,754,136

A2 Total $ 1,451,822 | $ 2,067,073 | $ 3,518,895

High A2a 2,841,480 382,711 3,224,191
A2b 251,568 3,945 255,513

A2c - 301,924 301,924

A2d 18,000 3,740,862 3,758,862

A2 Total $ 3,111,048 | $ 4,429,442 | 7,540,490

n:\data\common\slyvie\estes\rea3-costs.xls

7/3/2002
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Appendix A

Cost Analysis of Alternative A2 - Source Control

Technology A2a; Design and Installation of Modified Cap

CAPTIAL COSTS
Unit Cost Breakdown
Task/Item Description Quantity | Units Rate Actual Low High
1. Design
- Pre-design Studies 1 EA 30,000 30,000 21,000 45,000
- Design 1 EA 50,000 50,000 35,000 75,000
- Construction QA Plan 1 EA 25,000 25,000 17,500 37,500
2. Mobilization/Demobilation 1 EA 150,000 150,000 105,000 225,000
3. Site Preparation 1 LS 100,000 100,000 70,000 150,000
4. Staging Area 1 LS 30,000 30,000 21,000 45,000
5. Storm Water Run-Off Control Installation
- Import/Placement/Compaction Fill 8,070 CcY 20 161,400 112,980 242,100
- Field Compaction Verification 25 Days 120 3,000 2,100 4,500
- Import/Placement Fill (NA) 0 CY 20 - - -
- Import/Placment Top Soil (NA) 0 (0) 4 30 - - -
- Seeding (NA) 0 Acres 2,500 - - -
- Drainage Swales Excavation 8,000 LF 34 272,000 190,400 408,000
- Rip-Rap Installation in Swales 36,000 CY 17 612,000 428,400 918,000
6. Stormwater Outfall Installation 1 EA 7,200 7,200 5,040 10,800
[7. Dust Suppression 100 Days 1,000 100,000 70,000 150,000
8. Air Monitoring 100 Days 150 15,000 10,500 22,500
9. NPDES Permit Application 1 EA 15,000 15,000 10,500 22,500
10. SWPPP for Construction Activities 1 EA 8,000 8,000 5,600 12,000
11. Contingency 1 EA 20% 315,720 221,004 473,580
12. A2a Capital Costs 1,894,320 1,326,024 2,841,480
OPERATIONS AND MAINTENANCE COSTS
Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
13. NPDES Discharge Monitoring 60 EA 1,500 32,879 23,015.28 49,318
14. NPDES Annual Reporting 30 EA 1,200 26,303 18,412 39,455
15. Five Year Site Review & Report 6 EA 2,000 43,839 30,687 65,758
16. O & M (Cap & Drainage Swales) 30 EA 5,000 109,597 76,718 164,395
17. Contingency 1 EA 20% 42,523 29,766 63,785
18. A2a O&M Costs 255,141 178,599 382,711
A2a Total Cost $ 2,149,461 | $ 1,504,623 | $ 3,224,191
n:\data\common\slyvie\estes\rae-cost3.xls 7/3/2002
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Appendix A

Cost Analysis of Alternative A2 - Source Control

Technology A2b; Implementation of Institutional Controls

CAPTIAL COSTS
Unit Cost Breakdown
Task/Itemn Description Quantity Units Rate Actual Low High
1. Filing of Institutional Controls 1 EA 2,000 2,000 1,400 3,000}
2. Perimeter Fencing (12' High) 8,000 LF 17 136,000 95,200 204,000]
3. Waming Signs__ ] 80 EA 2 1,760 1,232 2,640
4. Five Year Site Review & Report Included w/Cap Installation Costs
5. Contingency 1 EA 20% 27,952 19,566 41,928
|6. A2b Captial Costs 167,712 117,398 251,568
OPERATIONS & MAINTENANCE COSTS
Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
7. O & M (Fencing & Signs) 30 YR 100 2,192 1,534 3,288
8. Contingency 1 EA 20% 438 307 658
9. A2b O&M Costs 2,630 1,841 3,945 |
I A2b Total Cost |'s 170,342 | § 119,240 | § 255,513 |
n:\data\common\slyvie\estes\rae-cost3.xls 7/3/2002
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Appendix A

Cost Analysis of Alternative A2 - Source Control

OPERATIONS & MAINTENANCE COSTS

Technology A2c; Natural Attenuation of VOCs in Groundwater (No Captial Costs)

Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
1. Analysis and Evaluation of Natural Attenuation Parameters
- Annually 30 YR 8000 167,735 117,415 251,603
2. Contingency 1 EA 20% 33,547 23,483 50,321
3. A2c O&M Costs 201,283 140,898 301,924
| A2c Total Cost [ s 201,283 | § 140,898 | § 301,924 |
n:\data\common\siyvie\estes\rae-cost3.xls 71312002
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Appendix A
Cost Analysis of Alternative A2 - Source Control

Technology A2d; Groundwater Monitoring

CAPTIAL COSTS
Unit Cost Breakdown
Task/Item Description Quantity Units Rate Actual Low High
1. Workplan 1 EA 10,000 10,000 7,000 15,000i
2. Contingency 1 EA 20% 2,000 1,400 3,000]
3. A2d Captial Costs 12,000 8,400 18,000}
OPERATION & MAINTENANCE COSTS
Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
4. Well Sampling/Analysis
- Quarterly 0 YR 0 - - 0
- Contingent Monitoring 9 YR 50,000 382,291 267,604 573,437
- Annually 30 YR 50,000 1,095,966 767,176 1,643,948
5. Well Maintenance 30 YR 2,000 60,000 42,000 90,000{
|6. Project Management 30 YR 8,000 240,000 168,000 360,000]
. Reporting 30 YR 10,000 300,000 210,000 450,000
1s. Contingency 1 EA 20% 415,651 290,956 623,477
§9. A2d O&M Costs 2,493,908 1,745,736 3,740,862
| A2d Total Cost IE] 2,505,908 | $ 1,754,136 | § 3,758,862 |
| ALTERNATIVE A2 TOTAL COST [$  5026,94]$  35188%5[8 7,540,490 |
n:\data\common\slyvie\estes\rae-cost3.xls 7/3/2002
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COST SUMMARY
A3 - MONITORING ONLY
Breakdown Technology Capital O&M Total
"~ Actual A% 220318 | 2,690 | 222,949
A3b - 201,283 201,283
A3c 12,000 2,493,908 2,505,908
A3 Total 232,318 2,697,821 2,930,139
Low A3a 154,223 1,841 156,064
A3b - 140,898 140,898
A3c 8,400 1,745,736 1,754,136
A3 Total 162,623 1,888,475 2,051,097
High A3 330,478 3,945 334,423
A3b - 301,924 301,924
A3c 18,000 3,740,862 3,758,862
A3 Total 348,478 4,046,731 4,395,209

n:\data\common\slyvie\estes\rea3-costs.xls

7/3/2002
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Cost Analysis of Alternative A3 - Monitoring Only

Technology A3a; Implementation of Institutional Controls (Same as Alb & A2b)

CAPTIAL COSTS
Unit Cost Breakdown
Task/Item Description Quantity Units Rate Actual Low High
1. Filing of Institutional Controls 1 EA 2,000 2,000 1,400 3,000i
2. Perimeter Fencing (12' High) 8,000 LF 17 136,000 95,200 204,000|
3. Warning Signs 80 EA 22 1,760 1,232 2,640)
4. Five Year Site Review & Report 6 EA 2,000 43,839 30,687 65,758
5. Contingency 1 EA 20% 36,720 25,704 55,080
6. A3a Captial Costs 220,318 154,223 330,478
OPERATIONS & MAINTENANCE COSTS
Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
7. O & M (Fencing & Signs) 30 YR 100 2,192 1,534 3,288
18. Contingency 1 EA 20% 438 307 658
[9. A3a 0&M Costs 2,630 1,841 3,945
| A3a Total Costs [s 222049]s 156,064|§ 334,423
n:\data\common\slyvie\estes\rae-costs.xls 7/3/12002
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Cost Analysis of Alternative A3 - Monitoring Only

Technology A3b; Natural Attenuation of VOCs in Groundwater (Same as A2c No Captial Costs)

OPERATIONS & MAINTENANCE COSTS

Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
1. Analysis and Evaluation of Natural Attenuation Parameters
- Annually 30 YR 8000 167,735 117,415 251,603
2. Contingency 1 EA 20% 33,547 23,483 50,321
3. A3b O&M Costs 201,283 140,898 301,924
[ A3b Total Costs [s 201,283]s 140,888 301,924
n:\data\commonislyvie\estes\rae-costs.xls 71312002
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Cost Analysis of Alternative A3 - Monitoring Only

Technology A3c; Monitoring (Same as Ald & A2d)

CAPTIAL COSTS
Unit Cost Breakdown
Task/Item Description Quantity Units Rate Actual Low High
1. Workplan 1 EA 10,000 10,000 7,000 15,000
2. Contingency 1 EA 20% 2,000 1,400 3,000}
3. A3c Captial Costs 12,000 8,400 18,000}
OPERATION & MAINTENANCE COSTS
Annual NPV Lifecycle Costs (Year 1-30)
Task/Item Description Quantity Units Cost Actual Low High
4. Well Sampling/Analysis
- Quarterly 0 YR 0 - - 0
- Contingent Monitoring 9 YR 50,000 382,291 267,604 573,437
- Annually 30 YR 50,000 1,095,966 767,176 1,643,948
5. Well Maintenance 30 YR 2,000 60,000 42,000 90,000}
16. Project Management 30 YR 8,000 240,000 168,000 360,000]
7. Reporting 30 YR 10,000 300,000 210,000 450,000]
8. Contingency 1 EA 20% 415,651 290,956 623,477
9. A3c O&M Costs 2,493,908 1,745,736 3,740,862
I A3c Total Costs |$ 2505908 |$ 1,754,136 [$ 3,758,862 |
| ALTERNATIVE A3 TOTAL COSTS |'s 2,930,139|$ 2,051,097 [$ 4,395,209 ]
n:\data\common\slyvie\estes\rae-costs.xls 713/2002
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Annual Groundwater Monitoring Sample Calculation

Yearly O&M
Inflation
Interest rate
Year

0 ~NOOH WON =

NRNNNNNRONNNRN=SD 2 3 ca o aa
OOV ABRDNSAOOOONODNDEAWN =0 ©

30
Yr1 O&M
Sum 2-30

Total O&M
NPV O&M*

Note:

O&M

2

2,
11

Appendix A - Feasibility Study Cost Estimate Support Data
Example Net Percent Value 30-Year Lifecycle Cost

Estes Landfill WQARF Site
50,000
3%
5%
Geometric NPV Factor

50,000 0.952380952
51,500 1.886621315
53,045 2.803066623
54,636 3.702055831
56,275 4583921434
57,964 5.448989597
50,703 6.297580271
61,494 7.130007314
63,339 7.946578603
65,239 8.747596154
67,196 9.533356227
69,212 10.30414944
71,288 11.06026088
73,427 11.8019702
75,629 12.52955172
77,898 13.24327454
80,235 13.94340265
82,642 14.63019498
85,122 15.30390555
87,675 15.96478354
90,306 16.61307338
93,015 17.24901483
95,805 17.87284312
98,679 18.48478897
101,640 19.0850787
104,689 19.67393435
107,830 20.25157369
111,064 20.81821038
114,396  21.374054
117,828 21.91931011
50,000
328,771

378,771
095,966

NPV - Net Percent Value
O&M - Operation and Maintenance

* - Geometric NPV factor calculates the NPV of an annually increasing cost at a set annual rate for a given interest rate



