
 

   

EPA/ROD/R09-94/109
1994

  EPA Superfund

   

Record of Decision:

   

LUKE AIR FORCE BASE
EPA ID:  AZ0570024133
OU 02
GLENDALE, AZ
01/14/1994



PB94-964505
EPA/ROD/R09-94/109
July 1994

EPA Superfund
Record of Decision:

Luke Air Force Base
(O.U. 2) Site, AZ

1.0  DECLARATION

1.1  SITE NAME AND LOCATION

Operable Unit No. 2
Luke Air Force Base, Arizona

1.2  STATEMENT OF BASIS AND PURPOSE

     This decision document, the Record of Decision (ROD) presents the selected remedial action
for Operable Unit No. 2 (OU-2), Luke Air Force Base, Arizona (Luke AFB), developed in accordance
with the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as
amended by the Superfund Amendments and Reauthorization Act (SARA), and to the extent
practicable, the National Contingency Plan (NCP).  This decision document is based on the
administrative record for this operable unit.

     The U.S. Air Force, the U.S. Environmental Protection Agency (USEPA) and the State of
Arizona concur on the selected remedy.

1.3  DESCRIPTION OF THE REMEDY

     Luke AFB consists of two operable units.  OU-2 contains eight separate potential sources of
contamination (PSCs), as follows:  OT-04, DP-05, FT-06, ST-18, DP-22, DP-23, SD-40, and the
western portion of PSC FT-07.  The function of this operable unit is to address soil
contamination only at these PSCs.  The other operable unit (OU-1) involves continued study and
possible remediation of soils (at 24 other PSCs), groundwater, and air.

     The major components of the selected remedy include:

• No action at PSCs OT-04, DP-05, FT-06, DP-22, SD-40, the western portion of PSC
FT-07, and the northern portion of PSC DP-23;

• Inspection and maintenance of a concrete cap at PSC ST-18; and

• Excavation, ex-situ biological treatment, confirmation sampling, and on-site
disposal of impacted soils from the canal portion of PSC DP-23.

1.4  DECLARATION

     The selected remedies are protective of human health and the environment, comply with
federal and state requirements that are legally applicable or relevant and appropriate to the
remedial action, and are cost-effective.  The remedies utilize permanent solutions and
alternative treatment technologies to the maximum extent practicable for this site.  The
remedies satisfy the statutory preference for remedies that employ treatment to reduce the
toxicity, mobility, or volume as a principal element.

     The fact that PSCs have calculated health-based risks which are within USEPA guidelines
eliminates the need for a remedy in which contaminants would be treated or disposed.  Because
the no action remedy will result in constituents of concern in soils remaining on-site above
health-based levels in limited areas, a review will be conducted within five years after 
commencement of remedial action to ensure that the remedy continues to provide adequate
protection of human health and the environment.



     This Record of Decision (ROD) presents the selected remedial action for Operable Unit No. 2
(OU-2), Luke Air Force Base, Arizona (Luke AFB), developed in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), as amended by the Superfund
Amendments and Reauthorization Act (SARA).

     This ROD may be executed and delivered in any number of counterparts, each of which when
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2.0  THE DECISION SUMMARY

     The U.S. Air Force has prepared this ROD to address OU-2 at Luke AFB. The ROD is based on
the results of the OU-2 Remedial Investigation/Feasibility Study (RI/FS) (Geraghty & Miller,
Inc. 1992, 1993).  The ROD is designed to be consistent with the NCP, 40 CFR Part 300, CERCLA,
SARA, and the Interim Final Guidance on Preparing Superfund Decision Documents:  the Proposed
Plan, the Record of Decision, Explanation of Significant Differences, the Record of Decision
Amendment (U.S. Environmental Protection Agency 1989a).

     The ROD, which documents the remedial action plan for OU-2, has three main purposes:

1)   The ROD serves a legal function in that it certifies that the remedy selection process was
     carried out in accordance with the procedural and substantive requirements of CERCLA and,
     to the extent practicable, the NCP;

2)   The ROD is a technical document that outlines the engineering components and remediation
     goals of the selected remedy; and

3)   The ROD is informational, providing the public with a consolidated source of information
     about the history, characteristics, and risks posed by the conditions at the site, as well
     as a summary of the cleanup alternatives considered, their evaluation, and the rationale
     behind the selected remedy.

The ROD is organized into three distinct sections:

• The Declaration functions as an abstract for the key information  contained in the
ROD;

• The Decision Summary provides an overview of the site characteristics, the
alternatives evaluated, and the analysis of those options. The Decision Summary also
identifies the selected remedy and explains how the remedy fulfills statutory
requirements; and

• The Responsiveness Summary addresses public comments received on the Proposed Plan
and throughout the remedy selection process.

2.1  SITE DESCRIPTION

     Luke AFB is located on 4,198 acres of land in Maricopa County, Arizona, approximately 20
miles west of downtown Phoenix (Figure 1).  The function of Luke AFB is to provide combat
training to aircrews.  The aircrews are trained to fly the advanced tactical fighter F-15 Eagle
and F-16 Falcon aircraft.  Approximately 75 percent of Luke AFB is dedicated to runways,
taxiways, and aircraft storage tarmacs.  The remaining 25 percent is used for aircraft
maintenance, administrative, and other special services.

     Luke AFB is located within the Sonoran Desert section of the Basin and Range physiographic
province.  The Basin and Range province consists of rough, rocky mountains separated by broad
alluvium-filled basins or valleys. The Base is located near the center of the West Salt River
Valley (WSRV). Elevations at Luke AFB range from 1,110 feet above mean sea level (msl) at the
northwest corner to 1,075 feet above msl at the southeast corner of the Base.  The ground
surface generally slopes uniformly from northwest to southeast at 25 feet per mile.  The White
Tank Mountains lie approximately 8 miles west of Luke AFB, while the Sierra Estrella lie
approximately 12 miles to the south, and the Hieroglyphic Mountains lie approximately 15 miles
to the north.

     Water-bearing geologic formations in the WSRV include the upper, middle, and lower alluvial
units of the basin.  The upper unit has been completely dewatered in the area of the Base due to
agricultural pumping. Groundwater at the Base is first encountered in the upper part of the
middle alluvial unit at a depth of approximately 350 feet below ground surface. Groundwater
movement in the upper middle unit at Luke AFB is generally directed toward the southwest.  The
Base's production wells are screened in the lower middle unit and the lower unit at a depth of
approximately 500 to 1,000 feet below ground surface.



     The main surface water body in the area is the Agua Fria River, which lies approximately 2
miles east of the Base.  The Agua Fria River is normally a dry river bed that flows (to the
south) only during and immediately following storms or as a result of upstream discharge for
flood control or other purposes.  The canal that drains the north end of Luke AFB (the Dysart
Drain) discharges into the Agua Fria River.  The Base's Wastewater Treatment Plant, located
approximately 2 miles east of the Base, also discharges its effluent into the Agua Fria River. 
A series of unlined canals, located to the south of the Base, receive stormwater runoff from the
Base and flow to the south during and immediately following heavy rains.

     Surrounding land use can be described as rural.  Scattered residential housing is in the
vicinity of Luke AFB, and Litchfield Park, a residential development, is approximately 2 miles
to the southeast.  The surrounding communities are experiencing rapid growth and development;
however, residential development around the perimeter, of Luke AFB is unlikely due to
significant noise exposure that would occur as a result of aircraft operations.

2.2  SITE HISTORY AND ENFORCEMENT ACTIONS

     Since 1941, the mission at Luke AFB has been to provide advanced training to fighter
pilots.  At Luke AFB fighter crews were trained for World War II from 1941 to 1946.  After World
War II the Base was temporarily shut down.  The Base was reopened again in 1951 during the
beginning of the Korean conflict and has been used ever since to train fighter crews for the
USAF.

     Luke AFB was placed on the USEPA's National Priorities List (NPL) in August 1990.  This
placement identified Luke AFB as a priority site for investigation and cleanup under CERCLA. 
Listing on the NPL means that investigations and remediations are subject to the USEPA's
oversight and approval.

     A Federal Facilities Agreement (FFA) was signed by the USEPA, the Arizona Department of
Environmental Quality (ADEQ), the Arizona Department of Water Resources (ADWR), and the USAF on
September 27, 1990.  The FFA established the responsibilities and authority of each agency, as
well as the procedural framework for investigation and remediation of PSCs at Luke AFB as
necessary to protect public health, welfare, and the environment.  The tasks and decision-making
process are described in the Base-wide Remedial Investigation/Feasibility Study Work Plan, Luke
Air Force Base, Arizona (Geraghty & Miller, Inc. 1991).

     PSCs investigated during the OU-2 RI/FS consist of PSCs OT-04, DP-05, FT-06, FT-07, ST-18,
DP-22, DP-23, and SD-40.  The locations of these PSCs within Luke AFB are shown on Figure 2. 
The potential wastes associated with each PSC are listed in Table 1.  A brief description and
history of the eight OU-2 PSCs are discussed below.

2.2.1  OT-04, Perimeter Road POL Waste Site

     This PSC is located in the southwest portion of Luke AFB around the southern end of the
runways and occupies approximately 26.5 acres.  The unpaved perimeter road lies in the center of
the PSC throughout the length of the PSC.  This PSC was used from 1951 until approximately 1970
for the disposal of most of the petroleum, oil, and lubricant (POL) wastes from the main part of
Luke AFB.  The POL wastes were sprayed on the road to control excessive dust.

2.2.2  DP-05, POL Waste Disposal Trench

     This PSC is a triangular-shaped area located on the southeast side of Taxiway I; it
occupies approximately 18 acres.  PSC DP-05 is bare ground covered with sparse vegetation. 
Forty to fifty percent of this PSC is presently covered with inert construction debris including
asphalt and concrete with rebar from the demolition of an aircraft taxiway in 1979. This PSC was
used from approximately 1970 until 1972 for the disposal of POL waste which was dumped in
shallow (1.5 feet deep) trenches.  The waste was allowed to weather for 4 to 6 weeks and then
covered with soil. 

2.2.3  FT-06, South Fire Training Area (SFTA)

     This PSC was the original fire department training area and is located in the southern
portion of Luke AFB, east of the Facility 1009 power check pad.  The PSC is a rectangular area



approximately 8 acres in size. Eighty percent of the PSC is paved; this includes portions that
are under building foundations, parking lot asphalt, and a concrete lined storm drain canal.
Twenty percent of the PSC is unpaved including landscaped areas around buildings, parking lots
that are covered with gravel, and a bare area north of the perimeter road.  This PSC was used
from 1941 until deactivation of Luke AFB in 1946, and again from the time of reactivation in
1951 until approximately 1963.  POL waste was poured into circular unlined bermed areas and then
set on fire for fire fighting training.  These fires were extinguished with water.

2.2.4  FT-07, North Fire Training Area (NFTA)

     This PSC occupies approximately 24 acres and is located in the northern portion of the
Base.  It includes the Facility 1356 Fire Training Area. Approximately 90 percent of this PSC is
covered by grass and the remaining 10 percent asphalt and concrete pads.  The western portion of
this PSC was used from approximately 1963 until 1973, when the current fire training area was
built.  POL waste was poured into circular unlined bermed areas and then set on fire for fire
fighting training.  These fires were extinguished with water.  An interim removal action was
completed in the eastern portion of the fire training area that was built in 1973.  This portion
of the North Fire Training Area (approximately 10 acres in size) will be addressed during the
OU-1 RI/FS.

2.2.5  ST-18, Facility 993

     Facility 993 was constructed in 1968 for the storage of all POL waste produced at Luke AFB. 
Other reported wastes stored at the facility included solvents, phenolic paint strippers and
thinner, paint residue, and sludge. In 1979, Facility 993 was granted interim status as a
Treatment, Storage, and Disposal (TSD) facility under the Resource Conservation and Recovery Act
(RCRA).  The PSC is a rectangular area which occupies approximately 0.2 acres, now completely
covered by concrete.  The facility consisted of one 5,000-gallon and two 10,000-gallon capacity
underground storage tanks (USTs) used for the storage of JP-4 fuel, oils, and solvents. 
Releases occurred in the form of UST leaks.  The estimated volume released consists of 5200
gallons, of which 325 gallons are of trichloroethylene, 100 gallons of other halogenated
solvents, 1000 gallons of aromatic hydrocarbons, and 3775 gallons of straight chain
hydrocarbons.  Closure of this facility began in 1982.  In 1983, soils were excavated from PSC
ST-18 and stockpiled.  Contaminated soils were manifested to a hazardous waste landfill.  Other
soils were aired for several weeks and returned to the excavation.  The site was capped in 1987
in accordance with RCRA post-closure requirements.

2.2.6 DP-22, POL Trench Northeast Runway

     This PSC is an irregular-shaped area located at the north end of the east runway and
occupies approximately 4.6 acres.  Approximately 30 percent of the PSC is covered with the end
of the inboard runway, 20 percent is covered with bituminous cover, and 50 percent of the site
is covered by gravel with sparse vegetation.

     This was a possible site used for disarmament and defueling of aircraft during the 1940s
and 1950s.  Reportedly, waste POL was dumped into shallow trenches at this PSC.

2.2.7  DP-23, Old Surface Impoundment Area West of Building 999

     The northern portion of the Old Surface Impoundment is a rectangular-shaped area which
occupies approximately 3.3. acres.  It is located west of Building 999 and adjacent to the SFTA. 
The impoundment was constructed along an old natural drainage system or wash flowing south from
Luke AFB.  Eighty percent of the northern portion is paved, 20 percent is covered with asphalt,
40 percent is under the tarmac hangar, and 20 percent is under concrete, which includes the
canal liner and the AGE equipment yard.  The surface impoundment wash was located to the south
and it had an area of approximately 19.4 acres.  The surface impoundment may have been used as a
disposal site for POL waste in the 1940s until construction covered the PSC in 1969.  The dam
used to create the surface impoundment was buried, but not removed, during the 1969
construction. The area of PSC DP-23, which is north of Super Sabre Street, collects surface
water runoff which drains into the surface impoundment wash.

2.2.8  SD-40, Taxiway Fuel Discharge



     This PSC unit consists of the areas located on both sides of the southeastern end of
Taxiway F (Foxtrot Extension) and on both sides of the south-central section of Taxiway E
(Echo); they were and are currently used for limited servicing of aircraft.  The southern area
of the PSC (along Taxiway F) covers approximately 3 acres and the northern area (along Taxiway
E) covers approximately 7.6 acres.  The areas adjacent to the taxiways are covered with a
bituminous dust cover of 2-inch thick asphalt.  The taxiways have been used to perform limited
service and/or store aircraft since the present runway layout was complete in the 1950s. 
Defueling of jet aircraft onto the bituminous cover was for fuel tank maintenance.  This
defueling practice occurred on Taxiway F from the early 1970s until 1990.

2.3  HIGHLIGHTS OF COMMUNITY PARTICIPATION

     CERCLA, as amended by SARA, Sections 113(k)(2)(B)(i-v) and 117, requires that federal and
state regulatory agencies keep the community informed, and allow the community to participate in
the decision-making process.  The legislation requires the development of a community relations
plan that at a minimum will provide:  (1) notice to potentially affected persons and the public
of the availability of the proposed plan; (2) reasonable opportunity to comment of not less than
30 days on the proposed plan and supporting analysis and information, including the RI/FS; (3)
an opportunity for public hearing on the proposed plan and supporting information; (4) written
summary of and response to each significant comment submitted on the proposed plan; and (5)
statement of the basis and purpose of the selected action.

     The community relations plan describes the specific community participation activities that
occurred in the process of selecting a remedy for OU-2.  These activities indicate a commitment
by the U.S. Air Force and Luke AFB to meet both the letter of the law and the spirit of
community participation at this site.  It should be noted that all community relations
activities concerning the proposed plan were done with the support, acceptance, and approval of
state and federal regulatory agencies. This ROD contains a response to each comment submitted by
the public and provides a statement of the basis and purpose of the remedy.

     The community relations plan is Base-wide, and it was developed from interviews with a
cross-section of the community surrounding Luke AFB. A mailing list of persons interested in the
site was developed and is included in the community relations plan.  A media list is also
included in the plan. This list includes Arizona elected officials, City and County officials
from the surrounding areas, community organizations, base housing residents, area environmental
groups, and other interested individuals.  The list is updated prior to each mailing.  A
community relations plan was also prepared for a removal action at the North Fire Training Area
(the eastern portion of PSC FT-07) in November 1991.

     An administrative record was established in September 1990.  A comprehensive index of site
documents available in the administrative record has been compiled and is updated regularly. 
Information repositories were established in 1991 at two area public libraries and the Luke AFB
library. These locations were suggested during the community relations plan interviews.  Two
other area libraries were later added for public input. The RI/FS, proposed plan, and supporting
information are therefore available to the public at five local libraries.  These include
Glendale Public Library, Litchfield Park Public Library, Luke AFB Library, Peoria Public
Library, and Sun City Public Library. 

     Newsletters containing background information on the site, environmental concerns, the
CERCLA process, and the status and results of environmental investigations and studies were
distributed to persons on the mailing list in February 1992, May 1992, and June 1993.  The June
1993 newsletter contained a description of the proposed plan, an announcement for the public
meeting and comment period, and instructions on how to comment on the plan.  All newsletters
contain project contact names, addresses, and phone numbers as well as information repository
locations and directions for media inquiries.

     A technical review committee (TRC) was established for the site in 1992.  The committee
consists of 10 community leaders from the surrounding community.  Quarterly meetings are held. 
The proposed plan was presented to the TRC at the May 1993 quarterly meeting.  Suggestions on
public input and participation on the proposed plan were sought during this meeting in an effort
to prepare an effective public meeting and outreach program.

     A 30-day public comment period on the proposed plan was held from June 8, 1993 to July 7,



1993.  In addition to the announcement placed in the newsletter, the comment period was
announced on three separate occasions in five area newspapers.  These include the Arizona
Republic/Phoenix Gazette, Daily News-Sun, Glendale Star, Peoria Times, and Tally Ho.  The Tally
Ho is the Base paper.  Where available, the announcement appeared in the newspaper community
sections covering the area surrounding Luke AFB.  This announcement is one of many published by
the Base to ensure the opportunity for public comment on all CERCLA documents.  A press release
about the proposed plan, the public comment period, and upcoming public meeting was also issued
during the first week of June.

     A public meeting on the proposed plan was held on June 15, 1993 at the Litchfield Park
Elementary School.  The purpose of the meeting was to give the community an opportunity to gain
more information on OU-2, the proposed plan, and public participation activities. A presentation
on OU-2 and the proposed plan was provided to the public.  An exhibit on OU-2 and the plan was
also displayed at the meeting location and copies of the proposed plan were available.  A
question and answer session ensured that the community could fully understand the plan and have
the greatest opportunity to comment.  A formal comment period followed the question and answer
session.  A transcript of the public meeting is available in the Administrative Record.  The
meeting and proposed plan were also the subject of an article in the June 17, 1993 edition of
the Glendale Star.

2.4  SCOPE AND ROLE OF THE RESPONSE ACTION

     The site has been broken into two parts, defined as "operable units." OU-2, as mentioned
earlier, addresses soil contamination only at eight PSCs. The only potential threat posed is
that from the canal portion of PSC DP-23 where there is a potential for the migration of
constituents in soils to groundwater.  OU-1 addresses potential soil contamination at 24 PSCs,
and potential groundwater and air contamination Base-wide.  OU-1 also includes the ecological
assessment for Luke AFB.  A RI/FS is currently being conducted for OU-1.

2.5  SUMMARY OF SITE CHARACTERISTICS

     All soil samples collected from the eight OU-2 PSCs were analyzed for total recoverable
petroleum hydrocarbons (TRPHs), volatile organic compounds (VOCs), base/neutral and acid
extractable compounds (BNAs), and Priority Pollutant Metals plus barium (metals).  The 0 to 2
feet below ground surface (ft bgs) sample from each boring was also analyzed for PCBs. 
Composite surficial soil samples from the fire training areas were analyzed for dioxins and
furans.

     The most common constituents detected during the OU-2 RI were TRPHs. VOCs and BNAs were
detected; however, they were generally detected only when elevated levels of TRPHs were also
detected.  PCBs were never detected in OU-2 samples.  The only dioxins or furans detected in
soils were total HpCDD, OCDD, total HpCDF, and OCDF, at extremely low levels. Dioxin/furan
concentrations in nanograms per gram (ng/g) detected are as follows:  1) total HpCDD, 1.2, 2)
OCDD, 4.6, 3) total HpCDF, 1.1, and 4) OCDF, 2.0.

     Metals were detected in soils at concentrations within the same order of magnitude as or
similar to the background concentrations.  The exception is lead, which was elevated relative to
background in two samples from depths of up to 4 ft bgs at PSC FT-06.

     The horizontal extent of TRPHs in soils is limited to several isolated areas within each of
the PSCs and appears to be limited to areas where reported historical releases or disposal
activities occurred.  The depth of TRPHs in soils is assumed to be 2 to 10 ft bgs at PSC OT-04,
4 to 22 ft bgs at PSC DP-05, 24 to 68 ft bgs at PSC FT-06, 14 ft bgs at PSC FT-07, 36 to 60 ft
bgs at PSC ST-18, 4 ft bgs at PSC DP-22, 16 to 24 ft bgs at PSC DP-23, and 10 to 12 ft bgs at
PSC SD-40.  Depths were estimated by assuming that the TRPH detects extended to the depths of
samples with non-detects. In cases where considerable distances existed between contract
laboratory sampling intervals, mobile laboratory and field screening (PID readings) data were
consulted to calculate realistic depths.

     Base-wide and PSC-specific concentration ranges for constituents of concern (COCs)
identified by the risk assessment for OU-2 are shown in Table 2.  The health-based preliminary
remediation goals (PRGs) identified during the risk assessment are also shown in Table 2.  The
identification of COCs and the calculation of PRGs are discussed in detail in Section 2.6 of



this ROD, Summary of Site Risks.

     The PRGs identified during the risk assessment were used to evaluate areas and volumes that
may require additional attention.  The intent of the PRGs is to establish guidance (i.e.,
cleanup levels) in the event remediation activities are implemented.  The PRGs are not intended
to dictate if remediation is necessary; the decision to remediate is based on the results of the
complete risk assessment and the potential for constituent migration.  It should be noted that
the volume computations are based on conservative assumptions regarding the extent of impacted
soils; actual volumes of soil to be remediated will be more precisely calculated when additional
sampling is conducted during remedial design. 

     PSCs which had samples with concentrations of COCs above PRGs were evaluated for more than
just the No Action alternative during the detailed evaluation portion of the FS; the remaining
PSCs were evaluated only for the No Action alternative based on the results of the risk
assessment.  It is important to note that the PRGs are not site-specific in the sense that they
are back-calculations which use default values rather than site-specific exposure factors from
the RI.  The USEPA equation for commercial/industrial land use was used to develop the soil
PRGs.  Worker exposure was assumed to involve ingestion of soil and inhalation of particulates
and vapors released from the soil.  The default assumptions provided in the USEPA industrial
site worker equation were used to develop the PRGs.  The assumptions include:  1) an exposure
duration of 25 years (the 90th percentile value for time spent in one industry), 2) an exposure
frequency of 250 days per year "spent on the job," 3) a soil ingestion rate of 50 mg/day, 4) an
inhalation rate of 20 m[3]/day, and 5) a body weight of 70 kg.

     Three VOCs (benzene, 1,1-dichloroethene, and trichloroethene [TCE]), and six BNAs
(benzo[a]anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene,
indeno(1,2,3-cd)pyrene, and dibenzo-anthracene) were detected at concentrations above the PRGs
at one or more sampling locations (Table 3).  The BNAs detected above their PRGs are polycyclic
aromatic hydrocarbons (PAHs).  Locations with concentrations of COCs above the PRGs are limited
to three of the eight OU-2 PSCs (PSCs FT-06, ST-18, and DP-23), as described below.

     At PSC FT-06, COCs were detected above PRGs at depths of up to 2 to 10 ft bgs.  Only one
VOC (TCE) was detected above the PRG and this occurred in only one sample, from a depth of 2 to
4 ft bgs.  The other COC detected above its PRG at PSC FT-06 was benzo(a)pyrene.  Figure 3
indicates the lateral extent of each of these areas.

     At PSC ST-18, three VOCs (benzene, 1,1,2,2-trichloroethene, and 1,1-dichloroethene) were
detected at concentrations above PRGs at one location, at depths of 12 to 22 ft bgs.  Figure 4
identifies the lateral extent of this area.

     At PSC DP-23, COCs were detected at concentrations above PRGs at two locations.  COCs were
detected above PRGs at PSC DP-23 at depths of up to 4 ft bgs.  The COC detected above its PRG at
PSC DP-23 was benzo(a)pyrene. Benzo(a)pyrene was not detected in any deeper samples from PSC
DP-23.  Figure 5 presents the lateral extent of each area.  Approximately 9,250 cubic yards of
soil may exceed PRGs at PSC DP-23.

     In summary, five of the eight PSCs had extremely low levels of COCs in soil.  The remaining
three PSCs had individual samples with concentrations of COCs slightly above the PRGs.  However,
as explained in more detail in Section 2.6 of this ROD, Summary of Site Risks, the overall site
risks for soil at all eight of the OU-2 PSCs are within USEPA guidelines.

2.6  SUMMARY OF SITE RISKS

     The risk assessment provides an evaluation of the potential threat to human health at each
PSC in the absence of any remedial actions.  The risk assessment employed conservative exposure
assumptions to approximate the human health risks that could be incurred by an individual under
reasonable "worst case" exposure conditions.

2.6.1  Human Health Risks

2.6.1.1  Contaminant Identification

     The medium of concern at OU-2 is soil.  All detected constituents expected to be related to



past activities at the PSCs were included as COCs with the following exceptions:

• Inorganic constituents detected at arithmetic average concentrations below
site-specific background average concentrations were eliminated as COCs

• Constituents that are common laboratory contaminants (e.g., acetone,
bis(2-ethylhexyl)phthalate, butylbenzylphthalate, etc.) and are not expected to be
related to past site activities were eliminated as COCs unless their concentrations
exceeded 10 times the maximum blank concentration

     COCs in soils at the OU-2 PSCs include TRPHs, 12 VOCs, 25 semivolatile organic constituents
(BNAs), and two inorganic constituents (copper and lead).  Table 2 presents a summary of all
COCs identified.

     The concentrations of the COCs on which the risk assessment was based are as follows:  1)
the medium-specific arithmetic average concentrations for the COCs were used as exposure point
concentrations to estimate average exposure conditions and 2) the 95 percent upper confidence
limits (UCLs) on the arithmetic average concentrations were used as exposure point
concentrations to estimate the reasonable maximum exposures (RMEs).

2.6.1.2  Exposure Assessment

     Civilian employees (base workers) are the most probable receptors for current exposure to
surficial soils at PSCs OT-04, DP-05, FT-07, DP-22, and DP-23.  Base workers and military
personnel are the most probable receptors for current exposure to surficial soils at PSC FT-06. 
PSCs ST-18 and SD-40 are completely paved.  Thus, there is no current exposure to surficial
soils at these two PSCs.  Exposure pathways evaluated for current base worker and military
personnel exposure to surficial soils include incidental ingestion, dermal contact, and dust or
vapor inhalation.

     Potential future risks posed by the OU-2 PSCs were evaluated based upon the exposure
scenarios described above and hypothetical future excavation worker exposure to subsurface
soils.  The excavation worker scenario was only evaluated for depths of up to 16 ft bgs. 
Hypothetical future exposure of a base worker to surficial soils at PSCs ST-18 and SD-40 was
evaluated, based on the possibility that the pavement at these PSCs might be removed sometime in
the future.  Hypothetical future exposure of military personnel servicing aircraft at PSC SD-40
was evaluated based on the possibility that the pavement is removed from the PSC.

     The medium-specific arithmetic average concentrations for the COCs were used as exposure
point concentrations to estimate average exposure conditions.  The 95 UCLs on the arithmetic
average concentrations were used as exposure point concentrations to estimate the RMEs.  The
exposure point concentrations for the surficial soils (0 to 2 ft bgs) are shown in Table 4.  The
exposure point concentrations for the subsurface soils (2 to 16 ft bgs) are shown in Table
5.  Exposure to soils deeper than 16 ft bgs is not expected to occur and was not evaluated.

     Exposure assumptions for average and RME exposure scenarios are shown in Table 6.  A
conservative assumption underlying all the dosage calculations is that constituent
concentrations remain constant over the entire period of exposure.  The effects of attenuation
processes in the soils were not considered.  For cancer effects, doses were averaged over a
lifetime; doses for non-cancer effects were averaged over the exposure period.

2.6.1.3  Toxicity Assessment

     The risks associated with exposure to constituents detected at OU-2 are a function of the
inherent toxicity (hazard) of the constituents and the exposure dose.  A distinction is made
between carcinogenic and non-carcinogenic effects.

     Identification of constituents as known, probable, or possible human carcinogens is based
on a USEPA weight-of-evidence classification scheme in which chemicals are systematically
evaluated for their ability to cause cancer in mammalian species and conclusions are reached
about the potential to cause cancer in humans.  The USEPA classification scheme (USEPA, 1989b)
contains six classes based on the weight of available evidence, as follows:



     A    known human carcinogen;

     B1   probable human carcinogen -- limited evidence in humans;

     B2   probable human carcinogen -- sufficient evidence in animals and
          inadequate data in humans;

     C    possible human carcinogen -- limited evidence in animals;

     D    inadequate evidence to classify; and

     E    evidence of non-carcinogenicity.

Constituents in Classes A, B1, B2, and C are included in this assessment as potential human
carcinogens.

     Currently, the USEPA uses a linearized multistage model for extrapolating from high to low
doses.  The model provides a 95 percent upperbound estimate of cancer incidence at a given dose. 
The slope of the extrapolated curve, called the cancer slope factor (CSF), is used to calculate
the probability of cancer associated with the exposure dose.

     Recent research on the mechanisms of carcinogenesis suggests that use of this model may
overestimate the cancer risks associated with exposure to low doses of chemicals.  At high
doses, many chemicals cause large-scale cell death which stimulates replacement by division. 
Dividing cells are more subject to mutations than quiescent (non-dividing) cells; thus, there
is an increased potential for tumor formation.  It is possible that administration of these same
chemicals at lower doses would not increase cell division and thus would not increase mutations. 
This would suggest that the current methodology may overestimate cancer risk.

     For many non-carcinogenic effects, protective mechanisms must be overcome before the effect
is manifested.  Therefore, a finite dose (threshold), below which adverse effects will not
occur, is believed to exist for non-carcinogens.  Non-carcinogenic health effects include birth
defects, organ damage, behavioral effects, and many other health impacts.  A single compound
might elicit several adverse effects depending on the dose, the exposure route, and the duration
of exposure.  For a given chemical, as a matter of scientific policy, the study on a sensitive
test species (the species showing a toxic effect at the lowest administered dose) is selected as
the critical study for the basis of establishing a toxicity value for non-carcinogenic effects. 
USEPA-verified toxicity values for non-carcinogenic effects are called verified reference doses
(RfDox) for oral exposure or reference concentrations (RfCs) for inhalation exposure. In this
risk assessment, RfCs have been converted to reference doses for inhalation exposure (RfDis).  A
summary of the potential health effects of the COCs for OU-2 is provided in Table 7.

2.6.1.4  Risk Characterization

     The Excess Lifetime Cancer Risk (ELCR) is an estimate of the increased risk of cancer which
results from exposure to constituents detected in the media at the site.  Current regulatory
methodology assumes that ELCRs can be summed across routes of exposure and constituents to
derive a "Total Site Risk" (U.S. Environmental Protection Agency 1989b).  The USEPA has
indicated that, where cumulative carcinogenic site risk to an individual based on RME is less
than 1 in 10,000 (10[-4]), action is generally not warranted. The USEPA uses the 10[-4] to 1 in
1,000,000 (10[-6]) ELCR range as a "target range" within which the USEPA strives to manage risks
as part of cleanups (U.S. Environmental Protection Agency 1991b).

     The hazard quotient (HQ) is the ratio of the estimated exposure dose to the reference dose
(RfD).  This ratio is used to evaluate non-carcinogenic health effects associated with exposure
to a constituent.  An HQ of 1.0 or less indicates that the estimated exposure dose is below
acceptable levels for protection against non-carcinogenic effects.  The sum of the HQs is termed
the hazard index (HI).  Current regulatory methodology assumes that HQs can be summed across
exposure routes for all media at the site to derive a Total Site Risk.  The USEPA has indicated
that, when the HI calculated for a site based on RME is less than 1, action is generally not
warranted (U.S. Environmental Protection Agency 1991b).

     ELCRs and the HIs for current exposure to soils at the OU-2 PSCs were below the USEPA's



risk-based remediation benchmarks (ELCR less than 10[-4], HI below 1.0).  Hypothetical future
ELCRs and HIs for exposure to soils at the OU-2 PSCs were also below the USEPA benchmarks. 
Table 8 presents current and hypothetical future risks.  Detailed calculations and assumptions
are included in the risk assessment (Geraghty & Miller, Inc. 1992).

     Lead was identified as a COC in soils at PSCs DP-05 and FT-06. Because no RfD or CSF is
currently available for lead, it is not possible to evaluate the risks associated with lead
exposure using conventional risk assessment methods.  The blood lead levels of a current base
worker at PSC DP-05, and a current base worker, current military employee, and a future
excavation worker at PSC FT-06 were evaluated using a model for adults that is similar to the
USEPA's "Lead 5" model, which was designed to evaluate blood lead levels is children. The
calculated blood lead levels for the current base worker at PSC DP-05 and all current and
hypothetical future receptors at PSC FT-06 were well below the level of concern (10 g/D1). 
Table 9 summarizes the blood lead levels calculated for both PSC DP-05 and FT-06.

     In summary, based on the site specific ELCRs and HIs for OU-2, the OU-2 PSCs do not pose
significant present or future hazards to human health.

2.6.1.5  Preliminary Remediation Goals

     USEPA guidance (U.S. Environmental Protection Agency 1991c) was used to calculate PRGs for
OU-2 soils.  PRGs were calculated using the USEPA equation for commercial/industrial land use. 
Exposure was assumed to involve ingestion of soil and inhalation of particulates and vapors
released from the soil.  The default assumptions provided in the USEPA industrial site worker
equation were used to develop the PRGs.  The assumptions include:  1) an exposure duration of 25
years (the 90th percentile value for time spent in one industry); 2) an exposure frequency of
250 days per year "spent on the job;" 3) a soil ingestion rate of 50 milligrams (mg) per day; 4)
an inhalation rate of 20 cubic meters (m[3]) per day; and 5) a body weight of 70 kilograms (kg). 
Base workers, military personnel, and excavation workers were the only receptor populations
identified for current or future exposure to soils at the OU-2 PSCs.  The PRGs were calculated
using the exposure assumptions outlined above and the USEPA toxicity values (RfDs for
non-carcinogenic effects and CSFs carcinogenic effects).  For  non-carcinogenic effects, the
target HI was set at the default value of 1.0. For carcinogenic effects, the target ELCR was set
at the default value of 1 x 10[-6].  Use of these target levels ensures exposure is below
acceptable levels.  The proposed PRG is the lesser of the PRG for carcinogenic effects
and the PRG for non-carcinogenic effects. 

2.6.2  Environmental Risks

     The only environmental risk evaluated during OU-2 was the potential for COCs to migrate and
cause an impact to groundwater.

     A vadose zone transport model was used to evaluate the current potential for COCs in soils
at OU-2 to leach from the soil and cause an impact to groundwater.  The model was not developed
to be used to explain the presence of constituents in groundwater which may be the result of
historical activities at the Base. 

     PSC-specific models were not constructed; rather, an extremely conservative, OU-2-specific
model was developed.  The model evaluated leaching of several COCs detected in soils from OU-2
PSCs using the actual concentrations detected and depths from which soil samples were collected
and analyzed during the OU-2 RI.

     Six OU-2-specific COCs, listed in Table 10, were chosen from Tables 11 and 12 to predict
future concentrations at the bottom of the vadose zone (i.e., the water table).  The criteria
for selecting these six compounds were:  1) observed soil concentrations compared to PRGs and 2)
the depth at which the constituents were found in the soil.  The maximum observed concentrations
for these six COCs, the PSCs where they were detected, and the depth at which these COCs were no
longer detected (i.e., assumed maximum depth of detection) at the PSC are listed in Table 10. 
Table 10 also presents maximum computed soil water concentrations in the vadose zone and a
summary of the transport parameters needed to model each of the compounds.

     The source concentration for each of the COCs was assumed to equal the maximum possible
concentration, regardless of the solubility of each compound in water.  In addition, the source



was assumed to have a constant concentration over time (i.e., no source decay).  This, again, is
a conservative assumption because the source is not constant (i.e., source is decaying).

     The predicted concentrations at the bottom of the vadose zone reported in Table 10
demonstrate that it is highly unlikely that groundwater impacts will ever occur as a result of
existing, unsaturated conditions at OU-2. Predicted concentrations for the six COCs analyzed
range from less than 1x10[-100] to 1.269x10[-21] milligrams per liter (mg/L), as shown in the
far right-hand column of Table 10.  Climatic conditions (low recharge), the thickness of the
vadose zone unaffected by COCs (greater than 280 feet), low observed soil concentrations, long
advective travel time through the vadose zone (550 yrs), and relatively short half-lives for
each compound all contribute to prevent groundwater impacts (Table 12).

     This model is applicable to all OU-2 PSCs with the possible exception of the surface
impoundment wash (or canal portion) of PSC DP-23.  The surface impoundment wash, located south
of Super Sabre Street, receives surface-water runoff from the Base during and after storm
events. Runoff has a tendency to collect and sit in this canal for extended periods and may act
as a potential driving force for the migration of constituents in soil. Recharge rates have not
been evaluated for this drainage canal; however, the recharge rates may be higher than the
remainder of OU-2.  Because of the potential for migration of constituents to groundwater, the
Base is taking the initiative to excavate and treat soils with concentrations above PRGs in the
canal portion of PSC DP-23.  An ecological assessment for Luke AFB will be performed as part of
the OU-1 RI/FS.

2.7  DESCRIPTION OF ALTERNATIVES

     A total of 12 remedial alternatives were evaluated using the preliminary criteria of
effectiveness, implementability, and cost. These 12 alternatives are summarized in Table 13. 
Five of these 12 alternatives were retained for a more detailed analysis.  These five
alternatives are described in detail below.

2.7.1  Remedial Measure S-1:  No Action

• No Action

     Remedial Alternative S-1 involves no remedial action.  The no action alternative can serve
as a reference base for comparison of the other possible remedial alternatives.

Effectiveness.  This alternative is not effective in preventing occupational exposure to
impacted soils.  However, based on the risk assessment, conditions at all OU-2 PSCs do not
represent a significant hazard to human health.  ELCRs and HIs for current and future exposure
to soils at the OU-2 PSCs were below the USEPA's risk-based remediation benchmarks (ELCR less
than 10[-4], HI below 1.0). Based on the vadose zone transport model, it was concluded that
under the typical, unsaturated conditions at the OU-2 PSCs, COCs will not migrate to
groundwater.  The one exception to this conclusion may be PSC DP-23.  The southern portion of
PSC DP-23 consists of a drainage canal (the surface impoundment wash) where saturated conditions
may exist during and for a limited time following storm events.

Implementability.  The no action alternative is completely implementable at all PSCs.

Cost.  No costs are associated with the no action alternative.

2.7.2  Remedial Measure S-3:  Capping, Surface Controls, and Monitoring

• Construct a cap over the impacted sites to prevent human exposure and migration of
organic constituents in the soil.

• Grade areas surrounding the impacted areas to promote surface water runoff away from
the cap.

• Monitor soil and groundwater (groundwater monitoring will be addressed under OU-1)
to confirm effectiveness and potential migration of the COCs.

     Remedial Measure S-3 provides for caps to be constructed over the impacted PSCs.  The caps



will prevent physical contact with the impacted soil.  Caps also prevent surface-water
infiltration into the unsaturated soil beneath them and thus prevent migration of COCs. 
However, the vadose zone transport model demonstrates that COCs at any of the OU-2 PSCs will not
migrate to groundwater under existing, unsaturated conditions.

     Large portions of many of the PSCs are currently covered by asphalt or concrete comprising
roads, sidewalks, buildings, storage areas, or tarmac dust cover.  These surface covers can
provide sufficient caps to accomplish the remedial action objectives.  Additional coverage may
be required at some PSCs to complete full caps of the impacted areas.  Luke AFB will maintain
and repair the cap as needed in accordance with the Air Force design guidance for airfield
pavement maintenance.  This guidance is contained in the Air Force technical manual
CEEDO-TR-77-44, Volume II, Section V, Guidelines for Determining Maintenance and Repair
Requirements.  The cap will be inspected weekly by the base Airfield Pavement Shop per AFR 55-48
Part 7(i).  Additionally, the cap will be inspected annually by a civil engineer who will
provide a written report to the Environmental Programs Flight Chief of any observed distresses
along with recommendations for repair.  When and if the Base is closed, more durable,
multi-media caps may be required.  However, since a multi-media cap is not expected to be
required in the foreseeable future, the cost for this type of cap is not included in this
analysis.

     Surface controls such as grading will be employed to control runon and runoff at capped
areas.  These controls will reduce required maintenance of the caps and enhance the long-term
effectiveness of the cap by limiting erosion.

     Monitoring of soils and groundwater (groundwater monitoring will be addressed under OU-1)
around the PSCs will provide information about potential migration to other environmental media
not presently impacted. Natural attenuation of COCs present in the soil could also be documented
by a monitoring program.

     Access controls are not required as long as the site is under the operation of the U.S. Air
Force.  The Base is currently fenced and restricts access to the site by unauthorized personnel.
Site use following capping can be controlled without the use of additional fencing.  Deed
restrictions are applicable and will be imposed at the time the ROD is signed.  The deed
restrictions will prevent removal of the concrete cap and excavation of the soil.  These deed
restrictions will prevent disturbance of the cap and exposure to impacted soils.

Effectiveness.  This alternative is effective in both the short term and the long term in
protecting human health and the environment.  The cap should be effective in reducing
surface-water infiltration through the soil and, therefore, reduce potential migration of COCs. 
Constituent concentrations will not be actively reduced and may require an extended period of
time to attenuate naturally.  Inspection and maintenance to ensure the cap remains effective
will be required.  Luke AFB will maintain and repair the cap as needed in accordance with the
Air Force design guidance for airfield pavement maintenance.  This guidance is contained in the
Air Force technical manual CEEDO-TR-77-44, Volume II, Section V, Guidelines for Determining
Maintenance and Repair Requirements.  The cap will be inspected weekly by the base Airfield
Pavement Shop per AFR 55-48 Part 7(i).  Additionally, the cap will be inspected annually by a
civil engineer who will provide a written report to the Environmental Programs Flight Chief of
any observed distresses along with recommendations for repair.

Implementability.  This alternative is readily implementable at all PSCs. The cap can be easily
constructed and maintained indefinitely. Implementation at PSCs near the runways will require
at-grade caps. Construction may require removal of surface soils to prevent the cap from
interfering with air traffic.  Implementation will require coordination of construction
activities so as not to interfere with Base operations.

Cost.  The unit cost of this alternative is approximately $3.02 per cubic foot.  Should surface
soils require excavation and disposal, this unit cost increases by $5.55 per cubic foot of
material disposed. 



2.7.3  Remedial Measure S-8:  Excavation, Ex-Situ Biological Treatment, and On-Site Disposal

• Excavate soils with COCs in excess of PRGs.

• Biologically treat excavated soils to reduce COCs.

• Monitor the treated soils to confirm effectiveness.

• Return the effectively treated soils to the excavation for final disposal.

     This alternative consists of excavating soils with COCs above their PRGs to a depth of no
greater than 16 ft bgs.  Excavation to up to 16 ft bgs will prevent occupational exposure to
soil, even though the risk assessment demonstrated that the OU-2 PSCs do not represent a
significant hazard human health.  The vadose zone transport model demonstrates that COCs at the
OU-2 PSCs will not migrate to groundwater under existing, unsaturated conditions.

     The excavated soils will then be subjected to an aerobic, biological treatment to reduce
the non-halogenated VOCs, TRPHs, and PAHs.  Soils containing halogenated VOCs may subsequently
be subjected to an anaerobic, biological treatment.  The method of biological treatment may be
composting. Independent of the method, favorable conditions for biological degradation of the
organic compounds will be developed by providing for nutrient (i.e., phosphorus or nitrogen),
oxygen, moisture, and/or cultured bacterial strain additions.  Air emissions, residues, or
leachate from the treatment process may require treatment.  The treatment selected is dependent
upon the quantity of emissions, residue, and leachate generated by the process, which may be
better estimated by design investigation studies.  Based upon the climate and nature of
contamination, the treatment of these byproducts will likely be recycling of the streams back
into the treatment unit.  The treated soil will be sampled to confirm treatment effectiveness
and then returned to the excavation for final disposal.

Effectiveness.  This alternative is proven for reducing the VOCs, TRPHs, and PAHs found in the
soils at the OU-2 PSCs.  This remedial measure would be effective in both the short-term and the
long-term in protecting human health at OU-2 PSCs by reducing those COCs that are present in the
surface soils above PRGs.

Implementability.  This alternative is technically and administratively implementable at most
PSCs.  Excavation of soil from beneath and directly adjacent to structures constructed at some
of the PSCs is not possible without demolition of the structures (PSCs FT-06 and ST-18).
Implementation at PSCs DP-22 and SD-40 would disrupt air traffic and thus interfere with the
mission of the Base.  This system could be implemented at any of the remaining OU-2 PSCs with
appropriate scheduling of construction, excavation, and operation activities so as not to
interfere with Base operations.

Cost.  The unit cost of this alternative is approximately $5.25 per cubic foot.

2.7.4  Remedial Measure S-10:  In-Situ Extraction and Monitoring

• Install soil vapor extraction system (VES) to reduce VOCs, TRPHs, and potentially
PAHs if thermal extraction is used.

• Monitor soil and groundwater (groundwater monitoring will be  addressed under OU-1)
to confirm effectiveness and potential migration of the COCs.

     This alternative consists of installing a network of extraction wells in the impacted soils
and applying a vacuum to the network.  The applied subsurface vacuum induces a negative pressure
gradient that propagates laterally resulting in in-situ volatilization of adsorbed organics. The
gases migrate through the soil to the area of lowest pressure (the extraction well), where they
are extracted and pulled through separation tanks and an air pollution control (APC) apparatus
before being discharged to the atmosphere.  A likely APC system would be a granular activated
carbon (GAC) for removing the volatilized organics from the extracted air.  The GAC would
require periodic reactivation.  This would probably occur off-site by the company the GAC was
originally purchased from.



Effectiveness.  This process has been applied to a range of volatile compounds such as
chlorinated organic solvents and aromatic hydrocarbons and is capable of removing volatile
compounds (such as benzene, TCE, PCE, toluene, and xylene) from vadose zone soils. This remedial
measure would be effective in the long-term in protecting human health and the environment at
OU-2 PSCs with VOCs above their PRGs by removing those COCs. This measure may be capable of
remediating soils impacted by PAHs as well if enhanced biological activity occurs during
implementation of the measure or if the innovative technology of in-situ thermal extraction can
be feasibly used. This measure would not prevent contact with soils in the short-term if
surface soils are exposed.

Implementability.  This alternative is technically and administratively implementable, pending
approval of an air permit for the VES.  This system could be installed at any of the OU-2 PSCs
without interfering with Base operations, however, the shallow depth of COCs present at levels
exceeding PRGs limits the feasibility of this measure at PSC DP-23.  For PSCs near the runways,
the well network could be installed below ground and the vacuum and off-gas treatment system
located remotely.

Cost.  The unit cost of this alternative is approximately $5.93 per cubic foot.

2.7.5  Remedial Measure S-12:  In-Situ Biological Treatment and Monitoring

• In-situ bioremediation to reduce organic COCs.

• Installation of access controls such as temporary fencing for those PSCs which are
in the vicinity of the flight-line or runways.

• Monitoring of soil and groundwater (groundwater monitoring will be addressed under
OU-1) to confirm effectiveness and potential migration of the COCs.

     This alternative uses indigenous or introduced aerobic or anaerobic bacteria to biodegrade
organic compounds in soils.  The natural biodegradation process may be enhanced by injecting
nutrients (e.g., phosphorous or nitrogen), oxygen, moisture, and/or cultured bacterial strains
directly into the impacted soils.  Gaseous or vapor phase injection of such compounds may be the
preferred method of nutrient application at the OU-2 PSCs due to the shallow nature (up to 16 ft
bgs) of the soils identified for possible remediation.  Such injection would require a network
of injection wells in the impacted areas.  Landfarming techniques rather that injection
techniques may be the preferred method of in-situ bioremediation at locations where impacted
soil depths do not extend beyond 2 ft bgs.

Effectiveness.  In-situ bioremediation would likely be effective in treating non-halogenated
VOCs and TRPHs.  PAHs and chlorinated VOCs typically have a greater resistance to being
biologically degraded; therefore, extended remediation times may be required for sites with
these types of compounds present.  This remedial measure would be effective in the long-term in
protecting human health and the environment at OU-2 PSCs by removing COCs. Temporary fencing at
those PSCs which are not in the vicinity of the flight-line or runways would prevent contact
with soils in the short-term if surface soils are exposed.

Implementability.  This alternative is technically and administratively implementable.  This
system could be installed at any of the OU-2 PSCs without interfering with Base operations.  For
PSCs near the runways, the well network would be installed below ground and the injection system
located remotely.

Cost.  The unit cost of this alternative is approximately $5.20 per cubic foot.

2.8  SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES

     Section 300.430(e)(9) of the NCP requires that the agencies evaluate the remedial cleanup
alternatives based on the nine criteria discussed below.  Since remedial action is proposed only
at PSC DP-23, only alternatives considered for PSC DP-23 are compared here.  The alternatives
considered for PSC DP-23 were S-1, S-3, S-8, and S-12.  The first two criteria, overall
protection of human health and the environment and compliance with applicable or relevant and
appropriate requirements, are threshold criteria and must be met by the selected remedy.  The
next five criteria are considered primary balancing criteria; the agencies must balance between



these criteria in order to select the best remedy.  It is understood that the selected remedy
may not rank highest on every one of the balancing criteria.  The remaining two, community
acceptance and regulatory agency acceptance, are to be used by the lead agency as modifying
factors in the decision-making process.  The selected remedy must represent the best overall
balance of the selection criteria.  A summary of the detailed analysis of alternatives for PSC
DP-23 is provided below and in Table 13.

2.8.1  Overall Protection of Human Health and the Environment

     All of the remedial measures identified for detailed analysis provide adequate protection
of human health and the environment at the OU-2 PSCs. Conditions at OU-2 do not represent a
significant hazard to human health and the vadose zone transport model (using conservative
assumptions) demonstrates that COCs should not migrate to groundwater.  No remedial action is
required at any of the PSCs except PSC DP-23 in order to protect human health and the
environment.  The southern portion of PSC DP-23 consists of a drainage canal (the surface
impoundment wash) where saturated conditions may exist during and for a limited time following
storm events.

2.8.2  Compliance With ARARs

     All four alternatives considered for PSC DP-23 would comply with action and location
specific ARARs.  Although concentrations of COCs in OU-2 soils are, in some cases, above PRGs,
there are no promulgated state or federal chemical-specific ARARs for soils that require
remediation. Action-specific ARARs must be met by the S-8 alternative if the excavation of
impacted soil includes RCRA disposal; however, the impacted soil (both before and following
treatment) is not expected to be a hazardous waste.  Air emission regulations apply when
excavating/incinerating/treating in the S-8 alternatives.  PSC DP-23 is located adjacent to an
archaeological site.  In the event archaeological artifacts are encountered, remedial activities
will cease and the State Historic Preservation Office will be contacted for direction.  PRGs and
ARARs are summarized in Tables 14a, 14b, and 14c.

2.8.3  Long Term Effectiveness and Permanence

     Remedial measure S-8 provides a high degree of long term effectiveness by excavating
impacted soils and then subsequently treating those soils with ex-situ biological treatment. 
Remedial measure S-12 uses in-situ biological treatment to remove COCs from soil.  This
technology will be more difficult to control and monitor than an ex-situ treatment process. 
Therefore, S-12 provides a lesser degree of long term effectiveness and permanence than the
above alternatives.  Although alternative S-3 eliminates the risk of exposure at the site to the
same degree as the above alternatives, it relies solely upon a cap for controlling the impacted
soil that will remain at the site.

2.8.4  Reduction of Toxicity, Mobility, or Volume Through Treatment

     Alternatives S-8 and S-12 use the treatment technologies of ex-situ biological treatment,
in-situ extraction, and in-situ biological treatment, respectively, to remove the COCs and thus
their toxicity, mobility, and volume from the site.  Although no treatment technology is used by
Alternative S-3, the mobility of COCs in soil is reduced by the use of a cap to reduce
infiltration of storm water.

2.8.5  Short-Term Effectiveness

     All remedial measures considered for PSC DP-23 have a slightly lesser degree of short-term
effectiveness because each involves some worker exposure to impacted soils during implementation
of the remedial measure. However, based on the risk assessment and the limited exposure that
will occur, the concern may not be warranted.  The exposure of construction workers to COCs
present in soil can be reduced through the use of personal protective equipment and
implementation of a site-specific health and safety plan.

2.8.6  Implementability

     All of the remedial measures are technically implementable without interfering with Base
operations.



2.8.7  Cost

     No costs are associated with the implementation of the no action alternative.  The
alternatives involving biological treatment processes, S-8 and S-12, are usually the most costly
to implement.  The excavation and ex-situ biological treatment alternative, S-8, was second to
no action in terms of cost of implementation.  Capital, operation and maintenance, and net
present value costs for the PSC DP-23 alternatives are summarized in Table 16.

2.8.8  Regulatory Agency Acceptance

     The USEPA, the ADEQ, and the ADWR have reviewed and commented on the draft RI/FS documents
and the draft Proposed Plan.  Comments were incorporated into the final documents.  The
regulatory agencies support the final Proposed Plan for OU-2 as it was presented to the public,
as well as the remedy selection set forth in this ROD.

2.8.9  Community Acceptance

     The community supports the Proposed Plan for OU-2.  There were no comments made during the
public comment period.  The only comments received on the Proposed Plan were received during the
Technical Review Committee (TRC) meeting on May 20, 1993:  These issues are addressed in the
Responsiveness Summary.

2.9  SELECTED REMEDY

2.9.1  Remedial Measure Recommendation for PSCs OT-04, DP-05, FT-06, FT-07, DP-22, DP-23, and
       SD-40

     The remedial action selected for implementation at PSCs OT-04, DP-05, FT-06, FT-07, DP-22,
SD-40, and the northern portion of PSC DP-23 is S-1 (No Action).  Remedial measure S-1 is
recommended because the conclusions of the site-specific risk assessment are that conditions at
these PSCs do not represent a significant hazard to human health.  Both current and hypothetical
future ELCRs and HIs for exposure to soils at the OU-2 PSCs are below the USEPA's risk-based
remediation benchmarks (ELCR less than 10[-4], HI below 1.0).  Also, the vadose zone transport
model demonstrates that under typical, unsaturated conditions at the OU-2 PSCs, COCs will not
migrate to and impact groundwater.  Therefore, this alternative is both technically and
administratively implementable at these PSC. 

2.9.2  Remedial Measure Recommendation for PSC ST-18

     The remedial action selected for implementation at PSC ST-18 is S-3 (Capping, Surface
Controls, and Monitoring).  Other alternatives considered in the detailed analysis included
remedial measure S-1 (No Action), remedial measure S-10 (In-situ Extraction and Monitoring), and
remedial measure S-12 (In-situ Biological Treatment and Monitoring).

     Remedial measure S-3 is selected at PSC ST-18 because the first element of this measure,
capping, has already been implemented as a RCRA closure requirement.  Consistent with
RCRA/CERCLA integration under the FFA it is both relevant and appropriate to continue to
maintain this cap in an effort to ensure the effectiveness of this response action.  This
response action is consistent with the CERCLA requirement to be protective of human health and
the environment and satisfies the remedial action objectives for OU-2. The second element of
this measure, surface controls, is satisfied as long as the Base is present.  Deed restrictions
will be imposed as part of this remedial measure to prevent removal of the cap and excavation of
the soil in the future.  There is a lack of public exposure to all OU-2 PSCs because the Base
perimeter is fenced and monitored.  The third element of this alternative, monitoring (with
respect to groundwater) will be conductedunless the site is remediated under OU-1.

     Alternative S-12 provides treatment for removal of COCs; however, following treatment, some
COCs (at levels below PRGs) will remain in the soils.  With no overall site risk associated with
the current COC levels at the PSC and no concern about COC migration to groundwater demonstrated
by the vadose zone transport model, implementation of these treatment technologies is not
warranted.

     The remediation goal for PSC ST-18 is to ensure the effectiveness of the cap in preventing



the potential migration of constituents.  PSC ST-18 was capped in 1987 as part of the closure
requirements for former Facility 993.  The Base will continue to inspect and maintain the cap to
ensure integrity of the concrete and sealed joints.  Luke AFB will maintain and repair the cap
as needed in accordance with the Air Force design guidance for airfield pavement maintenance. 
This guidance is contained in the Air Force technical manual CEEDO-TR-77-44, Volume II, Section
V, Guidelines for Determining Maintenance and Repair Requirements.  The cap will be inspected
weekly by the base Airfield Pavement Shop per AFR 55-48 Part 7(i). Additionally, the cap will be
inspected annually by a civil engineer who will provide a written report to the Environmental
Programs Flight Chief of any observed distresses along with recommendations for repair.  The cap
is also inspected on a routine basis by the ADEQ.  Therefore, the only additional requirement
for implementation of this remedial measure is monitoring of groundwater (groundwater monitoring
will be addressed under OU-1) for potential migration of COCs.

     There are no capital costs associated with this alternative since PSC ST-18 is already
capped.  Costs associated with maintenance of the cap will be incorporated into the Base
infrastructure maintenance program.

2.9.3  Remedial Measure Recommendation for PSC DP-23

     The remedial action selected for implementation at the canal portion of PSC DP-23 is S-8
(Excavation, Ex-situ Biological Treatment, On-site Disposal, and Monitoring).  Other
alternatives considered in the detailed analysis included remedial measure S-3 (Capping, Surface
Controls, and Monitoring) and remedial measure S-12 (In-situ Biological Treatment and
Monitoring).

     Remedial measure S-8 is recommended for implementation at the surface impoundment wash
portion of PSC DP-23 (the area south of Super Sabre Street) to ensure that migration of the COCs
to groundwater does not occur.  In this area of the PSC, saturated conditions may exist during
and for a limited time following storm events.  Therefore, remediation is recommended for areas
where COCs in soils were found to exist at levels exceeding the PRGs. Table 15 summarizes
concentrations of constituents exceeding PRGs at PSC DP-23, as well as the PRGs for these COCs.

     Alternative S-8 provides immediate removal of COCs from the wash by removing impacted
soils, where alternative S-12 requires significant treatment time before a reduction in COCs to
levels below PRGs is achieved. Alternative S-3 allows the COCs to remain in place.  Both S-3 and
S-12 will be more difficult to implement in the wash than will S-8.  Remedial measure S-8 is
also more cost effective to implement than S-3 or S-12.

     In the area of Soil Boring SB-5 (in the northern portion of the drainage canal, Figure 5)
an estimated 3,472 cubic yards of soil must be remediated.  This volume is based on a site width
of 125 ft, a length of impacted soil of 125 ft, and a depth of impacted soil of 6 ft.  The
volume of soil will be more precisely calculated during remedial design.  The remedy is
schematically shown on Figure 5.

     The biological treatment system will be monitored by collecting soil samples and analyzing
the samples for the constituents that exceeded the PRGs.  Excavated soils from the area of Soil
Boring SB-5 (in the northern portion of the drainage canal) will be analyzed for benzo(a)pyrene
since the benzo(a)pyrene concentration exceeded its PRG.  It is estimated that one to two
composite samples from the excavated soil pile will be collected approximately every 2 months to
verify the effectiveness of the treatment system.

     The remediation goals for soils from PSC DP-23 are the PRGs.  For the PAH mentioned above,
the PRG is 0.78 mg/kg.  PRGs are discussed in Section 2.6.1.5 of this ROD.  The ELCR associated
with this remedy is 10[-6], while both the USEPA and the State recognize a range of 10[-4] to
10[-6].

     It should be noted that some changes may be made to the remedy as a result of the remedial
design and construction processes.  Such changes, in general, reflect modifications resulting
from the engineering design process.

     Capital costs associated with this alternative are estimated to be $420,000.  Costs for
operation, maintenance, and confirmatory sampling are estimated to be $16,000 per year.  The
present value of these costs over 2 years is estimated to be $450,000.



2.10  STATUTORY DETERMINATIONS

     Under CERCLA Section 121, the selected remedy must be protective of human health and the
environment, comply with ARARs (unless a statutory waiver is justified), be cost-effective, and
utilize permanent solutions to the maximum extent practicable.  In addition, CERCLA includes a
preference for remedies that employ treatment that permanently and significantly reduce the
volume, toxicity, or mobility of hazardous wastes as their principle element.  The following
sections present how the selected remedy meets these statutory requirements for PSCs ST-18 and
the canal portion of PSC DP-23.  No action is the selected remedy for the remaining PSCs; the no
action remedy satisfies the statutory requirements at these PSCs.

2.10.1  Protection of Human Health and the Environment

     The remedy selected for the canal portion of PSC DP-23 is protective of human health and
the environment.  The potential risk posed by impacted soils at the PSC (i.e., migration of
contaminants to groundwater) will be eliminated.  Impacted soils will be treated biologically to
PRG levels. Short-term risks and the potential for cross-media impacts will be controlled
through use of good construction practices and institutional controls.

     The remedy selected for PSC ST-18 is protective of human health and the environment.  The
potential risk posed by impacted soils at the site is not significant and is below the USEPA's
risk-based remediation benchmarks. However, consistent with RCRA/CERCLA integration under the
FFA it is both relevant and appropriate to continue to maintain the concrete cap which was
constructed over this PSC as part of a RCRA closure requirement.  The model used to predict
potential impact to groundwater indicates that underlying groundwater should not be impacted by
contaminants remaining in the soil.

2.10.2  Compliance With Applicable or Relevant and Appropriate Requirements

     The selected remedy will comply with all applicable or relevant and appropriate
requirements.  No waiver of ARARs is necessary. 

2.10.3  Cost Effectiveness

     The selected remedies are cost-effective in mitigating the principal threats posed by the
site.  Cost-effectiveness is determined by evaluating the following three balancing criteria to
determine overall effectiveness: long-term effectiveness and permanence; reduction of toxicity,
mobility, or volume through treatment; and short-term effectiveness.  Overall effectiveness is
then compared to cost to ensure that the remedy is cost-effective.

     The net present worth cost for the capping surface controls, and monitoring alternative,
S-3, is the most cost effective remedial measure for PSC ST-18 next to no action.  This is
largely due to the fact that PSC ST-18 is already capped and the area restricted, so only
monitoring is required.

     Alternative S-3 provides long-term effectiveness and permanence by minimizing or
eliminating the potential for constituents to leach into groundwater.  S-3 also reduces
mobility.  Short-term risks are not an issue because this PSC is already capped.

     At PSC DP-23, the excavation, ex-situ biological treatment, and confirmatory sampling
alternative, S-8, is second only to no action in terms of cost of implementation.  This
alternative provides long-term effectiveness and permanence and reduces toxicity, mobility, and
volume because soils will be treated on-site to the PRG levels.  Short-term risks will be
controlled through use of good construction practices and institutional controls.

2.10.4  Preference for Permanent Solutions and Alternative Treatment Technologies

     Where possible, the selected remedies satisfy the preference for utilization of permanent
solutions and alternative treatment technologies. This applies specifically to PSC DP-23, where
impacted soils will be excavated and biologically treated on-site, as opposed to other
alternatives such as off-site landfill disposal.  The five primary balancing criteria were
equally decisive factors in the selection decision for PSC DP-23. PSC ST-18 does not pose a
significant threat to human health and constituents will not migrate to and impact groundwater



based on the vadose zone leaching model. Since PSC ST-18 is already capped, the S-3 alternative
is implementable and cost-effective and short-term effectiveness is not an issue.

2.10.5  Preference for Treatment as a Principal Element

     The statutory preference for treatment as a principal element is satisfied for the canal
portion of PSC DP-23.  At PSC DP-23, soils will be biologically treated to PRG levels. 
Treatment is not necessary at PSC ST-18 because the soils do not pose a significant threat to
human health or the environment.  Previous action at PSC ST-18 (UST removal and removal and
treatment of contaminated soils) already addressed threats posed by that PSC.

2.11  DOCUMENTATION OF SIGNIFICANT CHANGES

     The Proposed Plan for OU-2 was released for public comment in May 1993. The Proposed Plan
identified Remedial Measure S-3 (Capping, Surface Controls, and Monitoring) for PSC ST-18,
Remedial Measure S-8 (Excavation, Ex-situ Biological Treatment, On-site Disposal, and
Monitoring) for the canal portion of PSC DP-23, and Remedial Measure S-1 (No Action) for the
remainder of OU-2 as the preferred alternatives.  No written or verbal comments were submitted
during the public comment period.  Verbal comments from the TRC were received during the May
1993 TRC meeting.  Upon review of comments from the TRC, it was determined that no significant
changes to the remedy, as it was originally identified in the Proposed Plan, were necessary.

     Currently, the USEPA does not have a national standard for assigning cancer slope factors
(CSFs) to different PAHs.  In the past the policy has been to assume the cancer potency of all
of the carcinogenic PAHs is equivalent to that of benzo(a)pyrene.  This approach was taken in
the risk assessment that was completed for OU-2.  Since the OU-2 risk assessment was published,
USEPA Region IX set an interim regional policy for evaluating the carcinogenicity of the PAHs
based on a recommendation from the USEPA's Environmental Criteria and Assessment Office (ECAO)
(U.S.Environmental Protection Agency, 1993).  ECAO conducted a scientific review of PAH cancer
potency issues and concluded that a set of toxicity equivalence factors (TEFs) based on a report
from Clement International is the most scientifically appropriate approach to PAH cancer risk
assessment. Region IX USEPA has adopted these TEFs under an interim policy (U.S. Environmental
Protection Agency, 1993).

     The use of the TEFs results in the increase of the PRGs for the PAHs benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene and eliminates
the need to remediate near sediment sampling location SD-5 at PSC DP-23.  This results in a
reduction of the remediation volume from approximately 4,600 cubic yards (as was stated in the
Proposed Plan) to approximately 3,500 cubic yards.

3.0  RESPONSIVENESS SUMMARY

     No verbal or written questions or comments on the OU-2 Proposed Plan were received during
the public comment period which lasted from June 8 through July 7, 1993.  However, questions on
the OU-2 Proposed Plan were received from the TRC during the May 20, 1993 TRC Meeting.  The
questions and answers are summarized below.

     The TRC asked what types of POL waste were disposed at OU-2.  The majority of POL was
contaminated fuel.  Since aircraft have high quality fuel requirements, waste fuel is common.

     The TRC asked if there was an oil/water separator associated with the canal at PSC DP-23. 
There is no oil/water separator directly associated with PSC DP-23.  There is another canal to
the east of PSC DP-23 which is associated with an oil/water separator.  That canal is an OU-1
PSC, PSC SD-20, the Oil/Water Separator Canal.

     The TRC asked what reference numbers were used in the risk calculations.  To determine
total site risk, an HI of 1.0 and an ELCR within the 10[-4] to 10[-6] range were used as
references.  To determine PRGs, an ELCR of 10-6 was used as a reference.

     The TRC asked if there was a shallow, secondary aquifer at Luke AFB. There is no shallow
aquifer.  Groundwater at the main Base is first encountered at approximately 350 feet below
ground surface. Approximately 2 miles to the east of the main Base, near the Agua Fria River,
groundwater is first encountered at approximately 125 feet below ground surface.



     The TRC asked specific questions regarding the design of the biological treatment system
remedy for PSC DP-23.  The details of the biological treatment system will be determined during
the remedial design phase of the project.

     The TRC asked about the time frame of the remedial action at PSC DP-23. The remediation is
estimated to take 12 months.  The ROD is scheduled to be finalized on December 29, 1993.  CERCLA
requires that remedial action begin within 15 months of the Final ROD.
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Table 1. Summary of OU-2 PSCs, OU-2 RI, Luke Air Force Base, Arizona.

PSC          Brief Description Potential Wastes

OT-04.       The Old Perimeter Road was an unpaved dirt                petroleum, oil,
             road that extended south along the southern               and lubricant
             end of the runways and then north along the northern edge of 
             the runways.  The road surface consisted of weathered asphalt, 
             soil, and packed gravel and occupies approximately 26.5 acres.

DP-05        The Waste Disposal Trench PSC was a landfill               petroleum, oil,
             used to dispose of liquid POL wastes.  The area            lubricant, and
             consists of sparsely vegetated soil with piles             solvents
             of construction debris and occupies approximately
             18 acres of land south of the Hush Houses.

FT-06        The South Fire Training Area is located around             petroleum, oil,
             Building 988 and covers approximately eight                and lubricant
             acres.  Most of the area is covered by roads, buildings, 
             and parking lots.

FT-07        The North Fire Training Area is located east               petroleum, oil,
             of the abandoned Firing-In-Butt and includes               and lubricant
             Building 1356.  Most of the PSC is covered with grasses 
             and desert vegetation.  Concrete, asphalt, and building 
             1356 are located in the OU-1 (eastern portion.  The OU-2 
             (western) portion covers approximately 14 acres.

ST-18        The Facility 993 PSC is an area west of the                 petroleum, oil,
             existing Building 993 and north of Building                 lubricant, and
             999.  Two 10,000 gallon and one 5,000 gallon                solvents
             storage tanks were excavated from this PSC when 
             the former Facility 993 was demolished. The PSC 
             covers approximately 0.2 acres and is completely covered 
             by concrete.

DP-22        The POL Trench Northeast Runway is located at               petroleum, oil,
             the northeastern end of the Base's northeast                and lubricant
             runway and occupies approximately 4.6 acres. 
             Approximately  50 percent of the PSC is covered by 
             the inboard runway extension and a bituminous cover 
             material and 50 percent is gravel and soil with sparse vegetation.
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Table 1. Summary of OU-2 PSCs, OU-2 RI, Luke Air Force Base, Arizona.

PSC          Brief Description Potential Wastes

DP-23        The Old Surface Impoundment PSC occupies approximately   petroleum, oil,
             3.3 acres west of Building 999.                          and lubricant
             Approximately 20 percent of this PSC is covered
             by concrete and asphalt with approximately
             80 percent consisting of a drainage canal
             covered with sparsely vegetated soil.

SD-40        The Taxiway Fuel Discharge PSC consists of the            petroleum, oil
             areas on both sides of the southeastern end of            and lubricant
             Taxiway F (approximately 2.75 acres) and on
             both sides of the southcentral section of
             Taxiway E (approximately 7.58 acres).  The areas
             are overlain with a cover of 2-inch thick asphalt.
             Taxiway's E and F are covered with concrete
             and are currently used for the limited
             servicing and maintenance aircraft.
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                                     TABLE 8.
            Page 2 of 2
            CURRENT AND HYPOTHETICAL FUTURE RISK FOR EXPOSURE TO SOIL AT
                               OPERABLE UNIT 2(OU-2)
                            Luke Air Force Base, Arizona

[a]       Soils at this PSC are paved.
COC       Constituent of concern.
ELCR      Excess lifetime cancer risk.
HI        Hazard Index.
NA        Toxicity value not available.
NAP       Not an applicable receptor.
NC        No carcinogenic COCs were identified.
PSC       Potential Source of Contamination.
RME       Reasonable maximum exposure.
*         Future risk the same as current risk.
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Table 15.   Soil Samples with Values Greater than PRGs, PSC DP-23, OU-2 Luke AFB, Arizona

                                                BZP Concentration
                                                    (mg/kg)

     SB-4              0-2'                           2.8

                       0-2'                           3.3
                   (duplicate)

                       2-4'                           3.0

     SB-5              0-2'                           1.4

PRGs       Preliminary Remediation Goals
BZP        Benzo(a)pyrene
mg/kg      Milligrams per kilogram

Note:      The PRG for BZP is 0.78 mg/kg
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