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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

75 Hawthorne Street
San Francisco, CA 94105

JAN 30 2002

Dennis A. Rea, Colonel, USAF
Vice Commander, 56 FW
13970 W. Lightning Street
Luke AFB, Arizona 85309-1149

Re: First Five Year Review, Luke Air Force Base, Arizona, January 18, 2002

Dear Colonel Rea:

The U.S. Environmental Protection Agency (EPA) Region 9 has received the First Five
Year Review, Luke Air Force Base (AFB), Arizona, dated January 18, 2002. We have reviewed
the aforementioned document and the Air Force’s responses to our comments on the draft final
version dated November 29, 2001. Based on this review, EPA agrees with the findings,
conclusions, and recommendations provided in the Report, and concurs with the Air Force that
the remedies at Luke AFB remain protective of human health and the environment and exposure
pathways that could result in unacceptable risks are being controlled through implementation of
institutional controls and monitoring.

We understand the Declaration of Environmental Use Restriction (DEUR) for Potential
Source of Contamination (PSC) DP-23 has been filed with Arizona Department of
Environmental Quality (ADEQ) (filed in November 2001). The DEUR for PSC ST-18 will also
be filed to ensure long-term protectiveness. The groundwater monitoring wells at PSC SS-42
will be sampled annually until the ROD requirement of 5 annual sampling events is completed,
after which these wells can be sampled at five year intervals. Continued groundwater monitoring
will be conducted for PSCs RW-02, FT-07, ST-18, SD-20 and SS-42 as part of future five-year
reviews.
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If there are any questions, please contact Xuan-Mai Tran, Remedial Project Manager, at
(415) 972-3002.

Sincerely,

Jane Diamond
Acting Director Superfund Division

cc: Lou Minkler, ADEQ
Belle Matthews, Luke AFB
Jeff Rothrock, Luke AFB
Daniel Salzler (CAB Co-Chair)
Ed Cayous, EPA-HQ
Ronald McRobbie, Air Force Regional Environmental Office
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Executive Summary

In 1990, the United States Environmental Protection Agency (USEPA) placed Luke Air Force
Base (Luke AFB) on the National Priorities List (NPL) pursuant to the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA also known as Superfund)
of 1980, as amended by the Superfund Amendments and Reauthorization Act (SARA) of 1986.
Luke AFB (the site) was added to the NPL as a result of past hazardous material handling and
disposal practices.

This five-year review was conducted pursuant to the Comprehensive Environmental Response
Compensation and Liability Act (CERCLA) Section 121(c), 42 U.S.C. § 9621(c), the National
Contingency Plan (NCP) (40 CFR § 300.430 (f)(4)(ii)), Office of Solid Waste and Emergency
Response (OSWER) Directive 9355.7-03B-P Final. This report summarizes the remedial actions
and data collected since the beginning of the project in August 1990 through November 2001
and provides an evaluation of the effectiveness of the remedial actions relative to remedial
objectives and to verify that remedial actions remain protective of human health and the
environment.

Luke AFB, which is an advanced fighter pilot training institution, covers approximately 4,000
acres west of the Phoenix metropolitan area in Glendale, Arizona. Aircraft maintenance and light
industrial operations in support of training missions have been in existence at Luke AFB since its
inception in 1941. The results of these activities generated potentially hazardous wastes such as
petroleum residues, cleaning solvents, and other related wastes.

Subsequent to the listing of Luke AFB, remedial investigation/feasibility studies were performed
to determine the nature and extent of contamination. A total of 33 potential sources of
contamination (PSCs) were initially identified for investigation purposes. To aid in the
management of the investigations, the PSCs were divided into two operable units, OU-1 and
OU-2. OU-2, the first to be investigated, included the investigation of soils at eight sites at which
only petroleum-related wastes were disposed. OU-2 PSCs include the following:

• PSC OT-04 Old Perimeter Road POL Waste Site
• PSC DP-05 POL Waste Disposal Trench
• PSC FT-06 South Fire Training Area
• PSC FT-07W Western Portion of the North Fire Training Area
• PSC ST-18 Facility 993
• PSC DP-22 POL Trench at Northeast Runway
• PSC DP-23 Old Surface Impoundment West of Facility 999
• PSC SD-40 Taxiway Discharge Area

OU-1 included the investigation of the soils at 25 PSCs and the Base-wide investigation of air,
surface water, and groundwater resources. OU-1 PSCs include the following:
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• Old Incinerator Site (PSC OT-01).
• Wastewater Treatment Annex Landfill (PSC RW-02).
• Outboard Runway Landfill (PSC LF-03).
• Eastern Portion of North Fire Training Area (PSC FT-07E).
• F-15 Burial Site (PSC OT-08).
• Canberra Burial Site (PSC OT-09).
• Concrete Rubble Burial Site (PSC OT-10).
• Former Outside Transformer Storage (PSC SS-11).
• Old Explosive Ordnance Division (EOD) Burial Site (PSC OT-12).
• Drainage Ditch Disposal Area (PSC DP-13).
• Old Salvage Yard Burial Site (PSC LF-14).
• Facility 328 Spill Site (PSC SS-15).
• Facility 321 Underground Storage Tank (UST) (PSC SS-16).
• Former Defense Property Disposal Office (DPDO) Yard (PSC SS-17).
• Base Exchange (BX) Leaking USTs (PSC ST-19).
• Oil/Water Separator Canal and Earth Fissures (PSC SD-20).
• Sewage Treatment Plant Effluent Canal (PSC SD-21).
• Base Ammunition Storage Area (PSC DP-24).
• Northwest Landfill (PSC LF-25).
• Hush House Canal (PSC SD-26).
• Northeast Landfill (PSC LF-37).
• Southwest Oil/Water Separator at the Auto Hobby Shop (SD-38).
• Waste Discharge at the Old Lockheed Site (SD-39).
• Skeet Range (OT-41).
• Bulk Fuels Storage (SS-42).

A more detailed description and background information for OU-1 and OU-2 PSCs is in
Appendix A. It is important to note that PSCs 27 through 36 do not exist because there was a
break in the numbering between PSC SD-26 and PSC LF-37.

In addition to the investigation of identified PSCs, a RCRA facility assessment (RFA) and
RCRA facility investigation (RFI) were conducted to determine if any of the current operational
facilities at Luke AFB should be included as PSCs in the CERCLA program. Remedial
alternatives were identified, and remedial actions were designed and implemented as part of
clean up activities.

As part of the OU-1 Feasibility Study (FS), a risk-based assessment was performed regarding
acceptability of PSCs for residential land use given current conditions. Residential land use
implies that a site can be developed and used for any purpose, including residential development.
If a PSC was deemed unsuitable for residential land use, remedial alternatives were developed
for that site.
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Remedial alternatives were also developed for any site that could potentially impact underlying
groundwater resources in the future.

Potentially exposed populations considered in the risk assessment included the following:

• Base workers
• Excavation workers
• Military personnel
• Child visitors for sites which extend off the base property
• Base residents

The risk assessment considered both average and reasonable maximum exposure conditions to
characterize current and future risks.

Risk from residential exposure to combined surface and subsurface soil were calculated using
both the USEPA Region IX PRGs and the ADEQ SRLs. Based on the results of the evaluation,
all of the PSC areas evaluated were determined to be suitable for unrestricted, or residential land
use with the exception of the following PSCs:

• RW-02
• LF-03
• FT-07 E
• DP-13
• LF-14
• ST-18
• LF-25
• DP-23 N
• SD-38

In addition to evaluating potential human exposure at Luke AFB, an ecological risk assessment
was also performed.

This five-year review report provides a historical and five-year review process summary for
OU-1 and OU-2 PSCs for which remedies were selected. These PSCs include the following:

• RW-02
• LF-03
• FT-07 E
• DP-13
• LF-14
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• ST-18
• DP-23
• LF-25
• SD-38
• SS-42

The historical review and evaluation process also includes PSCs for which it was determined no
action was required. These PSCs include the following:

• OT-01
• OT-04
• DP-05
• FT-06
• FT-07 W
• OT-08
• OT-09
• OT-10
• SS-15
• SS-16
• SS-19
• DP-22
• SD-21
• DP-24
• SD-26
• LF-37
• SD-39
• SD-40
• OT-41

The five-year review process primarily consisted of a site inspection, interviews and a review of
relevant documents and data. Jeff Rothrock of Luke AFB led the five-year review for the site.
The following team members assisted in the review:

• Jeff Rothrock, Luke AFB
• Jon Sherrill, ARCADIS G&M, Inc.
• Kent Lang, ARCADIS G&M, Inc.
• Stephanie Armijo, ARCADIS G&M, Inc.
• Monique Ostemann, USACE
• Greg Mellema, USACE
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• Dan Stralka, USEPA
• Nancy Lou Minkler, ADEQ

The five-year review process includes the following primary elements:

• Remedy selection and implementation is reviewed and summarized for each OU-1 and
OU-2 PSC for which a remedy was selected.

• Changes in standards were evaluated with respect to the continued effectiveness of the
remedies that were implemented based on cancer risks and non-cancer hazards for
applicable constituents of concern (COCs) for base worker or excavation worker
scenarios.

• Groundwater monitoring results are compared to groundwater standards established for
the project.

• Representatives of Luke AFB, USEPA, US Army Corps. of Engineers, ADEQ and
ARCADIS G&M performed a site inspection of each PSC for which a remedy was
selected on May 22, 2001.

• The results of interviews with individuals knowledgeable about the project.

OU-1 PSCs for which remedies were selected based on the results of risk assessment include the
following:

• RW-02
• LF-03
• FT-07 E
• DP-13
• LF-14
• LF-25
• SD-38
• SS-42

For OU-1 PSCs, PRGs were not established. Alternatively, PSC specific cancer risks and
non-cancer hazards were calculated using 1996 USEPA Region IX PRG guidance to develop a
site-specific industrial scenario. To evaluate changes in standards as part of this five-year review,
cancer risk and non-cancer hazards were recalculated using 2000 USEPA Region IX industrial
PRGs and post remediation exposure point concentrations for base worker and excavation
worker scenarios as applicable. ADEQ SRLs were also reviewed since they were used to
determine risk under a residential land use scenario.



ARCADIS

g:\env\proj\800\891\finalfiveyearreview.rtf xi

Changes in standards are evaluated with respect to the continued effectiveness of the remedies
that were implemented based on a non-cancer HI less than or equal to 1.0 or an ELCR greater
than the risk range of 1x10-6 to 1x10-4.

OU-2 PSCs for which remedies were selected based on the results of risk assessment include the
following:

• ST-18
• DP-23

For OU-2 PSCs, 1991 USEPA Region IX PRGs were originally used to establish performance
standards. To evaluate changes in standards as part of this five-year review, cancer risks and
non-cancer hazards were recalculated for each COC using 2000 USEPA Region IX industrial
PRGs and post remediation exposure point concentrations for base worker and excavation
worker scenarios as applicable. The analysis of standard changes also included a review of 1996
USEPA industrial PRGs. ADEQ SRLs were also reviewed since they were used to evaluate
residential use standards. Changes in standards are evaluated with respect to the continued
effectiveness of the remedies that were implemented based on a non-cancer HI less than or equal
to 1.0 or an ELCR greater than the risk range of 1x10-6 to 1x10-4.

The comparison indicates that PSCs for which changes in standards were evaluated are still
within the acceptable risk range. It was concluded that selected remedies are protective of human
health and the environment and exposure pathways that could result in unacceptable risks are
being controlled with the following exceptions:

• The northern portion of PSC DP-23 is within the acceptable risk range for industrial or
non-residential land use, but outside the risk range for residential land use.

• The remedy at PSC ST-18 Facility 993 currently protects human health and the
environment because the cap prevents exposure in the short term. However, in order for
the remedy to be protective in the long term, a (Declaration of Environmental Use
Restriction) DEUR is needed at the site to ensure long-term protectiveness.

A DEUR for PSC ST-18 and the northern portion of DP-23 has been filed with the ADEQ to
resolve these issues.

A comparison of exposure point concentrations in groundwater (maximum concentrations for the
period of record) and USEPA Region IX 2000 PRGs for tap water and ADEQ aquifer water
quality standards were evaluated for the following PSCs:



ARCADIS

g:\env\proj\800\891\finalfiveyearreview.rtf xii

• RW-02
• DP-05
• FT-06
• FT-07
• ST-18
• SD-20
• SD-21
• SD-38
• SS-42

The comparison indicates that exposure to groundwater results in risk that are within the
acceptable risk range for these PSCs. A review of groundwater data for the period of record
indicates that groundwater at Luke AFB is not impacted as there are no constituents in
groundwater that currently exceed applicable water quality standards. All potential sources of
constituents have been controlled or eliminated through the institution of pollution prevention
measures or remedial activities

The following individuals were solicited for interviews by questionnaire as part of this five-year 
review:

• Belle Matthews, Luke AFB Project Manager
• Sean Hogan, EPA Project Manager
• Nancy Lou Minkler, ADEQ Project Manager
• Dan Salzler, Citizens Advisory Board (CAB) Community Co-Chairperson
• Joyce Clark, CAB member
• Martin Jeffries, CAB member

In addition to solicitation of interviews by questionnaire, the following individuals were
interviewed in person as part of the five-year review site inspection:

• Chris Christoffer, Luke AFB Environmental Analyst
• Sergeant Anthony Michels, Luke AFB Infrastructure Superintendent

Chris Christoffer and Sergeant Michels were interviewed relative to procedures that ensure
compliance with the Base General Plan (BGP) and Institutional Control Plan (ICP). As part of
these interviews, the BGP was reviewed and it was verified that the ICP had been implemented.
Also verified were approval and record keeping procedures for digging permits relative to
environmental constraints at Luke AFB.
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Luke AFB Five-Year Review Signature Cover Preliminary Information

Site name: Luke Air Force Base EPA ID: AZ0570024133

Region:  09 State:  Arizona City/County: Luke AFB/Maricopa

LTRA* (highlight) Construction completion date: December 17, 1999

Fund/PRP Lead: Luke AFB NPL status: Final

Lead agency: USEPA Region IX

Who conducted the review (EPA Region, state, Federal agencies or contractor):
USEPA Region IX, ADEQ, USACE, ARCADIS G&M, Inc.

Dates review conducted: From: April 2001 through
December 2001 Date(s) of site visit: May 22, 2001

Whether first or successive review: First

Circle:  Regional Discretion Due date: January 21, 2002

Trigger for this review: Final close-out process (2000-2001) and time that has lapsed since finalization of the
OU-2 Record of Decision (ROD) in January 1994.

Recycling, reuse, redevelopment site (highlight): N/A

Issues: Northern portion of PSC DP-23 not remediated to residential soil standards and requires deed
restriction. PSC ST-18 requires deed restriction to prevent future removal of cap and excavation of soil.
Continued of monitoring at specific PSC to confirm protectiveness of remedies.

Recommendations: Declaration of Environmental Use Restrictions (DEURs) for PSC ST-18 and DP-23
have been filed with ADEQ (filed in 2001). Continued monitoring of groundwater will be conducted for
PSCs RW-02, FT-07, ST-18, SD-20 and SS-42 as part of future five-year reviews.

Protectiveness Statement(s): The remedies at Luke AFB are protective of human health and the
environment and exposure pathways that could result in unacceptable risks are being controlled through
implementation of remediation, institutional controls and monitoring.

Other Comments: None
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1.0 Introduction

In 1990, the United States Environmental Protection Agency (USEPA) placed Luke Air Force
Base (Luke AFB) on the National Priorities List (NPL) pursuant to the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA also known as Superfund)
of 1980, as amended by the Superfund Amendments and Reauthorization Act (SARA) of 1986.
Luke AFB (the site) was added to the NPL as a result of past hazardous material handling and
disposal practices. The location of the site is shown in Figure 1-1. On behalf of the United States
Air Force, ARCADIS G&M, Inc. (ARCADIS G&M) has prepared this final first five-year
review of remedial actions at Luke AFB, Arizona.

This five-year review was conducted pursuant to the Comprehensive Environmental Response
Compensation and Liability Act (CERCLA) Section 121(c), 42 U.S.C. § 9621(c), the National
Contingency Plan (NCP) (40 CFR § 300.430 (f)(4)(ii)), Office of Solid Waste and Emergency
Response (OSWER) Directive 9355.7-03B-P Final.

1.1 Background

The following sections provide a general overview of site conditions, and project history. This
information is intended to give the reader of the final first five-year review report for Luke AFB
adequate background information with which to evaluate current conditions at the site.

1.1.1 Physical Characteristics

Luke AFB, which is an advanced fighter pilot training institution, covers approximately 4,000
acres west of the Phoenix metropolitan area in Glendale, Arizona. Aircraft maintenance and light
industrial operations in support of training missions have been in existence at Luke AFB since its
inception in 1941. Luke AFB lies in the Salt River Valley (SRV), which lies within the Basin
and Range physiographic province. Elevations at Luke AFB range from 1,250-feet above mean
sea level (amsl) at the northwest corner to 995-feet amsl at the southeast corner. The climate at
Luke AFB is characterized as a desert climate. Rainfall at Luke AFB averages about 7.7 inches
per year.
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1.1.2 Land and Resource Use

The eastern portion of Luke AFB currently consists of a variety of light industrial facilities,
office buildings occupied by administrative and community services, base barracks, and outdoor
recreation centers. The central and western portions of Luke AFB include the runways, open
spaces, and aircraft operations, training and maintenance facilities. Base residential housing and
commercial areas are located east of the fenced areas of the main portions Luke AFB. Aircraft
maintenance and light industrial operations in support of training missions have been in
existence at Luke AFB since its inception in 1941. The results of these activities generated
potentially hazardous wastes such as petroleum residues, cleaning solvents, and other related
wastes.

1.1.3 Project History

Subsequent to the listing of Luke AFB on the NPL, remedial investigation/feasibility studies
were performed to determine the nature and extent of contamination. Remedial alternatives were
identified, and remedial actions were designed and implemented as part of clean up activities. A
record of the remedial actions implemented and how cleanup was accomplished at Luke AFB are
summarized in the Remedial Action Report. The following is a background summary relative to
the Superfund project at Luke AFB:

• Prior to 1976 and the Resource Recovery and Conservation Act (RCRA), potentially
hazardous wastes, such as petroleum residues, cleaning solvents, and other related
materials, were disposed on Base through fire department training exercises, road oiling
for dust suppression, and in shallow trenches.

• In 1981, the Department of Defense (DOD) initiated the IRP to investigate and remediate
past hazardous materials handling and disposal practices at all military institutions.

• Before the passage of SARA, the USEPA did not supervise the IRP program at Luke
AFB. Subsequent to the passage of SARA, the USEPA was required to establish and
maintain a docket of potentially contaminated federal facilities, perform Hazard Ranking
System (HRS) scoring on these facilities, and list those facilities exceeding the HRS
threshold score on the NPL.
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• The USEPA audited Luke AFB in 1987, and scored the institution using the HRS.

• Because the Luke AFB HRS score of 37.93 exceeded the threshold value of 28.5, the
USEPA added Luke AFB to the NPL in August 1990.

• On September 27, 1990, the USEPA, Arizona Department of Environmental Quality
(ADEQ), Arizona Department of Water Resources (ADWR), and the United States Air
Force (USAF) signed a FFA to establish the procedural framework for conducting the
required environmental investigations at Luke AFB.

• Environmental investigations at Luke AFB were implemented in accordance with
regulations established in the NCP at Title 4, part 300 of the Federal Code of Regulations
(CFR).

Based on the results of the Installation Restoration Program (IRP) and other information
compiled during the initial planning stages, the Federal Facilities Agreement (FFA) identified 33
potential sources of contamination (PSCs). To aid in the management of the investigations, the
FFA parties divided the PSCs into two operable units (OU). OU-1 included the investigation of
the soils at 25 PSCs and the Base-wide investigation of air, surface water, and groundwater
resources. OU-2 included the investigation of soils at eight sites at which only petroleum-related
wastes were disposed. The FFA created this special grouping to put the eight OU-2 sites on a
“fast-track;” the idea being that sites with common wastes would allow for a timely investigation
and cleanup. The eight OU-2 PSCs are listed below. The location of PSCs in OU-2 is in Figure
1-2.

• PSC OT-04 Old Perimeter Road POL Waste Site
• PSC DP-05 POL Waste Disposal Trench
• PSC FT-06 South Fire Training Area
• PSC FT-07W Western Portion of the North Fire Training Area
• PSC ST-18 Facility 993
• PSC DP-22 POL Trench at Northeast Runway
• PSC DP-23 Old Surface Impoundment West of Facility 999
• PSC SD-40 Taxiway Discharge Area

OU-1 was the last of two operable units to be addressed at Luke AFB and was defined to govern
the investigation and potential remediation of air, surface water, and
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groundwater resources Base-wide. In addition, the soils at 25 PSCs believed to have been
impacted primarily by non-petroleum related wastes were included in OU-1. The 25 PSCs
included in OU-1 are listed below. The location of PSCs in OU-1 is in Figure 1-3.

• Old Incinerator Site (PSC OT-01).
• Wastewater Treatment Annex Landfill (PSC RW-02).
• Outboard Runway Landfill (PSC LF-03).
• Eastern Portion of North Fire Training Area (PSC FT-07E).
• F-15 Burial Site (PSC OT-08).
• Canberra Burial Site (PSC OT-09).
• Concrete Rubble Burial Site (PSC OT-10).
• Former Outside Transformer Storage (PSC SS-11).
• Old Explosive Ordnance Division (EOD) Burial Site (PSC OT-12).
• Drainage Ditch Disposal Area (PSC DP-13).
• Old Salvage Yard Burial Site (PSC LF-14).
• Facility 328 Spill Site (PSC SS-15).
• Facility 321 Underground Storage Tank (UST) (PSC SS-16).
• Former Defense Property Disposal Office (DPDO) Yard (PSC SS-17).
• Base Exchange (BX) Leaking USTs (PSC ST-19).
• Oil/Water Separator Canal and Earth Fissures (PSC SD-20).
• Sewage Treatment Plant Effluent Canal (PSC SD-21).
• Base Ammunition Storage Area (PSC DP-24).
• Northwest Landfill (PSC LF-25).
• Hush House Canal (PSC SD-26).
• Northeast Landfill (PSC LF-37).
• Southwest Oil/Water Separator at the Auto Hobby Shop (SD-38).
• Waste Discharge at the Old Lockheed Site (SD-39).
• Skeet Range (OT-41).
• Bulk Fuels Storage (SS-42).

A more detailed description and background information for OU-1 and OU-2 PSCs is in
Appendix A. It is important to note that PSCs 27 through 36 do not exist because there was a
break in the numbering between PSC SD-26 and PSC LF-37.

1.2 Purpose

This report summarizes the remedial actions and data collected since the beginning of
the project in August 1990 through November 2001 and provides an evaluation of the
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effectiveness of the remedial actions relative to remedial objectives and to verify that remedial
actions remain protective of human health and the environment. The need for this five-year
review was identified during preparation of the Final Close Out Report (FCOR)1 as part of the
delisting process. This review is required because hazardous substances, pollutants, or
contaminants remain in the subsurface at concentrations that are above levels that allow
unrestricted land use. As the delisting process progressed, it was determined that the five-year
review would be required because of the amount of time that has lapsed since finalization of the
OU-2 Record of Decision (ROD) in January 1994.

This five-year review report is intended to be a concise summary of the work that was conducted
at OU-1 and OU-2 to meet the statutory requirements of the Superfund process at Luke AFB.
Numerous references are provided as part of this report however, not all support documents may
be referenced. Rather, the most relevant documents are referenced in support of the objectives of
the five-year review.

2.0 Site Chronology

2.1 Operable Unit 2

This section of the five-year review report provides a summary of the chronology of events for
the implementation of the remedial alternatives for OU-2 at Luke AFB. The chronology of
events for PSCs ST-18 and DP-23 are summarized in Tables 2-1 and 2-2, respectively.

Table 2-1. Chronology of Events for the Construction of the Concrete Cap at PSC ST-18

Date Event

October 19, 1983 RCRA closure of facility 993 begins.

April 19, 1988 Final inspection of concrete cap construction.

September 27, 1990 Signing of the FFA transferring jurisdiction of ST-18 to CERCLA.

1 ARCADIS Geraghty & Miller. 2001. Final Close-Out Report, Luke Air Force Base, Arizona. April 5, 2001.
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Date Event
January 28, 1994 Signing of the OU-2 ROD.

Annually Cap inspection and maintenance at PSC ST-18.

Five year review Groundwater monitoring.

  Table 2-2 Chronology of Events for the Ex-situ Bioremediation (Soil Composting) at PSC DP-23

Date Event
January 28, 1994 Signing of the OU-2 ROD.

April 11, 1995 Conduct preliminary soil sampling to further characterize the site.

May, 1994 Submittal and agency approval of the remedial design Report.

July 7, 1995 Excavation of contaminated soil and mixing in treatment cell.

October, 1995 Interim sampling to check status of bioremediation.

April 3, 1997 Addition of optimized soil amendment mix and continued soil
composting.

June 5, 1997 Final sampling and begin construction demobilization.

August 1, 1997 Site restoration; re-grading and hydro seeding.

August 6, 1997 Conduct final site inspection.

August 27, 1997 Submit final closure report.

2.2 Operable Unit 1

This section of the five-year review report provides a summary of the chronology of events for
the implementation of the remedial alternatives for OU-1 at Luke AFB. The chronology of
events for the eight OU-1 sites are summarized in Table 2-3. The chronology for the SVE at PSC
SS-42 is summarized in Table 2-4.
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Table 2-3 Chronology of Events for the OU-1 Remedial Action

Date Event
September 7, 1999 Final signatures on the OU-1 ROD.

December 16, 1999 Remedial design workplan for PSC LF-25 submitted.

December 17, 1999 Conducted metal shot recovery at PSC LF-25.

December 21, 1999 Radiological monitoring points installed at PSC RW-02.

December 29,1999 Perimeter fencing installed around containment structure at PSC
RW-02.

January 5, 2000 Revisions to base general plan implemented and policy letter
established to implement required institutional controls.

January 12, 2000 Radiological LTM plan for PSC RW-02 submitted.

June 15, 2000 VEMURs filed for PSCs RW-02, LF-03, FT-07E, DP-13, LF-14,
LF-25, and SD-38 to restrict residential development of the sites.

November 13, 2000 Institutional Control Plan (ICP) developed and submitted.

Annually Radiological monitoring at RW-02.

Table 2-4 Chronology of Events for the SVE at PSC SS-42

Date Event
May 1995 Wells installed for bioventing treatability study.

August 6, 1996 Initiation of SVE using Internal Combustion Engine (ICE).

June 1997 Soil Boring CB-1 advanced to determine effectiveness of ICE.

November 2, 1998 Shut down of SVE system.

January 7, 1999 Second boring advanced to determine effectiveness of SVE.

September 7, 1999 OU-1 ROD signed requiring five-year groundwater monitoring.

May 12, 2000 Groundwater LTM plan for PSC SS-42 submitted.

May 16, 2000 First groundwater sampling event of five-year monitoring completed.
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Date Event
May 22, 2000 Soil vapor extraction and confirmation sampling summary report

submitted.

Annually Groundwater monitoring.

3.0 RI/FS Results and ROD Findings

The section of the report summarizes RI/FS results as recorded in the RODs for OU-12 and
OU-23. The purpose of this section of the five year review report is to identify what COCs were
evaluated as part of the RIs, which COCs exceeded standards established for the project, and
what remedies were selected to address impacts for applicable PSCs.

3.1 OU-2 RI/FS Results

OU-2 included the investigation of soils at eight PSCs at which only petroleum-related wastes
were believed to have been disposed. The location of the OU-2 PSCs are in Figure 1-2. The
OU-2 RI/FS was conducted in accordance with USEPA guidance4 and approved work
plans5,6,7,8,9. The OU-2 field activities were limited to soil evaluations.

2 Geraghty & Miller, 1999. Final Record of Decision, Operable Unit 1. Luke Air Force Base, Arizona. January 1999.
3 Geraghty & Miller, 1994. Final Record of Decision, Operable Unit 2. Luke Air Force Base, Arizona. January 1994.
4 USEPA, 1988. Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA, Interim
Final: Office of Solid Waste and Emergency Response, OSWER Directive 9355.3-01.
5 Geraghty & Miller, 1991. Luke Air Force Base, Arizona, Final Base-Wide Remedial Investigations/Feasibility
Study Work Plan, August 1991.
6 Geraghty & Miller, 1991. Luke Air Force Base, Arizona, Final Base-Wide Sampling and Analysis Plan, August
1991.
7 Geraghty & Miller, 1991. Luke Air Force Base, Arizona, Final OU-2 Remedial Investigations/Feasibility Field
Sampling and Analysis Plan, November 1991.
8 Geraghty & Miller, 1992. Final Addenda for the Remedial Investigation/Feasibility Study Planning Documents,
May 1992.
9 U.S. Army Corps of Engineers, 1991. Scope of Services, Operable Unit #2, Remedial Investigation/Feasibility
Study (RI/FS), Luke Air Force Base, Arizona, August 9, 1991.
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OU-2 RI results are detailed in the OU-2 RI report10. Part of the FS, USEPA guidance11 was
used to calculate Preliminary Remediation Goals (PRGs) for OU-2 soils. OU-2 FS results are
detailed in the OU-2 FS report12 . OU-2 RI/FS results are summarized in Table 3-1.

10 Geraghty & Miller, 1992. Final Remedial Investigation Report, Operable Unit 2, Luke Air Force Base, Arizona,
October 20, 1992.
11 USEPA, 1991. Human Health Evaluation Manual Part B: Development of Risk-Based Preliminary Remediation
Goals. Office of Emergency and Remedial Response, Washington, DC.
12 Geraghty & Miller, 1993. Final Feasibility Study Report, Operable Unit 2, Luke Air Force Base, Arizona, May
12, 1993.
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Table 3-1 Summary of RI/FS Results for OU-2

PSC Description COCs evaluated COCs in excess of
Industrial PRGs

Selected 
Remedial
Alternative

OT-04 Old perimeter
road POL waste
site

Bis (2-ethylhexyl) phthalate, butylbenzylphthalate, TRPH,
copper, lead 

Less than PRGs No action

DP-05 POL Waste
Disposal
Trench

Ethylbenzene, xylenes, bis (2-ethylhexyl) phthalate,
2-methylnaphthalene, naphthalene, TRPH, copper, lead

Less than PRGs No action

FT-06 South fire
training area

2-butanone (MEK), ethylbenzene, 2-hexanone (MBK),
1,1,2,2-tetrachlorethane, tetrachloroethene, toluene,
trichloroethene, xylenes, acenaphthene, anthracene,
benzo(a)anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene,
bis(2-ethylhexyl) phthalate, butylbenzylphthalate,
chrysenedibenzo(a,h)anthracene, dibenzofuran, di-n-
butylphthalate, fluoranthene, fluorene,
indeno(1,2,3-c,d)pyrene, 2-methylnaphthalene,
4-Methylphenol, Naphthalene, Pentachlorophenol,
Phenanthrene, Phenol, Pyrene, TRPH, Metals, Copper, Lead

Trichloroethene,
Benzo(a)anthracene,
Benzo(b)fluoranthene,
Benzo(k)fluoranthene,
Benzo(a)pyrene,
Indeno(1,2,3-cd)pyrene,
Dibenzo(a,h)anthracene

Below the
risk range

FT-07
W

Western portion
of the north fire
training area

benzo(b)fluoranthene, benzo(g,h,i)perylene, bis(2-
ethylhexyl)phthalate, chrysene, fluoranthene, 2-
methylnaphthalene, naphthalene pyrene, TRPH, copper, lead

Less than PRGs No action
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PSC Description COCs evaluated COCs in excess of
Industrial PRGs

Selected 
Remedial
Alternative

ST-18 Facility 993 benzene, 1,1 dichloroethene, ethylbenzene,
1,1,2,2-tetrachlorethane, tetrachloroethene, toluene,
trichloroethene, xylenes, benzo(a)anthracene,
benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene,
benzyl alcohol, bis(2-ethylhexyl)phthalate, chrysene,
fluoranthene, indeno(1,2,3-cd)pyrene, 2-methylnaphthalene,
naphthalene, phenanthrene, pyrene, TRPH, copper, lead

Benzene, 1,1,2,2-
Tetrachlorethane,
Benzo(a)pyrene

Maintain
concrete cap,
groundwater
monitoring
during each
five-year
review 

DP-22 POL trench at
northeast
runway

acetone, TRPH, copper, lead Less than PRGs No action

DP-23 Old surface
impoundment
west of facility
999

ethylbenzene, toluene, anthracene, benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(g,h,i)perylene, benzo(a)pyrene,
bis(2-ethylhexyl)phthalate, chrysene,
dibenzo(a,h)anthracene, fluoranthene,
indeno(1,2,3-cd)pyrene,
phenanthrene, pyrene, TRPH, copper, lead

Benzo(a)anthracene
Benzo(k)fluoranthene
Benzo(a)pyrene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

Ex-situ
biological
treatment

SD-40 Taxiway
discharge area

acetone, benzene, ethylbenzene, toluene, xylenes,
2-methylnaphthalene, naphthalene, TRPH, copper, lead

Less than PRGs No action
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3.2 OU-1 Rl/FS Results

OU-1 included the investigation of soils at 25 PSCs and the Base-wide investigation of air,
surface water, and groundwater resources. In addition to the investigation of identified PSCs, a
RCRA facility assessment (RFA) and RCRA facility investigation (RFI) were conducted to
determine if any of the current operational facilities at Luke AFB should be included as PSCs in
the CERCLA program. The results of the RCRA investigation are in Appendix A of the OU-1
report13. The location of PSCs in OU-1 are in Figure 3-2.

Prior to the beginning of the OU-1 RI field activities, the FFA parties determined that “no further
remedial investigations” were needed at eight OU-1 PSCs, as follows:

• PSCs OT-01, OT-08, and OT-09 were classified as “no further action” sites because data
obtained during an extensive review of Base records showed that hazardous materials or
wastes were never handled or disposed at these sites.

• PSC DP-24 was removed from the Superfund process because it had mistakenly been
included on the list of potentially contaminated sites.

• PSCs SS-15, SS-16, and ST-19 were removed from the Superfund process and placed
under the jurisdiction of the ADEQ Underground Storage Tank (UST) section.

• PSC OT-10 was removed from the list of sites requiring field investigations because that
site lies completely within the boundaries of PSC DP-13 and the landfill contents of both
sites were presumed similar.

Because of its complexity, the OU-1 RI field investigation was divided into three phases, phase I
conducted from October 1991 through March 1992, phase II activities conducted from June 1992
through April 1994 and phase III activities conducted in August and September 1996. Phase III
activities were required to collect additional data for risk assessment purposes due to Phase I and
Phase II laboratory data quality issues. However, the information reported as part of this
five-year review is based on a consolidation of the most defensible data collected in conjunction
with the overall Superfund process in terms of quality control and assurance (QA/QC) protocol.

13 Geraghty & Miller, 1997 Final Remedial Investigation Report OU-1, Luke Air Force Base, Arizona. Volumes 1
and 2. October 1997.
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The OU-1 RI/FS was conducted in accordance with USEPA guidance2 and approved work
plans3,14,15,16,17. OU-1 RI investigation results are detailed in the OU-1 RI report13.

As part of the OU-1 FS, a risk-based assessment was performed regarding acceptability of PSCs
for residential land use given current conditions. Residential land use implies that a site can be
developed and used for any purpose, including residential development. If a PSC was deemed
unsuitable for residential land use, remedial alternatives were developed for that site. Remedial
alternatives were also developed for any site that could potentially impact underlying
groundwater resources in the future. The OU-1 FS results are detailed in the OU-1 FS report18.
OU-1 RI/FS results are summarized in Table 3-2.

14 Geraghty & Miller, 1993c. OU-1 Phase II Remedial Investigation/Feasibility Study Field Sampling and Analysis
Plan, Luke Air Force Base, Arizona.
15 Geraghty & Miller, 1994. Bioventing Treatability Study Sampling and Analysis Plan for PSC SS-42. Luke Air
Force Base, Arizona.
16 Geraghty & Miller, 1995. Final Sampling and Analysis Plan Environmental Evaluation in Support of the
Ecological Risk Assessment, Luke Air Force Base, Arizona.
17 Geraghty & Miller, 1995. Final Sampling and Analysis for the Additional Sampling Investigations in Support of
the Luke AFB CERCLA investigation, Luke AFB, Arizona.
18 Geraghty & Miller, 1998. Final OU-1 Feasibility Study Report, Luke Air Force Base, Arizona. March 1998.
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Table 3-2 Summary of OU-1 RI/FS Results

PSC Description COCs Evaluated COCs Outside Risk-
Based  Range

Selected 
Remedial
Alternative

OT-01 Old incinerator site An extensive data review of base records indicated that
hazardous materials and wastes were never handled or disposed
at this location.

RI not required No action

RW-02 Wastewater
treatment annex
landfill

2-methylnaphthalene, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(g,h,i)perylene,
benzo(k)fluoranthene, bis(2-ethylhexyl)phthalate, chrysene, di-n-
butyl phthalate, di-n-octyl phthalate, fluoranthene,
indeno(1,2,3-cd)pyrene, phenanthrene, pyrene, TRPH, arsenic,
barium, beryllium, cadmium, chromium, copper, lead, mercury,
nickel, silver, uranium, zinc, gross alpha, gross beta, radium-226,
radium-228

Radionuclides are
currently be monitored,
however the COCs
were below risk
standards

Institutional
controls,
radiological
monitoring and
fencing

LF-03 Outboard runway
landfill

TRPH, arsenic, barium, beryllium, cadmium, chromium, copper,
lead, nickel, silver, zinc

COCs below risk
standard

Institutional
controls

FT-07E Eastern portion of
north fire training
area

acetone, ethylbenzene, toluene, xylenes, TRPH, arsenic, barium
chromium, copper, lead, nickel, zinc

TRPH are below
non-residential ADEQ
SRLs

Institutional
controls

OT-08 F-15 burial site An extensive data review of base records indicated that
hazardous materials and wastes were never handled or disposed
at this location.

RI not required No action

OT-09 Canberra burial site An extensive data review of base records indicated that
hazardous materials and wastes were never handled or disposed
at this location.

RI not required No action
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PSC Description COCs Evaluated COCs Outside Risk-
Based Range

Selected 
Remedial
Alternative

OT-10 Concrete rubble
burial site

This site lies completely within the boundaries of DP-13. RI not required No action

SS-11 Former outside
transformer storage

PCBs Risk below risk range No action

OT-12 Old explosive
ordnance division
(EOD) burial site

Acenaphthylene, anthracene, benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene,
benzo(k)fluoranthene, carbazole, chrysene,
dibenz(a,h)anthracene, fluoranthene, indeno(1,2,3-c,d)pyrene,
pentachlorophenol, phenanthrene, pyrene, TRPH, arsenic,
barium, beryllium, cadmium, chromium, copper, lead, nickel,
zinc, cyanide 

Risk below risk range,
with the exception of
Benzo(a)pyrene

No action

DP-13 Drainage ditch
disposal area

acenaphthene, anthracene, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(g,h,i)perylene,
benzo(k)fluoranthene, bis(2-ethylhexyl)phthalate, carbazole,
chrysene, dibenz(a,h)anthracene, dibenzofuran, fluoranthene,
fluorine, indeno(1,2,3-cd)pyrene, phenanthrene, pyrene, TRPH,
antimony, arsenic, barium, beryllium, cadmium, chromium,
copper, lead, mercury, nickel, zinc, cyanide 

Chromium Lead
Benzo(a)pyrene

Institutional
controls

LF-14 Old salvage yard
burial site

Xylenes, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(g,h,i)perylene,
benzo(k)fluoranthene, butyl benzyl phthalate, chrysene,
fluoranthene, indeno(1,2,3-cd)pyrene, phenanthrene, pyrene,
PCBs, TRPH, arsenic, barium, beryllium, cadmium, chromium,
copper, lead, nickel, silver, zinc, cyanide,

Polychlorinated
Biphenyls (PCB)

Institutional
controls
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PSC Description COCs Evaluated COCs Outside Risk-
Based Range

Selected 
Remedial
Alternative

SS-15 Facility 328 spill site This site were removed from the superfund process and placed
under the ADEQ UST jurisdiction.

RI not required ADEQ
jurisdiction

SS-16 Facility 321
underground storage
tank (UST).

This site were removed from the superfund process and placed
under the ADEQ UST jurisdiction.

RI not required ADEQ
jurisdiction

SS-17 Former defense
property disposal
office (DPDO) yard.

chrysene, di-n-octyl phthalate, fluoranthene, pyrene, PCBs,
TRPH, arsenic, barium, beryllium, cadmium, chromium, copper,
lead, nickel, silver, zinc

Risk below risk range No action

ST-19 Base exchange (BX)
leaking USTs.

This site were removed from the superfund process and placed
under the ADEQ UST jurisdiction.

RI not required ADEQ UST
jurisdiction

SD-20 Oil/water separator
canal and earth
fissures.

Toluene, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(g,h,i)perylene, bis(2-
ethylhexyl)phthalate, chrysene, di-n-octylphthalate, fluoranthene,
indeno(1,2,3-c,d)pyrene, phenanthrene, pyrene, TRPH, antimony,
arsenic, barium, beryllium, cadmium, chromium, copper, lead,
nickel, zinc

Risk below risk range,
with the exception of
Benzo(a)pyrene

No action

SD-21 Sewage treatment
plant effluent canal

Anthracene, benzo(a)anthracene, benzo(b)fuoranthene,
benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene,
chrysene, dibenzo(a,h)anthracene, fluoranthene, indeno
(l,2,3-c,d)pyrene, phenanthrene, pyrene, TRPH, arsenic, barium,
beryllium, cadmium, chromium, copper, lead, nickel, silver, zinc

Risk below risk range,
with the exception of
Benzo(a)pyrene

No action

DP-24 Base ammunition
storage area

Removed from the Superfund process because this site was
mistakenly included on the list of potentially contaminated sites.

RI not required No action
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PSC Description COCs Evaluated COCs Outside Risk-
Based Range

Selected 
Remedial
Alternative

LF-25 Northwest landfill Xylenes, benzo(a)anthracene, benzo(a)prene,
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,
fluoranthene, pyrene, TRPH, antimony, arsenic, barium,
beryllium, cadmium, chromium, copper, lead, nickel, silver, zinc,
cyanide

Lead and antimony
were above risk range

Lead shot
recovery
Institutional
controls

SD-26 Hush house canal ethylbenzene, toluene, xylenes, 2-methylnaphthalene,
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(g,h,i)perylene, benzo(k)fluoranthene,
bis(2-ethylhexyl)phthalate, chrysene, di-n-butylphthalate,
fluoranthene, indeno(1,2,3-cd)pyrene, naphthalene,
phenanthrene, pyrene, TRPH, arsenic, barium, beryllium,
cadmium, chromium, copper, lead, nickel, silver, zinc

Risk below risk range No action

LF-37 Northeast landfill benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(g,h,i)perylene, benzo(k)fluoranthene,
bis(2-ethylhexyl)phthalate, butylbenzylpthalate, chrysene,
fluoranthene, pyrene, TRPH, arsenic, barium, beryllium,
cadmium, chromium [b] copper, lead, nickel, silver, zinc

Risk below risk range,
with the exception of
Benzo(a)pyrene

No action

SD-38 Southwest oil/water
separator at the auto
hobby shop

TRPH, antimony, arsenic, barium, beryllium, cadmium,
chromium, copper, lead, nickel, zinc

TRPHs were below
non-residential ADEQ
SRLs

Institutional
controls

SD-39 Waste discharge at
the old Lockheed site

diethyl phthalate, TRPH, arsenic, barium, cadmium, chromium,
copper, lead, nickel, zinc

Risk below risk range No action

OT-41 Skeet range Lead Risk below risk range No Action
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PSC Description COCs Evaluated COCs Outside Risk-
Based Range

Selected 
Remedial
Alternative

SS-42 Bulk fuels storage Benzo(a)anthracene, benzo(b)fluoranthene,
bis(2-ethylhexyl)phthalate, chrysene, di-n-butylphalate,
fluoranthene, pyrene, TPH, lead

Benzene, Toluene,
Total Xylenes, TPH

Soil vapor
extraction
(SVE) and
five-year
groundwater
monitoring
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3.3 OU-2 ROD Summary

The description of the remedy in the OU-2 ROD is summarized in Table 3-3.

Table 3-3 Description of the Remedy for OU-2

PSC Selected Remedy Implemented Remedial Components

ST-18 Capping, Surface Controls, and
Groundwater Monitoring.

Concrete CAP installed in 1987, Annual Inspection and
maintenance of a concrete cap and groundwater monitoring
during each 5-year review

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

Design and implementation of excavation and on-site ex-
situ biological treatment of soils impacted by PAHs above
industrial PRGs.

3.4 OU-1 ROD Summary

The description of the remedy in the OU-1 ROD is summarized in Table 3-4.

Table 3-4 Description of the Remedy for OU-1

PSC Selected
Remedy

Implemented Remedial Components

RW-02 Institutional
Controls,
Radiological
Monitoring,
and Fencing

• Voluntary Environmental Mitigation Use Restriction (VEMUR) executed
and recorded to restrict land use to non-residential purposes.

• Base General Plan (BGP) modified to place constraints on future residential
development of the site.

• Geophysical monitoring program to ensure safety of potential receptors and
warning mechanism in case subsurface conditions change.

• Perimeter fencing.
• Institutional Control Plan (ICP) to maintain and document required

institutional controls.

LF-03 Institutional
Controls

• A VEMUR to restrict land use to non-residential.
• The BGP modified to place constraints on future residential development.
• An ICP to document required institutional controls.

FT-07E Institutional
Controls

• A VEMUR to restrict land use to non-residential.
• The BGP modified to place constraints on future residential development.
• An ICP to document required institutional controls.
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PSC Selected
Remedy

Implemented Remedial Components

DP-13 Institutional
Controls

• A VEMUR to restrict land use to non-residential.
• The BGP modified to place constraints on future residential development.
• Work practices requiring the use of Personal Protective Equipment (PPE)

while excavating the site.
• An ICP to document required institutional controls.

LF-14 Institutional
Controls

• A VEMUR to restrict land use to non-residential.
• The BGP modified to place constraints on future residential development.
• An ICP to document required institutional controls.

LF-25 Institutional
controls/ex-situ
physical
treatment/metal
recovery

• The area of impacted soils containing COCs in excess of evaluated criteria
to be further delineated.

• Surficial soils with COCs in excess of Arizona soil remediation standards to
be excavated and disposed.

• Remediation of metal shot via mechanical sifting and gravimetric
separation.

• Recovered metal shot recycled or disposed.
• Soil material returned to excavated areas.
• A VEMUR to restrict land use to non-residential.
• The BGP modified to place constraints on future residential development.
• Work practices requiring the use of PPE while excavating the site.
• An ICP to document required institutional controls.

SD-38 Institutional
Controls

• A VEMUR to restrict land use to non-residential.
• The BGP modified to place constraints on future residential development.
• An ICP to document required institutional

SS-42 Soil Vapor
Extraction and
Groundwater
Monitoring

• Install SVE System.
• Monitor soil and groundwater to confirm effectiveness of remedy.

4.0 Summary of Base-wide Risk Assessment

This section of the report provides a summary of the approach used in the development
of the Base-wide risk assessment19. The risk assessment evaluated current and potential
future risks to human health and the environment from exposure to the constituents
of potential concern (COPCs) in soil, sediment, groundwater, surface water, and
ambient air at each of the PSCs. The following summarizes the results of

19 Geraghty & Miller, 1997. Final  Remedial Investigation Report OU-1, Appendix B –  Baseline Base Wide Risk
Assessment, Luke Air Force Base, Arizona. Volumes 1 and 2. October 1, 1997.
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the risk assessment. Luke AFB is an active military facility, and is expected to remain active in
the foreseeable future. Therefore, the most likely type of exposure is for industrial workers rather
than residents. Exposure to soil and sediments included the ingestion, dermal contact, and
inhalation of fugitive dusts and/or vapors. Risks from exposure to soils and sediments were
evaluated using either surficial, base worker scenario (0 to 2 feet bgs) or combined surface and
subsurface, excavation worker (0 to 16 feet bgs) data. Exposure to groundwater was evaluated
through the ingestion and dermal contact pathways. Potential groundwater exposure was
evaluated using production well sampling data as well as data collected from groundwater
monitoring wells.

Potentially exposed populations considered in the risk assessment included the following:

• Base workers
• Excavation workers
• Military personnel
• Child visitors for sites which extend off the base property
• Base residents.

The risk assessment considered both average and reasonable maximum exposure conditions to
characterize current and future risks. During the five-year review, exposure point concentrations
(EPC) were taken from the 95 percent upper confidence limit (one-tailed) on the mean, assuming
a normal distribution. For PSCs with post-remediation data, the EPC was taken from the
maximum concentration from the appropriate soil horizon or medium.

The USEPA established risk-based guidance goals as an aid in determining which sites would be
acceptable for use in an industrial setting in the absence of remediation. Sites at which a
non-cancer hazard index (HI) greater than or equal to 1.0 or an excess lifetime cancer risk
(ELCR) greater than the risk of 1x10-6 to 1x10-4, as determined by risk assessment, generally
would require remediation and would therefore be recommended for inclusion in the FS.

Arsenic and beryllium were found to be constituents that potentially contributed
most significantly to the estimates of risk in the assessment. The results of the risk
assessment were reevaluated to determine the impact background had on the level of
risk at the various PSCs. When background was considered in the evaluation, it was
found that most of the naturally occurring inorganic constituents (e.g., arsenic,
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beryllium) were present at background levels. Remediation to concentrations below background
is not typically required by USEPA. Therefore, based on this reevaluation of the risk assessment
results, only two PSCs, LF-25 and SS-42, were found to pose a risk above the target risk range.

To determine whether the PSC areas at Luke AFB are suitable for future residential land use,
risks from exposure to soil by a hypothetical future resident were evaluated. Because Luke AFB
is an active military facility, and is expected to remain active in the foreseeable future,
calculating risks for residential exposure to soils at each of the PSCs is highly conservative; it is
unlikely that the active portions of Luke AFB will be used for residential purposes in the future.
The ADEQ proposed soil remediation levels (SRLs)20 and the USEPA Region IX PRGs were
used in the residential exposure evaluation.

Risks from residential exposure to combined surface and subsurface soil were calculated using
both the USEPA Region IX PRGs and the ADEQ SRLs. Based on the results of the evaluation,
all of the PSC areas evaluated were determined to be suitable for unrestricted, or residential land
use with the exception of the following PSCs:

• RW-02
• LF-03
• FT-07 E
• DP-13
• LF-14
• ST-18
• LF-25
• DP-23 N
• SD-38

In addition to evaluating potential human exposure at Luke AFB, an ecological risk assessment
was also performed. Prior to completing the ecological risk assessment, a Base-wide ecological
inventory (EI) was conducted to collect data on:

• Biotic communities present on the base.
• Evidence of biological stress.
• Pathways of potential exposure to impacted media.

20 ADEQ, 1996. A.A.C. Title 18, Chapter 7, Article 2, Appendix A. Soil Remediation levels.
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• The presence of species of special concern.

Luke AFB is in the lower Colorado River Valley of the Sonoran Desert. However, little
vegetation characteristics of this area were identified during the EI. Instead, flora was dominated
by vegetation characteristic of urban, disturbed areas at similar elevations in the Sonoran Desert.
This is consistent with current and past land use at the Base.

No species of special concern were observed during the EI. Animal species observed at the Base
during the EI are more tolerant of urban and disturbed conditions. Because vegetative growth at
the Base is sparse due to physical activities associated with normal operations, the diversity and
abundance of animals observed were less than that typical in more native conditions.

Potential risks to ecological receptors were assessed quantitatively by using the round-tailed
ground squirrel, desert cottontail, western whiptail lizard and side-blotched lizard as indicator
species. The desert cottontail was used to represent herbivorous primary consumers; the
round-tailed ground squirrel to represent herbivorous/insectivorous primary consumers; and the
western whiptail lizard and side-blotched lizard to represent insectivorous secondary consumers.
HQs were calculated for the indicator species by comparing an estimated intake of site-related
constituents of ecological concern (COECs) with a toxicity reference value derived for the
specific indicator species and for the specific COEC. Hazard quotients (HQs) were determined
for the ingestion of food sources and for the incidental ingestion of soil where appropriate for the
indicator species. The HQs were then added to obtain a HI for each PSC.

Based on previous investigations at Luke AFB and coordination with USEPA representatives,
the following PSCs were determined to be representative of site conditions and were selected for
study in the ecological risk assessment:

• LF-25
• FT-07
• Combined portions of SS-17 and LF-14
• SD-20

This selection was based on a combination of observations of ecosystems at the PSCs, detected
COEC concentrations, and potential risks to higher trophic level organisms.

COECs evaluated in the ecological risk assessment included the following:
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• PAHs
• TPH
• PCBs
• Antimony
• Cadmium
• Lead

Data used to assess potential adverse effects to ecological receptors included chemical analysis
of soil, plant tissue, and insect tissue. Based on the results of the ecological assessment, it is
unlikely that site-related COEC concentrations would pose a risk to ecological receptors at Luke
AFB.

5.0 Groundwater Summary

This section of the five-year review report provides information on the hydrogeology of Luke
AFB and surrounding region. Also provided is information on the status of monitor wells and a
summary of groundwater monitoring results for PSCs.

5.1 Groundwater Hydrology 

5.1.1 Aquifer Units

The occurrence and movement of groundwater at Luke AFB is affected by hydraulic
characteristics of the aquifer units, and the magnitude and distribution of groundwater recharge
and discharge for agriculture and other uses. Aquifer units include the upper alluvial unit (UAU),
middle fine unit (MFU) and lower conglomerate unit (LCU). Withdrawals in excess of recharge
have created declines in water levels in the Luke AFB area of 300-feet21. Structural changes
associated with the Luke Salt Body significantly affect local groundwater conditions south and
east of the Luke AFB.

Interpolation of data from the regional study of Brown and Pool 22 indicates that
the UAU has been completely dewatered in the Luke AFB area, except for localized

21 US Geological Survey, 1994. Hydrogeological Characterization and Land Subsidence Investigation for Luke Air
Force Base, Arizona.

22 US Geological Survey, 1998. Water Resources Investigation Report 88-4202, 1989, Hydrogeology of the Western
Part of the Salt River Valley, Maricopa County, Arizona (Brown, JamesG. Pool, D.R.)
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areas along the Agua Fria River, near the Luke AFB Waste Water Treatment Plant (WWTP).
Partial dewatering of the MFU has also occurred in the Luke AFB area. The upper most aquifer
is now the MFU.

5.1.2 Regional Recharge

Groundwater recharge in the WSRV is affected by natural as well as artificial sources.
Groundwater is naturally recharged by infiltration through the beds of river channels during
stormwater events or releases from upstream impoundments. Water levels in Monitoring Well
MW-101, situated near the Aqua Fria River, rose approximately 25-feet between December 28,
1992, and March 14, 1993, in response to upstream releases from Lake Pleasant Reservoir 23.

Artificial sources of groundwater recharge include infiltration of excess irrigation water applied
to fields and seepage losses from irrigation ditches and canals. Infiltration of treated effluent
from the Luke AFB WWTP may also provide recharge in the immediate area of the releases to
the Aqua Fria River floodplain. Potential recharge due to other activities at the Luke AFB is
discussed in greater detail in the Vadose Zone leaching model presented in the Base-wide risk
assessment.

5.1.3 Regional Discharge

Groundwater discharge from the regional aquifer in the Luke AFB area occurs primarily from
cultural uses. Owing to the depth to the water table, there is no natural discharge due to
evapotranspiration or discharge to surface water bodies. Discharge of groundwater occurs
principally from pumpage from numerous wells, primarily for irrigation with the remainder for
municipal, military, and light industrial consumption.

The amount of groundwater discharge for municipal usage is anticipated to increase dramatically
in response to the growing population of the area (Water Resources Associates, 1994). As the
population increases in the area it is anticipated that groundwater discharged for agricultural uses
will decrease (Water Resources Associates, 1994). Comparison of the increased withdrawals for
municipal uses and decreased withdrawals for irrigation uses shows that the demand for
groundwater in the area will remain generally the same into the foreseeable future. However, the

23 Geraghty & Miller, Inc. 1993d. OU-1, Phase II, Remedial Investigations/Feasibility Study Planning Documents
for PSC SS-42, Luke Air Force Base, Arizona.
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transition from irrigation uses to municipal uses will put greater importance on water quality.

5.1.4 Historical Trends in Regional Groundwater Levels

Groundwater levels declined more than 300 feet in the vicinity of Luke AFB over a 40+ year
period from 1923 to the late 1970s, primarily because of significant overdraft in response to
pumpage for irrigation requirements. The greatest declines occurred west, north, and south of
Luke AFB. A large cone of depression has existed southwest of the Luke AFB prior to 1964. The
regional groundwater flow direction is to the south-southwest modified by the cone of
depression.

Water levels from selected wells for which data were adequate were plotted to show
groundwater declines over time at a given location. Analysis of these hydrographs suggests that
water levels have declined substantially over most of the study area through at least 1980. After
1980, many of the hydrographs show a leveling off of the decline trend, or a groundwater rise of
up to 40 to 60 feet. Groundwater table altitudes in the study area have continued to rise due to
reduction in pumpage and increased recharge related to above average precipitation over the
early 1980s in the Phoenix area. The availability of Colorado River water via the Central
Arizona Project (CAP) canal (especially for agricultural irrigation) has greatly lessened the
demands placed on groundwater in the Phoenix area, and has resulted in the groundwater table
rising throughout much of the area.

Water level data for the period 1991 to 1995, documents a continued rise in the groundwater
table throughout the study area. Altitudes had increased up to 20 feet, in large part due to above
average precipitation for 1992 and 1993. Overall, the historical groundwater altitude data for the
study area shows a consistent pattern of water level decline over time despite the limitations in
the data previously described.

5.1.5 Groundwater Occurrence, Apparent Gradient, and Estimated Flow Directions in the Luke
AFB Area

Water Level Measurements

The water level measurement program was established for the Luke AFB RI and included
monthly water level measurements and continuous water level measurements. Monthly water
level data were collected to evaluate seasonal water level responses from  regional stresses on
the groundwater system. Continuous water level measurement were collected at selected
monitoring wells using pressure transducers
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and data loggers. Continuous water level data were collected to evaluate local water responses
from regional as well as local pumping stresses due to both off base and on-Base production well
pumping24. Because several different production wells are in use, the data loggers and
transducers were periodically moved to collect data from all parts of the Base.

The monthly water level program included measurements of all monitoring wells and selected
off Base wells. The program began in October 1990, and extended through December 1995.

Continuous water level recorders were installed periodically in Monitoring Wells MW-3, MW-5,
MW-102, MW-103, MW-104, MW-106 through MW-111, MW-112S, MW-112D, MW-113,
MW-117, MW-118, MW-119, MW-121, MW-123 and Inactive Production Well IP-PW-12.
Nearby on Base production wells, which potentially affected water levels, include Production
Wells PW-4, PW-7, PW-9, PW-10, PW-11, PW-12, PW-13, and PW-14.

Well Perforated Intervals and Measured Water Levels.

All of the monitoring wells at the main part of Luke AFB are screened entirely within the MFU.
Interpolation of data from the regional study indicates that all monitor well locations near the
Luke AFB WWTP (MW-101, MW-115, MW-116, and MW-124) are screened in the UAU.
Monitoring Well MW-101 is primarily screened in the UAU with the lower portion of the screen
extending into the MFU. Monitoring Wells MW-115, MW-116, and MW-124 are screened in the
lower portions of the UAU. All of the monitoring wells at the main Base, except for Monitoring
Wells MW-102, MW-103, and MW-112D are screened in upper parts of the saturated thickness
of the MFU.

The Luke AFB production wells are screened typically in the LCU with some wells also
screened in the MFU. Seven of the 15 off Base wells included in the monthly water level
network are exclusively perforated within the MFU, and five other off Base wells are perforated
within both the MFU and LCU. Six of the off Base wells may have casing collapses below the
current indicated depth of the well, which may suggest that these wells may be open to the
formations below the indicated depth of

24 Geraghty & Miller, Inc., 1992. First Quarter 1992 Quarterly Well Measurement Report, Hydrogeological Survey,
Luke Air Force Base, Arizona.
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perforations. Limited hydraulic connection may exist in the well bore with deeper portions of the
formation at the location of the casing collapse.

Limitations in the Construction of Water Level Altitude Contour Plots

Water level altitude contour plots are typically used to infer groundwater flow directions.
Evidence from water levels measured at site-specific PSC wells at Luke AFB suggest that
semi-independent groundwater zones have developed at the local scale as the result of long-term
water level declines in response to regional groundwater withdrawals in excess of recharge.
Water level measurements also suggest that head differences between zones have created vertical
gradients within and between these zones. The development of these semi-independent
groundwater zones makes it imperative that water level measurements used in the construction of
water level altitude contours be from wells with perforated intervals which extend and penetrate
into similar lithologic portions of these zones or when compatible data is not available, that the
data be used with an understanding of its comparability and hence the accuracy of the resulting
plot. One approach is to use contour intervals that are large enough to limit the effect of small
vertical head gradients within these zones.

Evidence which supports the existence of semi-independent groundwater zones at Luke AFB
includes anomalous water levels within similar areas, limited or non-response of water levels in
wells near pumping wells, and limited or non-response of water levels in wells to seasonal
water-level changes experienced by other nearby wells. Anomalous water levels occur at PSC
SD-20 where water levels are as much as 50-feet lower than at PSCs immediately to the
northwest. These anomalous water levels are suspected to be attributed to the geologic structure
associated with the Luke Salt Body.

Non-responsive water levels in wells near a pumping well occur at PSC FT-07 where pumpage
from production well PW-12 (approximately 1,000 gallons per minute) does not cause any direct
water level response in nearby monitoring wells. The lack of response of the water levels is
suspected to be attributed to an aquitard which most likely occurs between the largest
penetrating perforated interval of the monitoring wells at the PSC (453 feet bgs at MW-109) and
the top of the perforated interval of the production well (600 feet bgs at PW-12). This aquitard
limits the vertical hydraulic connection between the perforated intervals of these wells.

Water level changes at PSC FT-07 also experience the smallest amplitude of seasonal change of
any of the monitoring wells at Luke AFB. Seasonal water level amplitudes in the monitoring
wells at PSC FT-07 average approximately five feet. Seasonal water level amplitudes in
monitoring wells at other Luke AFB PSCs range from
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approximately five feet at PSCs FT-06/ST-18 to 23 feet at PSC SD-20. The limited response of
water levels in these wells to regional changes in water levels is likely caused by the aquitard,
which is suspected to exist at this location.

Evidence which supports the existence of vertical head gradients within groundwater zones
include water level differences between nearby wells with slight to significant differences in
saturated extent and penetration of perforated intervals. This is evident at PSC FT-07 and SD-20.
Monitoring wells MW-110 (saturated perforated interval from approximately 362 to 398 feet bgs
[screened interval from approximately 362 to 398 feet bgs]) and MW-123 (saturated perforated
interval from approximately 340 to 395 feet bgs [total screened interval from 295 to 395 feet
bgs]) at PSC FT-07 located within 30 feet of each other have consistent differences in water
levels of approximately three feet. Measurements at monitoring wells MW-112S (saturated
perforated from approximately 290 to 342 feet bgs [screened interval from 780 to 722 feet above
mean sea level]) and MW-112D (saturated perforated interval from 381 to 428 feet bgs [screened
interval from 682 to 632 feet above mean sea level]) at PSC SD-20 have indicated differences in
water levels of 0.5 to 8.5 feet (Figure 4-48).

The hydraulic effects associated with the development of the semi-independent groundwater
zones at Luke AFB requires special precautions in the construction of site-specific PSC water
level altitude contour plots. Water level data used to construct water level contours needs to be
relatively comparable in that data should be from wells, which measure similar lithologic
portions of the water zones. However, most PSCs have limited number of wells, which measure
similar lithologic portions of the water zones. Water-level altitude contour plots for the site
specific PSCs have therefore been constructed with the use of site-specific and regional water
level measurements, and a contour interval of ten feet to limit the impact of the effects.
Regardless of these precautions, groundwater flow directions inferred from these contour plots
should still be viewed with a degree of scrutiny, and should only be used as the direction of a
general groundwater flow at the time of water level measurement.

Contour intervals at site specific PSCs at Luke AFB were constructed using a regional ten feet
contour interval. Because of the inherent effects on measured water levels from the vertical
component of flow, the regional contours provide the best representation of the lateral
groundwater flow direction a two dimensional contour plot can achieve.
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Impact of Luke Salt Body on Groundwater Flow

The Luke Salt Body has impacted groundwater movement in the study area. Groundwater flow
in the vicinity of the salt mass has been affected in several ways. Doming of the Luke Salt Body
has deformed the overlying and peripheral sediments through high angle faulting and folding, as
mentioned previously in Section 4.6.5. Furthermore, permeability and anisotropy of the basin fill
sediments in the study area have been altered by depositional changes from proximal
coarse-grained to distal fine-grained sediments peripheral to the Luke Salt Body, and compaction
of the fine-grained sediments overlying the Luke Salt Body. In conjunction with the structural
complexities, the result has been to create a complex groundwater flow regime in the vicinity of
the Luke Salt Body. The effect on groundwater movement and aquifer properties along the
southern portions of the Base is not fully understood.

Regionally, the localization of fine-grained sediments and the additional compaction over the
Luke Salt Body have resulted in reduced transmissivities east and south of Luke AFB within the
basin fill units 25,26. This reduction has impacted regional groundwater movement into the
pumping areas west of Luke AFB, with higher water levels to the east of the Base (near WWTP)
and lower water levels in wells in the western part of Luke AFB. Although the groundwater flow
across the site is generally southwest, near monitoring wells MW-112 and MW-113, the
groundwater flow is northwest because of the Luke Salt Body.

5.2 PSC Groundwater Summary

The status of groundwater monitoring wells at Luke AFB is summarized in Table 5-1. The
location and status of groundwater monitoring wells is in Figure 5-1. Groundwater sampling
results are summarized in Table 5-2 and Figure 5-2. In addition, a table that provides
groundwater monitoring results including sampling dates and concentrations of COCs for all
wells for the period of record is in Appendix B. In general, a review of the data in Appendix B
indicate that groundwater at Luke AFB is not impacted as there

25 Stulik, R.S. and F.R. Twenter, 1964. Geology and Groundwater of the Luke Area, Maricopa County, Arizona.
USGS Water Supply Paper #1799P.

26 Eaton, G.P., D.L. Peterson, and D.L. Schumann, 1972. Geophysical, Geohydrological, and Geochemical
Reconnaissance of the Luke Salt Body in Central Arizona, USGS Professional Paper #753.
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are no constituents in groundwater that currently exceed applicable water quality standards and it
appears all potential sources of constituents have been controlled or eliminated through the
institution of pollution prevention measures or remedial activities. However, there have been
some occurrences of COCs above detection limits during the period of record. Therefore, some
monitoring will be conducted as part of future five-year reviews to verify that remedies are
protective of groundwater. MW-124 (RW-02), MW-118 and MW-123 (FT-07),), MW-112S,
MW-112D and MW-113 (SD-20) and MW-121 and MW-125 (SS-42) will be monitored for
VOCs as part of future five-year reviews. MW-114 and MW-122 (ST-18) will be monitored
annually for VOCs and the results evaluated as part of the next five-year review.

The following sections provide a more detailed description of groundwater conditions associated
with specific PSCs.
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Table 5-1 Status of Groundwater Monitoring Wells

Well ID Site
ID

Site
Location

Status Comments

MW-1 ST-18 Facility 993 Abandoned Unknown location

MW-2 ST-18 Facility 993 Abandoned COC concentrations did not warrant
additional monitoring.

MW-3 ST-18 Facility 993 Possible RCRA point of compliance

MW-4 ST-18 Facility 993 Abandoned COC concentrations did not warrant
additional monitoring.

MW-5 ST-18 Facility 993 Possible RCRA point of compliance

MW-101 SD-21 Aqua Fria River ACTIVE Needed for Compliance Sampling

MW-102 SD-20 Head of O/W Separator Canal Abandoned COC concentrations did not warrant
additional monitoring.

MW-103 SD-20 Near Ammo. Storage Abandoned COC concentrations did not warrant
additional monitoring.

MW-104 DP-05 Eastern edge of Site Abandoned COC concentrations did not warrant
additional monitoring.

MW-105 DP-05 Southern edge of Site Abandoned COC concentrations did not warrant
additional monitoring.

MW-106 DP-05 Western edge of Site Abandoned COC concentrations did not warrant
additional monitoring.

MW-107 FT-06 Near Bldg. 1031 Abandoned COC concentrations did not warrant
additional monitoring.

MW-108 FT-06 North of DP-23 Active
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Well ID Site
ID

Site
Location

Status Comments

MW-109 FT-07 Western edge of Site Active

MW-110 FT-07 Central portion of Site Abandoned COC concentrations did not warrant
additional monitoring.

MW-111 FT-07 North of perimeter road. Abandoned COC concentrations did not warrant
additional monitoring.

MW-112S SD-20 Earth Fissures area Active

MW-112D SD-20 Earth Fissures area Active

MW-113 SD-20 Earth Fissures area Active

MW-114 ST-18 Point of release at ST-18 Possible RCRA point of compliance

MW-115 RW-02 Church parking lot Abandoned COC concentrations did not warrant
additional monitoring.

MW-116 RW-02 Tanner property To be Abandoned

MW-117 SD-38 South of Auto Hobby Shop Active

MW-118 FT-07 Between FTPs Active

MW-119 SS-42 Near central portion of site. DETERIORATED To be Abandoned

MW-120 SS-42 CE yard DETERIORATED To be Abandoned

MW-121 SS-42 Point of release at SS-42 ACTIVE Needed for Sampling per OU-1 ROD

MW-122 ST-18 Downgradient of ST-18 Possible RCRA point of compliance
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Well ID Site
ID

Site
Location

Status Comments

MW-123 FT-07 Downgradient of FTPs Active

MW-124 RW-02 DRMO yard Active

MW-125 SS-42 Downgradient of SS-42 ACTIVE - Replaced Needed for Sampling per OU-1 ROD
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Table 5-2 Groundwater Sampling Summary

Operable 
Unit

PSC COCs in Soil (based on post
remediation when available)

COCs Detected in
Groundwater

Source of Detected
Constituents

Attributable to PSC

OU-1 RW-02 Benzo(a)pyrene, arsenic,
beryllium, cadmium, copper

bis(2-
ethylhexyl)phthalate
(BEP), arsenic, barium,
chromium, copper,
nickel, lead, zinc

BEP - Laboratory contaminant
chromium, copper, nickel and
lead were found within the range
of naturally occurring
concentrations.

No constituents
attributable to PSC

OU-2 DP-05 ethylbenzene, xylenes, bis(2-
ethylhexyl)phthalate, 2-
methylnaphthalene, naphthalene,
TRPH, copper, lead

Acetone, toluene, BEP
barium, lead, silver,
arsenic, barium,
chromium, copper, lead,
zinc

Acetone and toluene were
detected in one well during one
sampling event and not detected
again. BEP is a common
laboratory contaminant. Barium
and lead were found within the
range of naturally occurring
concentrations.

No constituents
attributable to PSC

OU-1 FT-07 arsenic, TRPH Chloroform, 1,2-
dichloropropane (DCP),
1,2-dichloroethane
(DCA), toluene, BEP
barium, chromium,
copper, lead, zinc

Chloroform, DCP, DCA, and
BEP were found to laboratory
contaminants. Toluene source
unknown but detected in only
one well. Barium, chromium,
copper, zinc and lead were
found within the range of
naturally occurring
concentrations.

No constituents
attributable to PSC
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Operable 
Unit

PSC COCs in Soil (based on post
remediation when available)

COCs Detected in
Groundwater

Source of Detected
Constituents

Attributable to PSC

OU-2 ST-18 benzene, 1,1 dichloroethene,
ethylbenzene, 1,1,2,2-
tetrachlorethane, tetrachloroethene,
toluene, trichloroethene, xylenes,
benzo(a)anthracene,
benzo(b)fluoranthene,
benzo(g,h,i)perylene,
benzo(a)pyrene, benzyl alcohol,
bis(2-ethylhexyl)phthalate,
chrysene, fluoranthene,
indeno(1,2,3-c,d)pyrene, 2-
methylnaphthalene, naphthalene,
phenanthrene, pyrene, TRPHs,
copper, lead

Toluene BEP, DBCP,
2-butanone, arsenic,
barium, chromium,
copper, lead, nickel,
selenium, zinc and TCE.

Toluene was detected in one
well during one sampling
event and not detected again.
BEP is a common laboratory
contaminant and DBCP is an
agricultural contaminant.
Arsenic, barium, chromium,
copper, nickel, selenium, zinc
and lead were found within
the range of naturally
occurring concentrations.

Potentially attributable to
PSC (monitoring
continuing).

OU-1 SD-20 toluene, benzo(a)anthracene,
benzo(a)pyrene,
benzo(b)fluoranthene,
benzo(g,h,i)perylene, bis(2-
ethylhexyl)phthalate, chrysene,
di-n-octylphthalate, fluoranthene,
indeno(1,2,3-c,d)pyrene,
phenanthrene, pyrene, TRPH,
antimony, arsenic, barium,
beryllium, cadmium, chromium,
Copper, lead, nickel, zinc

TCE, PCE, DCA, DCP,
BEP, acetone,
bromodichloromethane,
bromoform, chloroform,
methylene chloride,
arsenic, barium, boron,
chromium, copper, lead,
nickel, selenium, and
zinc

TCE and DCA source
unknown but not detected in
wells at source area. DCP
detected one time. BEP is a
common laboratory
contaminant. Arsenic,
barium, boron, chromium,
copper, nickel, selenium, zinc
and lead were found within
the range of naturally
occurring concentrations.

It is possible that TCE
originating from points
on-base that discharged
to the oil water separator
canal may have migrated
to the groundwater. The
fissures at the end of the
canal may have provided
a pathway for these
constituents to reach
groundwater.
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Operable 
Unit

PSC COCs in Soil (based on post
remediation when available)

COCs Detected in
Groundwater

Source of Detected
Constituents

Attributable to PSC

OU-1 SD-21 anthracene, benzo(a)anthracene, 
benzo(b)fluoranthene,
benzo(k)fluoranthene,
benzo(g,h,i)perylene,
benzo(a)pyrene, chrysene,
dibenzo(a,h)anthracene,
fluoranthene, indeno(1,2,3-
c,d)pyrene, phenanthrene, pyrene,
TRPH, arsenic, barium, beryllium,
cadmium, chromium, copper, lead,
nickel, silver, zinc

Acetone, carbon
disulfide, and BEP
arsenic, barium, boron, 
copper, lead, and zinc 

Acetone, carbon disulfide and
BEP were found to be 
laboratory contaminant.
Arsenic, barium, boron,
copper, zinc and lead were
found within the range of
naturally occurring
concentrations.

No constituents
attributable to PSC

OU-1 SD-38 arsenic, beryllium Barium, copper, lead,
and zinc 

Barium, copper, zinc and lead
were found within the range
of naturally occurring
concentrations.

No constituents
attributable to PSC

OU-1 SS-42 Benzene, ethylbenzene, toluene,
xylene

PCE, DCP, TRPH,
TPH, BTEX, arsenic,
barium, boron,
chromium, copper, lead,
nickel, selenium, and
zinc. (non-detect for
past two years).

DCP is a common laboratory
contaminant. TRPH, TPH,
and BTEX have been
detected inconsistently at the
site. The latest sampling
results did not contain
hydrocarbons. Arsenic,
barium, boron, chromium,
copper, nickel, selenium, zinc
and lead were found within
the range of naturally
occurring concentrations.

TPH and BTEX were
attributable to PSC.
Remediation system has
been effective in
reducing constituents to
residual concentrations
that will not impact
groundwater. Five year
monitoring implemented.
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5.2.1 PSC RW-02

PSC RW-02 is located approximately 2 miles east of Luke AFB at the WWTP. Three monitoring
wells, MW-115, MW-116, and MW-124, were installed at this site. Monitoring wells MW-115
and MW-116 were installed in 1992, and monitoring well MW-124 was installed in 1994. The
screened interval has not been submerged during any of the sampling events. Monitoring well
MW-115 was abandoned in February 1996. Monitoring wells MW-116 and MW-124 are still
located on the site. Based on 1995 water level measurements, groundwater flow is towards the
west.

Concentrations of naturally occurring constituents were compared with site-specific background
concentrations as well as with regional background (within Maricopa County). These two
comparisons were performed to ensure that the background was well characterized. Arsenic,
chromium, copper, nickel, and lead were detected within the range of naturally occurring
concentrations. BEP was detected in three samples during the May 1994 sampling event,
however, the results were qualified as non-detect because BEP was also detected in the method
blank. All VOC and BNA analyses of groundwater samples collected prior to August 1995, were
analyzed by ATI Phoenix laboratory and do not satisfy data validation requirements for
quantitative data. However, eight validated samples collected from August 1995 to 1998 were
non-detect.

The most recent sampling event at the site was in May 1998. A sample was collected from
monitoring well MW-124. No analytes were detected above laboratory detection limits. Samples
have not been collected from monitoring well MW-116 since June 1996 and from MW-115 since
February 1996. MW-115 is abandoned. No analytes were detected above laboratory detection
limits during these sampling events. MW-124 will be monitored as part of the next five-year
review period.

5.2.2 PSC DP-05

PSC DP-05 is located on the southwestern portion of Luke AFB, near Taxiway I. Three
monitoring wells, MW-104, MW-105, and MW-106, were installed at this site in 1986. The
screened intervals on these wells have been submerged since or right after installation. Based on
1995 water level measurements, groundwater flow is towards the southwest.

Barium and lead were detected within the range of naturally occurring concentrations, as defined
by the site-specific and countywide background determinations, described
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above. Toluene and acetone were detected in one sample from monitoring well MW-104 and
BEP was detected in one sample from monitoring well MW-106 during the third quarter 1992
sampling event. These contaminants were not reported at detectable concentrations in any other
sampling events. All VOC and BNA analyses of groundwater samples collected prior to August
1995, were analyzed by ATI Phoenix laboratory and do not satisfy data validation requirements
for quantitative data. However, validated samples for five sample events conducted from
October 1995 to May 1998 were non-detect.

The most recent sampling event at the site was in May 1998, when a sample was collected from
monitoring well MW-105. No analytes were detected above laboratory detection limits. Samples
have not been collected from monitoring wells MW-104 and MW-106 since June 1996. No
analytes were detected above laboratory detection limits during this sampling event. All three
wells have been abandoned.

5.2.3 PSC FT-06

PSC FT-06 is located on the southern portion of Luke AFB. Two monitoring wells, MW-107 and
MW-108, were installed at this site in 1986. The screened intervals on these wells have been
submerged since installation. Both wells are still located on the site. Based on 1995 water level
measurements, groundwater flow is towards the west-southwest.

Chromium, selenium, and lead were detected within the range of naturally occurring
concentrations, as defined by the site-specific and countywide background determinations,
described above. DBCP, an agricultural contaminant, was detected in samples collected during
the fourth quarter 1992 sampling event in concentrations, below the 2000 PRGs, ranging from
0.02 mg/L through 0.05 mg/L. The 2000 PRGs for DBCP are 0.45 mg/L for residential land use
and 4.0 mg/L for industrial land use. This was the only sampling event in which DBCP was
analyzed. These detections have been attributed to agricultural fields located up-gradient of the
site. The most recent sampling events at the site were conducted in 1996. Samples were collected
from monitoring wells MW-107 and MW-108. No analytes were detected above laboratory
detection limits. MW-107 has been abandoned. MW-108 is scheduled to be abandoned.
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5.2.4 PSC FT-07

PSC FT-07 is located on the northern portion of Luke AFB. Five monitoring wells, MW-109,
MW-110, MW-111, MW-118, and MW-123, were installed at this site. Monitoring wells
MW-109, MW-110, and MW-111 were installed in 1986, monitoring well MW-118 was
installed in 1993, and monitoring well MW-123 was installed in 1994. The screened intervals in
monitoring wells MW-109, MW-110, and MW-111 have been submerged since installation.
Monitoring wells MW-110 and MW-111 were abandoned in 1996. Monitoring wells MW-109,
MW-118, and MW-123 are still located on the site. Based on 1995 water level measurements,
groundwater flow is towards the southwest.

Barium, chromium, copper, zinc, and lead were detected within the range of naturally occurring
concentrations, as defined by the site-specific and countywide background determinations,
described above. Chloroform was detected consistently in monitoring wells MW-110 and
MW-123 through the first quarter of 1995. It was again detected in monitoring well MW-123 in
1997 and 1998. The concentrations were well below the MCL and AWQS. Toluene was detected
in monitoring well MW-110 during the fourth quarter 1993 and first quarter 1993 sampling
events. Toluene was not reported at detectable concentrations in any other sampling events.
DCA and DBCP were detected in samples collected during the third quarter of 1992. These
analytes were not reported at detectable concentrations in any other sampling events. BEP was
detected in the duplicate sample collected from monitoring well MW-110 and the primary
sample from MW-111 during the June 1993 sampling event. The presence of BEP appears to be
anomalous because the primary/duplicate pair did not contain BEP. All VOC and BNA analyses
of groundwater samples collected prior to August 1995, were analyzed by ATI Phoenix
laboratory and do not satisfy data validation requirements for quantitative data. However,
samples from 14 sampling events conducted from August 1995 through May 1999 were
non-detect for all but three events. DBCP, an agricultural contaminant, was detected in samples
collected during the fourth quarter 1992 sampling event. This was the only sampling event in
which DBCP was analyzed. These detections have been attributed to agricultural fields located
up-gradient of the site. Samples from three sample events conducted from October 1995 through
June 1996 were non-detect.

The most recent sampling event at the site was in May 1999. A sample was collected from
monitoring well MW-123. No analytes were detected above laboratory detection limits.
Methylene chloride was detected during the November 1998 sampling event but was qualified
because it was also detected in the blank. Monitoring well MW-118
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was sampled in May 1998. No analytes were detected above laboratory detection limits. Samples
have not been collected from monitoring wells MW-109, MW-110, and MW-111 since 1996. No
analytes were detected above laboratory detection limits during this sampling event. MW-118
and MW-123 will be monitored as part of the next five-year review period.

5.2.5 PSC ST-18

PSC ST-18 is located on the southern portion of Luke AFB. Six monitoring wells, MW-2,
MW-3, MW-4, MW-5, MW-114, and MW-122, were installed at this site. Monitoring wells
MW-2 and MW-3 were installed in 1985. Monitoring wells MW-4 and MW-5 were installed in
1987. Monitoring well MW-114 was installed in 1991, and monitoring well MW-122 was
installed in 1994. The screened intervals in monitoring wells MW-2, MW-3, MW-4, and MW-5
have been submerged since or just after installation. The screened intervals in MW-114 and
MW-122 have not been submerged. Monitoring well MW-2 was abandoned in October 1993.
Monitoring well MW-4 was abandoned in October 1994. Monitoring wells MW-3, MW-5,
MW-114, and MW-122 are still located on the site. Based on 1995 water level measurements,
groundwater flow is towards the west-southwest.

Arsenic, barium, chromium, copper, nickel, selenium, zinc, and lead were detected within the
range of naturally occurring concentrations, as defined by the site-specific and countywide
background determinations, described above. BEP was detected in monitoring well MW-114
during the first quarter of 1992, and the second quarter of 1993. BEP was not reported at
detectable concentrations in any other sampling events. All VOC and BNA analyses of
groundwater samples collected prior to August 1995, were analyzed by ATI Phoenix laboratory
and do not satisfy data validation requirements for quantitative data. However, samples collected
from 13 sample events conducted from August 1995 to October 2001 were non-detect for all but
two events. DBCP, an agricultural contaminant, was detected in a sample collected from
monitoring well MW-3 during the fourth quarter 1992 sampling event. This was the only
sampling event in which DBCP was analyzed. This detection has been attributed to agricultural
fields located up-gradient of the site.

The most recent sampling event at the site was in October 2001. Samples were collected from
monitoring wells MW-114 and MW-122. No analytes were detected above laboratory detection
limits in MW-122. Trichloroethene, 1,1-dichloroethene and tetrachloroethene were above
detection limits but well below applicable water quality standards in MW-114 Methylene
chloride was detected in monitoring wells MW-114



ARCADIS

G:\ENV\PROJ\800\891\finalfiveyearreview.rtf - - 42

and MW-122 during the November 1998 sampling event but was qualified as estimated because
it was also detected in the blank. 2-Butanone was also detected in monitoring well MW-114
during this sampling event and was qualified as estimated. MW-114 and MW-122 will be
monitored on an annual basis for the next five-year period to evaluate VOC trends, although, no
trends are anticipated given the overall monitoring results for the period of record. Samples have
not been collected from monitoring wells MW-3 and MW-5 since June 1996. No analytes were
detected above laboratory detection limits during this sampling event.

5.2.6 PSC SD-20

PSC SD-20 is located on the southern portion of Luke AFB. Five monitoring wells, MW-102,
MW-103, MW-112S, MW-112D, and MW-113, were installed at this site. Monitoring wells
MW-102 and MW-103 were installed prior to 1991. Monitoring wells MW-112S, MW-112D,
and MW-113 were installed in 1991. The screened intervals in monitoring wells MW-103 and
MW-112D have been submerged the majority of the time since installation. The screened
intervals in monitoring wells MW-102, MW-112S and MW-113 have not been submerged the
majority of the time since installation. Based on 1995 water level measurements, groundwater
flow is towards the northwest.

Arsenic, barium, boron, chromium, copper, nickel, selenium, zinc, and lead were detected within
the range of naturally occurring concentrations, as defined by the site-specific and countywide
background determinations, described above. BEP was detected in two samples during the fourth
quarter of 1991. BEP was not reported at detectable concentrations in any other sampling events.
TCE and DCA were detected in monitoring well MW-113 consistently through the first quarter
of 1995. TCE, DCA, PCE, and methylene chloride were detected in monitoring well MW-113 in
November 1998. TCE was consistently detected in monitoring well MW-112S through the fourth
quarter of 1993. TCE, DCA, PCE, acetone, and methylene chloride were detected in monitoring
well MW-112S in November 1998. Since groundwater flow is towards the northwest, the source
of these analytes may be attributable to an off-site source rather than the oil/water separator
located northeast of the wells. The presence of fissures in this area further complicates the
behavior of groundwater. Alternatively, it is possible TCE and other constituents that originated
from points on-base that discharged to the oil water separator canal may have migrated to the
groundwater. The fissures at the end of the canal may have provided a pathway for these
constituents to reach groundwater. The institution of pollution prevention control measures at
Luke AFB has eliminated any future potential sources of constituents in this regard. All VOC
and BNA
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groundwater samples collected prior to August 1995 were analyzed by ATI Phoenix laboratory
and did not satisfy data validation requirements for quantitative data. However, samples from 16
sampling events conducted from August 1995 to May 1999 were non-detect for all but six
events.

The most recent sampling event at the site was in May 1999. Samples were collected from
monitoring wells MW-112S and MW-113. Bromodichloromethane and chloroform were
detected in monitoring well MW-113. No other analytes were detected above laboratory
detection limits. Monitoring well MW-112D was last sampled in May 1998. No analytes were
detected above laboratory detection limits during this sampling event. Samples have not been
collected from monitoring wells MW-102 and MW-103 since June 1996. No analytes were
detected above laboratory detection limits during this sampling event. MW-102 and MW-103
have been abandoned. MW-112S, MW-112D and MW-113 will be monitored as part of the next
five-year review period.

5.2.7 PSC SD-21

PSC SD-21 is located approximately two miles from Luke AFB south of the WWTP. One
monitoring well, MW-101, was installed at this site in 1986. The screened interval has been
submerged since installation. Monitoring well MW-101 is still located on the site. Based on 1995
water level measurements, groundwater flow is towards the west.

Arsenic, barium, boron, copper, zinc, and lead were detected within the range of naturally
occurring concentrations, as defined by the site-specific and countywide background
determinations, described above. BEP, acetone, and carbon disulfide was detected in one sample
during the second quarter of 1994. These analytes were not reported at detectable concentrations
in any other sampling events. All VOC and BNA analyses of groundwater samples collected
prior to August 1995 were analyzed by ATI Phoenix laboratory and do not satisfy data validation
requirements for quantitative data. However, samples from two sampling events conducted from
August 1995 to June 1996 were non-detect.

The most recent sampling event at the site was in June 1996. No analytes were detected above
laboratory detection limits during this sampling event.
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5.2.8 PSC SD-38

PSC SD-38 is located on the eastern portion of Luke AFB. One monitoring well, MW-117, was
installed at this site. The screened interval has not been submerged during any of the sampling
events. Based on 1995 water level measurements, groundwater flow is towards the southwest.

Barium, copper, zinc, and lead were detected within the range of naturally occurring
concentrations, as defined by the site-specific and countywide background determinations,
described above. The most recent sampling event at the site was in June 1996. No analytes were
detected above laboratory detection limits during this sampling event.

5.2.9 PSC SS-42

PSC SS-42 is located in the northeastern portion of Luke AFB. Four monitoring wells, MW-119,
MW-120, MW-121, and MW-125, were installed at this site. Monitoring wells MW-119,
MW-120, and MW-121 were installed in 1993. Monitoring well MW-125 was installed in 1995.
The screened interval has not been submerged during any of the sampling events. Based on 1995
water level measurements, groundwater flow is towards the southwest.

Arsenic, barium, boron, chromium, copper, nickel, selenium, zinc, and lead were detected within
the range of naturally occurring concentrations, as defined by the site-specific and countywide
background determinations, described above. DCP, a common component of insecticides, was
detected in several samples collected from monitoring wells MW-119, MW-120, and MW-121
between November 1993 and February 1995. DCP was again detected in 1997 and 1998 in all
four monitoring wells on the site. This data was qualified as estimated. TPH was detected at the
site beginning in the first quarter of 1995. BTEX was detected in monitoring well MW-121 in
1997 and 1998. Methylene chloride and PCE were detected in monitoring well MW-121 in 1998.
Toluene and methylene chloride were detected in monitoring well MW-120 in November 1998.
This data was qualified as estimated. Methylene chloride was detected in monitoring well
MW-125 in November 1998. These data were qualified as estimated. All VOC and BNA
analyses of groundwater samples collected prior to August 1995 were analyzed by ATI Phoenix
laboratory and do not satisfy data validation requirements for quantitative data. However,
samples from 19 sampling events conducted from August 1995 to November 2001 were
non-detect for all but five events.
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The most recent sampling events at the site were in August and November 2001. Samples were
collected from monitoring well MW-121 and a replacement to well MW-125 designated, as
MW-125R MW-125 had to be replaced because the casing had collapsed. The well that
collapsed had steel casing. The deterioration of the steel casing is attributed to the reactivity of
the steel with the underlying geologic materials. No analytes were detected above laboratory
detection limits. Monitoring well MW-119 was last sampled in July 1997. DCP was detected
above laboratory detection limits during this sampling event. Monitoring well MW-120 was last
sampled in November 1998. DRO, DCP, methylene chloride, and toluene were detected above
laboratory detection limits during this sampling event. MW-119 and MW-120 have collapsed
due to corrosion and are scheduled to be abandoned. MW-121 and MW-125 are still active and
will be monitored as part of the next five-year review.

6.0 Investigative Site History

This section of the five-year review report provides a historical and five year review process
summary for OU-1 and OU-2 PSCs for which remedies were selected. The five-year review
process primarily consisted of a site inspection, interviews and a review of relevant documents
and data. The five-year review for the site was led by Jeff Rothrock of Luke AFB. The following
team members assisted in the review:

• Jon Sherrill, ARCADIS G&M, Inc.
• Kent Lang, ARCADIS G&M, Inc.
• Stephanie Armijo, ARCADIS G&M, Inc.
• Nichole Cherry, ARCADIS G&M, Inc.
• Monique Ostemann, USACE
• Greg Mellema, USACE
• Dan Stralka, USEPA
• Nancy Lou Minkler, ADEQ

6.1 Five Year Review Process Summary

The five-year review process includes the following primary elements:

• Remedy selection and implementation is reviewed and summarized for each OU-1 and 
OU-2 PSC for which a remedy was selected.

• Changes in standards were evaluated with respect to the continued effectiveness of the 
remedies that were implemented based on cancer risks and
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non-cancer hazards for applicable COCs for Base worker or excavation worker scenarios.
• Groundwater monitoring results are compared to groundwater standards established for 

the project.
• Representatives of Luke AFB, USEPA, US Army Corps. of Engineers, ADEQ and 

ARCADIS G&M performed a site inspection of each PSC for which a remedy was 
selected on May 22, 2001.

• The results of interviews with individuals knowledgeable about the project.

6.2 Review of OU-1 PSCs

OU-1 PSCs for which there was no action taken (refer to discussion in Section 1.1.3 and
information in Table 3-2) include the following:

• OT-01
• OT-08
• OT-09
• OT-10
• SS-15
• SS-16
• SS-19
• SD-21
• DP-24
• SD-26
• LF-37
• SD-39
• OT-41

A comparison of the EPC for a given COC in the combined surface and subsurface soil, with
USEPA Region IX industrial PRGS (1996 and 2000) and ADEQ residential and non-residential
SRLs is in Appendix C. EPCs were taken from the 95 percent upper confidence limit (one-tailed)
on the mean assuming a normal distribution unless indicated otherwise.

OU-1 PSCs for which remedies were selected based on the results of risk assessment include the
following:

• RW-02
• LF-03
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• FT-07
• DP-13
• LF-14
• LF-25
• SD-38
• SS-42

For OU-1 PSCs, PRGs were not established. Alternatively, PSC specific cancer risks and
non-cancer hazards were calculated using 1996 USEPA Region IX PRG guidance to develop a
site-specific industrial scenario. To evaluate changes in standards as part of this five-year review,
cancer risk and non-cancer hazards were recalculated using 2000 USEPA Region IX industrial
PRGs and post remediation exposure point concentrations for base worker and excavation
worker scenarios as applicable (USEPA Region IX PRGS for 1996 and 2000 are in Appendix
D). EPCs were taken from the 95 percent upper confidence limit (one-tailed) on the mean
assuming a normal distribution, or from the maximum concentration for PSCs with
post-remediation data in surface soils for the base worker and in all soils collected to a depth of
16 feet bgs for excavation workers. ADEQ SRLs were also reviewed since they were used to
determine risk under a residential land use scenario.

Changes in standards are evaluated with respect to the continued effectiveness of the remedies
that were implemented based on a non-cancer HI less than or equal to 1.0 or an ELCR greater
than the risk range of 1x10-6 to 1x10-4.

6.2.1 PSC RW-02 Wastewater Treatment Annex

Remedial Actions

Remedy Selection

As stated in the OU-1 ROD27, the remedy selected for PSC RW-02 consisted of institutional
controls listed as follows:

27 ARCADIS Geraghty & Miller, Inc., 1999. Final Record of Decision, Operable Unit 1, Luke AFB, Arizona,
January 20, 1999.
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• Land use restrictions consisting of a VEMUR and constraints within the Base General
Plan to limit future development and residential use at the site.

• Geophysical monitoring conducted annually for 30 years to ensure safety of potential
receptors and to provide a warning mechanism in case of a change in subsurface
conditions.

• Perimeter fencing installed around the low-level waste containment structure to provide a
physical barrier.

Remedy Implementation

The establishment of PSC RW-02 was part of overall remediation of an associated landfill and
bank stabilization for the Agua Fria River. The implementation of the remedy for PSC RW-02 is
summarized as follows:

• A VEMUR was placed on the radiological waste portion of the site on June 15, 2000, to
restrict residential development on the site.

• The BGP was revised on January 5, 2000, to place restraints on the residential
development of the site.

• An ICP28 was prepared and implemented as part of the BGP to facilitate training and
education of all personnel involved with the implementation and enforcement of the
required institutional controls.

• The ICP details the objectives and rationales for establishing institutional controls and
described the procedures that were implemented to ensure the required institutional
controls are enforced.

• The ICP includes provisions for annual reviews and updates of the BGP, thus ensuring
regular checks and balances are in place into the foreseeable future.

• Four monitoring points were installed to a depth of 20 feet in December 1999. According
to the monitoring plan29, radiological logging will be conducted on an annual basis at the
three monitoring points for a period of 30 years. The third annual radiological monitoring
event was conducted on August 8, 2001.

28 ARCADIS Geraghty & Miller, Inc., 2000. Institutional Control Plan, Luke Air Force Base, Arizona, December
15, 2000.

29 ARCADIS Geraghty & Miller, Inc., 2000. Long Term Radiological Monitoring Plan. November 14, 2000.
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The background levels for soil in the area were measured at 11,558 through 19,618
counts per minute (cpm). The radiological levels for all four measuring points were
between 10,310 and 20,434 cpm. These results are similar to background levels,
indicating that the soil surrounding the buried radiological waste has not been impacted
and the radiological waste containment structure remains protective.

System Operation and Maintenance

No operation and maintenance was required for the remedy selected. The cost of the remediation
at PSC RW-02 to date has been $23,560. The annual monitoring is expected to cost $2,000.

Progress Since the Last Five-year Review

This is the first five-year review conducted for the site.

Five-year Review Process

Five-year Review Findings

Site Inspection

No change in land use had occurred since implementation of the remedy for the site.
Stabilization work conducted on the Aqua Fria River as part of remediation of a former landfill
at the site was also inspected and discussed. Photographs of PSC RW-02 taken during the site
inspection are in Appendix E.

Changes to Standards

A comparison of exposure point concentrations (taken to be the maximum detected
concentration within the soil profile considered) in surface soils and USEPA Region IX PRGs
for a base worker and soils to a depth of 16 feet bgs and USEPA Region IX PRGs for an
excavation worker are in Tables 6-1 and 6-2, respectively. The comparison indicates that
exposure to constituents detected at PSC RW-02 is still within the acceptable risk range.

Changes in Exposure Pathways, Toxicity and Other Contaminant Characteristics
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There were no changes in exposure pathways, toxicity, or other contaminant characteristics, with
the exception of beryllium. Beryllium was reclassified by USEPA for risk assessments as
non-carcinogenic based on the types of exposure. This difference can be seen in a comparison of
the 1996 PRGs and the 2000 PRGs.

Data Evaluation

TRPH was detected to a depth of ten feet in the test pit with the highest concentration at 4,100
mg/kg. TRPH was detected in all eight-soil borings advance in 1993. Radiochemical results
indicated that concentrations were consistent with natural soils. Additional soil borings were
advance in 1996. BNAs were detected to a depth of 16 feet. The risk assessment conducted for
the site concluded that the most conservative ELCR and HI were 2 x 10-7 and 0.6, respectively30.
Based on the results of the risk assessment, COPCs identified at PSC RW-02 were not present in
concentrations high enough to cause adverse health effects under industrial or residential land
use. However, the decision to use institutional controls was based on the presence of the
low-level radioactive waste containment structure limits potential future land usage.

Assessment

Is the remedy functioning as intended by decision documents?

The objective of the institutional controls was to prevent exposure to radioactive material and to
prevent residential development at the site. The institutional controls have functioned as
intended.

Are the assumptions used at the time of the remedy selection still valid?

The assumptions used in performing the risk assessment at the site are still valid.

30 Geraghty & Miller, 1997. Final Remedial Investigation Report OU-1, Appendix B – Baseline Base wide Risk
Assessment, Luke Air Force Base, Arizona. Volumes 1 and 2. October 1, 1997.
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Table 6-1

REASONABLE MAXIMUM SOIL EXPOSURE POINT CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE SOIL (BASE WORKER)

PSC RW-02
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

BNAs 
Benzo(a)pyrene 0.10 0.26 0.29 3.4E-07 0.61 2.6

Metals
Arsenic 5.3 2.4 2.7 2.0E-06 10 10

Total Site Risk or Hazard 2E-06

Non-Cancer Effects HQ

BNAs
Benzo(a)pyrene [a] 0.10 800 190 5.3E-04 0.61 2.6

TRPHs [b] 330 NA NA NA 4,100 18,000

Metals 
Arsenic 5.3 2.4 2.7 2.0E+00 10 10

Hazard Index 2

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
PRG Preliminary Remediation Goal.
TRPHs Total recoverable petroleum hydrocarbons.
USEPA U.S. Environmental Protection Agency.

[a] The PRG is based on naphthalene non-carcinogenic effects.
[b] n-Hexane was used as a surrogate in the risk assessment for toxicity. A PRG for TRPHs is not provided. 
*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.

Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.
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Table 6-2

REASONABLE MAXIMUM EXPOSURE POINT CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE AND SUBSURFACE (EXCAVATION WORKER)

PSC RW-02
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

BNAs 
Benzo(a)pyrene 0.10 0.26 0.29 3.4E-07 0.61 2.6

Metals
Arsenic
Beryllium
Cadmium [a]

6.0
0.27
5.0

2.4
1.1
850

2.7
2,200
3,000

2.2E-06
1.2E-10
1.7E-09

10
1.4
38

10
11
850

Total Site Risk 3E-06

Non-Cancer Effects HQ

BNAs
Benzo(a)pyrene [b] 0.10 800 190 5.3E-04 0.61 2.6

TRPHs [c] 530 NA NA NA 4,100 18,000

Metals 
Arsenic
Beryllium
Cadmium
Copper

6.0
0.27
5.0
370

NA
NA
850

63,000

440
3,700
810

76,000

1.4E-02
7.3E-05
6.2E-03
4.9E-03

10
1.4
38

2,800

10
11
850

63,000

Hazard Index 0.03

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
PRG Preliminary Remediation Goal.
TRPHs Total recoverable petroleum hydrocarbons.
USEPA U.S. Environmental Protection Agency.

[a] PRG is based on non-carcinogenic effects.
[b] The PRG is based on naphthalene non-carcinogenic effects.
[c] n-Hexane was used as a surrogate in the risk assessment for toxicity. A PRG for TRPHs is not provided.
*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.
Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.
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Has any other information come up that could question the protectiveness of the remedy?

No additional information has come to light that could call into question the protectiveness of the
remedy.

Issues

No issues were discovered during this five-year review. 

Recommendations and Follow-up Activities

MW-124 will be monitored as part of future five-year reviews. No other recommendations or
follow-up activities are suggested at this time.

Protectiveness Statement

The remedy at PSC RW-02 is protective of human health and the environment and exposure
pathways that could result in unacceptable risks are being controlled.

6.2.2 PSC LF-03 Outboard Runway Landfill

Remedial Actions

Remedy Selection

As stated in the OU-2 ROD, the remedial action selected for PSC LF-03 consisted of
institutional controls list as follows:

• Land use restrictions consisting of a VEMUR and constraints within the Base General
Plan to limit future development and residential use at the site.

Remedy Implementation

The implementation of the remedy for PSC LF-03 is summarized as follows:

• A VEMUR was placed on the site on June 15, 2000, to restrict residential development
on the site.
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• The BGP was revised on January 5, 2000, to place restraints on the residential
development of the site.

• The ICP was incorporated as part of the BGP to facilitate training and education of all
personnel involved with the implementation and enforcement of the required institutional
controls.

• The ICP details the objectives and rationales for establishing institutional controls and
describes the procedures that were implemented to ensure the required institutional
controls are enforced.

• The ICP includes provisions for annual reviews and updates of the BGP, thus ensuring
regular checks and balances are in place into the foreseeable future.

System Operation and Maintenance

No operation and maintenance was required for the remediation selected. The cost of the
institutional controls implemented at PSC LF-03 was $347.

Progress Since the Last Five-year Review

This is the first five-year review conducted for the site.

Five-year Review Process

Five-year Review Findings

Site Inspection

No changes in land use since implementation of the remedy for the site were observed during the
inspection. Photographs of PSC LF-03 taken during the site inspection are in Appendix E.

Changes to Standards

A comparison of exposure point concentrations in surface soils and USEPA Region IX PRGs for
a base worker and surface and sub-surface soils and USEPA Region IX PRGs for an excavation
worker are in Tables 6-3 and 6-4, respectively. The comparison indicates PSC LF-03 is still with
in the acceptable risk range.
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Table 6-3

REASONABLE MAXIMUM EXPOSURE POINT CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE SOIL (BASE WORKER)

PSC LF-03
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

Metals
Arsenic
Beryllium

4.8
0.7

2.4
1.1

2.7
2,200

1.8E-06
3.2E-10

10
1.4

10
11

Total Site Risk 1.8E-06

Non-Cancer Effects HQ

Metals 
Arsenic
Beryllium

4.8
0.7

NA
NA

440
3,700

1.1E-02
1.9E-04

10
1.4

10
11

Hazard Index 0.01

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.

Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.
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Table 6-4

REASONABLE MAXIMUM EXPOSURE POINT CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE AND SUBSURFACE SOIL (EXCAVATION WORKER)

PSC LF-03
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

Metals
Arsenic
Beryllium
Chromium [a]

6.9
0.42
140

2.4
1.1
450

2.7
2,200
450

2.6E-06
1.9E-10
3.1E-07

10
1.4

2,100

10
11

4,500

Total Site Risk 2.9E-06

Non-Cancer Effects HQ

Metals 
Arsenic
Beryllium
Chromium [b]
Copper

6.9
0.42
140

1,100

NA
NA
NA

63,000

440
3,700
6,100
76,000

1.6E-02
1.1E-04
2.3E-02
1.4E-02

10
1.4

2,100
2,800

10
11

4,500
63,000

Hazard Index 0.1

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] The chromium PRG is based on total chromium carcinogenic effects and a 1:6 ratio of chromium IV to chromium III.
[b] The chromium PRG is based on chromium VI non-carcinogenic effects.
*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.

Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.
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Changes in Exposure Pathways, Toxicity and Other Contaminant Characteristics

There were no changes in exposure pathways, toxicity, or other contaminant characteristics.

Data Evaluation

The determination to use institutional controls was based on the ELCR for chromium
concentrations at the site of 5 x 10-6, above the allowable residential risk of 1 x 10-6. The elevated
ELCR for chromium was caused by two samples with high chromium concentrations collected at
test pit TP-5. The risk assessment used the conservative assumption that all of the chromium was
in the hexavalent state.

Assessment

Is the remedy functioning as intended by decision documents?

The objective of the institutional controls was to prevent residential development at the site. The
institutional controls have functioned as intended.

Are the assumptions used at the time of the remedy selection still valid?

The assumptions used in performing the risk assessment at the site are still valid.

Has any other information come up that could question the protectiveness of the remedy?

No additional information has come to light that could call into question the protectiveness of the
remedy.

Issues

No issues were discovered during this five-year review.

Recommendations and Follow-up Activities

There are no further recommendations or follow-up activities suggested at this time.
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Protectiveness Statement

The remedy at PSC LF-03 is protective of human health and the environment and exposure
pathways that could result in unacceptable risks are being controlled.

6.2.3 PSC FT-07E Eastern Portion of North Fire Training Area

Remedial Actions

Remedy Selection

A SVE system was installed in 1992 at a cost of $395,000 and was done independent of the OU-I
ROD. The system was operational from April 1992 through December 1992 and approximately
14,000 pounds of contaminants were removed. During the RI, an investigation was conducted to
determine the effectiveness of the removal. The conclusions of the investigation were that the
SVE effectively removed contaminants greater than 16 feet bgs. However, high levels of
contaminants still remained in the shallow soils. As stated in the OU-1 ROD, and based on the
risk assessment for the shallow soils, the remedial action selected for PSC FT-07E consisted of
institutional controls. Institutional controls at PSC FT-07E consisted of the following:

• Land use restrictions consisting of a VEMUR and constraints within the Base General
Plan to limit future development and residential use at the site.

Remedy Implementation

The implementation of the remedy for PSC FT-07E is summarized as follows:

• A VEMUR was placed on the site on June 15, 2000, to restrict residential development
on the site.

• The BGP was revised on January 5, 2000, to place restraints on the residential
development of the site.

• The ICP was incorporated as part of the BGP to facilitate training and education of all
personnel involved with the implementation and enforcement of the required institutional
controls.
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• The ICP details the objectives and rationales for establishing institutional controls and
describes the procedures that were implemented to ensure the required institutional
controls are enforced.

• The ICP includes provisions for annual reviews and updates of the BGP, thus ensuring
regular checks and balances are in place into the foreseeable future.

System Operation and Maintenance

No operation and maintenance was required for the remediation selected. The cost of the
institutional controls implemented at PSC FT-07E was $347.

Progress Since the Last Five-year Review

This is the first five-year review conducted for the site.

Five-year Review Process

Five-year Review Findings

Site Inspection

There were no changes in land use at the site since implementation of the remedy was observed.
Photographs of PSC FT-07E taken as part of the site inspection are in Appendix E.

Changes to Standards

A comparison of exposure point concentrations in surface soils and USEPA Region IX PRGs for
a base worker and surface and sub-surface soils and USEPA Region IX PRGs for an excavation
worker are in Tables 6-5 and 6-6, respectively. The comparison indicates that PSC FT-07E is
still within the acceptable risk range.

Changes in Exposure Pathways, Toxicity and Other Contaminant Characteristics

There were no changes in exposure pathways, toxicity, or other contaminant characteristics.
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Table 6-5

REASONABLE MAXIMUM EXPOSURE POINT CONCENTRATIONS
IN SOIL AND USEPA REGION IX PRGS

FOR SURFACE AND SUBSURFACE SOIL (EXCAVATION WORKER)
PSC FT-07

Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

Metal
Arsenic 5.2 2.4 2.7 1.9E-06 10 10

Total Site Risk 1.9E-06

Non-Cancer Effects HQ

TRPH [a] 7,500 NA NA NA 4,100 18,000

Metal
Arsenic 5.2 NA 440 1.2E-02 10 10

Hazard Index 0.01

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
ELCR Excess lifetime cancer risk.
H Hazard quotient.
NA Not applicable.
PRG Preliminary Remediation Goal.
R Excess lifetime cancer risk.
TRPH Total recoverable petroleum hydrocarbons.
USEPA U.S. Environmental Protection Agency.
VOCs Volatile organic compounds.

[a] n-Hexane was used as a surrogate in the risk assessment for toxicity. A PRG for TRPHs is not provided.
*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.

Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.
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Table 6-6

REASONABLE MAXIMUM EXPOSURE POINT CONCENTRATIONS
IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE SOIL (BASE WORKER)

PSC FT-07
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

Metal
Arsenic 7.9 2.4 2.7 2.9E-06 10 10

Total Site Risk 2.9E-06

Non-Cancer Effects HQ

TRPH [a] 1,600 NA NA NA 4,100 18,000

Metal
Arsenic 7.9 NA 440 1.8E-02 10 10

Hazard Index 0.02

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental 2000 Quality Soil Remediation Level.
ELCR Excess lifetime cancer risk.
H Hazard quotient.
NA Not applicable.
PRG Preliminary Remediation Goal.
R Excess lifetime cancer risk.
TRPH Total recoverable petroleum hydrocarbons.
USEPA U.S. Environmental Protection Agency.
VOCs Volatile organic compounds.

[a] n-Hexane was used as a surrogate in the risk assessment for toxicity. A PRG for TRPHs is not provided.
*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.

Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.
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Data Evaluation

The determination to have no remedial action at the site was based on the results of soil sampling
conducted as part of the RI. Soil samples collected in 1991 had concentrations of TRPH ranging
up to 3,800 mg/kg. Lead was detected above the background UTL. The highest concentration
was 172 mg/kg. The risk assessment conducted for the site concluded that the most conservative
ELCR and HI were 4 x 10-8 and 0.0002, respectively. The vadose zone transport model also
indicated that the COCs would not migrate to and impact groundwater. Due to TPH
concentrations, residential land use is was restricted through a VEMUR.

Assessment

Is the remedy functioning as intended by decision documents?

The remedial action is functioning as intended.

Are the assumptions used at the time of the remedy selection still valid?

The assumptions used in performing the risk assessment at the site are still valid.

Has any other information come up that could question the protectiveness of the remedy?

No additional information has come to light that could call into question the protectiveness of the
remedy.

Issues

No issues were discovered during this five-year review.

Recommendations and Follow-up Activities

MW-118 and MW-123 will be monitored as part of future five-year reviews. No other
recommendations or follow-up activities are suggested at this time.
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Protectiveness Statement

The remedy at PSC FT-07E is protective of human health and the environment and exposure
pathways that could result in unacceptable risks are being controlled.

6.2.4 DP-13 Drainage Ditch Disposal Area 

Remedial Actions

Remedy Selection

As stated in the ROD for OU-1, institutional controls were the selected remedy for PSC DP-13.
Institutional controls implemented at PSC DP-13 consisted of the following:

• A VEMUR to restrict land use to non-residential.
• The BGP modified to place constraints on future residential development.
• Work practices requiring the use of Personal Protective Equipment (PPE) while

excavating the site.
• An ICP to document required institutional controls.

Remedy Implementation

The implementation of the remedy for PSC DP-13 is summarized as follows:

• A VEMUR was implemented at site on June 15, 2000, to restrict residential development.
The BGP was revised on January 5, 2000, to restrict residential development and to
require the use of PPE by workers in the event soils are excavated at the site.

• An Institutional Control Plan was implemented on December 15, 2000, which was
designed to facilitate training and education of all personnel involved with the
implementation and enforcement of the required institutional controls.

• The ICP included provisions for annual reviews and updates of the BGP, thus ensuring
regular checks and balances are in place into the foreseeable future.

System Operation and Maintenance

No operation and maintenance was required for the selected remedy. The cost of the institutional
controls implemented at PSC DP-13 was $347.
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Progress Since the Last Five-year Review

This is the first five-year review conducted for the site.

Five-year Review Process

Five-year Review Findings

Site Inspection

During the inspection, the feasibility of removing landfill materials at some future date was
raised as an issue. There were no other comments. No changes in land use had occurred since
implementation of the remedy for the site. Photographs of PSC DP-13 taken as part of the
inspection are in Appendix E.

Changes to Standards

A comparison of exposure point concentrations in surface soils and USEPA Region IX PRGs for
a base worker and surface and sub-surface soils and USEPA Region IX PRGs for an excavation
worker are in Tables 6-7 and 6-8, respectively. The comparison indicates that PSC DP-13 is still
within the acceptable risk range.

Changes in Exposure Pathways, Toxicity and Other Contaminant Characteristics

There were no changes in exposure pathways, toxicity, or other contaminant characteristics.

Data Evaluation

The determination to use institutional controls was based on the ELCR at the site of 3 x 10-5,
which is greater than the allowable residential risk of 1 x 10-6, and the HI of 2, which is greater
than the allowable residential risk of 1. The risk assessment assumed that all of the chromium
was in the hexavalent state. Mean blood lead levels for sensitive populations that included
children up to seven years old, were calculated using the IEUBK model. The predicted blood
lead level for exposure to subsurface soils at PSC DP-13 were 21.4 :g/dL, which exceeds the
concern limit of 10 :g/dL.
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Table 6-7

REASONABLE MAXIMUM EXPOSURE POINT CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE SOIL (BASE WORKER)

PSC DP-13
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

Metals
Arsenic
Beryllium

6.3
0.47

2.4
1.1

2.7
2,200

2.3E-06
2.1E-10

10
1.4

10
11

Total Site Risk 2.3E-06

Non-Cancer Effects HQ

TRPHs [a] 530 NA NA NA 4,100 18,000

Metals 
Arsenic
Beryllium

6.3
0.47

NA
NA

440
3,700

1.4E-02
1.3E-04

10
1.4

10
11

Hazard Index 0.01

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] n-Hexane was used as a surrogate in the risk assessment for toxicity. A PRG for TRPHs is not provided.
*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.

Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.
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Table 6-8

REASONABLE MAXIMUM EXPOSURE POINT CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE AND SUBSURFACE SOIL (EXCAVATION WORKER)

PSC DP-13
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

BNAs 
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(a)pyrene
Dibenzo(a,h)anthracene

0.33
0.36
0.32
0.11

2.6
2.6

0.26
0.26

2.9
2.9

0.29
0.29

1.1E-07
1.2E-07
1.1E-06
3.8E-07

6.1
6.1

0.61
0.61

26
26
2.6
2.6

Metals
Arsenic
Beryllium
Chromium [a]

5.1
0.39
820

2.4
1.1
450

2.7
2,200
450

1.9E-06
1.8E-10
1.8E-06

10
1.4

2,100

10
11

4,500

Total Site Risk 5.4E-06

Non-Cancer Effects HQ

BNAs
Benzo(a)anthracene [b]
Benzo(b)fluoranthene [b]
Benzo(a)pyrene [b]
Dibenzo(a,h)anthracene [b]

0.33
0.36
0.32
0.11

800
800
800
800

190
190
190
190

1.7E-03
1.9E-03
1.7E-03
5.8E-04

6.1
6.1

0.61
0.61

26
26
2.6
2.6

TRPH [c] 790 NA NA NA 4,100 18,000

Metals 
Arsenic
Beryllium
Chromium [d] 
Copper

5.1
0.39
820
250

NA
NA
NA

63,000

440
3,700
6,100

76,000

1.2E-02
1.1E-04
1.3E-01
3.3E-03

10
1.4

2,100
2,800

10
11

4,500
63,000

Hazard Index 0.16

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] The chromium PRG is based on total chromium carcinogenic effects and a 1:6 ratio of chromium IV to chromium III.
[b] The PRG is based on naphthalene non-carcinogenic effects.
[c] n-Hexane was used as a surrogate in the risk assessment for toxicity. A PRG for TRPHs is not provided. 
[d] The chromium PRG is based on chromium VI non-carcinogenic effects.
*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.

Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.



ARCADIS

G:\ENV\PROJ\800\891\finalfiveyearreview.rtf - - 67

The elevated ELCR and HI values for chromium and blood level values predicted by the IEUBK
model were the result of one sample with elevated chromium concentrations (15,900 mg/kg) and
lead concentrations (36,000 mg/kg) collected from test pit TP-12. The elevated concentrations of
chromium were attributed to a paint pail and dried paint observed in this test pit. The paint pail
and dried paint was removed from the test pit.

Assessment

Is the remedy functioning as intended by decision documents?

The objective of the institutional controls was to prevent residential development at the site. The
institutional controls have functioned as intended.

Are the assumptions used at the time of the remedy selection still valid?

The assumptions used in performing the risk assessment at the site are still valid.

Has any other information come up that could question the protectiveness of the remedy?

No additional information has come to light that could call into question the protectiveness of the
remedy.

Issues

No issues were discovered during this five-year review. 

Recommendations and Follow-up Activities

There are no further recommendations or follow-up activities suggested at this time. 

Protectiveness Statement

The remedy at PSC DP-13 is protective of human health and the environment and exposure
pathways that could result in unacceptable risks are being controlled.
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6.2.5 PSC LF-14 Old Salvage Yard Burial Site 

Remedial Actions

Remedy Selection

As stated in the OU-1 ROD, the remedy selected for PSC LF-14 consisted of institutional
controls. Institutional controls implemented at PSC LF-14 consisted of the following:

• A VEMUR to restrict land use to non-residential.
• The BGP modified to place constraints on future residential development.
• Work practices requiring the use of Personal Protective Equipment (PPE) while

excavating the site.
• An ICP to document required institutional controls.

Remedy Implementation

The implementation of the remedy for PSC LF-14 is summarized as follows:

• A VEMUR was placed on the site on June 15, 2000, to restrict residential development
on the site.

• The BGP was revised on January 5, 2000, to place restraints on the residential
development of the site and to require the use of PPE while excavating soils at the site.

• An ICP was developed and implemented at the site on December 15, 2000, as part of the
BGP to facilitate training and education of all personnel involved with the
implementation and enforcement of the required institutional controls.

• The ICP details the objectives and rationales for establishing institutional controls and
describes the procedures that were implemented to ensure the required institutional
controls are enforced.

• The ICP includes provisions for annual reviews and updates of the BGP, thus ensuring
regular checks and balances are in place into the foreseeable future.

System Operation and Maintenance

No operation and maintenance was required for the remediation selected. The cost of the
institutional controls implemented at PSC LF-14 was $347.
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Progress Since the Last Five-year Review

This is the first five-year review conducted for the site.

Five-year Review Process

Five-year Review findings

Site Inspection

There were no changes in land use since implementation of the remedy observed during the site
inspection. Photographs of PSC LF-14 taken as part of the site inspection are in Appendix E.

Changes in Standards

A comparison of exposure point concentrations in surface soils and USEPA Region IX PRGs for
a base worker, and surface and sub-surface soils and USEPA Region IX PRGs for an excavation
worker are in Tables 6-9 and 6-10, respectively. The comparison indicates that PSC LF-14 is still
within the acceptable risk range.

Changes in Exposure Pathways, Toxicity and Other Contaminant Characteristics

There were no changes in exposure pathways, toxicity, or other contaminant characteristics.
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Table 6-9

REASONABLE MAXIMUM EXPOSURE POINT CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE SOIL (BASE WORKER)

PSC LF-14
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

BNAs 
Benzo(a)pyrene 0.15 0.26 0.29 5.2E-07 0.61 2.6

PCBs 3.6 0.34 1.0 3.6E-06 2.5 13

Metals
Arsenic
Beryllium
Chromium [a]

5.8
0.62
100

2.4
1.1
450

2.7
2,200
450

2.1E-06
2.8E-10
2.2E-07

10
1.4

2,100

10
11

4,500

Total Site Risk 6.5E-06

Non-Cancer Effects HQ

BNAs
Benzo(a)pyrene [b] 0.150 800 190 7.9E-04 0.61 2.6

PCBs [c] 3.6 NA 14.0 2.6E-01 2.5 13

TRPHs [d] 1100 NA NA NA 4,100 18,000

Metals 
Arsenic
Beryllium
Chromium [e]

5.8
0.62
100

NA
NA
NA

440
3,700
6,100

1.3E-02
1.7E-04
1.6E-02

10
1.4

2,100

10
11

4,500

Hazard Index 0.3

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not applicable.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] The chromium PRG is based on total chromium carcinogenic effects and a 1:6 ratio of chromium IV to chromium III. 
[b] The PRG is based on naphthalene non-carcinogenic effects.
[c] The PRG is based on the Aroclor 1254 non-carcinogenic effects.
[d] n-Hexane was used as a surrogate in the risk assessment for toxicity. A PRG for TRPHs is not provided.
[e] The chromium PRG is based on chromium VI non-carcinogenic effects.
*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface. 
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.

Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.
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Table 6-10

REASONABLE MAXIMUM EXPOSURE POINT CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE AND SUBSURFACE SOIL (EXCAVATION WORKER)

PSC LF-14
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

BNAs 
Benzo(a)pyrene 0.16 0.26 0.29 5.5E-07 0.61 2.6

PCBs 5.2 0.34 1.0 5.2E-06 2.5 13

Metals
Arsenic
Beryllium
Chromium [a]

5.4
0.53
59

2.4
1.1
450

2.7
2,200
450

2.0E-06
2.4E-10
1.3E-07

10
1.4

2,100

10
11

4,500

Total Site Risk 7.9E-06

Non-Cancer Effects HQ

BNAs
Benzo(a)pyrene [b] 0.16 800 190 8.4E-04 0.61 2.6

PCBs [c] 5.2 NA 14.0 3.7E-01 2.5 13

TRPHs [d] 570 NA NA NA 4,100 18,000

Metals 
Arsenic
Beryllium
Chromium [e]

5.4
0.53
59

NA
NA
NA

440
3,700
6,100

1.2E-02
1.4E-04
9.7E-03

10
1.4

2,100

10
11

4,500

Hazard Index 0.4

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not applicable.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] The chromium PRG is based on total chromium carcinogenic effects and a 1:6 ratio of chromium IV to chromium III.
[b] The PRG is based on naphthalene non-carcinogenic effects.
[c] The PRG is based on the Aroclor 1254 non-carcinogenic effects.
[d] n-Hexane was used as a surrogate in the risk assessment for toxicity. A PRG for TRPHs is not provided.
[e] The chromium PRG is based on chromium VI non-carcinogenic effects.
*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.

Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.
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Data Evaluation

The determination to use institutional controls was based on the ELCR at the site of 3 x 10-5,
above the allowable residential risk of 1 x 10-6. The elevated ELCR was caused by two samples
with high chromium concentrations. The risk assessment used the conservative assumption that
all of the chromium was in the hexavalent state. Additionally high concentrations of PCBs
elevated the ELCR. The highest concentration of PCBs was found at 20 feet bgs. Because
exposure to soils beneath 16 feet bgs is not likely concentration of PCBs detected below 16 feet
were not used in calculating the ELCR.

Assessment

Is the remedy functioning as intended by decision documents?

The objective of the institutional controls was to prevent residential development at the site. The
institutional controls have functioned as intended.

Are the assumptions used at the time of the remedy selection still valid?

The assumptions used in performing the risk assessment at the site are still valid.

Has any other information come up that could question the protectiveness of the remedy?

No additional information has come to light that could call into question the protectiveness of the
remedy.

Issues

No issues were discovered during this five-year review.

Recommendations and Follow-up Activities

No follow-up activities are suggested at this time.
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Protectiveness Statement

The remedy at PSC LF-14 is protective of human health and the environment and exposure
pathways that could result in unacceptable risks are being controlled.

6.2.6 PSC LF-25 Northwest Landfill

Remedial Actions

Remedy Selection

As stated in the OU-1 ROD, the remedy selected for PSC LF-25 consisted of the following:

• Ex-situ physical treatment/metals recovery
• Institutional controls

Remedy Implementation

Implementation of ex-situ physical treatment/metals recovery at PSC LF-25 is summarized as
follows:

• Shot recovery activities, conducted from December 16-19, 199931, included removal of
surficial soil from an area approximately 375 feet by 375.

• The soil was fed into a metal recovery processor, which sorted out the metal shot and
returned that soil to the ground.

• Approximately 2,800 pounds of shot was recovered.
• Confirmation sampling was conducted to ensure that site remediation was effective.
• The analytical results showed that all soil samples were below the residential SRLs of 31

mg/kg for antimony and 400 mg/kg for lead.

Implementation of institutional controls at PSC LF-25 is summarized as follows:

31 ARCADIS Geraghty & Miller, Inc., 2000. Shot Recovery Summary Report for PSC LF-25, June 1, 2000.
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• A VEMUR was placed on the site on June 15, 2000, to restrict residential development
on the site.

• The BGP was revised on January 5, 2000, to place restraints on the residential
development of the site and to require the use of PPE while excavating soils at the site.

• An ICP was developed and implemented at the site on December 15, 2000, as part of the
BGP to facilitate training and education of all personnel involved with the
implementation and enforcement of the required institutional controls.

• The ICP details the objectives and rationales for establishing institutional controls and
describes the procedures that were implemented to ensure the required institutional
controls are enforced.

• The ICP includes provisions for annual reviews and updates of the BGP, thus ensuring
regular checks and balances are in place into the foreseeable future.

System Operation and Maintenance

No operation and maintenance was required for the remediation selected. The cost of the
institutional controls implemented at PSC LF-25 was $347. The cost of the ex-situ physical
treatment/metals recovery was $42,985.

Progress Since the Last five-year Review

This is the first five-year review conducted for the site.

Five-year Review Process

Five-year Review Findings

Site Inspection

There were no changes in land use since implementation of the remedy observed during the site
inspection. Photographs of PSC LF-25 taken as part of the site inspection are in Appendix E.

Changes to Standards

A comparison of exposure point concentrations in surface and subsurface soils and USEPA
Region IX PRGs for Base and excavation worker is in Table 6-11. The comparison indicates that
PSC LF-25 is still within the acceptable risk range.
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Table 6-11

POST REMEDIATION CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE AND SUBSURFACE SOIL (BASE AND EXCAVATION WORKER)

PSC LF-25
Luke Air Force Base, Arizona

Post Remediation
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

Metals
Antimony
Lead

10
240

NC
400

NC
750

NC
3.2E-07

NA
400

NA
2,000

Total Site Risk or Hazard 3E-07

Non-Cancer Effects HQ

Metals 
Antimony
Lead [a]

10
240

NA
400

820
750

1.2E-02
0.32

NA
400

NA
2,000

Hazard Index 0.3

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not Applicable
NC Non Carcinogenic
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] The PRG for lead is based on acceptable levels of lead in the blood stream rather than a traditional toxicity approach.
The hazard quotient presented under non-cancer effects is actually just the ratio of the PRG to the soil concentration.

*Risk and Hazards are based upon 2000 Industrial PRGs
Results were taken from post remediation conformational soil sampling constituent concentrations. Post remediation results were
obtained from the Results and Conclusions section of the Remedial Action Report for PSC LF-25 by ARCADIS Geraghty & Miller dated
June 1, 2000.
Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
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Changes in Exposure Pathways, Toxicity and Other Contaminant Characteristics

There were no changes in exposure pathways, toxicity, or other contaminant characteristics.

Data Evaluation

The determination to implement institutional controls was based on failed site-specific industrial
risk standards that was a result of one sample with high antimony concentrations. This sample
contained a piece of metal shot, resulting in the high concentration of antimony. The metal shot
came from the nearby skeet range. Removal of the metal shot from the site was conducted in
December 1999 and subsequent soil sampling indicated that soil levels were below residential
SRLs31. Since no carcinogens were identified as COCs, an ELCR was not calculated for the site.

Mean blood lead levels for sensitive populations, children up to seven years old, were calculated
using the IEUBK model. The predicted blood lead level for exposure to subsurface soils at
LF-25 was 14.5 :g/dL. This is above the limit of 10 :g/dL. The high concentration of lead in
one sample (10,100 mg/kg) elevated the predicted blood lead level. This sample contained a
piece of metal shot, resulting in the high concentration of lead. The metal shot came from the
nearby skeet range. Removal of the metal shot from the site was conducted in December 1999,
and subsequent soil sampling indicated that soil levels were below residential SRLs. Even
though antimony and lead concentrations are below residential SRLs, institutional controls
(VEMUR) are still required because the site is still utilized as an active skeet range and there is
still a potential source of these metals.

Assessment

Is the remedy functioning as intended by decision documents?

The objective of the institutional controls was to prevent residential development at the site. The
institutional controls have functioned as intended. Removal of the metal shot from the site was
conducted in December 1999, and subsequent soil sampling indicated that soil levels were below
residential SRLs31.
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Are the assumptions used at the time of the remedy selection still valid?

The assumptions used in performing the risk assessment at the site are still valid.

Has any other information come up that could question the protectiveness of the remedy?

No additional information has come to light that could call into question the protectiveness of the
remedy.

Issues

No issues were discovered during this five-year review.

Recommendations and Follow-up Activities

No follow-up activities are suggested at this time.

Protectiveness Statement

The remedy at PSC LF-25 is protective of human health and the environment and exposure
pathways that could result in unacceptable risks are being controlled.

6.2.7 PSC SD-38 Southwest Oil/Water Separator at the Auto Hobby Shop

Remedial Actions

Remedy Selection

As stated in the OU-1 ROD, the remedy selected for PSC SD-38 consisted of institutional
controls. Institutional controls implemented at PSC SD-38 consisted of the following:

• A VEMUR to restrict land use to non-residential.
• The BGP modified to place constraints on future residential development.
• Work practices requiring the use of PPE while excavating the site.
• An ICP to document required institutional controls.
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Remedy Implementation

The implementation of the remedy for PSC SD-38 is summarized as follows:

• A VEMUR was placed on the site on June 15, 2000, to restrict residential development
on the site.

• The BGP was revised on January 5, 2000, to place restraints on the residential
development of the site and to require the use of PPE while excavating soils at the site.

• An ICP was developed and implemented at the site on December 15, 2000, as part of the
BGP to facilitate training and education of all personnel involved with the
implementation and enforcement of the required institutional controls.

• The ICP details the objectives and rationales for establishing institutional controls and
describes the procedures that were implemented to ensure the required institutional
controls are enforced.

• The ICP includes provisions for annual reviews and updates of the BGP, thus ensuring
regular checks and balances are in place into the foreseeable future.

System Operation and Maintenance

No operation and maintenance was required for the remediation selected. The cost of the
institutional controls implemented at PSC SD-38 was $347.

Progress Since the Last Five-year Review

This is the first five-year review conducted for the site.

Five-year Review Process

Five-year Review Findings

Site Inspection

There were no changes in land use since implementation of the remedy observed during the site
inspection. Photographs of PSC SD-38 taken as part of the site inspection are in Appendix E.
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Changes to Standards

A comparison of exposure point concentrations in surface and subsurface soils and USEPA
Region IX PRGs for an excavation worker is in Table 6-12. The comparison indicates PSC
SD-38 is still within the acceptable risk range.



G:\ENV\PROJ\800\891\draftfinalfiveyearreview2.rtf 80

Table 6-12

REASONABLE MAXIMUM EXPOSURE POINT CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE AND SUBSURFACE SOIL (EXCAVATION WORKER)

PSC SD-38
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

Metals
Arsenic
Beryllium

7.8
0.37

2.4
1.1

2.7
2,200

2.9E-06
1.7E-10

10
1.4

10
11

Total Site Risk 3E-06

Non-Cancer Effects HQ

TRPHs [a] 16,000 NA NA NA 4,100 18,000

Metals 
Arsenic
Beryllium

7.8
0.37

NA
NA

440
3,700

1.8E-02
1.0E-04

10
1.4

10
11

Hazard Index 0.02

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
PRG Preliminary Remediation Goal.
TRPHs Total recoverable petroleum hydrocarbons.
USEPA U.S. Environmental Protection Agency.

[a] n-Hexane was used as a surrogate in the risk assessment for toxicity. A PRG for TRPHs is not provided.
*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
Exposure point concentrations were taken from the 95 percent upper confidence limit (one-tailed) on the mean,
assuming a normal distribution.
Arsenic background levels in the State of Arizona regularly exceed the PRGs. Arsenic is present at this
site within background levels, and when taken out of the equation the ELCR and hazard index are within
acceptable risk ranges.
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Changes in Exposure Pathways, Toxicity and Other Contaminant Characteristics

There were no changes in exposure pathways, toxicity, or other contaminant characteristics.

Data Evaluation

The determination to use institutional controls was based on the HI, which was above the
allowable residential risk of 1.0. The elevated HI was caused by several samples with high
TRPH concentrations.

Assessment

Is the remedy functioning as intended by decision documents?

The objective of the institutional controls was to prevent residential development at the site. The
institutional controls have functioned as intended.

Are the assumptions used at the time of the remedy selection still valid?

The assumptions used in performing the risk assessment at the site are still valid.

Has any other information come up that could question the protectiveness of the remedy?

No additional information has come to light that could call into question the protectiveness of the
remedy.

Issues

No issues were discovered during this five-year review.

Recommendations and Follow-up Activities

No recommendations or follow-up activities are suggested at this time.
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Protectiveness Statement

The remedy at PSC SD-38 is protective of human health and the environment and exposure
pathways that could result in unacceptable risks are being controlled.

6.2.8 PSC SS-42 Bulk Fuels Storage

Remedial Actions

Remedy Selection

As stated in the OU-1 ROD, the remedy selected for PSC SS-42 consisted of the following:

• Soil vapor extraction
• Groundwater monitoring

Remedy Implementation

Implementation of the remedial action selected for PSC SS-42 is summarized as follows:

• In August 1996, the Base initiated a SVE removal action at PSC SS-42.
• A highly modified ICE was used to draw contaminated vapors from the ground and to

treat the off-gas prior to discharge.
• The SVE removal action continued through November 1998.
• In June 1997, an initial confirmation boring was advanced to a depth of 181 feet bgs near

the former UST location.
• The analytical results indicated that BTEX and TPH had been decreased in the

subsurface. However, the results also indicated that BTEX was detected at depths below
150 bgs at concentrations higher than they had been originally detected.

• A second confirmation boring, located approximately eight feet northwest of monitoring
well MW-121, was advanced to a depth of 310 feet bgs.

• TPH and benzene were detected above their respective residential SRLs. Benzene was
also detected above the industrial SRLs. Toluene, ethylbenzene,
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and total xylenes were detected in several samples but below their respective SRLs32.
• Analytical data indicates that SVE operation has removed approximately 399,514 pounds

of TPH (approximately 66,584 gallons of hydrocarbons) and reduced BTEX
concentrations by 87%.

• Although benzene was detected above the AWQS during the November 1998
groundwater sampling event, the May 1999, May 2000 and August 2001 samples did not
contain benzene above laboratory detection limits.

• Groundwater monitoring has continued at the site32.

System Operation and Maintenance

Operation and maintenance was performed monthly during operation of the SVE. This included
sampling, field measurements, readings from the system, and engine service. Also, any problems
with the system between monthly visits were addressed as needed. The cost of the operation and
maintenance was $65,910. There was no cost for remediation because the internal combustion
engine (ICE) was provided to Luke AFB without charge by AFCEE.

Progress Since the Last Five-year Review

This is the first five-year review conducted for the site.

Five-year Review Findings

Site Inspection

There were no changes in land use since implementation of the remedy observed during the site
inspection. Photographs of PSC SS-42 taken as part of the site inspection are in Appendix E.

32 ARCADIS Geraghty & Miller, Inc. 2000. Soil Vapor Extraction and Confirmation Sampling Summary Report,
PSC SS-42, May 22, 2000.
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Changes to Standards

A comparison of exposure point concentrations in surface and subsurface soils and USEPA
Region IX PRGs for an excavation worker is in Table 6-13. The comparison indicates that PSC
SS-42 is still within the acceptable risk range.

Changes in Exposure Pathways, Toxicity and Other Contaminant Characteristics

There were no changes in exposure pathways, toxicity, or other contaminant characteristics.

Data Evaluation

Based on the laboratory analysis of soil samples collected from confirmation soil boring number
2 (CB-2), detected TPH concentrations in the soil directly beneath the former Leaking Under
Storage Tank (LUST) range from 250 to 7,400 mg/kg. With the exception of the 7,400 mg/kg
concentration, all other detected TPH values are below the residential SRL of 4,100 mg/kg. The
TPH concentration of 7,400 mg/kg is above the residential SRL but below the non-residential
SRL of 14,000 mg/kg. Detected benzene concentrations ranged from 0.23 to 150 mg/kg. The
benzene concentrations detected at 140 feet bgs (150 mg/kg) and 150 feet bgs (2.5 mg/kg) were
above both the residential SRL (0.62 mg/kg) and non-residential SRL (1.4 mg/kg), respectively.
Detected toluene concentrations were below both the residential SRL (790 mg/kg) and the
non-residential SRL (2,700 mg/kg), respectively. Detected ethylbenzene concentrations were
below both the residential SRL (1,500 mg/kg) and the non-residential SRL (2,700 mg/kg),
respectively. Detected total xylenes concentrations were below both the residential (2,800mg/kg)
and non-residential SRL (2,800mg/kg). Analytical data indicates that SVE operation has
removed approximately 399, 514 pounds of TPH (approximately 66,584 gallons of
hydrocarbons) and reduced BTEX concentrations by 87 percent. Although benzene was detected
above AWQSs during the November 1998 groundwater-sampling event, the May 1999, May
2000 and August 2001 samples did not contain benzene above laboratory detection limits.
Groundwater monitoring has continued at the site32.
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Table 6-13

POST REMEDIATION CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE AND SUBSURFACE SOIL (EXCAVATION WORKER)

PSC SS-42
Luke Air Force Base, Arizona

Post Remediation
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

VOCs
Benzene
Ethylbenzene [a]
Toluene [a]
(total) Xylenes [a]

ND
ND
ND
ND

1.4
NC
NC
NC

1.5
NC
NC
NC

NA
NA
NA
NA

0.62
1,500
790

2,800

1.4
2,700
2,700
2,800

Total Site Risk NA

Non-Cancer Effects HQ

TPH [b] ND NA NA NA 4,100 18,000

VOCs
Benzene
Ethylbenzene [a]
Toluene [a]
(total) Xylenes [a]

ND
ND
ND
ND

NA
230
880
320

24
230
520
210

NA
NA
NA
NA

0.62
1,500
790

2,800

1.4
2,700
2,700
2,800

Hazard Index NA

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

ND - Non Detect
NA - Not Applicable
[a] The PRG is based on soil saturation.
[b] n-Hexane was used as a surrogate in the risk assessment for toxicity. A PRG for TRPHs is not provided.

*Risk and Hazards are based upon 2000 Industrial PRGs
Exposure point concentrations are based upon second confirmation sampling analytical results from
1999 of the Soil Vapor Extraction and Confirmation Sampling Summary Report by ARCADIS Geraghty & Miller
dated May 22, 2000.

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface. 
Subsurface soil samples were taken from a depth of 2 to 16 feet below ground surface.
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Groundwater Protection Level (GPL) Modeling

As detailed in the ROD, vadose zone fate-and-transport modeling was previously conducted at
the site during the OU-1 remedial investigation13. Results of this modeling indicate that
petroleum related compounds (i.e. TPH and BTEX) could eventually leach to the groundwater.
However, the vadose zone modeling results conducted as part of the OU-1 remedial investigation
did not predict whether these petroleum related compounds could cause a violation of the AWQS
at a point of compliance. As a result, groundwater protection levels (GPLs) had not been
previously established for the site. GPLs could not be calculated for TPH because there are no
numeric water quality standards established for TPH. GPLs can only be calculated for individual
constituents with AWQSs. Of the petroleum-related constituents with established AWQSs
detected at the site, BTEX compounds posed the greatest potential risk to human health. For
these reasons, GPLs calculated for BTEX are considered representative values established for
the protection of groundwater from the petroleum release at the site.

As a consequence of the limited depth of incorporation range presented in the ADEQ
“Alternative GPL” tables, a site-specific model had to be used to determine GPLs for the site.
The ADEQ screening model was selected for use in this evaluation. Several model runs were
conducted using varying depths of incorporation and varying depths to groundwater. These
additional runs were conducted so that GPLs could be established for a variety of potential site
conditions in the event confirmation sampling at the site yields a different depth of incorporation
and depth to groundwater than indicated by previously collected site characterization data. The
results of the additional modeling runs are summarized below:

• GPLs calculated for benzene ranged from 8,685 mg/kg (180.45 ft depth of incorporation
and 295.28 ft depth to groundwater) to 400,600 mg/kg (180.45 ft depth of incorporation
and 328.10 ft depth to groundwater).

• GPLs calculated for the ethylbenzene ranged from 679 mg/kg (180.45 ft depth of
incorporation and 229.66 ft depth to groundwater) to GWNT at variable depths.

• GPLs calculated for toluene ranged from 35,310 mg/kg (180.45 ft depth of incorporation
and 229.66 ft depth to groundwater) to GWNT at variable depths.

• GPLs calculated for xylenes ranged from 23,580 mg/kg (180.45 ft depth of incorporation
and 229.66 ft depth to groundwater) to GWNT at variable depths.
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Concentrations of BTEX remaining in the soils are protective of groundwater. Analytical results
and the GPL model also indicate that remediation has decreased hydrocarbon concentrations to
this protective point and further remediation is not needed. However, because constituents of
concern were detected at a depth of 140 feet bgs, it was prudent to conduct groundwater
monitoring.

Assessment

Is the remedy functioning as intended by decision documents?

The objective of the remedial action was to clean up impacted soil and prevent migration to
groundwater. Analytical data indicates that SVE operation has removed approximately 399,514
pounds of TPH (approximately 66,584 gallons of hydrocarbons) and reduced BTEX
concentrations by 87 percent. TPH and BTEX were not detected above laboratory detection
limits during the most recent groundwater results.

Are the assumptions used at the time of the remedy selection still valid?

The assumptions made at the time of the remedy selection are still valid.

Has any other information come up that could question the protectiveness of the remedy?

No additional information has come to light that could call into question the protectiveness of the
remedy.

Issues

No issues were discovered as part of this five-year review.

Recommendations and Follow-up Activities

MW-121 and MW-125R will be monitored as part of future five-year reviews. No other
recommendations or follow-up activities are suggested at this time.
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Protectiveness Statement

The remedy at PSC SS-42 is protective of human health and the environment and exposure
pathways that could result in unacceptable risks are being controlled.

6.3 Review Process for OU-2 PSCs

OU-2 PSCs for which there was no action taken (refer to discussion in Section 1.1.3 and
information in Table 3-1) include the following:

• OT-04
• DP-05
• FT-06
• FT-07W
• DP-22
• SD-40

A comparison of the EPC for a given COC in the combined surface and subsurface soil, with
USEPA Region IX industrial PRGS (1996 and 2000) and ADEQ residential and non-residential
SRLs is in Appendix C. EPCs were taken from the 95 percent upper confidence limit (one-tailed)
on the mean assuming a normal distribution.

OU-2 PSCs for which remedies were selected based on the results of risk assessment include the
following:

• ST-18
• DP-23

For OU-2 PSCs, 1991 USEPA Region IX PRGs were originally used to establish performance
standards. To evaluate changes in standards as part of this five-year review, cancer risks and
non-cancer hazards were recalculated for each COC using 2000 USEPA Region IX industrial
PRGs and post remediation exposure point concentrations for Base worker and excavation
worker scenarios as applicable. The analysis of standard changes also included a review of 1996
USEPA industrial PRGs. ADEQ SRLs were also reviewed since they were used to evaluate
residential use standards. USEPA Region IX PRGs for 1991, 1996 and 2000 are in Appendix D.
Changes in standards are evaluated with respect to the continued effectiveness of the
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remedies that were implemented based on a non-cancer HI greater than or equal to 1.0 or an
ELCR greater than the risk of 1x10-6 to 1x10-4.

6.3.1 PSC ST-18 Facility 993

Remedial Actions

Remedy Selection

As stated in the OU-2 ROD, the remedy selected for PSC ST-18 consisted of the following:

• Inspection and maintenance of concrete cap
• Institutional controls
• Monitoring of groundwater every five years

Remedy Implementation

The implementation of the remedy for PSC ST-18 is summarized as follows:

• The site was capped with nine inches of concrete, underlain by six inches of base course
and a 30-mil HDPE liner as part of the RCRA closure requirement in 1987.

• The integrity of the cap has been maintained through annual inspections of the concrete
and joints and repairs as needed in accordance with the Air Force design guidance for
airfield pavement maintenance and recommendations contained in the annual inspection
report. Annual inspection reports are maintained at the Environmental Flight office of
Luke AFB. A visual inspection was conducted in August 2000 and the need for some
repairs was identified. Recommended repairs were performed in August 2001. The
annual inspection report dated October 2001 documents the successful completion of
repairs.

• According to the ROD, a deed restriction would be placed on the site as part of the
surface controls to prevent removal of the cap and excavation of the soil. A DEUR has
been filed with the ADEQ for this site.

• The other surface control at the site is the Base perimeter fence monitored 24-hours a day
which prevents public access and exposure.
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• Groundwater at the site has been monitored semiannually since 1991. A review of the site
data was conducted in 2000 and it was concluded that groundwater monitoring was not
necessary at the site33.

• The FCOR states that groundwater monitoring will be conducted at the site as part of
each five-year review. Well MW-114 was monitored in October 2001 as part of the
five-year review process. No constituent s exceeded standards in the sample from
MW-114.

System Operation and Maintenance

Operation and maintenance has included annual inspections of the cap. The integrity of the cap
has been maintained through annual inspections of the concrete and joints and repairs have been
conducted as needed in accordance with the Air Force design guidance for airfield pavement and
maintenance and recommendations contained in the annual inspection reports. The cost of the
cap in 1987 was $122,300. The annual cap inspection is $2,500. To date, the costs of repairs to
the cap have been $12,118. An additional $3,880 in repairs is scheduled for 2001.

Progress Since the Last Five-year Review

This is the first five-year review conducted for the site.

Five-year Review Process

Five-year Review Findings

Site Inspection

Comments made during the site inspection of PSC ST-18 are noted under recommendations and
follow-up activities below. No changes in land use were observed since implementation of the
remedy. Photographs of PSC ST-18 taken as part of the site inspection are in Appendix E.

33 Geraghty & Miller, Inc., 2000. RCRA Facility Investigation Summary Report Facility #993 (PSC ST-18), Luke
Air Force Base, Arizona, December 19, 2000.
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Changes to Standards

A comparison of exposure point concentrations in surface and subsurface soils and USEPA
Region IX PRGs for an excavation worker is in Table 6-14. The comparison indicates that PSC
ST-18 is still within the acceptable risk range.

Changes in Exposure Pathways, Toxicity and Other Contaminant Characteristics

There were no changes in exposure pathways, toxicity, or other contaminant characteristics.
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Table 6-14

POST REMEDIATION CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE AND SUBSURFACE SOIL (EXCAVATION WORKER)

PSC ST-18
Luke Air Force Base, Arizona

Post Remediation
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

VOCs
Ethylbenzene
Xylenes

0.15
1.3

NC
NC

NC
NC

NA
NA

1,500
2,800

2,700
2,800

BNAs 
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(a)pyrene
Benzyl alcohol
Bis(2-Ethylhexyl)phthalate
Chrysene
Indeno (1,2,3-cd)pyrene

0.43
0.77
0.43
0.42
0.075
0.92
0.34

2.6
2.6

0.26
100,000

140
7.2

0.61

2.9
2.9

0.29
100,000

180
62

0.62

1.5E-07
2.7E-07
1.5E-06
4.2E-12
4.2E-10
1.5E-08
5.5E-07

6.1
6.1

0.61
20,000

320
610
6.1

26
26
2.6

200,000
1,400
2,600

26

Total Site Risk 2E-06

Non-Cancer Effects HQ

VOCs
Ethylbenzene
Xylenes

0.15
1.3

230
320

230
210

6.5E-04
6.2E-03

1,500
2,800

2,700
2,800

BNAs
Benzo(a)anthracene [b]
Benzo(b)fluoranthene [b]
Benzo(g,h,i)perylene [a]
Benzo(a)pyrene [b]
Benzyl alcohol
Bis(2-ethylhexyl)phthalate [c]
Chrysene [c]
Fluoranthene
2-Methylnaphthalene [d]
Phenanthrene [a]
Pyrene

0.43
0.77
0.56
0.43
0.42
0.075
0.92
0.49
0.35
0.18
0.56

800
800
100
800

100,000
140
7.2

27,000
800
100
100

190
190

54,000
190

100,000
180
62

30,000
190

54,000
54,000

2.3E-03
4.1E-03
1.0E-05
2.3E-03
4.2E-06

NA
NA

1.6E-05
0.00

3.3E-06
1.0E-05

6.1
6.1
NA
0.61

20,000
320
610

2,600
NE
NA

2,000

26
26
NA
2.6

200,000
1,400
2,600

27,000
NE
NA

20,000

TRPHs ND NA NA NA 4,100 18,000

Hazard Index 0.02

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level. 
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not Applicable
ND Non-detect
PRG Preliminary Remediation Goal.
TRPHs Total recoverable petroleum hydrocarbons.
USEPA U.S. Environmental Protection Agency

[a] Pyrene is used as a surrogate.
[b] The PRG is based on naphthalene non-carcinogenic effects.

The hazard quotient presented under non-cancer effects is actually just the ratio of the PRG to the soil concentration.
[c] The PRG is based on carcinogenic effects so a non-cancer hazard quotient is not calculated.
[d] Napthalene is used as a furrogate for comparison to the Region IX PRG.

*Risk and Hazards are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 2 feet below ground surface.
Subsurface soil samples were taken from a depth of 2 to 10 feet below ground surface.
Post remediaiton concentrations were taken from the maximum concentration of the constituent
within a medium from a depth of 0 through 10 feet from Figures 2 and 4 of the RCRA Facility Investigation
Summary Report Facility #993 (PSC ST-18) by Geraghty & Miller, Inc., date December 19, 2000.
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Data Evaluation

Soil samples collected in 1992 had concentrations of TRPH ranging up to 17,000 mg/kg. BTEX,
1,1-DCA, 1,1,2,2-tetrachloroethane, TCE, and PCE were also detected. Lead was detected above
the background UTLs. The highest concentration of lead was 32 mg/kg. The risk assessment
conducted for the site concluded that the most conservative ELCR and HI were 3 x 10-6 and 0.1,
respectively. The purpose of the institutional controls at the site are to ensure the integrity of the
concrete cap.

Assessment

Is the remedy functioning as intended by decision documents?

The objective of the remedial action was to prevent exposure to the contaminated soil. By
maintaining the integrity of the cap, implementing surface controls, and continuing groundwater
monitoring, the remedy is functioning as intended.

Are the assumptions used at the time of the remedy selection still valid?

The assumptions made at the time of the remedy selection are still valid.

Has any other information come up that could question the protectiveness of the remedy?

No additional information has come to light that could call into question the protectiveness of the
remedy.

Issues

According to the ROD, a deed restriction should be placed on the site as part of the institutional
controls to prevent removal of the cap and excavation of the soil. A Declaration of
Environmental Use Restriction (DEUR) for PSC ST-18 has been filed with the ADEQ.

Recommendations and Follow-up Activities

The following are the recommendations or follow-up activities suggested at this time:
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• According to the ROD, a deed restriction needs to be placed on the site as part of the
institutional controls. A DEUR has been filed with the ADEQ to restrict residential land
use in the future.

• As part of the inspection, it was noted the concrete cap is in good condition and is well
maintained by Luke AFB and that maintenance of cracks in the concrete is less critical
given the presence of the geomembrane layer. The cap will continue to be inspected
annually.

• MW-114 and MW-122 will be monitored annually for VOCs and the results evaluated as
part of the next five-year review.

Protectiveness Statement

The remedy at PSC ST-18 Facility 993 currently protects human health and the environment
because the cap prevents exposure in the short term. However, in order for the remedy to be
protective in the long term, a DEUR will be placed at the site to ensure long-term protectiveness.
In addition, MW-114 and WM-122 will be monitored for VOCs and evaluated as part of the next
five-year review.

6.3.2 PSC DP-23 Old Surface Impoundment West of Facility 993

Remedial Actions

Remedy Selection

In accordance with the OU-2 ROD, the selected remedy for the southern portion of PSC DP-23
consisted of the following:

• Excavation
• Ex-situ biological treatment
• On-site disposal
• Monitoring

The selected remedy for the northern portion of PSC DP-23 was no action.
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Remedy Implementation

Southern Portion of PSC DP-23

The implementation of the remedy for the southern portion of PSC DP-23 is summarized as
follows:

• In 1995, a preliminary soil survey was conducted by Environmental Chemical
Corporation (ECC) to determine the exact extent of the impacted soil34.

• Based on the results of the preliminary survey, the USACE requested a more detailed site
characterization.

• Additional samples were collected and ECC used the results to determine the area for
excavation.

• ECC constructed berms to contain impacted soil and divert surface runoff away from the
excavation areas.

• An on-site containment cell was constructed and lined with a 40 mil HDPE liner and
topped with approximately six inches of native soil to protect the liner.

• ECC excavated 625 cubic yards of soil, which was transferred to the containment cell.
• The soil was mixed with alfalfa, manure, wood chips and green waste according to ratios

established by Woods End Research Laboratory during computer optimization studies to
form a compost.

• Composite samples were collected to determine the baseline levels of benzo(a)pyrene.
• The soil was tilled and watered and monitored daily for temperature, oxygen, and

moisture content.
• Interim sampling was conducted after the compost had been processed for 60 days from

the same locations as the baseline samples with a final sampling event was conducted
after 120 days.

• The interim sample results indicated one quarter of the soil remained above PRGs.
• The soil was composted for an additional 60 days.

34 Environmental Chemical Corporation, 1997. Closure Report, Site DP-23, Soil Composting at Luke Air Force
Base, Arizona, August 27, 1997.
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• Samples collected after the additional 60 days of composting indicated benzo(a)pyrene
concentrations were below PRGs.

• Upon completion of the remediation, the site was restored to its original condition and
the liner was disposed at a local landfill.

• The PAH concentrations were compared to analytical detection limits and not PRGs. This
was done because the evaluation of risk determined that the risk associated with the
higher concentrations was acceptable based on the potential for exposure of a base
worker or construction worker to PAH at DP-23 south.

• The site was closed based on completion of remediation

Northern Portion of PSC DP-23

While the extent of impacted soil was being determined for the southern portion of the site it
became apparent that the contamination extended northward. The implementation of the remedy
for the northern portion of PSC DP-23 is summarized as follows:

• In 1996, Dames & Moore performed a risk-based assessment for the northern portion of
PSC DP-23 based on two rounds of soil sampling conducted to characterize soil impacts
at the site35 and the results of samples collected by ECC in 1995. The extent of
contamination to the north was never fully determined due to the tarmac at the northern
most reaches of the site. Due to mission impact, no samples were collected from under
the tarmac.

• Dames & Moore used the 1996 EPA Region IX PRG tables for soil to calculate the
potential risk. Dames & Moore concluded that over the entire extent of the site, the
predicted risk associated with exposure to carcinogens from PAHs in the surface soil was
1 x 10-5 and that predicted risks associated with exposure to subsurface soils ranged from
6 x 10-6 to 2 x 10-5.

• These risks calculated by Dames & Moore were within the acceptable range of 1 x 10-6 to
1 x 10-4 for industrial sites according to EPA and ADEQ standards.

• Although Dames & Moore did not recommend soil remediation, they did recommend a
VEMUR be implemented on the site.

• In 2001, a DEUR was filed with the ADEQ.

35 Dames & Moore, 1998. Final Site DP-23 Phase II Remedial Design Report, Luke Air Force Base, Arizona, April
1998.
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System Operation and Maintenance

No operation and maintenance was required for the remedy selected. Remedial costs for the
southern portion of PSC DP-23 were $735,805. The cost of the risk-based assessment for the
northern portion of PSC DP-23 was $149,159.

Progress Since the Last Five-year Review

This is the first five-year review conducted for the site.

Five-year Review Findings

Site Inspection

There were no comments during the site inspection of PSC DP-23. No changes in land use were
observed since implementation of the remedy. Photographs of PSC DP-23 taken as part of the
site inspection are in Appendix E.

Changes to Standards

Southern Portion of PSC DP-23

A comparison of exposure point concentrations in sub-surface soils utilizing post-remediation
data and USEPA Region IX PRGs is in Tables 6-15. The comparison indicates the southern
portion of PSC DP-23 is within the acceptable risk range.

Northern Portion of PSC DP-23

A comparison of exposure point concentrations in surface soils and USEPA Region IX PRG’s
for a base worker and surface and sub-surface soils and USEPA Region IX PRG’s for an
excavation worker are in Tables 6-16 and 6-17, respectively. The comparison indicates the
northern portion of PSC DP-23 is within the acceptable risk range for industrial land use and
outside the acceptable risk range for residential land use. A DEUR for this portion of the site has
been filed with the ADEQ to provide long-term protectiveness.
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Changes in Exposure Pathways, Toxicity and Other Contaminant Characteristics

There were no changes in exposure pathways, toxicity, or other contaminant characteristics.

Data Evaluation

Southern Portion of PSC DP-23

The impacted soil at the site was remediated. Post-remediation soil samples collected from the
walls and floors of the excavation indicate the site has been remediated to residential standards.
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Table 6-15

POST REMEDIATION CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE SOIL (BASE WORKER)

PSC DP-23 (NORTHERN PORTION)
Luke Air Force Base, Arizona

Post Remediation
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

BNAs 
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Indeno(1,2,3-cd)pyrene

35.0
35.0
57.0
18.0
28.0
2.5

31.0

2.6
0.26
2.6
26
7.2

0.26
0.61

2.9
0.29
2.9
29
62

0.29
0.62

1.2E-05
1.2E-04
2.0E-05
6.2E-07
4.5E-07
8.6E-06
5.0E-05

6.1
0.61
6.1
61
610
0.61
6.1

26
2.6
26
260

2,600
26
26

Total Site Risk 2.1E-04

Non-Cancer Effects HQ

BNAs
Acenaphthene
Acenaphthylene
Anthracene
Benzo(g,h,i)perylene [a]
Fluoranthene
Fluorene
Napthalene
Phenanthrene [a]
Pyrene

1.1
<5

3.50
33.00

33
5

7.6
14
40

110
NA
5.7
100

27,000
90
240
100
100

38,000
NA

100,000
54,000
30,000
33,000

190
54,000
54,000

2.9E-05
NA

3.5E-05
6.1E-04
1.1E-03
1.5E-04
4.0E-02
2.6E-04
7.4E-04

3,900
NA

20,000
NA

2,600
2,600
2,600
NA

2,000

41,000
NA

200,000
NA

27,000
27,000
27,000

NA
20,000

Hazard Index 0.04

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Not carcinogenic.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] Pyrene is used as a surrogate.
*Risk and Hazard are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 3 feet below ground surface. 
Subsurface soil samples were taken from a depth of 3 to 10 feet below ground surface.

The cancer effect concentrations were based on the maximum exposure concentrations in the surface soil. These
concentrations came from one sample, which contained the highest concentrations of BNAs, and exceed the risk value
of 1.0E-04. The remaining sample concentrations for BNAs do not exceed the risk value of 1.0E-04.
Post remediation information was obtained from the Final Site DP-23 Phase II Remedial Design Report by Dames &
Moore, dated April 10, 1998.
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Table 6-16

POST REMEDIATION CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE AND SUBSURFACE SOIL (BASE AND EXCAVATION WORKER)

PSC DP-23 (SOUTHERN PORTION)
Luke Air Force Base, Arizona

Post Remediation
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

BNAs 
Benzo(a)pyrene
Benzo(b)fluoranthene
Indeno(1,2,3)pyrene

0.508
ND
ND

0.26
2.6
0.61

0.29
2.9
0.62

1.8E-06
NA
NA

0.61
6.1
6.1

2.6
26
26

Total Site Risk 1.8E-06

Non-Cancer Effects HQ

BNAs
Benzo(a)pyrene
Benzo(b)fluoranthene
Indeno(1,2,3)pyrene

0.508
ND
ND

0.26
2.6
0.61

0.29
2.9
0.62

NA
NA
NA

0.61
6.1
6.1

2.6
26
26

Hazard Index NA

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Not carcinogenic.
ND Non-detect.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] Pyrene is used as a surrogate.
*Risk and Hazard are based upon 2000 Industrial PRGs

Soil samples were taken from depths of 0 to 2 feet, 4 to 6 feet, and 8 to 10 feet below ground surface.
Post remediation concentration data was obtained from the Closure Report, Site DP-23, Soil Composting, by
Environmental Chemical Corporation, dated August 27, 1997.
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Table 6-17

POST REMEDIATION CONCENTRATIONS IN SOIL AND USEPA REGION IX PRGS
FOR SURFACE AND SUBSURFACE SOIL (EXCAVATION WORKER)

PSC DP-23 (NORTHERN PORTION)
Luke Air Force Base, Arizona

Post Remediation
Concentration

(mg/kg)

USEPA Region IX
Industrial PRG (mg/kg) *Risk or

Hazard

ADEQ SRL
(mg/kg)

Constituent 1996 2000 Residential Non-Residential

Cancer Effects ELCR

BNAs 
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

8.11
8.03
13.8
5.1
6.8
8.0
7.3

2.6
0.26
2.6
26
7.2
0.26
0.61

2.9
0.29
2.9
29
62

0.29
0.62

2.8E-06
2.8E-05
4.8E-06
1.8E-07
1.1E-07
2.8E-05
1.2E-05

6.1
0.61
6.1
61
610
0.61
6.1

26
2.6
26
260

2,600
26
26

Total Site Risk 7.5E-05

Non-Cancer Effects HQ

BNAs
Acenaphthene
Acenaphthylene
Anthracene
Benzo(g,h,i)perylene [a]
Fluoranthene
Fluorene
Napthalene
Phenanthrene [a]
Pyrene

1.6
<1.6
9.8
145
110
1.5
17.9
44.2
147

110
NA
5.7
100

27,000
90
240
100
100

38,000
NA

100,000
54,000
30,000
33,000

190
54,000
54,000

4.2E-05
NA

9.8E-05
2.7E-03
3.7E-03
4.5E-05
9.4E-02
8.2E-04
2.7E-03

3,900
NA

20,000
NA

2,600
2,600
2,600
NA

2,000

41,000
NA

200,000
NA

27,000
27,000
27,000

NA
20,000

Hazard Index 0.1

All Units in milligrams per kilogram (mg/kg).

ADEQ SRL Arizona Department of Environmental Quality 2000 Soil Remediation Level.
BNAs Base-neutral and extractable acids.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Not carcinogenic.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] Pyrene is used as a surrogate.
*Risk and Hazard are based upon 2000 Industrial PRGs

Surface soil samples were taken from a depth of 0 to 3 feet below ground surface. 
Subsurface soil samples were taken from a depth of 3 to 10 feet below ground surface.
Post remediation information was obtained from the Final Site DP-23 Phase II Remedial Design Report by Dames &
Moore, dated April 10, 1998.
The northern portion of DP-23 is capped and affected soils are inaccessible to base and construction
workers, therefore there is no exposure to the impacted soils.



ARCADIS

G:\ENV\PROJ\800\891\finalfiveyearreview.rtf - - 102

Northern Portion of PSC DP-23

No remedial action was performed on this site. A risk-based assessment was conducted by
Dames & Moore36 and concluded that the potential risk from exposure to the carcinogenic PAHs
was between 1 x 10-6 and 1 x 10-4. The potential risk meets the acceptable ranges for industrial
sites but does not meet the acceptable limit for residential sites. Therefore, a DEUR should be
implemented on the site. The risk-based assessment used 1996 PRGs, which are more stringent
than the 2000 PRGs.

Assessment

Is the remedy functioning as intended by decision documents?

The objective of the remedial action established in the OU-2 ROD was to clean up impacted soil
in the southern portion of PSC DP-23. Since the soil was successfully remediated to residential
standards, the remedy is considered protective.

Are the assumptions used at the time of the remedy selection still valid?

The assumptions made at the time of the remedy selection are still valid.

Has any other information come up that could question the protectiveness of the remedy?

No additional information has come to light that could call into question the protectiveness of the
remedy.

Issues

The northern portion of PSC DP-23 requires a DEUR to provide long-term protectiveness.

36 Dames & Moore, 1998. Final DP-23 Phase II Remedial Desgn Report, Luke Air Force Base, Arizona.
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Recommendations and Follow-up Activity

The following are the recommendations or follow-up activities suggested at this time:

• A DEUR needs to be finalized for the northern portion of PSC DP-23 since the site was not
remediated to residential standards.

Protectiveness Statement

The remedy for the southern portion of PSC DP-23 is protective of human health and the
environment. To ensure conditions for the northern portion of PSC DP-23 are protective of
human health and the environment in the long-term, a DEUR has been filed with the ADEQ.

6.4 Groundwater Review

A comparison of exposure point concentrations in groundwater (maximum concentrations for the
period of record) and USEPA Region IX 2000 PRGs for tap water and ADEQ aquifer water
quality standards are in Tables 6-18 through 6-26, respectively, for the following PSCs:

• RW-02
• DP-05
• FT-06
• FT-07
• ST-18
• SD-20
• SD-21
• SD-38
• SS-42

The comparison indicates groundwater is within the acceptable risk range for applicable PSCs.
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Table 6-18

MAXIMUM EXPOSURE POINT CONCENTRATIONS IN GROUNDWATER
AND USEPA REGION IX PRGS

FOR PSC RW-02
(MW-115; MW-116; MW-124)
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/L)

USEPA Region IX
Tap Water PRG (mg/L) *Risk or

Hazard
ADEQ 2000 Aquifer Water
Qualtiy Standards (mg/L)Constituent 2000

Cancer Effects ELCR

Inorganics 
Arsenic
Barium
Chromium
Copper
Lead
Nickel
Zinc

0.017
0.071
0.058
0.276
0.018
0.042
0.86

0.000045
NC
NC
NC
NC
NC
NC

3.8E-04
NC
NC
NC
NC
NC
NC

0.05
2

0.1
NA
0.05
NA
NA

Total Site Risk 4E-04

Non-Cancer Effects HQ

Inorganics
Arsenic
Barium
Chromium [a]
Copper
Lead
Nickel [b]
Zinc

0.017
0.071
0.058
0.276
0.018
0.042
0.86

0.011
2.6
0.11
1.4
NA
0.73
11

1.5E+00
2.7E-02
5.3E-01
2.0E-01

-
5.8E-02
7.8E-02

0.05
2

0.1
NA
0.05
NA
NA

Hazard Index 2

ADEQ Arizona Department of Environmental Quality.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Non-Carcinogenic.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] PRG is based on chromium VI non-carcinogenic effects.
[b] The PRG is based on nickel (soluble salts).
*Risk and Hazards are based upon 2000 Tap Water PRGs
MW-115 was abandoned on 2/7/95
MW-116 is to be abandoned.
MW-124 is to be abandoned.
(The metals in this table are based upon the maximum range of detects in the Occurrence of Constituents Detected in Groundwater
Samples at PSC RW-02 table in the Basewide Risk Assessment. The analysis of the latest sampling event conducted on May 12,
1998, indicated the constituents analyzed were at non-detect levels.)

Arsenic background levels in the State of Arizona regularly exceed the
PRG’s. Arsenic is present at this site within background levels, and when
taken out of the equation the ELCR and hazard index are
within acceptable risk ranges.
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Table 6-19

MAXIMUM EXPOSURE POINT CONCENTRATIONS IN GROUNDWATER
AND USEPA REGION IX PRGS

FOR PSC DP-05
(MW-104; MW-105; MW-106)
Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/L)

USEPA Region IX
Tap Water PRG (mg/L) *Risk or

Hazard

ADEQ 2000 Aquifier
Water Qualtiy Standards

(mg/L)Constituent 2000

Cancer Effects ELCR
Inorganics 
Arsenic
Barium
Chromium
Copper
Lead
Zinc

0.014
0.27

0.034
0.04

0.017
1.2

0.000045
NC
NC
NC
NC
NC

3.1E-04
NC
NC
NC
NC
NC

0.05
2

0.1
NA
0.05
NA

Total Site Risk 3E-04

Non-Cancer Effects HQ

Inorganics
Arsenic
Barium
Chromium [a]
Copper
Lead
Zinc

0.014
0.27

0.034
0.04

0.017
1.2

0.011
2.6
0.11
1.4
NA
11

1.3E+00
1.0E-01
3.1E-01
2.9E-02

NA
1.1E-01

0.05
2

0.1
NA
0.05
NA

Hazard Index 2

ADEQ Arizona Department of Environmental Quality.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Non-Carcinogenic.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] PRG is based on chromium VI non-carcinogenic effects.
*Risk and Hazards are based upon 2000 Tap Water PRGs
MW-104 was abandoned.
MW-105 was abandoned.
MW-106 was abandoned.
(The metals in this table are based upon the maximum range of detects in the Occurrence of Constituents Detected in Groundwater
Samples at PSC DP-05 table in the Basewide Risk Assessment. The analysis of the latest sampling event conducted on May 12,
1998, indicated the constituents analyzed were at non-detect levels.)

Arsenic background levels in the State of Arizona regularly exceed the
PRG’s. Arsenic is present at this site within background levels, and when
taken out of the equation the ELCR and hazard index are
within acceptable risk ranges.
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Table 6-20

MAXIMUM EXPOSURE POINT CONCENTRATIONS IN GROUNDWATER
AND USEPA REGION IX PRGS

FOR PSC FT-06
(MW-107; MW-108)

Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/L)

USEPA Region IX
Tap Water PRG (mg/L) *Risk or

Hazard
ADEQ 2000 Aquifier Water

Qualtiy Standards (mg/L)Constituent 2000

Cancer Effects ELCR

Inorganics 
Arsenic
Barium
Chromium
Copper
Lead
Nickel
Selenium
Zinc

0.016
0.214
0.054
0.019
0.01
0.022
0.011
2.05

0.000045
NC
NC
NC
NC
NC
NC
NC

3.6E-04
NC
NC
NC
NC
NC
NC
NC

0.05
2

0.1
NA
0.05
NA
0.05
NA

Total Site Risk 4E-04

Non-Cancer Effects HQ

Inorganics
Arsenic
Barium
Chromium [a]
Copper
Lead
Nickel [b]
Selenium
Zinc

0.016
0.214
0.054
0.019
0.01
0.022
0.011
2.05

0.011
2.6

0.11
1.4
NA
0.73
0.18
11

1.5E+00
8.2E-02
4.9E-01
1.4E-02

-
3.0E-02
6.1E-02
1.9E-01

0.05
2

0.1
NA
0.05
NA
0.05
NA

Hazard Index 2

ADEQ Arizona Department of Environmental Quality.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Non-Carcinogenic.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] The PRG is based on chromium VI non-carcinogenic effects.
[b] The PRG is based on nickel (soluble salts).
*Risk and Hazards are based upon 2000 Tap Water PRGs
MW-107 is abandond.
MW-108 is to be abandoned.
(The metals in this table are based upon the maximum range of detects in the Occurrence of Constituents Detected in Groundwater
Samples at PSC FT-06 table in the Basewide Risk Assessment. The analysis of the latest sampling event conducted on June 6,
1996, indicated the constituents analyzed were at non-detect levels.)

Arsenic background levels in the State of Arizona regularly exceed the
PRG’s. Arsenic is present at this site within background levels, and when
taken out of the equation the ELCR and hazard index are
within acceptable risk ranges.
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Table 6-21

MAXIMUM EXPOSURE POINT CONCENTRATIONS IN GROUNDWATER
AND USEPA REGION IX PRGS

FOR PSC FT-07
(MW-109; MW-110; MW-111; MW-118; MW-123)

Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/L)

USEPA Region IX
Tap Water PRG (mg/L) *Risk or

Hazard

ADEQ 2000 Aquifier
Water Qualtiy Standards

(mg/L)Constituent 2000

Cancer Effects ELCR
Inorganics 
Barium
Chromium
Copper
Lead
Zinc

0.32
0.024
0.032
0.008
1.07

NC
NC
NC
NC
NC

NC
NC
NC
NC
NC

2
0.1
NA
0.05
NA

Total Site Risk NC

Non-Cancer Effects HQ

Inorganics
Barium
Chromium [b]
Copper
Lead
Zinc

0.32
0.024
0.032
0.008
1.07

2.6
0.11
1.4
NA
11

1.2E-01
2.2E-01
2.3E-02

-
9.7E-02

2
0.1
NA
0.05
NA

Hazard Index 0.5

ADEQ Arizona Department of Environmental Quality.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Non-Carcinogenic.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] Compund was detected but reported value is estimated.
[b] The PRG is based on chromium VI non-carcinogenic effects.
*Risk and Hazards are based upon 2000 Tap Water PRGs
MW-109 is to be abandoned.
MW-110 was abandoned 2/7/95.
MW-111 was abandoned 11/21/96.
MW-118 is to be abandoned.
MW-123 is to be abandoned.
(The metals in this table are based upon the maximum range of detects in the Occurrence of Constituents Detected in Groundwater
Samples at PSC FT-07 table in the Basewide Risk Assessment. The analysis of the latest sampling event conducted on May 19,
1999, indicated the constituents analyzed were at non-detect levels.)
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Table 6-22

MAXIMUM EXPOSURE POINT CONCENTRATIONS IN GROUNDWATER
AND USEPA REGION IX PRGS

FOR PSC ST-18
(MW-2; MW-3; MW-4; MW-5; MW-114; MW-122)

Luke Air Force Base, Arizona

Exposure Point
Concentration

(mg/L)

USEPA Region IX
Tap Water PRG (mg/L) *Risk or

Hazard
ADEQ 2000 Aquifier Water

Quality Standards (mg/L)Constituent 2000

Cancer Effects ELCR

VOCs
cis-1,2-Dichloroethene
Trichloroethene
Tetrachloroethene

0.00094
0.002

0.00095

NC
0.0016
0.0011

NC
1.3E-06
8.6E-07

0.07
0.005
0.005

Inorganics 
Arsenic
Barium
Chromium
Copper
Lead
Nickel
Selenium
Zinc

0.019
0.26
0.12
0.13
0.026
0.051
0.006

8.7

0.000045
NC
NC
NC
NC
NC
NC
NC

4.2E-04
NC
NC
NC
NC
NC
NC
NC

0.05
2

0.1
NA
0.05
NA
0.05
NA

Total Site Risk 4E-04

Non-Cancer Effects HQ

VOCs
cis-1,2-Dichloroethene
Trichloroethene
Tetrachloroethene

0.00094
0.002

0.00095

61
0.0016
0.0011

1.5E-05
1.3E+00
8.6E-01

0.07
0.005
0.005

Inorganics
Arsenic
Barium
Chromium [c]
Copper
Lead
Nickel [d]
Selenium
Zinc

0.019
0.26
0.12
0.13
0.026
0.051
0.006

8.7

0.011
2.6

0.11
1.4
NA
0.73
0.18
11

1.7E+00
1.0E-01
1.1E+00
9.3E-02

-
7.0E-02
3.3E-02
7.9E-01

0.05
2

0.1
NA
0.05
NA
0.05
NA

Hazard Index 6

ADEQ Arizona Department of Environmental Quality.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Non-Carcinogenic.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] Compound was detected but reported value is estimated.
[b] The PRG is based on bromodichloromethane carcinogenic effects, a non-carcinogenic value is not available.
[c] The PRG is based on chromium VI non-carcinogenic effects.
[d] The PRG is based on nickel (soluble salts).
*Risk and Hazards are based upon 2000 Tap Water PRGs
MW-2 was abandoned 10/1993.
MW-3 is active.
MW-4 was abandoned 10/4/94.
MW-5 is active.
MW-114 is active.
MW-122 is active.
(The metals in this table are based upon the maximum range of detects in the Occurrence of Constituents Detected in Groundwater
Samples at PSC ST-18 table in the Basewide Risk Assessment and the analysis of the latest sampling event conducted on October
25, 2001.

Arsenic background levels in the State of Arizona regularly exceed the PRG’s. Arsenic is present at this site within
background levels.
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Table 6-23

MAXIMUM EXPOSURE POINT CONCENTRATIONS IN GROUNDWATER
AND USEPA REGION IX PRGS

FOR PSC SD-20
(MW-102; MW-103; MW-112D; MW-112S; MW-113)

Luke Air Force Base, Arizona

Exposure Point
 Concentration

(mg/L)

USEPA Region IX 
Tap Water PRG (mg/L)

*Risk or
 Hazard

ADEQ 2000 Aquifer
Water Quality Standards

(mg/L)Constituent 2000

Cancer Effects ELCR
VOCs
Bromodichloromethane
**Chloroform

0.006
0.005

0.00018
0.00016

3.3E-05
3.1E-05

NA
0.1

Inorganics 
Arsenic
Barium
Boron
Chromium
Copper
Lead
Nickel
Zinc

0.026
0.47
0.23
0.11
0.17
0.048
0.071
1.66

0.000045
NC
NC
NC
NC
NC
NC
NC

5.8E-04
NC
NC
NC
NC
NC
NC
NC

0.05
2

NA
0.1
NA
0.05
NA
NA

Total Site Risk 6E-04

Non-Cancer Effects HQ

VOCs
Bromodichloromethane
**Chloroform

0.006
0.005

0.12
0.00063

5.0E-02
7.9E+00

NA
0.1

Inorganics
Arsenic
Barium
Boron
Chromium [b]
Copper
Lead
Nickel [c]
Zinc

0.026
0.47
0.23
0.11
0.17
0.048
0.071
1.66

0.011
2.6
3.3

0.11
1.4
NA
0.73
11

2.4E+00
1.8E-01
7.0E-02
1.0E+00
1.2E-01

NA
9.7E-02
1.5E-01

0.05
2

NA
0.1
NA
0.05
NA
NA

Hazard Index 12

ADEQ Arizona Department of Environmental Quality.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Non-Carcinogenic.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

[a] Compound was detected but reported value is estimated.
[b] The PRG is based on chromium VI non-carcinogenic effects.
[c] The PRG is based on nickel (soluble salts).
*Risk and Hazards are based upon 2000 Tap Water PRGs
MW-102 was abandoned.
MW-103 was abandoned.
MW-112D is to be abandoned.
MW-112S is to be abandoned.
MW-113 is to be abandoned.
(The metals in this table are based upon the maximum range of detects in the Occurrence of Constituents Detected in Groundwater
Samples at PSC SD-20 table in the Basewide Risk Assessment and the analysis of the latest sampling event conducted on May 19,
1999.)

**Chloroform is a known common laboratory contaminate. Chloroform was found in only one sampling event, May 19, 1999 in
MW-113, from 1991 through 1999 from five different monitoring wells.
Arsenic background levels in the State of Arizona regularly exceed the
PRG’s. Arsenic is present at this site within background levels.
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Table 6-24

MAXIMUM EXPOSURE POINT CONCENTRATIONS IN GROUNDWATER
AND USEPA REGION IX PRGS

FOR PSC SD-21
(MW-101)

Luke Air Force Base, Arizona

Exposure Point
 Concentration

(mg/L)

USEPA Region IX 
Tap Water PRG (mg/L)

*Risk or
Hazard

ADEQ 2000 Aquifer
Water Quality Standards

(mg/L)Constituent 2000

Cancer Effects ELCR
Inorganics 
Arsenic
Barium
Boron
Copper
Lead
Zinc

0.011
0.117
0.25

0.092
0.007

0.5

0.000045
NC
NC
NC
NC
NC

2.4E-04
NC
NC
NC
NC
NC

0.05
2

NA
NA
0.05
NA

Total Site Risk 2E-04

Non-Cancer Effects HQ

Inorganics
Arsenic
Barium
Boron
Copper
Lead
Zinc

0.011
0.117
0.25

0.092
0.007

0.5

0.011
2.6
3.3
1.4
NA
11

1.0E+00
4.5E-02
7.6E-02
6.6E-02

-
4.5E-02

0.05
2

NA
NA
0.05
NA

Hazard Index 1

ADEQ Arizona Department of Environmental Quality.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Non-Carcinogenic.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

*Risk and Hazards are based upon 2000 Tap Water PRGs
MW-101 is active.
(The metals in this table are based upon the maximum range of detects in the Occurrence of Constituents Detected in Groundwater Samples at
PSC SD-21 table in the Basewide Risk Assessment. The analysis of the latest sampling event conducted on June 4,
1996, indicated the constituents analyzed were at non-detect levels.)

Arsenic background levels in the State of Arizona regularly exceed the
PRG’s. Arsenic is present at this site within background levels, and when
taken out of the equation the ELCR and hazard index are
within acceptable risk ranges.
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Table 6-25

MAXIMUM EXPOSURE POINT CONCENTRATIONS IN GROUNDWATER
AND USEPA REGION IX PRGS

FOR PSC SD-38
(MW-117)

Luke Air Force Base, Arizona

Exposure Point
 Concentration

(mg/L)

USEPA Region IX 
Tap Water PRG (mg/L)

*Risk or
Hazard

ADEQ 2000 Aquifer
Water Quality Standards

(mg/L)Constituent 2000

Cancer Effects ELCR

Inorganics 
Barium
Copper
Lead
Zinc

0.146
0.012
0.003
0.378

NC
NC
NC
NC

NC
NC
NC
NC

2
NA
0.05
NA

Total Site Risk NC

Non-Cancer Effects HQ

Inorganics
Barium
Copper
Lead
Zinc

0.146
0.012
0.003
0.378

2.6
1.4
NA
11

5.6E-02
8.6E-03

-
3.4E-02

2
NA
0.05
NA

Hazard Index 0.1

All Units in milligrams per Liter (mg/L).

ADEQ Arizona Department of Environmental Quality.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Non-Carcinogenic.
PRG Preliminary Remediation Goal.
USEPA U.S. Environmental Protection Agency.

*Risk and Hazards are based upon 2000 Tap Water PRGs
MW-117 is to be abandoned.
(The metals in this table are based upon the maximum range of detects in the Occurrence of Constituents Detected in Groundwater
Samples at PSC SD-38 table in the Basewide Risk Assessment. The analysis of the latest sampling event conducted on May 29,
1996, indicated the constituents analyzed were at non-detect levels.)
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Table 6-26

MAXIMUM EXPOSURE POINT CONCENTRATIONS IN GROUNDWATER
AND USEPA REGION IX PRGS

FOR PSC SS-42
(MW-119; MW-120; MW-121; MW-125)

Luke Air Force Base, Arizona

Exposure Point
 Concentration

(mg/L)

USEPA Region IX 
Tap Water PRG (mg/L)

*Risk or
Hazard

ADEQ 2000 Aquifer Water
Quality Standards (mg/L)Constituent 2000

Cancer Effects ELCR

Inorganics 
Arsenic
Barium
Chromium
Copper
Nickel
Selenium
Zinc

0.007
0.139
3.84
0.036
0.254
0.008
3.09

0.000045
NC
NC
NC
NC
NC
NC

1.6E-04
NC
NC
NC
NC
NC
NC

0.05
2

0.1
NA
NA
0.05
NA

Total Site Risk 2E-04

Non-Cancer Effects HQ

Inorganics
Arsenic
Barium
Chromium [b]
Copper
Nickel [c]
Selenium
Zinc

0.007
0.139
3.84
0.036
0.254
0.008
3.09

0.011
2.6

0.11
1.4

0.73
0.18
11

6.4E-01
5.3E-02
3.5E+01
2.6E-02
3.5E-01
4.4E-02
2.8E-01

0.05
2

0.1
NA
NA
0.05
NA

Hazard Index 36

All Units in milligrams per Liter (mg/L).

ADEQ Arizona Department of Environmental Quality.
ELCR Excess lifetime cancer risk.
HQ Hazard quotient.
NA Not available.
NC Non-Carcinogenic.
PRG Preliminary Remediation Goal.
TPH Total Petroleum Hydrocarbons
USEPA U.S. Environmental Protection Agency.

[a] Compound was detected but reported value is estimated.
[b] The PRG is based on chromium VI non-carcinogenic effects.
[c] The PRG is based on nickel (soluble salts).
*Risk and Hazards are based upon 2000 Tap Water PRGs
MW-119 deteriorated.
MW-120 deteriorated.
MW-121 is active.
MW-125 deteriorated.
(The metals in this table are based upon the maximum range of detects in the Occurrence of Constituents Detected in Groundwater
Samples at PSC SS-42 table in the Basewide Risk Assessment. The analysis of the latest sampling event conducted on May 16,
2000, indicated the constituents analyzed were at non-detect levels.)

Arsenic background levels in the State of Arizona regularly exceed the
PRG’s. Arsenic is present at this site within background levels.



ARCADIS

G:\ENV\PROJ\800\891\finalfiveyearreview.rtf - - 113

6.5 Interviews

The following individuals were solicited for interviews by questionnaire as part of this five-year
review:

• Belle Matthews, Luke AFB Project Manager
• Sean Hogan, EPA Project Manager
• Nancy Lou Minkler, ADEQ Project Manager
• Dan Salzler, Citizens Advisory Board (CAB) Community Co-Chairperson
• Joyce Clark, CAB member
• Martin Jeffries, CAB member

The only individuals who responded to the questionnaire were Belle Matthews, Nancy Lou
Minkler and Martin Jeffries. Interview results for these individuals are in Appendix F.

In addition to solicitation of interviews by questionnaire, the following individuals were
interviewed in person as part of the May 22, 2001 site inspection:

• Chris Christoffer, Luke AFB Environmental Analyst
• Sergeant Anthony Michels, Luke AFB Infrastructure Superintendent

Chris Christoffer and Sergeant Michels were interviewed relative to procedures that ensure
compliance with the BGP and ICP. As part of these interviews, the BGP was reviewed and it was
verified that the ICP had been implemented. Also verified were approval and record keeping
procedures for digging permits relative to environmental constraints at Luke AFB.
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PSC RW-02 Wastewater Treatment Annex  

PSC RW-02 consists of a former 28-acre landfill at the Luke AFB wastewater 
treatment plant (WWTP) annex located north of Glendale Avenue and, two miles east 
of the main Base.  The former landfill is located in the northwestern portion of the 
WWTP annex, adjacent to the western bank of the Agua Fria River.  The site served as 
the Base's main landfill for the disposal of refuse from 1953 until 1970.   

A small quantity of low-level radioactive electron tubes and dials were buried at the 
site in 1956.  The radioactive material was encased in concrete and disposed in a pit 12 
feet deep with 4 feet of concrete cover and 6 feet of earth cover.  The radioactive 
material burial site is currently located within the boundaries of the Defense 
Reutilization Marketing Office (DRMO) storage yard.  

During the OU-1 RI, two soil borings (SB-1 and SB-2) were advanced and sampled 
near the radiological waste containment structure to assess its integrity.  The borings 
were located approximately 15 feet north and south of the radiological monument 
marker and advanced to a depth of 17 feet below ground surface (bgs). A third soil 
boring (SB-11) was also advanced 30 feet north of the radiological waste containment 
to assess background radiological conditions.   Two soil samples were collected from 
each of the borings at depths between 10-12 feet and 15-17 feet bgs.  The samples were 
submitted to IT laboratory and analyzed for total uranium, radium-226, radium-228, 
gross alpha, and gross beta. 

Radiochemical analyses of soil samples adjacent to the monument were not 
significantly different from the background boring SB-11, and the results of the 
radiochemical analyses for all samples are within the background ranges for natural 
soils.  Specifically, samples adjacent to the containment structure contained uranium 
concentrations of 0.3 to 1.0 micrograms/per gram (µg/g).  These concentrations are 
within the background range for natural geologic materials (up to 4.8 µg/g).  Radium-
226 (alpha radiation emitters associated with the uranium decay series), and radium-
228 (a beta radiation emitter associated with the thorium decay series) are also present 
at concentrations expected in natural soils.  

Natural gamma ray geophysical logging was conducted in borings drilled adjacent to 
the monument (SB-1, SB-2) and at a nearby groundwater monitoring well (MW-115).  
The natural gamma logs displayed total gamma counts that ranged up to 235 American 
Petroleum Institute (PSI) units. Gamma radiation in natural geologic materials range 
from a few API units to more than 300 API units.  Thus, no gamma radiation 
anomalies were noted. 
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While natural gamma logs and soil sampling results indicate that radioactive materials 
have not impacted soils adjacent to the containment structure, the mere presence of the 
low-level radioactive waste containment structure warrants concern.  As a result, 
remedial alternatives were developed and evaluated for PSC RW-02.   

PSC LF-03  Outboard Runway  

PSC LF-03 consists of a former construction debris landfill located on the western side 
of the Base near the central part of the outboard runway, south of Taxiway F.  The site 
occupies approximately 21 acres.  The outboard runway currently covers 60 percent of 
the site.  The remainder of the site consists of a bare low-lying area with sparse 
vegetation.  The Base reportedly used the site for limited disposal of refuse from 1951 
to 1953.  Land filling operations at this site ceased when the outboard runway was 
constructed. 

During the OU-1 RI, geophysical and soil gas surveys were conducted to define the 
landfill boundaries and to select locations for test pits.  Six test pits were excavated and 
sampled to characterize its extent and contents.  Two additional soil borings were 
advanced and sampled in August 1996 to collect additional VOC and BNA data for 
risk assessment purposes.   

Numerous metallic wastes were unearthed at the central portion of PSC LF-03 during 
test pit excavation.  Samples of the wastes collected from Test Pit TP-5 at depths of 8 
feet bgs and a 7-8 feet bgs contained chromium at concentrations of 349 and 386 
mg/kg, respectively.  Because the metallic wastes containing elevated concentrations of 
chromium are buried and extend below the outboard runway, direct exposure is not 
likely under current land use scenarios.  

The risk assessment concluded that the site does not present unacceptable health risks 
given its current land uses.  However, long-term exposure in unacceptable health risks 
could result if the runways were removed and the site was developed for residential 
purposes. As a result, remedial alternatives were developed for the site. 

PSC FT-07E East Portion of North Fire Training Area    

PSC FT-07E is located in the northern portion of the Base, west of Fire Department 
Training Facility 1355.  Fire training activities in the eastern portion of PSC FT-07E 
began in 1973 when the Base constructed three fire-training pits (FTPs).  The two 
largest training pits were constructed with sprinkler systems to dispense flammable 
POL waste onto mock aircraft or similar structures.  According to Base records, the 
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three pits were active from 1973 until 1989.  The two largest pits were designated as 
Fire Training Pit #3 (FTP-3) and Fire Training Pit #4 (FTP-4).  The third pit was 
identified as Fire Training Pit #6 (FTP-6). 

Luke AFB conducted a soil vapor extraction (SVE) removal action at fire training pits 
FTP-3 and FTP-4 from April 1992 through December 1992.  Calculations indicate that 
over 14,000 pounds of contaminants were removed from the soil and destroyed by a 
thermal oxidizer treatment system. The objectives of the OU-1 RI at PSC FT-07E were 
to assess effectiveness of the removal action, to further evaluate the vertical extent of 
any constituents still remaining in the soils, and to assess the potential for groundwater 
impacts beneath the site.  Fourteen soil borings were advanced and sampled at the two 
fire training pits where vapor extraction was performed (FTP-3 and FTP-4). Three soil 
borings were also advanced and samples at fire training pit FTP-6.  Two groundwater 
monitoring wells (MW-118 and MW-123) were installed during the OU-1 
investigation to assess groundwater quality at the site.   

Soil sampling results indicated that residual hydrocarbon contamination was 
effectively reduced at depths greater than 16 feet bgs.  Groundwater sampling results 
indicate the underlying groundwater resources have not been impacted.  Vadose zone 
transport modeling also indicated that residual petroleum hydrocarbon contaminants in 
the soil would not leach to the underlying groundwater.  However, relatively high 
concentrations (27,000 mg/kg) of total petroleum hydrocarbons (TPH) remained in the 
soils near the surface.  While the current site conditions do not pose a threat to human 
health or the environment given the its current land use (military/industrial), 
unacceptable health risks would occur if the site were developed and used for 
residential purposes.  For this reason, remedial alternatives were developed. 

PSC SS-11 Former Outside Transformer Storage 

PSC SS-11 consists of a 0.79-acre site located in the northeastern portion of Luke 
AFB, northeast of Facility 328 and west of Building 360. The Luke AFB exterior 
electric shop used the site prior to 1981 for temporary storage of out-of-service 
electrical transformers, some of which may have contained polychlorinated biphenyls 
(PCBs).  Approximately 20-percent of the site is covered by bare ground with no 
vegetation, and the remaining 80-percent is covered with degraded asphalt which has 
been present for the past 40 years.  The transformers were reportedly stored on the bare 
ground.  The shallow soils at this PSC contain PCBs at low concentrations.  The Base-
wide risk assessment concluded that these levels pose no risk to human health or the 
environment. 
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PSC OT-12 Old EOD Site 

PSC OT-12 consists of a 15-acre former landfill area located between the outboard 
runway and the west perimeter road.  The majority of the site lies in a low depression 
covered with exposed soil and grass.  The exact dates of operation of the pit could not 
be determined, however, it was reportedly in existence in the early 1970s.  The site is 
located just south of the EOD Demolition and Burn Facility #1047, which was 
constructed in 1963.  The pit was probably excavated at that time to dispose of residue 
from the incineration or detonation of unused or outdated ordinance.  Currently, all 
unexploded ordnance is taken to the Luke Air Force Base Range at Gila Bend for 
demolition and disposal.  Prior to remedial investigations, this area was surveyed by air 
force explosion ordnance disposal technicians and found the site to be free of 
UneXploded Ordnance (UXO).  The soils at this PSC contain TPH, PAHs, arsenic and 
beryllium.  The Base-wide risk assessment concluded these levels pose no risk to 
human health or the environment. 

PSC DP-13  Drainage Ditch Disposal Area    

PSC DP-13 is located in the northwest corner of the Base (Figure 8).  During the 
1940s, this site was the location of a drainage ditch that was reportedly used for refuse 
disposal.  The ditch was filled and covered when the Base was deactivated in 1946.  
Asphalt and concrete rubble stored in the northwest corner of the site was disposed in a 
burial pit in 1974.  No known or suspected industrial-type wastes or hazardous wastes 
were disposed at this site.  Currently, a majority of the site is covered with bare ground.  
The northern portion of the site is used as a bivouac area for preparedness training.   

Objectives of the RI at PSC DP-13 were to define the boundaries of the former landfill 
and characterize its contents.   Geophysical and soil gas surveys were conducted to 
define the landfill boundaries and to select locations for test pits.  Fifteen test pits were 
excavated to characterize the extent and contents of the landfill.  Ten soil borings were 
advanced to further define the vertical and lateral extent of constituents of potential 
concern detected in the test pit samples.  In August 1996, three additional soil borings 
were advanced to collect supplemental VOC and BNA data for risk assessment 
purposes.   

Test Pits TP-12 (located near the side of a maintained road within the bivouac area) 
intercepted an inactive underground utility line.  A paint pail and dried paint residue 
were also observed in Test Pit TP-12. Wastes collected from that test pit at a depth of 5 
feet bgs contained chromium at 15,900 mg/kg and lead at 36,000 mg/kg.  Because 
these wastes are buried and the surface area is maintained, direct exposure is not likely 
under current land use scenarios.  However, exposure to these buried wastes could 
result if excavation were to occur or if the site were developed for residential purposes.  
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For this reason, remedial alternatives were developed for PSC DP-13 as a protective 
measure. 

PSC LF-14 Old Salvage Yard Burial Site    

PSC LF-14 consists of a former landfill site located in the northeastern corner of the 
Base.  In the 1940s, this site was part of the main drainage canal for the north end of 
the Base.  The canal was abandoned when the drainage was changed in the 1950s.  The 
abandoned canal may have been used as a landfill and was completely filled and 
covered by 1962.  According to interviews with Base personnel, PCB-containing 
transformer fluids may have been disposed in the ditch in the northern portion of this 
site.  The site is currently unpaved and covered with bare ground.  

The objectives of the RI at PSC LF-14 were to define the boundaries of the former 
drainage ditch landfill and to characterize its content.  Geophysical and soil gas surveys 
were conducted to define the landfill boundaries and to select locations for test pits.  
Phase II activities consisted of excavating four test pits and sampling 10 soil borings.  
Two additional soil borings were advanced in August 1996 to collect supplemental 
VOC and BNA data for risk assessment purposes.  

Relatively high PCB concentrations (2,300 mg/kg) were detected at the site, however, 
the depth at which this concentration was detected was greater than 16 feet bgs and 
exposure is unlikely.  Based on the results of the Base-wide risk assessment, 
contaminants identified at PSC LF-14 were not present at areas of potential exposure at 
concentrations high enough to cause adverse health effects under current land use 
scenarios.  However, the concentrations of PCBs and chromium present in soils 0 to 16 
feet bgs could theoretically cause adverse health affects in unlikely event that PSC LF-
14 were developed for residential purposes in the future.  For this reason, remedial 
alternatives were developed for the site. 

PSC SS-17 Former Defense Property Disposal Office 
(DPDO) Yard 

PSC SS-17 consists of the former DPDO yard facility located in the northeastern 
corner of Luke AFB and occupies approximately 13-acres.  Forty percent of the site is 
paved with old asphalt and concrete pads and 60 percent is soil ground cover.  During 
the 1950s and 1960s, hazardous materials and 55-gallon drums of industrial wastes 
were stored on the floor of the former DPDO building.  The hazardous waste included 
spent thinners and strippers, paint, solvents, mercury-contaminated rages, and asbestos-
containing material.  In 1986, all wastes were shipped from the site for proper disposal 
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in California.  Soil samples and samples of the concrete pad were collected in May 
1986.  None of the samples contained detectable concentrations of potential 
contaminants.  The DPDO yard was listed as “closed” on September 21, 1988, with 
closure acknowledged by ADEQ on September 30, 1988.  Despite its “closed” status, 
PSC SS-17 was included in the OU-1 RI.  The soils at this PSC contain TPH, PCBs, 
arsenic and beryllium.  The Base-wide risk assessment concluded these levels pose no 
risk to human health or the environment. 

PSC SD-20 Oil/Water Separator Canal and Earth 
Fissures 

PSC SD-20 consists of a drainage canal located on the southern side of Luke AFB.  
This unlined canal originates at the Oil/Water Separator 912, approximately 100-feet 
north of N Street, and extends southward.  The 912 oil/water separator system serves 
two drainage systems, a 30-inch diameter system for the areas to the northwest and a 
43-inch diameter system for an area to the northeast.  In some instances during past 
storm events, stagnant oily water in the 30-inch diameter system overflowed into the 
oil/water separator canal.  Recent upgrades to Luke AFB sewer system have eliminated 
the potential for additional discharges to the canal.  Two earth fissures, apparently 
resulting from differential land subsidence, are present at the end of the drainage canal.  
The soils at PSC SD-20 contain TRPH, benzo(a)pyrene, arsenic, and beryllium at low 
concentrations.  Groundwater samples collected at the site were found to contain TCE, 
arsenic and lead.  The Base-wide risk assessment concluded these levels pose no risk to 
human health or the environment. 

PSC SD-21 WWTP Effluent Canal 

PSC SD-21 is located approximately 3-miles east of the Base, south of Glendale 
Avenue, adjacent to the west bank of the Agua Fria River.  Prior to1997, treated 
effluent was discharged to this canal from the Base WWTP.   The canal and associated 
wetlands comprise approximately 33-acres.  The water in the canal is categorized as 
effluent dominated surface water according to the ADEQ.  In 1997 effluent discharge 
to the canal was discontinued and discharge was piped to the new Luke AFB golf 
course for irrigation.  The soils at PSC SD-21 contained BNAs, arsenic and beryllium.  
Sediment samples collected at this PSC contained arsenic and beryllium.  Surface 
water samples collected at this PSC contained arsenic and lead.  Samples collected 
from groundwater monitoring wells at the site contained arsenic and lead.  The Base-
wide risk assessment concluded these levels pose no risk to human health or the 
environment. 
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PSC LF-25 Northwest Landfill    

PSC LF-25 consists of an area formerly used for land filling and is located along the 
southwest boundary of the Base, between the west perimeter and the northwest 
runway.  This narrow site occupies approximately 43-acres.  Portions of PSC LF-25 
are located immediately downrange of the Base skeet shooting range.  Small, localized 
sections of the site were used as a landfill for construction debris in the past for an 
undetermined length of time, but it has not been used since 1989.  

The objectives of the RI at PSC LF-25 were to define the boundaries of any former 
landfills and to characterize their content.  During the OU-1 RI investigations, 
geophysical and soil gas surveys were conducted to define landfill boundaries and to 
select locations for test pits and soil borings.  

Lead and antimony were detected in the surface soils adjacent to the skeet range at 
concentrations that could cause adverse health effects if prolonged exposure, such as 
excavation work or residential occupation, were to occur.  The lead and antimony are 
present in the form of metal shot that was fired from the adjacent Base skeet shooting 
range.  Metal shot continues to impact the site because the skeet range is still active.  
As a protective measure, remedial alternatives were developed for the site. 

PSC SD-26 Hush House Canal 

PSC SD-26 consists of a surface drainage canal located southeast of the Hush Houses.  
This canal merges with the Oil/Water Separator canal (PSC SD-20) at a location 
southwest of the Base Ammunition Storage Area.  The combined flows discharge to an 
area of subsidence fissures.  From the mid-1960s until 1993, the oil/water separators 
attached to the Hush Houses discharged directly into PSC SD-26.  The oil/water 
separators were connected to the Base� WWTP in 1993 and no longer discharge to the 
canal.  Drainage from the runway and taxiway to the west, and most of the facilities for 
the 944th Tactical Air Group are also channeled into the Hush House canal.  This site 
was not included in any IRP documents or reports.  The soils at this PSC contain 
TRPH, benzo(a)pyrene, arsenic, and beryllium. The Base-wide risk assessment 
concluded these levels pose no risk to human health or the environment. 

 

PSC LF-37 Northeast Landfill 
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PSC LF-37 is located in the northeast corner of Luke AFB and occupies approximately 
11.9 acres.  The site is currently unpaved except for the perimeter road.  Luke AFB 
canal and a railroad spur are located adjacent to the north side of the site.  This site was 
not investigated in any IRP documents or reports.  The soils at PSC LF-37 contain 
TRPH, benzo(a)pyrene, arsenic, and beryllium. The Base-wide risk assessment 
concluded these levels pose no risk to human health or the environment. 

PSC SD-38  Oil/Water Separator at Auto Hobby Shop    

PSC SD-38 is located near the middle of the Base at the northwest corner of "D" Street 
and 3rd Street.  The site consists of the former oil/water separator serving Building 
248, the old Base Auto Hobby Shop.  In March 1991, the SD-38 oil/water separator 
was inspected as part of the RCRA Facilities Assessment (RFA).  It was discovered 
that this oil/water separator did not have a concrete bottom.  This separator has since 
been removed.  The Base for laboratory analysis submitted samples of the sludge from 
the bottom of the oil/water separator.  Other than the sludge sampling, no previous 
investigations or environmental sampling was performed at this site prior to the OU-1 
RI. 

PSC SD-38 was originally assigned to the OU-2 investigation.   Because OU-2 data 
indicated a deep soil impact and thus, a potential threat to groundwater, the site was 
reclassified as an OU-1 PSC.   In May 1992, three soil borings were advanced and 
sampled to assess the nature and extent of any impacts at the site.  During the OU-1 
investigation, three soil borings were advanced and sampled to further evaluate the 
vertical and horizontal extent of any impact.  A groundwater monitoring well (MW-
117) was also installed and sampled at this time to evaluate groundwater quality at the 
site.  In August 1996, one additional boring was advanced and sampled to collect 
supplemental VOC and BNA data for use in the risk assessment.   

Soil samples collected directly beneath the former oil/water separator at a depth of 8 
feet bgs contained TRPH at a concentration of 58,000 mg/kg.  Based on the results of 
the Base-wide risk assessment, prolonged exposure to this concentration of TRPH 
could potentially cause adverse health affects.  Because the soils containing elevated 
concentrations of TRPH are located at depth, direct exposure is not likely under current 
land use scenarios.  However, prolonged exposure to the TRPH in the subsurface soils 
could result if the site were developed for residential purposes in the future.  For this 
reason, remedial alternatives were developed for PSC SD-38. 

PSC SD-39 Waste Discharge at the Old Lockheed Site 
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PSC SD-39 consists of two separate areas located near the northern end of the inboard 
runway.   According to information obtained during the RFA conducted in March 
1991, Luke AFB used the facilities in the area for aircraft ground equipment 
maintenance prior to 1964.  Lockheed Aircraft Company occupied the facilities in the 
area from 1964 to 1982.  Presently, the 405th TPW Maintenance Shop occupies the 
facilities.  This site was identified as a PSC because of the lack of information on the 
composition and quantity of wastes released.  The soils at PSC SD-39 contain TRPH 
and arsenic. The Base-wide risk assessment concluded these levels pose no risk to 
human health or the environment. 

PSC OT-41 Skeet Range Canal 

PSC OT-41 consists of Luke AFB Skeet Range.  The site occupies approximately 3.27 
acres located along the western side of Luke AFB near the southern end of the 
outboard runway in a triangular extension of the western boundary of Luke AFB.  The 
paved west perimeter road comprises 5 percent of the site.  The remainder of the site is 
desert soil and grass, except for an unlined irrigation canal, which passes through the 
site.  The irrigation canal originates off Base and flows south along the west boundary 
and exits Luke AFB to the south.  The site was identified as a PSC because lead shot 
from skeet shooting could potentially enter the canal and could be transported off of 
Luke AFB property.  The area where lead shot and broken clay pigeons primarily fall 
is not within the boundary of PSC OT-41.  Rather, the impact areas for the skeet range 
are further to the east of the irrigation canal within the boundaries of PSC LF-25.  The 
boundary of PSC OT-41 was established as such because the irrigation canal was the 
point of interest for the investigation, not the impact area.   Detected lead 
concentrations were all below the USEPA Region IX residential PRGs, which is 400 
mg/Kg.   

PSC SS-42 Bulk Fuels Storage Area    

PSC SS-42 consists of a former leaking UST site located within the eastern portion of 
the bulk fuels storage area of Luke AFB.  The leaking UST was part of an oil/water 
separator system that received condensate from the two large aboveground fuel tanks.  

In March 1993, the leak detection system for the oil/water separator UST sounded, 
indicating a release had occurred.  According to Base personnel, unusually heavy rains 
caused the soil around the UST to settle.  The settling apparently caused the fill line to 
dislodge from the tank.  In response, the oil/water separator and fiberglass UST were 
removed from service and excavated. 
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Environmental investigations by Environmental Engineering Consultants, Inc. (EEC) 
in response to the release from the oil/water separator UST began in March 1993.  EEC 
advanced seven soil borings (UST-1 through UST-7) adjacent to the oil/water separator 
and leaking UST.  Several of the borings advanced to define the horizontal extent of 
the impact contained detections of TRPH and benzene, toluene, ethylbenzene, and total 
xylenes in samples collected at depths between 70 feet and 160 feet bgs.  Because of 
these unexpected detections, the horizontal extent of the impact was not defined by the 
seven borings advanced by EEC.   

After review of the EEC data, the FFA parties added this site as a PSC in the CERCLA 
investigation.  Because of the depth of the impact and magnitude of the release, the 
FFA parties agreed that additional investigations were warranted because of the 
potential for groundwater impact.   Therefore, PSC SS-42 was assigned to OU-1 in 
August 1993.  

The objectives of the RI at PSC SS-42 were to define the horizontal extent of the 
impact detected at the former oil/water separator UST, identify other potential sources 
of contamination at the site, and to assess the groundwater quality.  Initial activities 
included conducting a geophysical survey to identify underground lines and utilities.  A 
soil-gas scan was also conducted to assess the integrity of the underground distribution 
system and identify other potential sources of contamination.  Sixteen soil borings were 
advanced and sampled to determine the horizontal and vertical extent of the impacts 
identified at the site.  Four groundwater monitoring wells (MW-119 through MW-121, 
and MW-125) were also installed and sampled to evaluate the groundwater quality.   

TPH and BTEX concentrations were detected at depths ranging from 10 to 160 feet 
bgs.  The highest detected concentration of TPH was 33,900 mg/kg at a depth of 70 
feet bgs.  BTEX compounds were also detected at their highest concentrations at this 
depth.  Based on the results of the Base-wide Risk Assessment, contaminants identified 
at PSC SS-42 were not present at areas of potential exposure at concentrations high 
enough to cause adverse health effects under current land use scenarios, or even under 
residential land use scenarios.   However, results of the vadose zone transport modeling 
indicated that petroleum related contaminants (TPH and BTEX) detected in the soil 
could migrate to the underlying groundwater resources.  For this reason, remedial 
alternatives were developed for the site. 

The remedial alternative selected for PSC SS-42 in the OU-1 ROD was S-11 (In-situ 
Soil Vapor Extraction with Long-term Groundwater Monitoring).  The remedial 
components included:  
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• Installing, operating, and maintaining a Soil Vapor Extraction (SVE) 
System. 

• Monitoring soil and groundwater to confirm effectiveness and potential 
migration of the contaminants. 

Because the Base-wide risk assessment concluded that the site did not pose a threat to 
human health, the only remedial objective was to reduce TPH and BTEX 
concentrations in the soil to levels that would no longer pose a threat to the underlying 
groundwater resources.  More specifically, ARARs for the site (Arizona Soil 
Remediation Standards) required that soil remediation continue until contaminants 
remaining in the soil did not cause or threaten to cause a violation of Aquifer Water 
Quality Standards at a point of compliance.  The Arizona Department of 
Environmental Quality Groundwater Protection Limit (GPL) screening model was to 
be used for determining whether residual contaminant concentrations in the soil were 
protective of groundwater. 

Prior to the signing of the OU-1 ROD, the Base initiated a SVE removal action at PSC 
SS-42. The SVE removal action was performed using a highly modified internal 
combustion engine (ICE) to create necessary vacuum to draw the contaminated soil 
vapors from the subsurface.  The ICE used the petroleum laden vapors as a fuel source, 
effectively treating the soil vapors prior to discharge.  An on-board computer adjusted 
carburation to ensure emissions met air quality standards.  Supplemental propane was 
used to fuel the engine as petroleum concentrations in the soil gas decreased.  The SVE 
removal action continued through November 1998.   Results of the removal action 
were documented in a series of letter reports produced by Parsons Engineering 
Science, Inc.  

Data collected during the removal action between August 6, 1996, and November 2, 
1998, indicated that over 399,514 pounds of total volatile hydrocarbons (TVH) 
(approximately 66,586 gallons) were removed from the subsurface soils.  BTEX 
concentrations in the soil gas decreased from 4,590 parts per million by volume (ppmv) 
to 608 ppmv.  This calculates to a reduction of soil gas BTEX concentrations by 87 
percent.   

In January 1999, following completion of the removal action, a confirmation boring 
was installed and sampled to evaluate the residual TPH and BTEX concentrations in 
soil.  While TPH and BTEX were still detectable at reduced concentrations at depths 
between 50 and 180 feet bgs, residual TPH and BTEX were not detected in the upper 
40 feet of soil. 
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Vadose zone transport modeling was conducted following completion of the SVE 
removal action to determine whether the remaining hydrocarbon contamination could 
migrate beneath the site and impact the groundwater resources.  The ADEQ 
Groundwater Protection Limit (GPL) model was used for this evaluation.  The model 
results indicated that the residual TPH and BTEX concentrations would not impact 
groundwater at concentrations above Arizona Aquifer Water Quality Standards, and 
furthermore, additional remediation was not needed to satisfy all applicable, relevant 
and appropriate requirements (ARARs).  For this reason, the first part of the remedial 
alternative selected for the site (In-situ Soil Vapor Extraction) was not implemented. 

The remedial alternative selected for PSC SS-42 also involved a groundwater 
monitoring program. At a minimum, groundwater monitoring was to be conducted at 
the site annually for 5 years.  
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PSC OT-04  OLD PERIMETER ROAD WASTE DISPOSAL SITE 

PSC OT-04 consists of the old perimeter road waste application site.  From 1951 until 
approximately 1970, petroleum, oil, and lubricant (POL) wastes generated during Base 
operations were sprayed on this section of road to control excessive dust.  The old 
perimeter road disposal site begins approximately 200 feet north of Facility 1080 and 
runs southwest around the southern portion of the runway, then turns northeast before 
terminating immediately adjacent to Facility 1082.  PSC OT-04 is unpaved and 
approximately 6800 feet long and 15 to 20 feet wide.  

According to the IRP Phase I investigation, the total volume of POL waste generated at 
the Base prior to 1954 was relatively small and was disposed mainly through fire 
department training exercises.  After 1954, the total volume of POL waste generated by 
the Base increased significantly.  Available records show that up to 50,000 gallons per 
year of POL wastes were disposed on the perimeter road. The majority of the POL 
wastes disposed at the site consisted of contaminated JP-4, but may also have included 
aviation gasoline (AVGAS), diesel fuel, waste engine oils, and waste solvents.  Other 
wastes disposed in this manner included wastes from the Facility 912 oil/water 
separator and tank sludge from the periodic cleaning of fuel storage tanks.  Some of the 
tank sludge contained lead from cleaning AVGAS storage tanks. 

During the IRP, Phase II, Stage 1 investigation, eight two-foot deep soil borings were 
advanced along the road.  Samples were collected from each of the borings at one-foot 
intervals.  In December 1991 during the OU-2 RI, twelve 40-foot deep soil borings 
(SB-1 through SB-12) were drilled along the length of the roadway.  The borings were 
spaced at approximately 800-foot intervals to provide coverage across the entire length 
of the site.  A total of 51 soil samples (48 primary and 3 duplicate) were collected from 
the borings and submitted for laboratory analysis.  The contract laboratory analyzed 
samples for TRPH (EPA Method 418.1), VOCs (EPA Method 8240), BNAs (EPA 
Method 8270), and metals (EPA Method 7421).  The subsurface sample from each 
boring was also analyzed for PCBs (EPA Method 8080).  Detailed descriptions of the 
sampling methodologies and analytical results are presented in the OU-2 RI report. 

The surface soils in the southern section of the site were found to contain TRPH at 
concentrations ranging up to 250 mg/Kg.  Although soil borings were advanced to 40 
feet bgs, samples collected below 10 feet bgs did not show detectable concentrations of 
TRPH.  VOC compounds were not detected in any of the samples, and the only 
detected BNA compounds were common laboratory contaminants at low 
concentrations.  With only two exceptions, the metals concentrations detected in soil 
samples were below their respective background upper confidence limits (UCLs).  
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During 1992 and 1993, the data collected during the OU-2 field investigation were 
used to evaluate remedial alternatives for the soils at this site.  Based on these results of 
the OU-2 Risk Assessment and Feasibility Study, no further action alternative was 
proposed.  This alternative was officially adopted in the OU-2 ROD that was signed in 
January 1994.   

Later in 1994, concerns arose about the quality of some of the VOC and BNA data 
used in the original evaluation of PSC OT-04.   In response, seven additional samples 
were collected in August 1996 to replace the original data of �unknown quality.  The 
additional samples were collected from three borings, which were located at the areas 
of the site, which showed the greatest signs of impact. 

The three additional soil borings (SB-13 through SB-15) were located adjacent to Soil 
Borings SB-5, SB-9, and SB-10, respectively.  Three surface and four subsurface 
samples were collected from the borings and submitted to Quanterra laboratories for 
analysis.  VOC and BNA compounds were not detected in any of the additional 
samples.   

These new sampling data were used with previously collected data of known quality to 
re-calculate the risk assessment for the site.  The results of the risk assessment showed 
that exposure to the soil at this site would not cause a risk to human health of the 
environment.  Both current and hypothetical future excess lifetime cancer rate (ELCR) 
and Hazard Index (HI) for exposure to soils at these sites were below the ADEQ and 
USEPA’s residential risk-based remediation benchmarks (ELCR less than 10-4, HI 
below 1.0).  As a result, the original remedial alternative selected for the site (no 
further action) was re-affirmed. 

 

PSC DP-05 POL DISPOSAL AREA 

PSC DP-05 consists of an 18-acre triangular-shaped area located on the southeast side 
of Taxiway I.  Base Production Well 11 and PSC SD-26 (the Hush House Canal) are 
located adjacent to the site.  PSC DP-05 currently consists of bare ground covered with 
sparse vegetation  According to the IRP, Phase I investigation results, this area was 
used for the disposal of petroleum, oil, and lubricant (POL) waste from approximately 
1970 until 1972.  POL wastes were delivered to the site in 5,000-gallon tanker trucks 
and dumped in shallow (1.5 feet deep) trenches.  The waste was allowed to weather for 
4 to 6 weeks and was then covered with soil.  Eleven trenches ranging from 
approximately 200 to 550 feet in length were identified on aerial photographs taken 
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between 1977 and 1989.  A shallow lagoon was also identified at the northeast corner 
of the site.  The lagoon was apparently excavated for additional waste disposal.  
Undocumented estimates of the POL waste volumes, mostly JP-4, were as high as 
100,000 gallons per year at this disposal site from 1970 to 1972. 

During the IRP, Phase II, Stage 1 investigation, ten soil borings were drilled and 
sampled to a depth of 20 feet.  A soil gas survey, geophysical survey, and soil boring 
investigation were conducted during the IRP, Phase II, Stage 2 investigation.  The 
results of the soil gas survey and geophysical survey were used to determine the 
locations of nine 100-foot soil borings.  Monitoring wells MW-104, MW-105, and 
MW-106 were also installed at the site during the IRP Phase II, Stage 2 investigation.  
The locations for the monitoring wells were selected to encircle the site as completely 
as possible.  

The OU-2 RI field activities at PSC DP-05 began in December 1991 and continued 
through June of 1992.  Initially, twenty 20-foot deep soil borings (SB-1 through SB-
20) were drilled and sampled at the areas of concern identified on aerial photographs.  
Drilling or two 150-foot deep borings (SB-21 and SB-22) was also initiated in 
February 1992, however, the borings were not completed due to problems caused by 
heavy rain.  Soil Borings SB-21 and SB-22 were only advanced to depths of 77 feet 
and 20 feet, respectively.  Two 150-foot deep borings were completed as Soil Borings 
SB-23 and SB-24 in April 1992.  After review of the data, borings SB-25, SB-26, SB-
27, and SB-28 were drilled as contingency borings in June 1992.  The contingency 
borings were drilled to further characterize the organic compounds detected in samples 
collected from Soil Boring SB-9. Descriptions of the sampling methodologies and 
analytical results are presented in the OU-2 RI report   

A total of 100 samples (95 primary and 5 duplicate) were collected from the borings 
and submitted for laboratory analysis.  Samples were analyzed for TRPH (EPA 
Method 418.1), VOCs (EPA Method 8240), BNAs (EPA Method 8270), and metals 
(EPA Method 7421).  The 0-2 foot bgs sample from each boring was also analyzed for 
PCBs (EPA Method 8080).  With the exceptions of two samples collected from Soil 
Boring SB-8 and three samples collected from Soil Boring SB-22.  The ATI Phoenix 
laboratory conducted analytical procedures.  The ATI San Diego laboratory analyzed 
the three samples collected from Soil Boring SB-22 and both samples collected from 
Soil Boring SB-8.  

Samples from the majority of the soil borings drilled at the site did not contain 
detectable concentrations of organic compounds or detections were limited to near 
surface soils.  TRPH, BNA, and VOC compounds were detected at their highest 
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concentrations in soil samples collected from the center site where the former disposal 
pits are located.  Soil Boring SB-9 and four contingency borings (SB-25 through SB-
28) were drilled in this area of the site during the OU-2 RI.   

Soil samples collected from Soil Boring SB-9 at a depth of 6 feet bgs contained the 
highest concentrations of TRPH (8,300 mg/Kg).  TRPH was not detected below the 
depth of 22-feet in any of the samples collected at the site.  Ethyl benzene and xylenes 
were the only detected VOC compounds.  The highest detected concentration of ethyl 
benzene was 0.9 mg/Kg in the 12-14 foot bgs samples collected from Soil Borings SB-
25 and SB-27.  The highest detected concentration of xylenes was 86 mg/kg in the 6-
foot bgs sample collected from Soil Boring SB-9.  VOC compounds were not detected 
below the depth of 14 feet.  Three BNA compounds were detected in the central 
portion of the site near SB-9.  The highest detected concentrations were naphthalene at 
4.6 mg/Kg, 2-methylnapthalene at 4.7 mg/Kg, and BEP at 3.7 mg/Kg.  BNA 
compounds were not detected below the depth of 22 feet. 

With the exception of lead, all metals results for soil samples collected from PSC DP-
05 were either below their respective background UCLs or were within naturally 
occurring background ranges.  The maximum detected concentration of lead (115 
mg/Kg) does exceed its background UCL and the upper range of concentrations 
included in the background data set.  Only three samples contained elevated lead 
concentrations.  The surface sample collected from Soil Boring SB-7 contained 115 
mg/kg of lead.  The two shallowest samples collected from Soil Boring SB-9 contained 
lead concentrations of 72 mg/kg and 39 mg/kg, respectively.  These samples also 
contained some of the highest concentration of TRPH detected at this site. 

Groundwater samples collected from PSC DP-05 did not contain detectable 
concentrations of organic compounds with just two exceptions.  VOC compounds were 
detected in one sample collected from Monitoring Well MW-104 in November1992.  
The only VOC compounds detected were acetone and toluene.  These compounds were 
never detected in any of the other samples collected from Monitoring Well MW-104.  
BEP, a common laboratory contaminant, was the only other organic chemical detected 
in groundwater samples collected from this site.  This BNA compound was not 
detected in any of the other groundwater samples.  Total silver (0.018 mg/L) was 
detected in one groundwater sample collected from Monitoring Well MW-106.  Silver 
was not detected in any of subsequent groundwater samples events or in any of the 
other samples collected at the site.  All other metals detected in groundwater samples 
collected from PSC DP-05 were either below their respective background UCLs or 
were within the range of naturally occurring concentrations included in the background 
data set. 
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During 1992 and 1993, the data collected during the OU-2 field investigation were 
used to evaluate remedial alternatives for the soils at this site.  Based on these results of 
the OU-2 Risk Assessment and Feasibility Study, a no further action alternative was 
proposed.  This alternative was officially adopted in the OU-2 ROD that was signed in 
January1994.   

Later in 1994, concerns arose about the quality of some of the VOC and BNA data 
used in the original evaluation of PSC DP-05.   Because only a limited area near the 
center of the site was impacted, the FFA parties determined that two additional soil 
borings (SB-29 and SB-30) would provide the needed data.  Both borings were located 
in near the center of the former disposal pits at the area of the site that showed the 
greatest sign of impact.  Soil Boring SB-29 was located adjacent to Soil Boring SB-27.  
Soil Boring SB-30 was located adjacent to Soil Boring SB-25.   None of the samples 
collected from the additional soil borings contained detectable concentrations of VOCs 
or BNAs. 

These new sampling data were used with previously collected data of known quality to 
re-calculate the risk assessment for the site.  The results of the risk assessment showed 
that exposure to the soil at this site would not cause a risk to human health of the 
environment.  Both current and hypothetical future ELCRs and HIs for exposure to 
soils at these sites were below the ADEQ and USEPA’s residential risk-based 
remediation benchmarks (ELCR less than 10-4, HI below 1.0).  As a result, the original 
remedial alternative selected for the site (no further action) was re-affirmed. 

PSC FT-06  SOUTH FIRE TRAINING AREAPSC FT-06  SOUTH FIRE 
TRAINING AREAPSC FT-06  SOUTH FIRE TRAINING AREAPSC FT-06  
SOUTH FIRE TRAINING AREA 

PSC FT-06 was the original fire department training area for the Base.  PSC FT-06 is 
located in the southern portion of the Base, east of the Facility 1009 power check pad.  
The PSC is a rectangular area approximately 8 acres in size.  Buildings 1031, 988, and 
1018 are located on the site.  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.   

During past operations, standard practice was to transport petroleum, oil, and lubricant  
waste in 55-gallon drums to the fire department training site.  The POL wastes were 
poured onto an old aircraft or simulated aircraft in a cleared, unlined, bermed circular 
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pit approximately 100-feet in diameter.  The structures were then set on fire and 
extinguished with water and aqueous film forming foam (AFFF).  Fire training 
operations were conducted at this site from 1941 until deactivation of the Base in 1946, 
and again from the time of Base reactivation in 1951 until approximately 1973.  Aerial 
photographs from 1953, 1962, and 1970 indicate that 13 pits of various dimensions 
were present at this site. 

Ten 20-foot deep soil borings were originally proposed in the IRP, Phase II, and Stage 
1 investigation.  However, due to construction at the site, drilling of the proposed soil 
borings was prohibited.  Instead, four shallow soil samples (2 to 3-feet total depth) 
were collected from soil exposed by construction activities.  In addition, two 100-foot 
borings were drilled, and a total of 40 subsurface soil samples were collected during 
the IRP Phase II, Stage 2 soils investigation.   

Two groundwater monitoring wells (MW-107 and MW-108) were installed at this site 
during the IRP, Phase II, and Stage 2 groundwater investigation.  Monitoring well 
locations were chosen so that MW-107 was located between the former pits and MW-
108 was in the presumed down gradient direction.  Monitoring Wells MW-107 and 
MW-108 were included in the Base wide groundwater monitoring and sampling 
program, which continued through the second quarter of 1996. 

From December 1991 through April 1992, 18 soil borings (SB-1 through SB-18) were 
drilled and sampled at the site during the OU-2 field investigation.  Thirteen borings 
were advanced to 100 feet bgs and five borings were advanced to 20 feet bgs.  The 
locations were selected so that at least one 100-foot deep soil boring would be 
advanced in each of the former fire training pits identified on the aerial photographs. 

TRPH was detected in 14 of the 18 soil borings, with the highest concentration of 
18,000 mg/Kg being in the 2-4 foot bgs sample from Soil Boring SB-5.  The TRPH 
values from the remaining borings ranged from 10 to 12,000 mg/Kg.  With the 
exception of Soil Borings SB-5 and SB-18, TRPH was not detected below 20-feet.  In 
Soil Borings SB-5, and SB-18, TRPH was detected at maximum depths of 38 and 24 
feet bgs, respectively.  VOC compounds including BTEX, TCE, PCE, MEK and 
methyl isobutyl ketone were detected at depths up to 14 feet bgs.  BNA compounds, 
such as phenanthrene, chrysene, fluoranthene, pyrene, benzo(b)fluroanthene, and 
benzo(a)pyrene, were detected in samples from 16 borings.  Sample collected from 
Soil Boring SB-8 contained he highest concentrations of BNAs, with 27 BNA 
compounds detected in the 0-2 foot bgs sample.  BNA compounds were detected at 
depths up to 24 feet bgs.  PCBs were not detected in any of the samples collected and 
analyzed at PSC FT-06.   
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Three surface soil samples were also collected from PSC FT-06 for dioxin and furan 
analysis.  Two composite soil samples and one background sample were collected and 
submitted for analysis.  Dioxins and furans were not detected in either of the composite 
samples.  However, the background sample did contain heptachlorodibenzo-p-dioxin 
(HpCDD) at a concentration of 1.2 nanograms per gram (ng/g), octachlordibenzo-p-
dioxin (OCDD) at 4.6 ng/g, heptachlorodibenzo-p-furan (HpCDF) at 1.1 ng/g, and 
octachlordibenzo-p-furan (OCDF) at 2.0 ng/g.  Because this sample was not collected 
in the former fire training pits, the presence of the dioxins and furans is most likely not 
related to site activities. 

The results of the analyses conducted on groundwater samples collected from 
Monitoring Wells MW-107 and MW-108 indicate VOCs, BNA compounds, and EDB, 
are not present in the groundwater at this PSC.  The agricultural pesticide DBCP (0.05 
micrograms per liter) was present in groundwater.  Detected metals concentrations in 
groundwater were within background ranges. 

During 1992 and 1993, the data collected during the OU-2 field investigation were 
used to evaluate remedial alternatives for the soils at this site.  Based on these results of 
the OU-2 Risk Assessment and Feasibility Study, a no further action alternative was 
proposed.  This alternative was officially adopted in the OU-2 ROD that was signed in 
January 1994.   

Later in 1994, concerns arose about the quality of some of the VOC and BNA data 
used in the original evaluation of PSC FT-06.   The FFA parties elected to collect 
additional data at the site to re-evaluate the original remedial alternative.  A total of six 
additional subsurface soil samples were collected in August of 1996 as part of this 
additional soil sampling investigation.  Surface samples were not collected because the 
former fire training pits are no longer present and exposure to their surface soils are not 
possible.  For each additional soil boring, the sampling depth was determined based on 
visual evidence and field screening results noted on the original soil boring logs.  
Attempts were made to collect soil samples immediately beneath the former fire 
training pits. 

None of the samples collected from additional Soil Borings SB-20, SB-22, or SB-23 
contained detectable concentrations of either VOCs or BNAs.  The sample collected 
from Soil Boring SB-19 did not contain detectable concentrations of VOCs; however, 
di-n-octylphthalate was detected at a concentration of 0.16 mg/Kg.  This was the only 
BNA compound detected at Soil Boring SB-19.  Similarly, the sample collected from 
Soil Boring SB-21 did not contain VOCs, but nine different BNA compounds were 
detected in the sample collected from this borehole.  The highest detected 
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concentration was 0.33 mg/Kg of pyrene.  Seven VOC compounds were detected in 
the subsurface sample collected from Soil Boring SB-24.  The highest detected 
concentration was 23 mg/Kg of xylenes.  BNA compounds 2-methylnapthalene (15 
mg/Kg) and naphthalene (33 mg/Kg) were also detected in this sample. 

These new sampling data were used with previously collected data of known quality to 
re-calculate the risk assessment for the site.  The results of the risk assessment showed 
that exposure to the soil at this site would not cause a risk to human health of the 
environment.  Both current and hypothetical future ELCRs and HI’s for exposure to 
soils at these sites were below the ADEQ and USEPA’s residential risk-based 
remediation benchmarks (ELCR less than 10-4, HI below 1.0).  As a result, the original 
remedial alternative selected for the site (no further action) was re-affirmed. 

 

PSC FT-07W WESTERN PORTION OF THE NORTH FIRE TRAINING 
AREA 

PSC FT-07W is located in the northern portion of the Base, west of Fire Department 
Training Facility 1355.  PSC FT-07W was previously identified as Site Number 7 in 
the IRP Phase I, Records Search Report (CH2M HILL, 1982).  The North Fire 
Training Area (NFTA) was divided into an eastern and western portion during the RI.  
The soils in the western portions were included in the OU-2 investigation.  The eastern 
portion of the site was investigated during the OU-1 RI.  Section 13 of this report 
details the investigative results of the eastern portion of the site.   

The western portion of the NFTA occupies approximately 14 acres west of Facility 
1356.  Approximately 50 percent of the site is currently occupied by a new fire training 
facility that was constructed in the spring of 1996.  The remaining portion of the site is 
covered by bare ground with sparse vegetation.  During past operations at the site, POL 
waste was poured into circular unlined bermed areas containing mock aircraft and then 
set on fire for fire fighting training.  These fires were extinguished with water and 
aqueous film forming foam. 

During the IRP Phase II, Stage I investigation, Weston identified three former fire-
training pits in the western portion of PSC FT-07.  Four 20-foot deep soil borings were 
drilled at these pits.  Two 20-foot deep borings were advanced within the biggest pit, 
while a single 20-foot deep boring was advanced in each of the smaller pits.  VOC and 
Oil & Grease were detected in several samples collected from the pits.  Based on the 
results of this contaminant verification sampling, additional investigation was 
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recommended at two of the pits in the IRP Phase II, Stage 2 investigation.  During the 
IRP Phase II, Stage 2 investigation, Weston advanced a 100-foot soil boring in the two 
pits recommended for further investigation.  Three monitoring wells (MW-109, MW-
110, and MW-111) were also installed and sampled by Weston during the IRP Phase 
II, Stage 2 investigation.  

Following completion of Weston’s activities, EA Engineering Science and 
Technology, was contracted to perform additional soil investigations across the entire 
site at PSC FT-07W.  The main objective of the EA Engineering’s investigation was to 
design a soil vapor extraction system for the eastern portion of the site (FTP-3 and 
FTP-4).  However, they did advance four additional borings in each of the three pits 
identified in the western portion of the site.  EA Engineering designated the three pits 
in the western portion of the site as FTP-1, FTP-2, and FTP-5.   

For each of the pits, a deep boring was drilled in the center of the pit and three shallow 
borings were drilled around its perimeter.  The deep borings in FTP-1 and FTP-5 were 
advanced to a depth of 100 feet bgs.  The deep boring for FTP-2 was only advanced to 
a depth of 50-feet bgs.  The shallow borings were all drilled to a depth of 30 feet bgs.  
Samples collected from these borings were analyzed for TRPH (EPA Method 418.1), 
VOCs (EPA Method 8240), and metals  (EPA Method 7421) by Southwest 
laboratories of Oklahoma.   

Soil sampling data indicated that only low concentrations of acetone and methylene 
chloride were present in the samples.  Although numerous detections of these 
constituents were attributed to laboratory contamination, the deepest samples collected 
from FTP-1 and FTP-5 that were analyzed for VOCS did contain detectable 
concentrations of acetone and methylene chloride that were not flagged as laboratory 
contaminants.  EA Engineering did not detect pOL-related constituents, such as BTEX 
and TRPH, in any of the samples collected form the western portion of the site.  

During the compilation of the planning documents for the OU-2 investigation, 
Geraghty & Miller identified seven additional fire-training locations in the western 
portion of the site.  These pits were identified on 1965, 1970, and 1973 aerial 
photographs.  A total of 10 former fire-raining pits (FTP-1, FTP-2, FTP-5, and seven 
un-numbered pits) were included in the OU-2 investigation.  During the OU-2 RI, 
Geraghty & Miller advanced 20 soil borings in the western portion of PSC FT-07.  Ten 
of the borings were drilled to a depth of 100 feet, and ten drilled to a depth of 20-feet.  
A deep boring was advanced in each of the ten pits.  The ten shallow borings were 
advanced at various locations around the pits to define the horizontal extent of any 
detected constituents. 
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Soil samples collected from six of the former fire training pits contained detectable 
concentrations of organic chemicals.  The six pits with organic chemical detections 
include FTP-1, FTP-2, and FTP-5 and three smaller un-numbered pits.  Detected 
organic constituents are limited to TRPH and BNA compounds.  Soils containing 
detectable concentrations of TRPH range to depths of 100 feet bgs at FTP-2 and 60 
feet bgs at FTP-5, but to depths of less than 16 feet bgs in all other areas.  BNA 
compounds were only detected in three samples and were not detected below the depth 
of 6 feet bgs.  Lead was the only inorganic constituent detected above background 
ranges.  Only two samples contained elevated lead concentrations.  Both borings with 
samples containing elevated lead levels also contained detectable concentrations of 
TRPH.   

Based on a review of EA Engineering’s data and the data produced during the OU-2 
RI, the vertical extent of organic constituents were not defined to within laboratory 
detection limits at three areas of the site.  Samples collected at FTP-2 during the OU-2 
RI contained detectable concentrations of TRPH at depths of 100 feet bgs.  Samples 
collected at the center of FTP-1 by EA Engineering contained methylene chloride at a 
depth of 120 feet bgs.  Although methylene chloride is a common laboratory 
contaminant, this detection at this depth was not qualified.  Similarly, samples 
collected from the center of the FTP-5 at a depth of the 120 feet bgs contained 
detections of methylene chloride and acetone that were not qualified.   

Following completion of the OU-2 investigation, three additional soil borings were 
advanced and sampled at the site.  The purpose of the additional sampling was to 
define, to laboratory non-detectable levels, the maximum vertical extent of the 
constituents of potential concern in the soil.  TPH was not detected below a depth of 10 
feet in any of these three borings.  VOCs were not detected in samples collected from 
Soil Borings SB-24 or SB-25.  The only VOC detected in samples collected from Soil 
Boring SB-27 was acetone; however, based on data validation criteria, all acetone 
detections were qualified as a laboratory contaminant.  Based on the results of the 
additional sampling investigation, the vertical extent of organic chemicals in the soils 
beneath each of the former fire training pits at PSC FT-07 have been defined to be less 
than 120 feet bgs. 

These new sampling data were used with previously collected data of known quality to 
re-calculate the risk assessment for the site.  The results of the risk assessment showed 
that exposure to the soil at this site would not cause a risk to human health of the 
environment.  Both current and hypothetical future ELCR’s and HI’s for exposure to 
soils at these sites were below the ADEQ and USEPA’s residential risk-based 
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remediation benchmarks (ELCR less than 10-4, HI below 1.0).  As a result, the original 
remedial alternative selected for the site (no further action) was re-affirmed. 

 

PSC ST-18  FACILITY 993 

PSC ST-18 consists of a former liquid waste storage facility (Facility 993) located in 
the southern part of the Base.  Facility 993 originally consisted of a single 5,000-gallon 
refueling tank truck that was coated and buried in 1968.  This underground storage 
tank (UST) was used for the temporary storage of all liquid petroleum, oil, lubricant 
(POL) and solvent wastes generated at the Base.  Prior to 1972, liquid wastes stored at 
this facility were disposed during road oiling and dust suppression activities (PSC OT-
04), in narrow trenches (PSC DP-05), and in fire training activities (PSCs FT-06 and 
FT-07).  In 1972, two 10,000-gallon capacity USTs were installed at the facility, and 
the area around all three USTs, approximately 0.2 acres, was enclosed with a fence.  
Also at this time, the Base began selling the liquid wastes to private contractors for 
recycling.  

This facility was classified as an interim status treatment, storage, and disposal (TSD) 
facility under RCRA in 1979.  Part A of a Hazardous Waste Permit application was 
submitted in 1980.  However, closure of this facility began in 1982 to facilitate the 
construction of a new USAF Reserve maintenance building. 

The USAF to direct the closure activities and related subsurface investigations retained 
Raymond E. Kary, Ph.D., in association with Guitierrez-Palmenberg, Inc. (GPI).  
Initially, twelve 50-foot deep soil borings were drilled adjacent to the USTs during July 
and August 1983.  The analytical results showed no contaminants.  Based on the results 
of the initial investigation, a partial closure plan was submitted to the Arizona 
Department of Health Services.  The closure plan was approved on October 4, 1983. 

The three USTs were removed on October 19, 1983 following this initial investigation.  
Soil samples collected directly beneath the 5,000-gallon tanker truck and one of the 
10,000-gallon USTs showed signs of impact from past releases.  The tank pit was 
excavated to a depth of 16 feet bgs in an attempt to assess the extent of contamination.  
Based on field observations, highly impacted soils were manifested to a hazardous 
waste landfill.  The moderately contaminated soils were aired for several weeks and 
replaced in the pit, and the minimally contaminated soils were placed directly back into 
the pit. 
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Because this site was an active facility in 1981, it was not identified in the IRP Phase I 
investigation which was focused on historic waste disposal activities.  However, the 
Base decided to include this site in the IRP Phase II investigation because of the 
sampling results of the UST closure activities.  Between November 4, 1985 and 
February 6, 1986, Weston continued the investigation of the site during the IRP, Phase 
II, and Stage 1 investigation.  During this investigation, five soil borings were 
advanced in and around Facility 993.  Soil Boring depths ranged from 100-145 feet 
bgs.  In addition, five groundwater monitoring wells (MW-1 through MW-5) were 
installed.  Conclusions presented in the IRP, Phase II, Stage 1 report (Roy F. Weston, 
1986) indicated that the soil beneath the former USTs had been impacted by fuel and 
organic solvents, and the impacted soil extended to the maximum depth of 56.5 feet 
bgs.  

The site was capped with concrete in 1987 as part of the RCRA post-closure 
requirements for the site.  In a letter dated May 13, 1988, the ADEQ stated that they 
had inspected the concrete cap covering the facility and it was satisfactory.  Currently, 
the Base continues to inspect and maintain the cap to ensure integrity of the concrete 
and sealed joints. 

In September 1990, the Federal Facilities Agreement for Luke AFB was signed and 
regulatory authority for Facility 993 was transferred from the RCRA program to the 
CERCLA program as part of RCRA/CERCLA integration.  The FFA parties elected to 
include Facility 993 in the OU-2 remedial investigation as PSC ST-18. 

From February to June of 1992, eight soil borings were drilled during the OU-2 
investigation to define the horizontal and vertical extent of the soil impact.  A total of 
37 samples were collected from the borings and submitted to the ATI Phoenix 
laboratory for analysis.  The highest detected concentrations of TRPH were in the 
samples collected from Soil Borings SB-1 and SB-2, which were drilled at the former 
leaking UST locations.  The highest detected TRPH value in Soil Boring SB-1 was 
4,900 mg/Kg in the 12-14 feet bgs sample.  Samples collected from Soil Boring SB-2 
contained TRPH at concentrations of 10,000 mg/Kg and 17,000 mg/Kg in the 12-14 
foot bgs and 20-22 foot bgs samples, respectively.  VOC compounds were only 
detected in Soil Borings SB-1 and SB-2.  Detected compounds include: BTEX, 1,1-
dichloroethane, 1,1,2,2-tetrachloroethane, TCE, and PCE.  The highest concentrations 
of VOCs were detected in the 20-22 foot bgs sample from Soil Boring SB-2, which 
was also the sample with the highest TRPH value.  BNAs were detected in samples 
from all eight borings.  In general, the detected BNA compounds were all found in 
samples that also contained TRPH.  
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Groundwater quality beneath PSC ST-18 was evaluated using analytical results from 
groundwater samples collected at Groundwater Monitoring Wells MW-2, MW-3, 
MW-4, MW-5, MW-114, and MW-122.  VOCs and BNAs were not detected in 
Monitoring Wells MW-2, MW-3, MW-5, or MW-122.  EDB and DBCP were not 
reported in any samples collected from Monitoring Wells MW-2, MW-4, MW-5 and 
MW-114.  EDB was also not detected in the samples analyzed from Monitoring Well 
MW-3.   

Toluene was detected at a concentration of 4 µg/L during the first quarter 1992 
groundwater sampling event at Monitoring Well MW-4.  Toluene has not been 
reported in subsequent sampling events at Monitoring Well MW-4 or in any of the 
other wells monitored at ST-18.  BEP, a common laboratory contaminant, was detected 
during the first quarter 1992 and second quarter 1993 in Monitoring Well MW-114.  
However, BEP was reported in the equipment blank during the first quarter of 1992.  

DBCP was reported in Monitoring Well MW-3 at a concentration of 0.07 µg/L in the 
only sampling event (fourth quarter 1992) for which analyses for DBCP were 
performed.  DBCP is a pesticide that was commonly used in citrus groves from the 
mid-1950s until it was banned by the USEPA in 1980.  Citrus groves may have been 
located on private lands adjacent to Luke AFB.  No citrus groves are currently present 
at Luke AFB.  Although DBCP was not detected in any other wells at ST-18, it was 
reported in Monitoring Wells MW-107, MW-108 and MW-110.  

Throughout 1992 and 1993, the data collected during the OU-2 field investigation were 
evaluated to determine the appropriate remedial alternative for this site.  Based on the 
results of the OU-2 Risk Assessment and OU-2 Feasibility Study, the remedial action 
proposed for implementation at PSC ST-18 was capping, surface controls, and 
monitoring.  The FFA parties in the OU-2 ROD that was signed in January 1994 
officially adopted this alternative.  Although a cap had already been installed at the site, 
the monitoring requirements for PSC ST-18 were not identified in the OU-2 ROD 
because they are dependant on the results and conclusions of the groundwater 
investigation which is included as part of theOU-1 Remedial Investigation Report.   

Later in 1994, concerns arose about the quality of some of the VOC and BNA data 
used in the original evaluation of PSC FT-06.  Because CERCLA guidance requires 
that only data of known quality be used to evaluate remedial alternatives for a site, the 
FFA parties elected to collect additional data at the site to re-evaluate the original 
remedial alternatives.  Additional data was also to be collected to refine the delineation 
of the extent of the soil impact.  A more refined delineation of the extent of impact was 
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needed to assist in the establishment of long term groundwater monitoring 
requirements for the site, as required by the original OU-2 ROD.  

Nine additional soil borings were advanced and sampled in August of 1996 because of 
concerns of the quality of the original VOC and BNA data and to refine the delineation 
of the horizontal and vertical extent of the impacted soil.  A total of 36 samples (33 
primary and 3 duplicate) were collected from the nine borings and submitted for 
laboratory analysis. 

Analytical results from the additional sampling indicated that TPH concentrations are 
highest in the area of the former UST pit.  TPH concentrations were detected to depths 
of 48-50 feet bgs in SB-11 and 78-80 feet bgs in SB-10.  In both borings, the samples 
containing the highest detected TPH concentrations (6,800 for SB-10 and 18,000 
mg/Kg for SB-11) were collected at a depth of 18-20 foot bgs.  This depth corresponds 
to just below the depth excavated during the removal of the USTs.  VOC compounds 
(including BTEX, TCE and PCE) were detected in Soil Borings SB-10 and SB-11 to 
depths of 60 feet bgs.  BNAs were detected in Soil Borings SB-10 and SB-11, but only 
in those samples, which also contained TPH.  BEP, a common laboratory contaminant, 
was also detected in Soil Borings SB-9, SB-13, SB-14, and SB-15.  Most values were 
qualified as estimated values. 

These new sampling data were used with previously collected data of known quality to 
re-calculate the risk assessment for the site.  The results of the risk assessment showed 
that exposure to the soil at this site would not cause a risk to human health of the 
environment.  Both current and hypothetical future ELCRs and HIs for exposure to 
soils at these sites were below the ADEQ and USEPA’s residential risk-based 
remediation benchmarks (ELCR less than 10-4, HI below 1.0).  As a result, the original 
remedial alternative selected for the site (capping, surface controls, and monitoring) 
was re-affirmed as protective of human health and the environment. 

 

PSC DP-22  POL TRENCH AT NORTHEAST RUNWAY 

PSC DP-22 is an irregular-shaped area located at the north end of the inboard runway.  
The site occupies approximately 4.6 acres.  Approximately 30 percent of the PSC is 
covered with concrete (the inboard runway), 20 percent is covered with bituminous 
cover, and 50 percent of the site is covered by gravel with sparse vegetation.   
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This site may have been used for the disarmament and de-fueling of aircraft during the 
1940s and 1950s.  Reportedly, waste POL was dumped into shallow trenches at this 
site.  Based on interviews with Base personnel, off-loaded fuel may have been drained 
into trenches perhaps 600 to 800 feet long and a few feet deep.  No evidence of 
trenches was visible on examination of aerial photographs.  During the 1950s, the 
configuration of the east runway was different than it is at present.  The reported 
disposal site was located approximately 800 feet southwest of where the runway 
presently ends.  Construction of the runway extension in the late 1950s ended disposal 
of POL in this area.  There were no environmental investigations conducted at this site 
prior to the OU-2 RI.  

In January and February of 1992, five soil borings (SB-1 through SB-5) were drilled at 
PSC DP-22 during the OU-2 investigation.  TRPH concentrations were detected in the 
surface or near surface samples collected at each of the borings.  Detected TRPH 
concentrations generally decreased with increasing depth.  The surface sample 
collected from Soil Boring SB-4 contained the highest detectable concentration of 
TRPH (970 mg/Kg).  Although TRPH was generally not detected in subsurface soils, 
TRPH was detected at concentrations near the laboratory detection limits in the 98-100 
foot bgs samples from Soil Borings SB-3 and SB-4.  The only VOC detected was 
acetone at a concentration of 1.0 mg/Kg in the 10-12 foot bgs sample collected from 
Soil Boring SB-2.   BNA compounds were not detected in any of the 21 soil samples 
submitted for laboratory analysis.  The highest detected concentrations of barium (407 
mg/Kg) and lead (30 mg/Kg) do exceed their respective background UCLs.  The 
surface sample collected from Soil Boring SB-3 contained both of these elevated 
metals concentrations.  This sample also contained TRPH.  None of the other samples 
collected from the site contained metals at concentrations above their background 
UCLs. 

During 1992 and 1993, the data collected during the OU-2 field investigation were 
used to evaluate remedial alternatives for the soils at this site.  Based on these results of 
the OU-2 Risk Assessment and Feasibility Study, a no further action alternative was 
proposed.  This alternative was officially adopted in the OU-2 ROD that was signed in 
January 1994.   

Later in 1994, concerns arose about the quality of some of the VOC and BNA data 
used in the original evaluation of PSC DP-22.  The FFA parties determined these data 
were of unknown quality.  In response, six additional samples (5 primary and one 
duplicate) were collected in August 1996 to replace the original data of �unknown 
quality.  The additional samples were collected from three borings, which were located 
at the areas of the site, which showed the greatest signs of impact. 
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The three additional soil borings (SB-6 through SB-8) were located adjacent to Soil 
Borings SB-3, SB-1, and SB-4, respectively.  Three surface and three subsurface 
samples (5 primary and one duplicate) were collected from the borings and submitted 
to Quanterra laboratories for analysis.  None of the samples collected from the 
additional soil borings contained detectable concentrations of VOCs.  The primary 
subsurface sample collected from Soil Boring SB-7 contained a concentration of 0.17 
mg/Kg of BEP, a common laboratory contaminant.  This was the only BNA compound 
detected in any of the six additional soil samples. 

These new sampling data were used with previously collected data of known quality to 
re-calculate the risk assessment for the site.  The results of the risk assessment showed 
that exposure to the soil at this site would not cause a risk to human health of the 
environment.  Both current and hypothetical ELCRs and HIs for exposure to soils at 
these sites were below the ADEQ and USEPA’s residential risk-based remediation 
benchmarks (ELCR less than 10-4, HI below 1.0).  As a result, the original remedial 
alternative selected for the site (no further action) was re-affirmed. 

PSC DP-23 OLD SURFACE IMPOUNDMENT AREA 

PSC DP-23 consists of the Old Surface Impoundment and associated wash located 
west of Building 999 and adjacent to the former south fire training area.  The old 
surface impoundment portion of the site is a rectangular-shaped area that occupies 
approximately 3.3 acres.  Currently, 80 percent of this area is either paved with asphalt, 
under tarmac, or under concrete, which includes the AGE equipment yard.  In the late 
1940's, an impoundment dam was constructed along an old natural drainage system, 
which flowed south off of the Base.  This area may have been used for the disposal site 
for POL waste until construction covered the site in 1969.  The dam used to create the 
surface impoundment was buried, but not removed.  The wash portion of the site is 
located to the south of the impoundment area and occupies approximately 19.4 acres.  
The wash extends off Base and flows south to an area of earth fissures (See PSC SD-
20). 

In February of 1992, two 150-foot deep borings (SB-2 and SB-4) and four 40-foot deep 
soil borings (SB-1, SB-3, SB-5, and SB-6) were drilled and sampled at PSC DP-23 
during the OU-2 investigation.  Sediment samples were collected from ten locations 
(SD-1 through SD-10) in December of 1991 and February of 1992.  A total of 26 soil 
samples (23 primary and 3 duplicate) and 21 sediment samples (20 primary and 1 
duplicate) were collected and submitted for laboratory analysis.  
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The highest detected concentration of TRPH was 2,000 mg/kg in the 2 to 4 foot bgs 
sample collected from Soil Boring SB-4.  The only detected VOC compounds (trace 
concentrations of toluene and ethyl benzene) were also detected in this sample.  TRPH 
was generally confined to shallow soils, and the deepest sample with detectable TRPH 
concentrations was collected at a depth of 8 to 10 feet bgs from SB-5.   

Six soil and five sediment samples collected during the OU-2 investigation contained 
detectable concentrations of BNA compounds.  Four samples contained concentrations 
of Benzo(a)pyrene in excess of its Preliminary Remediation Goal (PRG) of 0.78 
mg/kg.  These four samples include the surface sample and its duplicate collected from 
SB-4, the 2 to 4 foot bgs sample collected from SB-4, and the surface sample collected 
from SB-5.  None of the other samples contained BNA compounds at concentrations in 
excess of their PRGs 

The data collected during the OU-2 field investigation were evaluated to determine the 
appropriate remedial alternative for this site.  Based on the results of the OU-2 Risk 
Assessment and OU-2 Feasibility Study, the remedial action proposed for PSC DP-23 
was excavation of all soils with benzo(a)pyrene concentrations above the PRGs, 
biological treatment to reduce contaminant concentrations, monitoring to confirm 
effectiveness, and return of the treated soils to the excavation for final disposal.  The 
FFA parties in the OU-2 ROD that was signed in January 1994 officially adopted this 
alternative. 

PSC SD-40 TAXIWAY FUEL DISCHARGE AREA 

PSC SD-40 consists of the areas located on both sides of the southeastern end of 
Taxiway F and on both sides of the south-central section of Taxiway E.  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 site has been 
used to perform limited service of aircraft since the present runway layout was 
complete in the 1950s.  De-fueling of jet aircraft onto the bituminous cover was 
reportedly conducted for fuel tank maintenance.  This de-fueling practice occurred on 
Taxiway F from the early 1970s until 1990.  

Information from interviews with Base personnel indicates that during maintenance 
activities fuel was drained from the aircraft fuel tanks onto the dust cover adjacent to 
the taxiways.  De-fueling of jets is believed to have been the primary source of releases 
from the 1970s until the de-fueling procedure was modified in 1990 to control those 
releases.  The amounts of fuel involved in the individual events varied depending on 
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the maintenance involved.  In addition, hydrazine may have been discharged onto the 
surface adjacent to the Foxtrot Extension during F-16 maintenance.  Staining of the 
taxiways and asphalt along the taxiways is documented by historical aerial photographs 
dating back to 1964.  No staining was visible in the 1958 aerial photographs so the 
maintenance activities may have begun between 1958 and 1964.  Information from 
interviews indicates that for at least 20 years these areas were used as Alternate F-15 
fuel tank maintenance areas. 

In April of 1992, eleven 100-foot deep borings were drilled at PSC SD-40 during the 
OU-2 investigation.  TRPH was detected in 21 of the 47 samples and in samples 
collected from ten of the eleven borings.  The highest detected concentration of TRPH 
was 1,200 mg/Kg in the 0-2 feet bgs sample from Soil Boring SB-7.  TRPH 
concentrations were generally confined to 4 feet bgs, with concentrations decreasing 
with increasing depth.  Only three samples collected below the depth of 4 feet 
contained detectable concentrations of TRPH.  The two deepest detections of TRPH 
were in soil borings SB-3 and SB-7.  The 98 to 100 foot bgs sample collected from 
both of these borings contained 20 mg/kg of TRPH.  VOCs were only detected in two 
samples, SB-2 at 98-100 feet bgs and the surface at SB-7.  These results in Soil Boring 
SB-2 at 98-100 feet bgs are most likely related to either laboratory or field sampling 
contamination.  VOCs (toluene, ethyl benzene, and xylenes) were detected in the 0-2 
feet bgs sample collected from Soil Boring SB-7.  The BNA compounds naphthalene 
and 2-methylnapthalene were also detected in this sample.  This was the only sample 
with detectable BNA compounds.  PCBs were not detected in any of the samples. 

The highest detected concentrations of barium (402 mg/Kg), copper (42.8 mg/Kg), and 
nickel (35 mg/Kg) slightly exceed their background UCLs.  The only sample that 
contained these metals at levels above the average for the site was collected from SB-8 
at a depth of 98 to 100 feet bgs.  This sample also contained the highest detected 
concentration of zinc. No trends were observed with respect to metals results and depth 
of sample collection. 

Throughout 1992 and 1993, the data collected during the OU-2 field investigation were 
evaluated to determine the appropriate remedial alternative for the soils at this site.  
Based on the results of the OU-2 Risk Assessment and OU-2 Feasibility Study, a �no 
further action� alternative was proposed.  The FFA parties in the OU-2 ROD that was 
signed in January 1994 officially adopted this alternative. 

Later in 1994, concerns arose about the quality of some of the VOC and BNA data 
used in the original evaluation of PSC SD-40.   In response, three additional soil 
borings were advanced at the site in August of 1996. .  
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A total of seven soil samples (three surface and four subsurface) were collected in 
August of 1996 during the additional sampling investigation.  None of the samples 
collected from the additional soil borings contained detectable concentrations of 
VOCs.  The 14-16 foot bgs sample collected from Soil Boring SB-12 contained a 
concentration of 0.075 mg/Kg of bis(2-ethylhexyl)phthalate, a common laboratory 
contaminant.  

These new sampling data were used with previously collected data of known quality to 
re-calculate the risk assessment for the site.  The results of the risk assessment showed 
that exposure to the soil at this site would not cause a risk to human health of the 
environment.  Both current and hypothetical future ELCRs and HIs for exposure to 
soils at these sites were below the ADEQ and USEPA’s residential risk-based 
remediation benchmarks (ELCR less than 10-4, HI below 1.0).  As a result, the original 
remedial alternative selected for the site (no further action) was re-affirmed. 
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Groundwater Monitoring Results for the Period of Record at PSC DP-05, OU-2 Page 1 of 5

Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued(mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

12-12-91 MW-104 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.01 <0.005 0.267 <0.005 <0.005 <0.01 0.017 <0.0002 <0.02 0.003 <0.05 <0.005 <0.005 0.354

Dissolved <0.01 <0.005 0.285 <0.005 <0.005 <0.01 <0.01 <0.0002 <0.02 <0.002 <0.05 <0.005 <0.005 0.320

07-16-92 MW-104 ND ND J NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.171 <0.005 <0.0005 0.014 0.012 <0.0002 <0.020 0.006 <0.05 <0.005 <0.005 1.23 NA

Dissolved <0.010 <0.005 0.168 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.071 NA

11-19-92 MW-104 ACE 15 ND NA <0.01 <0.01
Total Metals TOL 5 <0.010 <0.005 0.257 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.011 <0.05 <0.005 <0.005 0.977 <0.10

Dissolved [UQ] [UQ] <0.010 <0.005 0.265 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.011 <0.05 <0.005 <0.005 0.983 <0.10

11-19-92 MW-104 ACE 13 ND NA <0.01 <0.01
Total Metals Duplicate TOL 5 <0.010 <0.005 0.258 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.012 <0.05 <0.005 <0.005 0.896 <0.10

Dissolved [UQ] [UQ] <0.010 <0.005 0.264 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.011 <0.05 <0.005 <0.005 0.920 <0.10

03-09-93 MW-104 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.229 <0.005 <0.005 <0.010 0.011 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.484 NA

Dissolved <0.010 <0.005 0.250 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.491 NA

06-09-93 MW-104 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.239 <0.005 <0.005 <0.010 0.011 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.473 NA

Dissolved <0.010 <0.005 0.266 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.452 NA

11-10-93 MW-104 ND ND NA NA NA
Total Metals Time-series [UQ] [UQ] <0.010 <0.005 0.240 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.285 NA

Dissolved Initial Sample <0.010 <0.005 0.241 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.262 NA

11-10-93 MW-104 ND ND NA NA NA
Total Metals Time-series [UQ] [UQ] <0.010 <0.005 0.270 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.220 NA

Dissolved 4-hr sample <0.010 <0.005 0.286 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.218 NA

05-11-94 MW-104 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.254 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.386 NA

Dissolved <0.010 <0.005 0.279 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.380 NA

02-10-95 MW-104 ND NA NA NA NA 
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-04-95 MW-104 ND NA NA NA NA 
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

06-10-96 MW-104 ND ND NA NA NA 
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

12-13-91 MW-105 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.01 <0.005 0.099 <0.005 <0.005 0.014 <0.01 <0.0002 <0.02 0.003 <0.05 <0.005 <0.005 0.393

Dissolved <0.01 <0.005 0.092 <0.005 <0.005 <0.01 <0.01 <0.0002 <0.02 0.002 <0.05 <0.005 <0.005 0.238

07-17-92 MW-105 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.057 <0.005 <0.0005 <0.010 0.028 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.146 NA

Dissolved <0.010 <0.005 0.037 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 <0.010 NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued(mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

12-16-92 MW-105 ND ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 0.006 0.111 <0.005 <0.0005 0.014 0.014 <0.0002 <0.020 0.007 <0.05 <0.005 <0.005 0.508 <0.10

Dissolved <0.010 <0.005 0.100 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.375 <0.10

03-09-93 MW-105 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.108 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 0.006 <0.05 <0.005 <0.005 0.363 NA

Dissolved <0.010 <0.005 0.103 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.350 NA

06-09-93 MW-105 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.106 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.304 NA

Dissolved <0.010 <0.005 0.103 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.230 NA
  

11-05-93 MW-105 ND ND * NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.101 <0.005 <0.005 <0.010J<0.010 <0.0002 <0.020J 0.002 <0.05 <0.005 <0.005 0.341 NA

Dissolved <0.010 <0.005 0.104 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.220 NA

05-11-94 MW-105 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.114 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.310 NA

Dissolved <0.010 <0.005 0.114 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.257 NA

05-11-94 MW-105 ND NA NA NA NA
Total Metals ADEQ [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved Duplicate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

02-10-95 MW-105 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-04-95 MW-105 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

06-07-96 MW-105 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-12-97 MW-105 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  5-12-98 MW-105 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

12-12-91 MW-106 ACE TrU ND NA NA NA
Total Metals [UQ] [UQ] <0.01 0.014 0.182 <0.005 <0.005 0.032 0.040 <0.0002 <0.02 0.017 <0.05 <0.005 <0.005 1.04

Dissolved <0.01 <0.005 0.155 <0.005 <0.005 <0.01 <0.01 <0.0002 <0.02 <0.002 <0.05 <0.005 <0.005 0.356

12-12-91 MW-106 ND ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.01 0.014 0.18 <0.005 <0.005 0.034 0.018 <0.0002 <0.02 0.011 <0.05 <0.005 <0.005 0.986

Dissolved <0.01 <0.005 0.158 <0.005 <0.005 <0.01 <0.01 <0.0002 <0.02 <0.002 <0.05 <0.005 <0.005 0.356

07-16-92 MW-106 ND BEP 17 NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.064 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.242 NA

Dissolved <0.010 <0.005 0.117 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.014 NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued(mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

11-24-92 MW-106 ND ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 <0.005 0.174 <0.005 <0.0005 0.012 <0.010 <0.0002 <0.020 0.005 <0.05 <0.005 <0.005 0.421 <0.10

Dissolved <0.010 <0.005 0.167 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.386 <0.10

03-22-93 MW-106 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.17 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.410 NA

Dissolved <0.010 <0.005 0.203 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.304 NA

06-10-93 MW-106 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.154 <0.005 <0.005 0.011 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.284 NA

Dissolved <0.010 <0.005 0.165 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.224 NA

11-05-93 MW-106 ND ND * NA NA NA
Total Metals <0.010 <0.005 0.173 <0.005 <0.005 0.012 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.587 NA

Dissolved <0.010 <0.005 0.170 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.522 NA

05-11-94 MW-106 ND ND * NA NA NA
Total Metals [UQ] [UQ] 0.018 <0.005 0.161 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.281 NA

Dissolved <0.010 <0.005 0.172 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.278 NA

02-10-95 MW-106 ND NA NA NA NA
Total Metals [UQ] [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-04-95 MW-106 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

06-07-96 MW-106 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
NA Not analyzed. TCE Trichloroethene.
VOCs Volatile orga  EDB Ethylene Dibromide.
TPH Total Petroleum Hydrocarbons DBCP 1,2-Dibromo-3-chloropropane.
Tr Trace, unquantifiable amount detected. PCB Pentachlorobenzene
ACE Acetone. BA Benzoic Acid
BEP Bis(2-ethylhexyl)phthalate. DCP 1,2-Dichloropropane
CHL Chloroform. Bo Boron.
CDS Carbon Disulfide * TICs present.
DCA 1,2-Dichloroethane. J Data are qualitative or estimated.
DBCM Dibromochloromethane. R Data are rejected and unusable
ND Not detected. U Data are qualitative and considered to be not detected at 
BNAs Base/neutral and acid extractable compounds. the value reported.
TOL Toluene. [UQ] ATI-Phoenix data of unknown quality as determined by
(1) Well screen submerged below top of water table. the FFA Parties

Method detection limits (mdls) for VOCs and BNAs varied.  See laboratory reports for specific mdls.
Metals are as follows:  silver (Ag), arsenic (As), beryllium (Be), barium (Ba), cadmium (Cd),
copper (Cu), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se),
thallium (Tl), and zinc (Zn).
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Sample Location Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

01-22-92 MW-107 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.01 <0.05 0.159 <0.005 <0.005 <0.01 <0.01 <0.0002 <0.02 <0.002 <0.05 <0.005 <0.005 0.435 NA

Dissolved <0.01 <0.05 0.137 <0.005 <0.005 <0.01 <0.01 <0.0002 <0.02 <0.002 <0.05 <0.005 <0.005 0.430 NA

01-22-92 MW-107 ND ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.01 <0.05 0.149 <0.005 <0.005 <0.01 <0.01 <0.0002 <0.02 <0.002 <0.05 <0.005 <0.005 0.446 NA

Dissolved <0.01 <0.05 0.144 <0.005 <0.005 <0.01 <0.01 <0.0002 <0.02 <0.002 <0.05 <0.005 <0.005 0.432 NA

07-17-92 MW-107 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.016 0.144 <0.005 <0.0005 0.054 0.018 <0.0002 0.022 0.010 <0.05 <0.005 <0.005 2.05 NA

Dissolved <0.010 <0.005 0.044 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.019 NA

12-09-92 MW-107 ND ND NA <0.01 0.05
Total Metals Time-series [UQ] [UQ] <0.010 <0.005 0.114 <0.005 <0.0005 <0.010 0.019 <0.0002 <0.020 0.002 <0.05 0.006 <0.005 0.415 <0.10

Dissolved Initial Sample    <0.010 <0.005 0.117 <0.005 <0.0005 <0.010 0.022 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.357 <0.10

12-09-92 MW-107 ND NA NA <0.01 0.04
Total Metals Time-series [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved 4-hr Sample NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

03-08-93 MW-107 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.112 <0.005 <0.005 <0.010 0.018 <0.0002 <0.020 0.003 <0.05 0.011 <0.005 0.605 NA

Dissolved    <0.010 <0.005 0.120 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 0.010 <0.005 0.591 NA

06-16-93 MW-107 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.115 <0.005 <0.005 <0.010 0.017 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.530 NA

Dissolved <0.010 <0.005 0.124 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.484 NA

11-04-93 MW-107 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.116 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.600 NA

Dissolved    <0.010 <0.005 0.114 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.596 NA

05-18-94 MW-107 ND ND NA NA NA
Total Metals  [UQ] [UQ] <0.010 <0.005 0.115 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.290 NA

Dissolved  <0.010 <0.005 0.120 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.287 NA

02-23-95 MW-107 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-20-95 MW-107 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

6-6-96 MW-107 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

01-23-92 MW-108 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.01 <0.05 0.14 <0.005 <0.005 <0.01 <0.01 <0.0002 <0.02 <0.002 <0.05 0.006 <0.005 0.443 NA

Dissolved <0.01 <0.05 0.14 <0.005 <0.005 <0.01 <0.01 <0.0002 <0.02 <0.002 <0.05 <0.005 <0.005 0.413 NA
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Sample Location Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

7-21-92 MW-108 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.132 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.281 NA

Dissolved <0.010 <0.005 0.128 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.073 NA

11-20-92 MW-108 ND ND NA <0.01 0.02
Total Metals [UQ] [UQ] <0.010 <0.005 0.125 <0.005 <0.0005 <0.010 0.010 <0.0002 <0.020 0.009 <0.05 0.005 <0.005 0.790 <0.10

Dissolved    <0.010 <0.005 0.129 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.009 <0.05 <0.005 <0.005 0.828 <0.10

03-11-93 MW-108 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.109 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.712 NA

Dissolved  <0.010 <0.005 0.120 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.463 NA
 

06-14-93 MW-108 ND ND NA NA NA               
Total Metals [UQ] [UQ] <0.010 <0.005 0.118 <0.005 <0.005 <0.010 0.016 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.502 NA

Dissolved <0.010 <0.005 0.127 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.479 NA

11-04-93 MW-108 ND ND * NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.114 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.570 NA

Dissolved <0.010 <0.005 0.124 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.568 NA

05-18-94 MW-108 ND ND NA NA NA
Total Metals  [UQ] [UQ] <0.010 <0.005 0.107 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.282 NA

Dissolved  <0.010 <0.005 0.118 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.280 NA

2-3-95 MW-108 ND NA NA NA NA
Total Metals  [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-20-95 MW-108 ND NA NA NA NA
Total Metals  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-31-96 MW-108 ND NA NA NA NA
Total Metals  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Notes:
NA Not analyzed. TCE Trichloroethene.
VOCs Volatile organi  EDB Ethylene Dibromide.
TPH Total Petroleum Hydrocarbons DBCP 1,2-Dibromo-3-chloropropane.
Tr Trace, unquantifiable amount detected. PCB Pentachlorobenzene
ACE Acetone. BA Benzoic Acid
BEP Bis(2-ethylhexyl)phthalate. DCP 1,2-Dichloropropane
CHL Chloroform. Bo Boron.
CDS Carbon Disulfide * TICs present.
DCA 1,2-Dichloroethane. J Data are qualitative or estimated.

DBCM Dibromochloromethane. R Data are rejected and unusable
ND Not detected. U Data are qualitative and considered to be not detected at 
BNAs Base/neutral and acid extractable compounds. the value reported.
TOL Toluene. [UQ] ATI-Phoenix data of unknown quality as 
(1) Well screen submerged below top of water table. determined by the FFA Parties

Method detection limits (mdls) for VOCs and BNAs varied.  See laboratory reports for specific mdls.
Metals are as follows:  silver (Ag), arsenic (As), beryllium (Be), barium (Ba), cadmium (Cd),
copper (Cu), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se),
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Sample Location Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

thallium (Tl), and zinc (Zn).

FT06events.xls 4/11/03



Groundwater Monitoring Results for the Period of Record at PSC FT-07, OU-1 Page 1 of 5

Sample Location Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

01-27-92 (1) MW-109 ND ND NA NA NA

Total Metals [UQ] [UQ] <0.010 <0.005 0.146 <0.005 <0.005 0.013 <0.01 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.284 NA

Dissolved <0.010 <0.005 0.150 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.290 NA

07-17-92 (1) MW-109 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.044 <0.005 <0.0005 0.011 0.011 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 1.06 NA

Dissolved <0.010 <0.005 0.123 <0.005 <0.0005 <0.010 <0.010 <0.0002 0.026 <0.002 <0.05 <0.005 <0.005 0.124 NA

11-30-92 (1) MW-109 ND ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 <0.005 0.167 <0.005 <0.0005 0.016 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.565 <0.10

Dissolved <0.010 <0.005 0.168 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.538 <0.10

03-24-93 (1) MW-109 ND ND * NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.146 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.421 NA

Dissolved <0.010 <0.005 0.175 <0.005 <0.005 0.011 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.433 NA
 

06-15-93 (1) MW-109 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.207 <0.005 <0.005 0.015 0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.453 NA

Dissolved <0.010 <0.005 0.224 <0.005 <0.005 0.013 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.442 NA

11-12-93 (1) MW-109 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.146 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.296 NA

Dissolved <0.010 <0.005 0.159 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.299 NA

05-12-94 (1) MW-109 ND ND R NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.182 <0.004 <0.005 <0.010 0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.305 NA

Dissolved <0.010 <0.005 0.202 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.341 NA

02-01-95 MW-109 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-25-95 MW-109 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-29-96 MW-109 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

01-23-92 (1) MW-110 CHL 1 ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.240 <0.005 <0.005 0.024 0.026 <0.0002 <0.020 0.005 <0.05 <0.005 <0.005 0.560 NA

Dissolved <0.010 <0.005 0.237 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.220 NA

01-23-92 (1) MW-110 CHL 1 ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.223 <0.005 <0.005 0.013 0.025 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.512 NA

Dissolved <0.010 <0.005 0.231 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.471 NA

07-15-92 (1) MW-110 CHL 2 ND NA NA NA
Total Metals DCA 3 [UQ] <0.010 <0.005 0.125 <0.005 <0.0005 0.023 0.013 <0.0002 <0.020 0.005 <0.05 <0.005 <0.005 0.422 NA

Dissolved [UQ] <0.010 <0.005 0.099 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.056 NA

12-08-92 (1) MW-110 TOL 3 ND NA <0.01 0.11
Total Metals [UQ] [UQ] <0.010 <0.005 0.233 <0.005 <0.0005 0.021 0.021 <0.0002 <0.020 0.006 <0.05 <0.005 <0.005 1.07 <0.10

Dissolved    <0.010 <0.005 0.215 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.543 <0.10
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Sample Location Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

03-16-93 (1) MW-110 CHL 1 ND NA NA NA
Total Metals TOL 2 [UQ] <0.010 <0.005 0.215 <0.005 <0.005 0.014 <0.010 <0.0002 <0.020 0.005 <0.05 <0.005 <0.005 0.591 NA

Dissolved [UQ] <0.010 <0.005 0.228 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.403 NA

03-16-93 (1) MW-110 CHL 1 ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.213 <0.005 <0.005 0.013 <0.010 <0.0002 <0.020 0.006 <0.05 <0.005 <0.005 0.501 NA

Dissolved <0.010 <0.005 0.223 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.486 NA

06-10-93(1) MW-110 CHL 1 ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.214 <0.005 <0.005 0.013 <0.010 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.457 NA

Dissolved <0.010 <0.005 0.226 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.393 NA

06-10-93 (1) MW-110 CHL 1 BEP 33 NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.214 <0.005 <0.005 0.013 <0.010 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.437 NA

Dissolved <0.010 <0.005 0.226 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.394 NA

11-09-93 (1) MW-110 CHL 1 ND NA NA NA
Total Metals Time-series [UQ] [UQ] <0.010 <0.005 0.230 <0.005 <0.005 0.027 0.012 <0.0002 <0.020 0.009 <0.05 <0.005 <0.005 0.530 NA

Dissolved Initial Sample <0.010 <0.005 0.224 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.180 NA

11-09-93 (1) MW-110 CHL 1 ND NA NA NA
Total Metals Time-series [UQ] [UQ] <0.010 <0.005 0.214 <0.005 <0.005 0.014 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.377 NA

Dissolved 3.5-hr sample <0.010 <0.005 0.228 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.296 NA

05-12-94(1) MW-110 CHL 2 ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.226 <0.004 <0.005 0.013 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.432 NA

Dissolved <0.010 <0.005 0.241 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.406 NA

01-31-95(1) MW-110 CHL 2 NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-4-95 MW-110 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-4-95 MW-110 (D) ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-3-96 MW-110 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

01-27-92 (1) MW-111 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.223 <0.005 <0.005 0.013 0.025 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.512 NA

Dissolved <0.010 <0.005 0.231 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.471 NA

7/15/1992 (1) MW-111 DCA 1 ND NA NA NA
Total Metals DBCM 1 [UQ] <0.010 <0.005 0.207 <0.005 0.0016 0.022 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.190 NA

Dissolved [UQ] <0.010 <0.005 0.135 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.022 NA

11-25-92 (1) MW-111 ND ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 <0.005 0.298 <0.005 <0.0005 0.011 <0.010 <0.0002 <0.020 0.006 <0.05 <0.005 <0.005 0.757 0.26

Dissolved <0.010 <0.005 0.319 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.752 0.26
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Sample Location Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

03-16-93 (1) MW-111 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.247 <0.005 <0.005 <0.010 0.012 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.535 NA

Dissolved    <0.010 <0.005 0.269 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.517 NA

06-16-93 (1) MW-111 ND BEP 15 NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.288 <0.005 <0.005 <0.010 0.024 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.722 NA

Dissolved <0.010 <0.005 0.276 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.570 NA

06-16-93 (1) MW-111 ND ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.272 <0.005 <0.005 <0.010 0.012 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.696 NA

Dissolved <0.010 <0.005 0.277 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.574 NA

11-12-93 (1) MW-111 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.263 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.440 NA

Dissolved <0.010 <0.005 0.285 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.416 NA

5/12/1994 (1) MW-111 ND ND R NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.244 <0.004 <0.005 0.015 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.490 NA

Dissolved <0.010 <0.005 0.256 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.467 NA

2-1-95 (1) MW-111 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-25-95 MW-111 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-22-96 MW-111 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

08-04-93 MW-118 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.323 <0.005 <0.005 0.017 0.032 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.740 NA

Dissolved <0.010 <0.005 0.335 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.730 NA

08-04-93 MW-118 ND ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.320 <0.005 <0.005 0.020 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.714 NA

Dissolved <0.010 <0.005 0.328 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.708 NA

11-09-93 MW-118 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.276 <0.005 <0.005 0.043 J <0.010 <0.0002 0.023 <0.002 <0.05 <0.005 <0.005 0.499 NA

Dissolved <0.010 <0.005 0.295 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.476 NA

11-09-93 MW-118 ND ND * NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.294 <0.005 <0.005 0.020 J 0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.551 NA

Dissolved <0.010 <0.005 0.322 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.496 NA

05-17-94 MW-118 ND ND NA NA NA
Total Metals  [UQ] [UQ] <0.010 <0.005 0.271 <0.004 <0.005 0.014 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.360 NA

Dissolved <0.010 <0.005 0.250 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.339 NA

01-31-95 MW-118 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

5-1-95 MW-118 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-11-95 MW-118 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-26-95 MW-118 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-3-96 MW-118 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-22-96 MW-118 ND ND NA NA NA
Total Metals [UQ] [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

 11-11-97 MW-118 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  5-12-98 MW-118 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

07-14-94 MW-123 BROM 2.3 ND NA NA NA
Total Metals CHL 7.9 [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved DBCM 11 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
[UQ]

12-07-94 MW-123 CHL 1.4 ND NA NA NA
Total Metals [UQ] [UQ] <0.010UJ 0.0022 0.250 <0.004 <0.005 0.0092U <0.010U <0.0002 0.031U <0.002 <0.05 0.003 <0.005 0.440 NA

Dissolved <0.010UJ 0.0021 0.260 <0.004 <0.005 0.0057 U <0.010U <0.0002 <0.001U <0.002 <0.05 0.0029 <0.005 0.440 NA

12-07-94 MW-123 CHL 1.6 ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010UJ 0.0023 0.250 <0.004 <0.005 0.0098U 0.0043U <0.0002 0.031U <0.002 <0.05 0.0024 <0.005 0.540 NA

<0.010UJ 0.0019 0.26 <0.004 <0.005 <.0029U <.0034U <0.0002 0.022U 0.0012 <0.05 0.003 <0.005 0.41 NA
02-23-95 MW-123 CHL 2 NA NA NA NA

Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-4-95 MW-123 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-11-95 MW-123 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-26-95 MW-123 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

10-26-95 MW-123(D) ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-6-96 MW-123 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-23-96 MW-123 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-11-97 MW-123 CHL 2.7J NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  5-13-98 MW-123 CHL 2.4J NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-05-98 MW-123
CHL 1.6J

MC 0.32JB NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  5-19-99 MW-123 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
NA Not analyzed.  ND Not detected.
VOCs Volatile organic compounds. BNAs Base/neutral and acid extractable compounds.
TPH Total Petroleum Hydrocarbons TOL Toluene.
Tr Trace, unquantifiable amount detected. TCE Trichloroethene.
ACE Acetone. EDB Ethylene Dibromide.
BEP Bis(2-ethylhexyl)phthalate. DBCP 1,2-Dibromo-3-chloropropane.
CHL Chloroform. PCB Pentachlorobenzene
CDS Carbon Disulfide BA Benzoic Acid
DCA 1,2-Dichloroethane. DCP 1,2-Dichloropropane
DBCM Dibromochloromethane. Bo Boron.
MC Methylene Chloride [UQ] ATI-Phoenix data of unknown quality as 
* TICs present. determined by the FFA Parties
J Data are qualitative or estimated.
R Data are rejected and unusable
U Data are qualitative and considered to be not detected at the value reported.
(1) Well screen submerged below top of water table.

Method detection limits (mdls) for VOCs and BNAs varied.  See laboratory reports for specific mdls.
Metals are as follows:  silver (Ag), arsenic (As), beryllium (Be), barium (Ba), cadmium (Cd),
 copper (Cu), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se),
 thallium (Tl), and zinc (Zn).
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)
 

07-23-92 MW-115 ND [UQ] ND [UQ] NA NA NA
Total Metals <0.010 0.008 0.064 <0.005 <0.0005 0.043 0.068 <0.0002 0.034 0.004 J <0.05 <0.005 <0.005 0.205 NA

Dissolved    <0.010 0.006 0.052 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.182 NA

07-23-92 MW-115 ND [UQ] ND [UQ] NA NA NA               
Total Metals Duplicate <0.010 0.007 0.071 <0.005 <0.0005 0.058 0.096 <0.0002 0.042 0.018 J <0.05 <0.005 <0.005 0.236 NA

Dissolved <0.010 0.006 0.051 <0.005 <0.0005 <0.010 0.012 <0.0002 0.024 <0.002 <0.05 <0.005 <0.005 0.182 NA

11-17-92 MW-115 ND [UQ] ND [UQ] NA <0.01 <0.01
Total Metals <0.010 0.006 0.048 <0.005 <0.0005 0.024 <0.010 <0.0002 0.029 0.008 <0.05 <0.005 <0.005 0.860 <0.10

Dissolved <0.010 0.006 0.053 <0.005 <0.0005 0.014 <0.010 <0.0002 0.026 0.008 <0.05 <0.005 <0.005 0.811 <0.10

03-25-93 MW-115 ND [UQ] ND [UQ] NA NA NA
Total Metals <0.010 0.007 0.049 <0.005 <0.005 0.018 <0.010 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.422 NA

Dissolved <0.010 0.005 0.193 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.302 NA

06-17-93 MW-115 ND [UQ] BEP 63 NA NA NA
Total Metals  [UQ] <0.010 <0.005 0.054 <0.005 <0.005 0.016 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.373 NA

Dissolved <0.010 <0.005 0.063 <0.005 <0.005 0.013 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.445 NA

11-08-93 MW-115 ND [UQ] ND [UQ] NA NA NA
Total Metals <0.010 0.006 0.053 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.529 NA

Dissolved <0.010 0.006 0.055 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.551 NA

05-19-94 MW-115 ND [UQ] BEP 5 J NA NA NA
Total Metals   [UQ] <0.010 0.007 0.051 <0.004 <0.005 0.012 <0.010 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.232 NA

Dissolved  <0.010 0.006 0.057 <0.004 <0.005 0.011 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.235 NA

02-22-95 MW-115 ND [UQ] NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-24-95 MW-115 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

02-06-96 MW-115 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

07-23-92 MW-116 ND [UQ] ND [UQ] NA NA NA
Total Metals <0.010 0.016 0.045 <0.005 <0.0005 0.016 0.276 <0.0002 <0.020 0.017 <0.05 <0.005 <0.005 0.437 NA

Dissolved <0.010 0.015 0.021 <0.005 <0.0005 0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.232 NA

07-23-92 MW-116 ND [UQ] ND [UQ] NA NA NA
Total Metals Duplicate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

11-18-92 MW-116 ND [UQ] ND [UQ] NA <0.01 <0.01
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)
 

Total Metals <0.010 0.017 0.020 <0.005 <0.0005 0.019 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.414 <0.10
Dissolved <0.010 0.014 0.020 <0.005 <0.0005 0.012 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.414 <0.10

3/23/93 MW-116 ND [UQ] ND [UQ] NA NA NA
Total Metals <0.010 0.015 0.022 <0.005 <0.005 0.014 0.013 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.782 NA

Dissolved <0.010 0.014 0.035 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.687 NA

06-17-93 MW-116 ND [UQ] ND [UQ] NA NA NA
Total Metals <0.010 0.012 0.032 <0.005 <0.005 0.013 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.758 NA

Dissolved <0.010 0.005 0.034 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.834 NA

11-08-93 MW-116 ND [UQ] ND [UQ] NA NA NA
Total Metals <0.010 0.014 0.026 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.548 NA

Dissolved <0.010 0.014 0.026 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.584 NA

05-19-94 MW-116 ND [UQ] BEP 8 J NA NA NA
Total Metals  [UQ] <0.010 0.016 0.023 <0.004 <0.005 0.016 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.382 NA

Dissolved  <0.010 0.016 0.022 <0.004 <0.005 0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.384 NA

02-22-95 MW-116 ND [UQ] NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-24-95 MW-116 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

06-01-96 MW-116 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

12-07-94 MW-124 ND [UQ] ND [UQ] NA NA NA
Total Metals <0.010UJ 0.0068 0.047 <0.004 <0.005 0.018U <0.010U <0.0002 <.002U 0.0013 <0.05 0.0024 <0.005 0.130 NA

Dissolved  <0.010UJ 0.0065 0.041 <0.004 <0.005 0.012U <0.010U <0.0002 <0.02U <0.001 <0.05 0.002 <0.005 0.120 NA

02-23-95 MW-124 ND [UQ] NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-4-95 MW-124 ND [UQ] NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-14-95 MW-124 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)
 

10-24-95 MW-124 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-08-96 MW-124 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

6-5-96 MW-124 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-11-97 MW-124 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  5-12-98 MW-124 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
NA Not analyzed. TCE Trichloroethene.
VOCs Volatile orga EDB Ethylene Dibromide.
TPH Total Petroleum Hydrocarbons DBCP 1,2-Dibromo-3-chloropropane.
Tr Trace, unquantifiable amount detect PCB Pentachlorobenzene
ACE Acetone. BA Benzoic Acid
BEP Bis(2-ethylhexyl)phthalate. DCP 1,2-Dichloropropane
CHL Chloroform. Bo Boron.
CDS Carbon Disulfide * TICs present.
DCA 1,2-Dichloroethane. J Data are qualitative or estimated.
DBCM Dibromochloromethane. R Data are rejected and unusable
ND Not detected. U Data are qualitative and considered to be not detected at the 
BNAs Base/neutral and acid extractable compounds value reported.
TOL Toluene.
[UQ] ATI-Phoenix data of unknown quality as determined by the FFA Parties
(1) Well screen submerged below top of water table.
Method detection limits (mdls) for VOCs and BNAs varied.  See laboratory reports for specific mdls.
Metals are as follows:  silver (Ag), arsenic (As), beryllium (Be), barium (Ba), cadmium (Cd),
 copper (Cu), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se),
 thallium (Tl), and zinc (Zn).
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

12-12-91 MW-102 ND BEP 14 NA NA NA                
Total Metals [UQ] [UQ] <0.010 0.026 0.022 <0.005 <0.005 0.026 0.025 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.025 NA

Dissolved <0.010 0.028 0.017 <0.005 <0.005 0.020 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 <0.010 NA

07-18-92 MW-102 ND ND NA NA NA                
Total Metals [UQ] [UQ] <0.010 0.016 0.021 <0.005 <0.0005 0.027 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.022 NA

Dissolved <0.010 0.016 0.019 <0.005 <0.0005 0.021 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 <0.010 NA

11-23-92 MW-102 ND ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 0.015 0.019 <0.005 <0.0005 0.024 <0.010 <0.0002 <0.020 0.006 <0.05 <0.005 <0.005 0.492 0.19

Dissolved <0.010 0.015 0.018 <0.005 <0.0005 0.022 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.216 0.19

03-11-93 MW-102 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.020 0.014 <0.005 <0.005 0.023 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.147 NA

Dissolved <0.010 0.019 <0.010 <0.005 <0.005 0.012 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.058 NA

06-11-93 MW-102 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.016 0.018 <0.005 <0.005 0.018 0.016 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 1.66 NA

Dissolved <0.010 0.015 0.018 <0.005 <0.005 0.016 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.296 NA

11-11-93 MW-102 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.016 0.017 <0.005 <0.005 0.023 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 1.06 NA

Dissolved <0.010 0.015 0.018 <0.005 <0.005 0.022 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.447 NA

05-20-94 MW-102 ND ND NA NA NA
Total Metals  [UQ] [UQ] <0.010 0.016 0.015 <0.004 <0.005 0.027 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.329 NA

Dissolved  <0.010 0.016 0.015 <0.004 <0.005 0.026 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.084 NA

02-06-95 MW-102 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-11-95 MW-102 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-31-96 MW-102 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

12-09-91 (1) MW-103 ND BEP 32 NA NA NA                
Total Metals [UQ] [UQ] <0.010 0.015 0.092 <0.005 <0.005 0.025 0.027 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.338 NA

Dissolved <0.010 0.014 0.090 <0.005 <0.005 0.015 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.321 NA

12-09-91 (1) MW-103 ND ND NA NA NA                
Total Metals Duplicate [UQ] [UQ] <0.010 0.014 0.090 <0.005 <0.005 0.024 0.043 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.374 NA

Dissolved <0.010 0.014 0.090 <0.005 <0.005 0.015 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.319 NA

7-18-92 (1) MW-103 ND ND NA NA NA                
Total Metals [UQ] [UQ] <0.010 0.016 0.061 <0.005 <0.0005 0.021 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.118 NA

Dissolved <0.010 0.013 0.086 <0.005 <0.0005 0.018 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 <0.010 NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)
11-24-92 (1) MW-103 ND ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 0.019 0.040 <0.005 <0.0005 0.024 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.474 0.19

Dissolved <0.010 0.016 0.037 <0.005 <0.0005 0.011 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.381 0.18

03-11-93 (1) MW-103 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.023 0.032 <0.005 <0.005 0.016 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.150 NA

Dissolved <0.010 0.020 0.032 <0.005 <0.005 0.014 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.104 NA

06-11-93 (1) MW-103 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.018 0.032 <0.005 <0.005 0.014 0.015 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.090 NA

Dissolved <0.010 0.015 0.036 <0.005 <0.005 0.014 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.132 NA

11-06-93 (1) MW-103 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.020 0.033 <0.005 <0.005 0.020 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.148 NA

Dissolved <0.010 0.019 0.032 <0.005 <0.005 0.017 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.095 NA

5/20/94 (1) MW-103 ND ND NA NA NA
Total Metals  [UQ] [UQ] <0.010 0.025 0.032 <0.004 <0.005 0.026 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.079 NA

Dissolved  <0.010 0.023 0.028 <0.004 <0.005 0.022 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.059 NA

02-06-95 MW-103 ND NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved

10-10-95 MW-103 ND NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved

6-6-96 MW-103 ND ND NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved

12-09-91 MW-112S TCE Tr ND NA NA NA
Total Metals TOL Tr [UQ] <0.010 0.011 0.470 <0.005 <0.005 0.062 0.073 <0.0002 0.035 0.048 <0.05 <0.005 <0.005 0.501 NA

Dissolved [UQ] <0.010 0.008 0.066 <0.005 <0.005 0.011 <0.01 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.152 NA

07-22-92 MW-112S ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.010 0.119 <0.005 <0.0005 0.020 0.082 <0.0002 <0.020 0.011 <0.05 <0.005 <0.005 0.749 NA

Dissolved <0.010 0.008 0.078 <0.005 <0.0005 0.014 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.426 NA

12-01-92 MW-112S TCE 1 ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 0.007 0.075 <0.005 <0.0005 0.011 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.089U 0.22

Dissolved <0.010 0.007 0.075 <0.005 <0.0005 0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.064U 0.22

03-19-93 MW-112S TCE 1 ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.010 0.291 <0.005 <0.0005 0.026 0.012 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.378 NA

Dissolved <0.010 0.008 0.106 <0.005 <0.005 0.013 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.134 NA

06-08-93 (1) MW-112S TCE 1 ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.009 0.078 <0.005 <0.005 0.013 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.149 NA

Dissolved <0.010 0.007 0.090 <0.005 <0.005 0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.149 NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)
11-03-93 (1) MW-112S ND BA 40 J NA NA NA
Total Metals [UQ] [UQ] <0.010 0.010 0.086 <0.005 <0.005 0.016 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.620 NA

Dissolved <0.010 0.007 0.089 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.259 NA

05-10-94 MW-112S ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.026 0.097 <0.004 <0.005 0.053 0.022 <0.0002 <0.020 0.008 <0.05 <0.005 <0.005 0.153 NA

Dissolved <0.010 0.009 0.038 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 <0.020 NA

02-07-95 MW-112S ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-3-95 MW-112S ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-8-95 MW-112S ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-6-95 MW-112S ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-8-96 MW-112S ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-30-96 MW-112S ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

11-12-97 MW-112S ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-11-98 MW-112S TCE 1.5J NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

12-22-98 MW-112S

ACE 1.4J
DCA 0.28J
MC 0.24J
PCE 0.35J
TCE 1.2J NA ND NA NA

Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

05-19-99 MW-112S ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)
12-10-91 (1) MW-112D ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.009 0.044 <0.005 <0.005 0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.101 NA

Dissolved <0.010 0.009 0.035 <0.005 <0.005 0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.099 NA

7-22-92 (1) MW-112D ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.016 0.097 <0.005 <0.0005 0.032 0.084 <0.0002 <0.020 0.009 <0.05 <0.005 <0.005 0.208 NA

Dissolved <0.010 0.007 0.039 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.025 NA

12-01-92 (1) MW-112D ND ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 0.017 0.076 <0.005 <0.0005 0.032 <0.010 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.140U 0.23

Dissolved <0.010 0.006 0.035 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.038 0.22

03-19-93 (1) MW-112D ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.013 0.065 <0.005 <0.005 0.027 <0.010 <0.0002 <0.020 0.005 <0.05 <0.005 <0.005 0.162 NA

Dissolved <0.010 0.008 0.056 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 <0.010 NA

06-08-93 (1) MW-112D ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.016 0.072 <0.005 <0.005 0.030 0.012 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.151 NA

Dissolved <0.010 0.007 0.045 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.014 NA

11-03-93 (1) MW-112D ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.023 0.095 <0.005 <0.005 0.049 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.149 NA

Dissolved <0.010 0.009 0.039 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 <0.010 NA

5-10-94 (1) MW-112D ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.009 0.095 <0.004 <0.005 0.018 0.029 <0.0002 <0.020 0.010 <0.05 <0.005 <0.005 0.699 NA

Dissolved <0.010 0.006 0.087 <0.004 <0.005 0.012 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.284 NA

5-10-94 (1) MW-112D ND ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 0.009 0.096 <0.004 <0.005 0.014 0.020 <0.0002 <0.020 0.007 <0.05 <0.005 <0.005 0.715 NA

Dissolved <0.010 0.008 0.086 <0.004 <0.005 0.014 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.269 NA

02-07-95 MW-112D ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

02-07-95 MW-112D ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-6-95 MW-112D ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-30-96 MW-112D ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-10-97 MW-112D BF 1.1J NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)
  5-11-98 MW-112D ND NA ND NA NA

Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

01-24-92 MW-113 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.009 0.064 <0.005 <0.005 0.027 0.016 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.327 NA

Dissolved <0.010 0.009 0.016 <0.005 <0.005 0.013 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.212 NA

07-21-92 MW-113 TCE 1 ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.020 0.447 <0.005 <0.0005 0.109 0.174 <0.0002 0.071 0.023 <0.05 <0.005 <0.005 0.470 NA

Dissolved <0.010 0.008 0.014 <0.005 <0.0005 0.012 <0.010 <0.0002 0.030 <0.002 <0.05 <0.005 <0.005 0.018 NA

12-17-92 MW-113 DCA 1 ND NA <0.01 <0.01
Total Metals TCE 2 [UQ] <0.010 0.012 0.077 <0.005 <0.0005 0.041 0.017 <0.0002 <0.020 0.005 <0.05 <0.005 <0.005 0.626 0.19

Dissolved TOL 1  <0.010 0.011 0.014 <0.005 <0.0005 0.012 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.299 0.21
[UQ]

03-18-93 MW-113 DCA 1 ND NA NA NA
Total Metals Time-series TCE 2 [UQ] <0.010 0.010 0.019 <0.005 <0.005 0.019 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.355 NA

Dissolved Initial Sample [UQ] <0.010 0.010 0.015 <0.005 <0.005 0.014 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.250 NA

03-18-93 MW-113 DCA 1 ND NA NA NA
Total Metals Time-series TCE 2 [UQ] <0.010 0.010 0.020 <0.005 <0.005 0.017 0.011 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.326 NA

Dissolved Duplicate [UQ] <0.010 0.010 0.014 <0.005 <0.005 0.016 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.181 NA

03-18-93 MW-113 DCA 1 ND NA NA NA
Total Metals Time-series TCE 2 [UQ] <0.010 0.011 0.014 <0.005 <0.005 0.019 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.333 NA

Dissolved 4-hr Sample [UQ] <0.010 0.010 0.014 <0.005 <0.005 0.014 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.288 NA

06-07-93 (1) MW-113 DCA 1 ND NA NA NA
Total Metals TCE 2 [UQ] <0.010 0.010 0.017 <0.005 <0.005 0.020 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.188 NA

Dissolved [UQ] <0.010 0.010 0.015 <0.005 <0.005 0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.137 NA

06-07-93 (1) MW-113 DCA 1 ND NA NA NA                
Total Metals Duplicate TCE 2 [UQ] <0.010 0.011 0.017 <0.005 <0.005 0.022 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.192 NA

Dissolved [UQ] <0.010 0.011 0.015 <0.005 <0.005 0.015 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.130 NA

11-02-93 (1) MW-113 DCA 1 ND NA NA NA
Total Metals TCE 2 [UQ] <0.010 0.011 0.016 <0.005 <0.005 0.121 <0.010 <0.0002 0.052 <0.002 <0.05 <0.005 <0.005 0.721 NA

Dissolved [UQ] <0.010 0.008 0.015 <0.005 <0.005 0.014 <0.010 <0.0002 0.022 <0.002 <0.05 <0.005 <0.005 0.652 NA

5/9/94 (1) MW-113 TCE 2 ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.012 0.018 <0.004 <0.005 0.042 <0.010 <0.0002 0.025 <0.002 <0.05 <0.005 <0.005 0.628 NA

Dissolved <0.010 0.009 0.017 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.595 NA

02-11-95 MW-113 TCE 2 NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-3-95 MW-113 DCP 4 NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)
8-8-95 MW-113 ND NA NA NA NA

Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-10-95 MW-113 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-10-95 MW-113 ND NA NA NA NA
Total Metals DUPLICATE NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-8-96 MW-113 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-8-96 MW-113 ND NA NA NA NA
Total Metals DUPLICATE NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-24-96 MW-113 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-12-97 MW-113 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-12-97 MW-113 ND ND NA NA NA
Total Metals Duplicate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  5-12-98 MW-113 TCE 1.9J ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-03-98 MW-113

DCA 0.30J
MC 0.40JB
PCE 0.18J
TCE 1.6J NA ND NA NA

Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

SD20events.xls 4/11/03
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

  5-19-99 MW-113
CHL 5.0

BRMO 6.0 NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
NA Not analyzed.  ND Not detected.
VOCs Volatile organic compounds. BNAs Base/neutral and acid extractable compounds.
TPH Total Petroleum Hydrocarbons TOL Toluene.
Tr Trace, unquantifiable amount detected. TCE Trichloroethene.
ACE Acetone. EDB Ethylene Dibromide.
BEP Bis(2-ethylhexyl)phthalate. DBCP 1,2-Dibromo-3-chloropropane.
CHL Chloroform. PCB Pentachlorobenzene
CDS Carbon Disulfide BA Benzoic Acid
DCA 1,2-Dichloroethane. DCP 1,2-Dichloropropane
DBCM Dibromochloromethane. Bo Boron.
MC Methylene Chloride PCE Tetrachloroethelene
Bromo Bromodichloromethene [UQ] ATI-Phoenix data of unknown quality as 
* TICs present. determined by the FFA Parties
J Data are qualitative or estimated.
R Data are rejected and unusable
U Data are qualitative and considered to be not detected at the value reported.
(1) Well screen submerged below top of water table.

Method detection limits (mdls) for VOCs and BNAs varied.  See laboratory reports for specific mdls.
Metals are as follows:  silver (Ag), arsenic (As), beryllium (Be), barium (Ba), cadmium (Cd),
 copper (Cu), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se),
 thallium (Tl), and zinc (Zn).
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Groundwater Monitoring Results for the Period of Record at PSC SD-21, OU-1 Page 1 of 2

Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

01-21-92 (1) MW-101 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.103 <0.005 <0.005 <0.010 0.026 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.229 NA

Dissolved <0.010 <0.005 0.104 <0.005 <0.005 <0.010 0.034 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.236 NA

01-21-92 (1) MW-101 ND ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.100 <0.005 <0.005 <0.010 0.034 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.236 NA

Dissolved <0.010 <0.005 0.100 <0.005 <0.005 <0.010 0.034 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.236 NA

07-23-92 (1) MW-101 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.095 <0.005 <0.0005 <0.010 0.092 <0.0002 <0.020 0.007 <0.05 <0.005 <0.005 0.187 NA

Dissolved <0.010 <0.005 0.100 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.122 NA

11-18-92 (1) MW-101 ND ND NA ND ND
Total Metals [UQ] [UQ] <0.010 <0.005 0.089 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.005 <0.05 <0.005 <0.005 0.500 0.250

Dissolved <0.010 <0.005 0.094 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.489 0.240

3-18-93 (1) MW-101 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.117 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.219 NA

Dissolved <0.010 <0.005 0.096 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.197 NA

06-17-93 (1) MW-101 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.011 0.114 <0.005 <0.005 <0.010 0.012 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.184 NA

Dissolved <0.010 0.011 0.117 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.174 NA

11-08-93 (1) MW-101 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.103 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.286 NA

Dissolved <0.010 <0.005 0.114 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.268 NA

5-19-94 (1) MW-101 ACE 23 BEP 5 J NA NA NA
Total Metals  CDS 25 * [UQ] <0.010 <0.005 0.092 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.231 NA

Dissolved  [UQ] <0.010 <0.005 0.095 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.227 NA

7-14-94 (1) MW-101 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.097 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.20 <0.002 <0.05 <0.005 <0.005 0.302 NA

Dissolved <0.010 <0.005 0.103 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.20 <0.002 <0.05 <0.005 <0.005 0.323 NA

7-14-94 (1) MW-101 ND ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.09 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.367 NA

Dissolved <0.010 <0.005 0.103 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.321 NA

03-18-95 MW-101 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-25-95 MW-101 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)
6-4-96 MW-101 ND ND NA NA NA

Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
NA Not analyzed.  ND Not detected.
VOCs Volatile organic compounds. BNAs Base/neutral and acid extractable compounds.
TPH Total Petroleum Hydrocarbons TOL Toluene.
Tr Trace, unquantifiable amount detectedTCE Trichloroethene.
ACE Acetone. EDB Ethylene Dibromide.
BEP Bis(2-ethylhexyl)phthalate. DBCP 1,2-Dibromo-3-chloropropane.
CHL Chloroform. PCB Pentachlorobenzene
CDS Carbon Disulfide BA Benzoic Acid
DCA 1,2-Dichloroethane. DCP 1,2-Dichloropropane
DBCM Dibromochloromethane. Bo Boron.
* TICs present. [UQ] ATI-Phoenix data of unknown quality as 
J Data are qualitative or estimated. determined by the FFA Parties
R Data are rejected and unusable
U Data are qualitative and considered to be not detected at the value reported.
(1) Well screen submerged below top of water table.

Method detection limits (mdls) for VOCs and BNAs varied.  See laboratory reports for specific mdls.
Metals are as follows:  silver (Ag), arsenic (As), beryllium (Be), barium (Ba), cadmium (Cd),
 copper (Cu), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se),
 thallium (Tl), and zinc (Zn).

SD21events.xls 4/11/03



Groundwater Monitoring Results for the Period of Record at PSC SD-38, OU-1 Page 1 of 1

Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

05-26-93 MW-117 ND ND NA NA NA
Total Metals <0.010 <0.005 0.146 <0.005 <0.005 <0.010 0.012 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.378 NA

Dissolved <0.010 <0.005 0.143 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.364 NA

05-26-93 MW-117 ND ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.140 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.348 NA

Dissolved  <0.010 <0.005 0.150 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.344 NA

11-12-93 MW-117 ND ND * NA NA NA
Total Metals [UQ] [UQ] <0.010 0.006 0.137 <0.005 <0.005 0.017 <0.010 <0.0002 0.042 <0.002 <0.05 <0.005 <0.005 0.309 NA

Dissolved <0.010 0.005 0.145 <0.005 <0.005 <0.010 <0.010 <0.0002 0.049 <0.002 <0.05 <0.005 <0.005 0.298 NA

5-17-93 MW-117 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.149 <0.004 <0.005 0.011 0.017 <0.0002 0.030 0.003 <0.05 <0.005 <0.005 0.317 NA

Dissolved <0.010 <0.005 0.158 <0.004 <0.005 <0.010 <0.010 <0.0002 0.024 <0.002 <0.05 <0.005 <0.005 0.292 NA

02-13-95 MW-117 ND NA NA NA NA
Total Metals [UQ] [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-4-95 MW-117 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-29-96 MW-117 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
NA Not analyzed.  ND Not detected.
[UQ] ATI-Phoenix data of unkno 

determined by the FFA Parties
* TICs present.

Method detection limits (mdls) for VOCs and BNAs varied.  See laboratory reports for specific mdls.
Metals are as follows:  silver (Ag), arsenic (As), beryllium (Be), barium (Ba), cadmium (Cd),
 copper (Cu), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se),
 thallium (Tl), and zinc (Zn).
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

08-04-93 MW-119 DCP 1 ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.097 <0.005 <0.005 0.034 0.019 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 1.88 NA

Dissolved <0.010 <0.005 0.106 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 1.97 NA

11-05-93 MW-119 DCP 2 ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.007 0.095 <0.005 <0.005 3.84J 0.036 <0.0002 0.103J <0.002 <0.05 0.007 <0.005 2.77 NA

Dissolved <0.010 <0.005 0.095 <0.005 <0.005 <0.010 <0.010 <0.0002 0.039 <0.002 <0.05 0.007 <0.005 3.00 NA

11-05-93 MW-119 DCP 2 ND * NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.090 <0.005 <0.005 1.64J 0.022 <0.0002 0.053J <0.002 <0.05 0.008 <0.005 3.09 NA

Dissolved <0.010 <0.005 0.089 <0.005 <0.005 <0.010 <0.010 <0.0002 0.025 <0.002 <0.05 0.008 <0.005 3.16 NA

05-17-94 MW-119 DCP 2 ND NA NA NA
Total Metals  [UQ] [UQ] <0.010 <0.005 0.077 <0.004 <0.005 0.073 <0.010 <0.0002 0.254 <0.002 <0.05 <0.005 <0.005 0.640 NA

Dissolved  <0.010 <0.005 0.076 <0.004 <0.005 <0.010 <0.010 <0.0002 0.250 <0.002 <0.05 <0.005 <0.005 0.656 NA

02-02-95 MW-119 DCP 2 ND NA NA NA
Total Metals [UQ] [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-2-95 MW-119 ND NA ND NA NA
Total Metals [UQ]  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-14-95 MW-119 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-28-95 MW-119 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-10-96 MW-119 ND NA 110J NA NA
Total Metals DRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-23-96 MW-119 ND ND ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
 

5-23-96 MW-119 ND ND 26J NA NA
Total Metals DUPLICATE GRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

07-17-97 MW-119 DCP 1.0J NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

SS42events.xls 4/11/03



Groundwater Monitoring Results for the Period of Record at PSC SS-42, OU-1 Page 2 of 7

Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

 
01-05-94 MW-120 ND ND NA NA NA

Total Metals  [UQ] [UQ] <0.010 <0.005 0.088 <0.005 <0.005 0.092 <0.010 <0.0002 0.086 <0.002 <0.05 0.006 <0.005 2.34 NA
Dissolved <0.010 <0.005 0.088 <0.005 <0.005 <0.010 <0.010 <0.0002 0.081 <0.002 <0.05 0.005 <0.005 2.32 NA

01-05-94 MW-120 ND ND * NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.090 <0.005 <0.005 0.099 <0.010 <0.0002 0.093 <0.002 <0.05 0.005 <0.005 2.36 NA

Dissolved <0.010 <0.005 0.088 <0.005 <0.005 <0.010 <0.010 <0.0002 0.086 <0.002 <0.05 <0.005 <0.005 2.34 NA

05-16-94 MW-120 DCP 1 ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.116 <0.004 <0.005 0.089 <0.010 <0.0002 0.071 <0.002 <0.05 <0.005 <0.005 2.15 NA

Dissolved <0.010 <0.005 0.120 <0.004 <0.005 <0.010 <0.010 <0.0002 0.071 <0.002 <0.05 <0.005 <0.005 2.34 NA

02-01-95 MW-120 ND NA ND NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-2-95 MW-120 ND NA ND NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-9-95 MW-120 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-27-95 MW-120 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-9-96 MW-120 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

6-11-96 MW-120 ND ND ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

07-17-97 MW-120 DCP 1.7J NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

11-05-98 MW-120

DCP 1,4J
MC 0.25JB
TOL 0.11J NA 270JB NA NA

Total Metals GRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

01-05-94 MW-121 ND ND * NA NA NA
Total Metals  [UQ] [UQ] <0.010 <0.005 0.139 <0.005 <0.005 0.074 <0.010 <0.0002 0.144 <0.002 <0.05 0.005 <0.005 1.85 NA

Dissolved <0.010 <0.005 0.136 <0.005 <0.005 <0.010 <0.010 <0.0002 0.143 <0.002 <0.05 <0.005 <0.005 1.76 NA

04-06-94 MW-121 ND NA ND NA NA
Total Metals Time-series [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved Initial Sample NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

04-07-94 MW-121 ND NA ND NA NA
Total Metals Time-series [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved 24-hr Sample NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

04-07-94 MW-121 ND NA ND NA NA
Total Metals Time-series [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved 24-hr Duplicate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

05-13-94 MW-121 DCP 2 NA NA NA NA
Total Metals ADEQ [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved Duplicate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

05-16-94 MW-121 DCP 2 ND NA NA NA
Total Metals  [UQ] [UQ] <0.010 <0.005 0.081 <0.004 <0.005 0.016 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 1.61 NA

Dissolved  <0.010 <0.005 0.084 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 1.48 NA

05-16-94 MW-121 DCP 2 ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.005 0.082 <0.004 <0.005 0.026 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 1.69 NA

Dissolved  <0.010 <0.005 0.080 <0.004 <0.005 0.011 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 2.12 NA

02-02-95 MW-121 DCP 2 ND NA NA NA
Total Metals [UQ] [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
 

02-02-95 MW-121 DCP 2 ND NA NA NA
Total Metals Duplicate [UQ] [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-2-95 MW-121 ND NA ND NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-15-95 MW-121 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

10-31-95 MW-121 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-10-96 MW-121 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-23-96 MW-121 ND ND ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

07-17-97 MW-121

DCP 1.4J
BZ 1.8J
EB 4.4J
TOL 6.3
XYL 12 NA 970J NA NA

Total Metals DRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

11-13-97 MW-121 DCP 1.7J NA 130vr NA NA
Total Metals DRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

05-14-98 MW-121

DCP 1.8J
BZ 1.8
EB 2.3J

TOL 2.7J
XYL 6.9 NA 120, 44B NA NA

Total Metals DRO, GRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

11-05-98 MW-121

BZ 17
EB 23

MC 34JB
PCE 0.02J

TOL 36
XYL 61 NA 630, 200JB NA NA

Total Metals DRO,GRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

11-05-98 MW-121

BZ 19
EB 25

MC .04JB
PCE 0.25J

TOL 38
XYL 64 NA 250, 490JB NA NA

Total Metals Duplicate DRO, GRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

05-20-99 MW-121 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

05-16-00 MW-121 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

05-16-00 MW-121 ND NA ND NA NA
Total Metals Duplicate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  8-2-01 MW-121 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  8-2-01 MW-121 ND NA ND NA NA
Total Metals Duplicate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-30-95 MW-125 ND NA ND NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-15-95 MW-125 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-15-95 MW-125 ND NA ND NA NA
Total Metals DUPLICATE NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-31-95 MW-125 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-9-96 MW-125 ND NA 11 J NA NA
Total Metals GRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

6-11-96 MW-125 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

07-17-97 MW-125 DCP 1.0J NA 23J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total Metals GRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

07-17-97 MW-125
DCP 1.1J
BZ 3.4J NA 53J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Total Metals Duplicate DRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

11-13-97 MW-125 DCP 1.2J NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

11-13-97 MW-125 DCP 1.3J NA ND NA NA
Total Metals Duplicate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

05-14-98 MW-125 DCP 1.6J NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

11-04-98 MW-125
DCP 1.2J

MC 0.21JB NA 7.2 NA NA
Total Metals GRO NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

05-20-99 MW-125 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

05-16-00 MW-125 ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

05-16-00 MW-125 ND NA ND NA NA
Total Metals Duplicate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)

Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

11-09-01 MW-125R ND NA ND NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
NA Not analyzed.  ND Not detected.
VOCs Volatile organic compounds. BNAs Base/neutral and acid extractable compounds.
TPH Total Petroleum Hydrocarbons TOL Toluene.
Tr Trace, unquantifiable amount detected. TCE Trichloroethene.
ACE Acetone. EDB Ethylene Dibromide.
BEP Bis(2-ethylhexyl)phthalate. DBCP 1,2-Dibromo-3-chloropropane.
CHL Chloroform. PCB Pentachlorobenzene
CDS Carbon Disulfide BA Benzoic Acid
DCA 1,2-Dichloroethane. DCP 1,2-Dichloropropane
DBCM Dibromochloromethane. Bo Boron.
BZ Benzene EB Ethyl Benzene
PCE Tetrachloroethene XYL Total Xylenes
MC Methylene Chloride [UQ] ATI-Phoenix data of unknown quality as 
* TICs present. DRO Diesel Range
GRO Gasoline Range determined by the FFA Parties
B Compound  also detected in the blank.
J Data are qualitative or estimated.
R Data are rejected and unusable
U Data are qualitative and considered to be not detected at the value reported.
 v Reliable identification of a product could not be achieved
(1) Well screen submerged below top of water table.

Method detection limits (mdls) for VOCs and BNAs varied.  See laboratory reports for specific mdls.
Metals are as follows:  silver (Ag), arsenic (As), beryllium (Be), barium (Ba), cadmium (Cd),
 copper (Cu), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se),
 thallium (Tl), and zinc (Zn).
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Groundwater Monitoring Results for the Period of Record at PSC ST-18, OU-2 Page 1 of 5

Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

07-22-92 MW-2 ND ND J NA NA NA
Total Metals  <0.010 <0.005 0.139 <0.005 <0.0005 <0.010 0.064 <0.0002 <0.020 0.011 <0.05 <0.005 <0.005 0.338 NA

Dissolved <0.010 <0.005 0.140 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.253 NA

11-25-92 MW-2 ND ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 <0.005 0.127 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.006 <0.05 <0.005 <0.005 0.629 <0.10

Dissolved <0.010 <0.005 0.137 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.628 <0.10

03-24-93 MW-2 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.126 <0.005 <0.005 <0.010 0.011 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.393 NA

Dissolved <0.010 <0.005 0.15 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.392 NA

06-18-93 MW-2 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.130 <0.005 <0.005 <0.010 0.013 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.462 NA

Dissolved <0.010 <0.005 0.138 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.453 NA

07-16-92 MW-3 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.028 <0.005 <0.0005 <0.010 0.015 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.454 NA

Dissolved <0.010 <0.005 0.038 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 <0.010 NA

11-24-92 MW-3 ND ND  NA <0.01 0.07
Total Metals [UQ] [UQ] <0.010 <0.005 0.098 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.005 <0.05 0.006 <0.005 0.764 <0.10

Dissolved    <0.010 <0.005 0.106 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 0.006 <0.005 0.770 <0.10

03-12-93 MW-3 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.096 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 0.006 <0.005 0.469 NA

Dissolved    <0.010 <0.005 0.096 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 0.006 <0.005 0.465 NA

06-15-93 MW-3 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.099 <0.005 <0.005 <0.010 0.012 <0.0002 0.028 0.003 <0.05 <0.005 <0.005 0.638 NA

Dissolved <0.010 <0.005 0.110 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.629 NA

11-04-93 MW-3 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.093 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.365 NA

Dissolved <0.010 <0.005 0.105 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.380 NA

05-13-94 MW-3 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.101 <0.004 <0.005 <0.010 0.034 <0.0002 <0.020 0.003 <0.05 0.006 <0.005 0.488 NA

Dissolved <0.010 <0.005 0.098 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 0.005 <0.005 0.480 NA

2-13-95 MW-3 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-11-95 MW-3 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

6-4-96 MW-3 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

07-23-92 MW-4 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.005 0.121 <0.005 <0.0005 <0.010 0.029 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.204 NA

Dissolved <0.010 <0.005 0.127 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.188 NA

12-05-92 MW-4 ND ND NA <0.01 <0.01
Total Metals Time-series [UQ] [UQ] <0.010 <0.005 0.127 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.611 <0.10

Dissolved Initial Sample <0.010 <0.005 0.134 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.352 <0.10  
 

12-05-92 MW-4 ND NA NA <0.01 <0.01
Total Metals Time-series [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved 4-hr Sample NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

03-24-93 MW-4 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.134 <0.005 <0.005 0.010 <0.010 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.360 NA

Dissolved <0.010 <0.005 0.154 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.331 NA

06-21-93 MW-4 ND ND NA NA NA
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Groundwater Monitoring Results for the Period of Record at PSC ST-18, OU-2 Page 2 of 5

Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

Total Metals [UQ] [UQ] <0.010 <0.005 0.114 <0.005 <0.005 0.011 0.021 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.350 NA
Dissolved <0.010 <0.005 0.124 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.359 NA

11-15-93 MW-4 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.114 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.355 NA

Dissolved <0.010 <0.005 0.139 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.401 NA

05-13-94 MW-4 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.130 <0.004 <0.005 <0.010 0.011 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.379 NA

Dissolved <0.010 <0.005 0.138 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.375 NA

07-18-92 MW-5 ND ND J NA NA NA
Total Metals [UQ] [UQ] <0.010 0.019 0.204 <0.005 <0.0005 0.115 0.052 <0.0002 0.051 0.026 <0.05 <0.005 <0.005 8.70 NA

Dissolved <0.010 <0.005 0.082 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.116 NA

11-20-92 MW-5 ND ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 <0.005 0.199 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.008 <0.05 <0.005 <0.005 0.514 <0.10

Dissolved <0.010 <0.005 0.221 <0.005 <0.0005 <0.010 <0.010 <0.0002 <0.020 0.007 <0.05 <0.005 <0.005 0.572 <0.10
03-23-93 MW-5 ND ND NA NA NA

Total Metals [UQ] [UQ] <0.010 <0.005 0.199 <0.005 <0.005 <0.010 0.012 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.439 NA
Dissolved <0.010 <0.005 0.222 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.399 NA

06-21-93 MW-5 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.182 <0.005 <0.005 <0.010 0.015 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.454 NA

Dissolved <0.010 <0.005 0.194 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 0.016 <0.05 <0.005 <0.005 0.506 NA

11-11-93 MW-5 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.196 <0.005 <0.005 0.011 <0.010 <0.0002 <0.020 <0.002 <0.05 0.007 <0.005 0.395 NA

Dissolved <0.010 <0.005 0.217 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 0.006 <0.005 0.400 NA

05-18-94 MW-5 ND ND NA NA NA
Total Metals  [UQ] [UQ] <0.010 <0.005 0.174 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.288 NA

Dissolved  <0.010 <0.005 0.174 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.286 NA

2-13-95 MW-5 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-19-95 MW-5 ND NA NA NA NA
Total Metals  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

6-5-96 MW-5 ND ND NA NA NA
Total Metals   NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

07-22-92 MW-114 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 0.007 0.048 <0.005 <0.0005 0.022 0.133 <0.0002 <0.020 0.011 <0.05 <0.005 <0.005 0.407 NA

Dissolved    <0.010 0.006 0.046 <0.005 <0.0005 0.013 0.020 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.370 NA

11-30-92 MW-114 ND ND NA <0.01 <0.01
Total Metals [UQ] [UQ] <0.010 0.006 0.063 <0.005 <0.0005 0.017 <0.010 <0.0002 <0.020 0.004 <0.05 <0.005 <0.005 0.344 <0.10

Dissolved <0.010 0.005 0.060 <0.005 <0.0005 0.018 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.310 <0.10

11-30-92 MW-114 ND ND NA <0.01 <0.01
Total Metals Duplicate [UQ] [UQ] <0.010 0.006 0.062 <0.005 <0.0005 0.023 <0.010 <0.0002 <0.020 0.003 <0.05 <0.005 <0.005 0.337 <0.10

Dissolved <0.010 0.006 0.062 <0.005 <0.0005 0.015 <0.010 <0.0002 <0.020 0.002 <0.05 <0.005 <0.005 0.348 <0.10

03-25-93 MW-114 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.262 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.464 NA

Dissolved <0.010 <0.005 0.285 <0.005 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.453 NA
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Groundwater Monitoring Results for the Period of Record at PSC ST-18, OU-2 Page 3 of 5

Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

06-18-93 MW-114 ND BEP 40 NA NA NA
Total Metals [UQ] [UQ] <0.010 0.005 0.071 <0.005 <0.005 0.020 0.012 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.349 NA

Dissolved <0.010 <0.005 0.063 <0.005 <0.005 0.016 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.468 NA

11-11-93 MW-114 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.183 <0.005 <0.005 0.011 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.247 NA

Dissolved <0.010 <0.005 0.273 <0.005 <0.005 0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.181 NA

05-13-94 MW-114 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.005 0.295 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.373 NA

Dissolved <0.010 <0.005 0.311 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.400 NA

05-13-94 MW-114 ND NA NA NA NA
Total Metals ADEQ [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved Duplicate NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-14-95 MW-114 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-5-95 MW-114 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-9-95 MW-114 ND NA NA NA NA
Total Metals  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-19-95 MW-114 ND NA NA NA NA
Total Metals  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-2-96 MW-114 ND NA NA NA NA
Total Metals  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

6-5-96 MW-114 ND ND NA NA NA
Total Metals    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-11-97 MW-114 ND NA NA NA NA
Total Metals   NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  5-13-98 MW-114 ND NA NA NA NA
Total Metals    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-03-98 MW-114
MC 0.35JB
MEK 1.1J NA NA NA NA

Total Metals    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  5-18-99 MW-114 ND NA NA NA NA
Total Metals    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  10-25-01 MW-114

cis-1,2-Dichloroethene 
0.89

TCE 2.0
PCE 0.95 NA NA NA NA

Total Metals    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  10-25-01 MW-114

cis-1,2-Dichloroethene 
0.94

TCE 2.0
PCE 0.90 NA NA NA NA
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Groundwater Monitoring Results for the Period of Record at PSC ST-18, OU-2 Page 4 of 5

Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

Total Metals Duplicate    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

07-14-94 MW-122 ND ND NA NA NA
Total Metals [UQ] [UQ] <0.010 <0.006 0.065 <0.004 <0.005 0.013 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.313 NA

Dissolved <0.010 <0.005 0.062 <0.004 <0.005 0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.268 NA

07-14-94 MW-122 ND ND NA NA NA
Total Metals Duplicate [UQ] [UQ] <0.010 <0.006 0.064 <0.004 <0.005 0.012 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.342 NA

Dissolved <0.010 <0.005 0.062 <0.004 <0.005 <0.010 <0.010 <0.0002 <0.020 <0.002 <0.05 <0.005 <0.005 0.264 NA

2-14-95 MW-122 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

5-5-95 MW-122 ND NA NA NA NA
Total Metals [UQ] NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8-9-95 MW-122 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10-19-95 MW-122 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2-2-96 MW-122 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

6-6-96 MW-122 ND ND NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-12-97 MW-122 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  5-13-98 MW-122 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  11-03-98 MW-122 MC 0.29JB NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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Groundwater Monitoring Results for the Period of Record at PSC ST-18, OU-2 Page 5 of 5

Sample Location Organic Constituents Inorganic Constituents (mg/L) Inorganic Constituents Continued (mg/L)
Date VOCs BNAs TPH EDB DBCP Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl Zn Bo

 (ug/L) (ug/L) (mg/L) (mg/L) (mg/L)

  5-18-99 MW-122 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

  10-25-01 MW-122 ND NA NA NA NA
Total Metals NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dissolved NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
NA Not analyzed.  ND Not detected.
VOCs Volatile organic compounds. BNAs Base/neutral and acid extractable compounds.
TPH Total Petroleum Hydrocarbons TOL Toluene.
Tr Trace, unquantifiable amount detected. TCE Trichloroethene.
ACE Acetone. EDB Ethylene Dibromide.
BEP Bis(2-ethylhexyl)phthalate. DBCP 1,2-Dibromo-3-chloropropane.
CHL Chloroform. PCB Pentachlorobenzene
CDS Carbon Disulfide BA Benzoic Acid
DCA 1,2-Dichloroethane. DCP 1,2-Dichloropropane
DBCM Dibromochloromethane. Bo Boron.
TCE Trichloroethene [UQ] ATI-Phoenix data of unknown quality as 
PCE Tetrachloroethene determined by the FFA Parties
MC Methylene chloride
MEK 2-Butanone
* TICs present.
J Data are qualitative or estimated.
R Data are rejected and unusable
U Data are qualitative and considered to be not detected at the value reported.
(1) Well screen submerged below top of water table.

Method detection limits (mdls) for VOCs and BNAs varied.  See laboratory reports for specific mdls.
Metals are as follows:  silver (Ag), arsenic (As), beryllium (Be), barium (Ba), cadmium (Cd),
 copper (Cu), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se),
 thallium (Tl), and zinc (Zn).
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ADEQ S
(mg/k

1996 2000 Residential

BNAs
Bis(2-ethylhexyl)phthalate 1.3 140 180 320
Butylbenzylphthalate 0.22 930 100,000 13,000

TRPH [a] 250 NA NA 4,100

Metals
Copper 30.5 63,000 76,000 2,800
Lead 21 400 750 400

VOCs
Ethylbenzene 0.9 690 230 1,500
Xylenes 86 320 210 2,800

BNAs
Bis(2-ethylhexyl)phthalate 3.7 140 180 320
2-Methylnaphthalene [d] 4.7 240 190 NE
Naphthalene 4.6 240 190 2,600

TRPH [a] 8,300 NA NA 4,100

Metals
Copper 37.8 63,000 76,000 2,800
Lead 115 400 750 400

VOCs
2-Butanone (MEK) 0.9 NA NA NA
Ethylbenzene 6 690 230 1,500
2-Hexanone (MBK) 0.8 110 110 120
1,1,2,2-Tetrachlorethane 0.4 1.1 0.9 4.4
Tetrachloroethene 0.05 17 19 53
Toluene 3 880 520 790
Trichloroethene 9 7 6.1 27
Xylenes 43 320 210 2,800

BNA
Acenaphthene 1.8 110 38,000 3,900
Anthracene 2.6 5.7 100,000 20,000
Benzo(a)anthracene [e] 27 2.6 2.9 6.1
Benzo(b)fluoranthene [e] 46 2.6 2.9 6.1
Benzo(k)fluoranthene 73 26 29 61
Benzo(g,h,i)perylene [c] 10 100 54,000 NA
Benzo(a)pyrene [e] 30 0.26 0.29 0.61
Bis(2-ethylhexyl)phthalate 3.2 140 180 320
Butylbenzylphthalate 0.68 930 100,000 13,000
Chrysene 52 7.2 62 610
Dibenzo(a,h)anthracene [e] 10 0.26 0.29 0.61
Dibenzofuran 0.67 14,000 5,100 260
Di-n-butylphthalate 0.46 68,000 88,000 6,500
Fluoranthene 42 27,000 30,000 2,600
Fluorene 0.83 90 33,000 2,600
Indeno(1,2,3-c,d)pyrene 8.1 0.61 0.62 6.1
2-Methylnaphthalene [d] 3 240 190 NE
4-Methylphenol 9.1 3,400 4,400 330
Naphthalene 9.7 240 190 2,600
Pentachlorophenol 3.1 7.9 11 25
Phenanthrene [c] 13 100 54,000 NE
Phenol 3.1 100,000 100,000 39,000
Pyrene 36 100 54,000 2,000

TRPH [a] 18,000 NA NA 4,100

Metals

No Action Sites

USEPA Region IX
Industrial PRG (mg/kg)

Maximum 
Concentration 

of
COC in soilPSC

Combined Suface and Subsurface Soil Constituents 

COC
Operable

Unit

OT-04

DP-05

FT-06

OU-2

OU-2

OU-2
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Copper 40.3 63,000 76,000 2,800
Lead 101 400 750 400

BNAs
Benzo(b)fluoranthene [e] 0.26 2.6 2.9 6.1
Benzo(g,h,i)perylene [c] 0.22 100 54,000 NA
Bis(2-ethylhexyl)phthalate 0.21 140 180 320
Chrysene 0.29 7.2 62 610
Fluoranthene 0.22 27,000 30,000 2,600
2-Methylnaphthalene [d] 0.91 240 190 NE
Naphthalene 0.26 240 190 2,600
Pyrene 0.28 100 54,000 2,000

TRPH [a] 3,800 NA NA 4,100

Metals
Copper 37.3 63,000 76,000 2,800
Lead 172 400 750 400

VOCs
Acetone 1 8,800 6,200 2,100

TRPH [a] 970 NA NA 4,100

Metals
Copper 25.8 63,000 76,000 2,800
Lead 30 400 750 400

VOCs
Acetone 1.8 8,800 6,200 2,100
Benzene 0.13 1.4 1.5 0.62
Ethylbenzene 1 690 230 1,500
Toluene 0.2 880 520 790
Xylenes 2.4 320 210 2,800

BNAs
2-Methylnaphthalene [d] 2 240 190 NE
Naphthalene 0.98 240 190 2,600

TRPH [a] 1,200 NA NA 4,100

Metals
Copper 42.8 63,000 76,000 2,800
Lead 20 400 750 400

OU-1 SS-11 PCBs 0.22 0.066 1 2.5

BNAs
Acenaphthylene [c] 0.046 100 54,000 NE
Anthracene 0.083 5.7 100,000 20,000
Benzo(a)anthracene [e] 0.66 2.6 2.9 6.1
Benzo(a)pyrene [e] 0.87 0.26 0.29 0.61
Benzo(b)fluoranthene [e] 0.97 2.6 2.9 6.1
Benzo(g,h,i)perylene [c] 0.48 100 54,000 NA
Benzo(k)fluoranthene 0.69 26 29 61
Carbazole 0.13 95 120 220
Chrysene 1.1 7.2 62 610
Dibenz(a,h)anthracene 0.2 0.26 0.29 0.61
Fluoranthene 1.1 27,000 30,000 2,600
Indeno(1,2,3-c,d)pyrene 0.47 0.61 0.62 6.1
Pentachlorophenol 0.045 7.9 11 25
Phenanthrene [c] 0.43 100 54,000 NE
Pyrene 1.4 100 54,000 2,000 
TRPH [a] 1,400 NA NA 4,100

Metals
Arsenic 11.0 2.4 2.7 10
Barium 276.0 100,000 100,000 5,300
Beryllium 0.7 1.1 2,200 1.4
Cadmium 1.0 850 810 38
Chromium [b] 33.0 450 450 2,100

SD-40

FT-07W

OT-12

DP-22

OU-2

OU-2

OU-2

OU-1
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Copper 29.7 63,000 76,000 2,800
Lead 330.0 400 750 400
Nickel 17.1 34,000 41,000 1,500
Zinc 76.3 100,000 100,000 23,000

Cyanide 2.0 35 35 1,300

BNAs
Chrysene 0.20 7.2 62 610
Di-n-octyl phthalate 0.17 10,000 10,000 1,300
Fluoranthene 0.23 27,000 30,000 2,600
Pyrene 0.18 100 54,000 2,000

PCBs 0.30 0.34 1 2.5

TRPH [a] 7,000.00 NA NA 4,100

Metals
Arsenic 12.40 2.4 2.7 10
Barium 230.00 100,000 100,000 5,300
Beryllium 2.60 1.1 2,200 1.4
Cadmium 24.60 850 810 38
Chromium [b] 28.40 450 450 2,100
Copper 189.00 63,000 76,000 2,800
Lead 169.00 400 750 400
Nickel 20.00 34,000 41,000 1,500
Silver 2.00 8,500 10,000 380
Zinc 366.00 100,000 100,000 23,000

Cyanide 2.50 35 35 1,300

VOC
Toluene 0.10 880 520 790

BNAs
Benzo(a)anthracene [e] 0.30 2.6 2.9 6.1
Benzo(a)pyrene [e] 0.30 0.26 0.29 0.61
Benzo(b)fluoranthene [e] 0.32 2.6 2.9 6.1
Benzo(g,h,i)perylene [c] 0.22 100 54,000 NA
Bis(2-ethylhexyl)phthalate 0.54 140 180 320
Chrysene 0.41 7.2 62 610
Di-n-octylphthalate 0.18 10,000 10,000 1,300
Fluoranthene 0.65 27,000 30,000 2,600
Indeno(1,2,3-c,d)pyrene 0.20 0.61 0.62 6.1
Phenanthrene [c] 0.32 100 54,000 NE
Pyrene 0.64 100 54,000 2,000

TRPH [a] 3,700.0 NA NA 4,100

Metals
Antimony 0.6 NA 820 31
Arsenic 26.0 2.4 2.7 10
Barium 532.0 100,000 100,000 5,300
Beryllium 0.9 1.1 2,200 1.4
Cadmium 4.3 850 810 38
Chromium [b] 81.5 450 450 2,100
Copper 36.2 63,000 76,000 2,800
Lead 118.0 400 750 400
Nickel 26.3 34,000 41,000 1,500
Zinc 157.0 100,000 100,000 23,000

BNAs
Anthracene 0.085 5.7 100,000 20,000
Benzo(a)anthracene [e] 0.48 2.6 2.9 6.1
Benzo(b)fluoranthene [e] 1.5 2.6 2.9 6.1
Benzo(k)fluoranthene 1.4 26 29 61
Benzo(g,h,i)perylene [c] 0.42 100 54,000 NA
Benzo(a)pyrene [e] 0.59 0.26 0.29 0.61
Chrysene 0.67 7.2 62 610
Dibenzo(a,h)anthracene [e] 0.085 0.26 0.29 0.61

SS-17

SD-20

OU-1

OU-1
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Fluoranthene 0.97 27,000 30,000 2,600
Indeno(1,2,3-c,d)pyrene 0.57 0.61 0.62 6.1
Phenanthrene [c] 0.4 100 54,000 NE
Pyrene 0.88 100 54,000 2,000

TRPH [a] 10 NA NA 4,100

Metals
Arsenic 8.2 2.4 2.7 10
Barium 148 100,000 100,000 5,300
Beryllium 0.6 1.1 2,200 1.4
Cadmium 1.2 850 810 38
Chromium [b] 19.4 450 450 2,100
Copper 32.7 63,000 76,000 2,800
Lead 16 400 750 400
Nickel 20 34,000 41,000 1,500
Silver 2 8,500 10,000 380
Zinc 69.5 100,000 100,000 23,000

VOCs
Ethylbenzene 4 690 230 1,500
Toluene 3 880 520 790
Xylenes (total) 18 320 210 2,800

BNAs
2-Methylnaphthalene [d] 6.5 240 190 NE
Benzo(a)anthracene [e] 0.097 2.6 2.9 6.1
Benzo(a)pyrene [e] 0.11 0.26 0.29 0.61
Benzo(b)fluoranthene [e] 0.18 2.6 2.9 6.1
Benzo(g,h,i)perylene [c] 0.066 100 54,000 NA
Benzo(k)fluoranthene 0.086 26 29 61
Bis(2-ethylhexyl)phthalate 1.7 140 180 320
Chrysene 0.14 7.2 62 610
Di-n-butylphthalate 7.3 68,000 88,000 6,500
Fluoranthene 0.23 27,000 30,000 2,600
Indeno(1,2,3-cd)pyrene 0.053 0.61 0.62 6.1
Naphthalene 1.7 240 190 2,600
Phenanthrene [c] 0.085 100 54,000 NE
Pyrene 0.23 100 54,000 2,000

TRPH [a] 19,000 NA NA 4,100

Metals
Arsenic 20 2.4 2.7 10
Barium 742 100,000 100,000 5,300
Beryllium 0.8 1.1 2,200 1.4
Cadmium 3.7 850 810 38
Chromium [b] 41.6 450 450 2,100
Copper 35.1 63,000 76,000 2,800
Lead 20 400 750 400
Nickel 21 34,000 41,000 1,500
Silver 1.4 8,500 10,000 380
Zinc 199 100,000 100,000 23,000

BNAs
Benzo(a)anthracene [e] 0.054 2.6 2.9 6.1
Benzo(a)pyrene [e] 0.425 0.26 0.29 0.61
Benzo(b)fluoranthene [e] 0.425 2.6 2.9 6.1
Benzo(g,h,i)perylene [c] 0.425 100 54,000 NA
Benzo(k)fluoranthene 0.425 26 29 61
Bis(2-ethylhexyl)phthalate 0.425 140 180 320
Butylbenzylpthalate 1.2 930 100,000 13,000
Chrysene 0.062 7.2 62 610
Fluoranthene 0.425 27,000 30,000 2,600
Pyrene 0.425 100 54,000 2,000

TRPH [a] 540 NA NA 4,100

Metals

SD-26

LF-37OU-1

SD-21OU-1

OU-1
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Arsenic 9.6 2.4 2.7 10
Barium 334 100,000 100,000 5,300
Beryllium 0.8 1.1 2,200 1.4
Cadmium 29.5 850 810 38
Chromium [b] 28.2 450 450 2,100
Copper 561 63,000 76,000 2,800
Lead 597 400 750 400
Nickel 58.5 34,000 41,000 1,500
Silver 3.4 8,500 10,000 380
Zinc 2,270 100,000 100,000 23,000

BNA
Diethyl phthalate 0.042 100,000 100,000 52,000

TRPH [a] 2,000 NA NA 4,100

Metals
Arsenic 14 2.4 2.7 10
Barium 220 100,000 100,000 5,300
Cadmium 1.6 850 810 38
Chromium [b] 22.5 450 450 2,100
Copper 40.1 63,000 76,000 2,800
Lead 125 400 750 400
Nickel 25 34,000 41,000 1,500
Zinc 62.8 100,000 100,000 23,000

SD-39OU-1

  OU-1 OT-41 Metal
Lead 22 400 750 400

  OU-1
OT-01
OT-08
OT-09

  OU-1 OT-10

  OU-1

  OU-1

An extensive data review of base records indicated that hazardous materials and wastes were
never handled or disposed at these locations.    

SS-15
SS-16
ST-19

These three sites were removed from the superfund process and placed under the ADEQ UST
 jurisdiction.

This site lies completely within the boundaries of DP-13. 

OT-41

  OU-1 DP-24

[a] n-Hexane us used as a surrogate for comparison to the Region IX PRG.

[b]
[c] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[d] Napthalene is used as a surrogate for comparison to the Region IX PRG.
[e] The PRG is based on naphthalene non-carcinogenic effects.
NE Not Established
NA Not Available

 

  OU-1

The chromium PRG is based on total chromium carcinogenic effects and 
a 1:6 ratio of chromium IV to chromium III. 

Removed from the Superfund process because this site was mistakenly included on the list of
potentially contaminated sites.  

SS-15
SS-16
ST-19

These three sites were removed from the superfund process and placed under the ADEQ UST
 jurisdiction.
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SRL
kg)

Non-Residential

1,400
140,000

18,000

63,000
2,000

2,700
2,800

1,400
NE

27,000

18,000

63,000
2,000

NA
2,700
400
11
170

2,700
70

2,800

41,000
200,000

26
26
260
NA
2.6

1,400
140,000
2,600

26
2,700

68,000
27,000
27,000

26
NE

3,400
27,000

79
NE

410,000
20,000

18,000
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63,000
2,000

26
NA

1,400
2,600

27,000
NE

27,000
20,000

18,000

63,000
2,000

8,800

18,000

63,000
2,000

8,800
1.4

2,700
2,700
2,800

NE
27,000

18,000

63,000
2,000

13

NE
200,000

26
2.6
26
NA
260
950

2,600
26

27,000
26
79
NE

20,000

18,000

10
110,000

11
850

4,500
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63,000
2,000

34,000
510,000

14,000

2,600
14,000
27,000
20,000

13

18,000

10
110,000

11
850

4,500
63,000
2,000

34,000
8,500

510,000

14,000

2,700

26
2.6
26
NA

1,400
2,600

14,000
27,000

26
NE

20,000

18,000

680
10

110,000
11
850

4,500
63,000
2,000

34,000
510,000

200,000
26
26
260
NA
2.6

2,600
26
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27,000
26
NE

20,000

18,000

10
110,000

11
850

4,500
63,000
2,000

34,000
8,500

510,000

2,700
2,700
2,800

NE
26
2.6
26
NA
260

1,400
2,600

68,000
27,000

26
27,000

NE
20,000

18,000

10
110,000

11
850

4,500
63,000
2,000

34,000
8,500

510,000

26
2.6
26
NA
260

1,400
140,000
2,600

27,000
20,000

18,000
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10
110,000

11
850

4,500
63,000
2,000

34,000
8,500

510,000

550,000

18,000

10
110,000

850
4,500

63,000
2,000

34,000
510,000

2,000
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ARCADIS Geraghty B Miller 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION IX 

75 Hawthorne Street 
San Francisco, CA 941 05-3901 

August 1, 1996 AUG 2 7 
Subject: Region 9 Preliminan Remediation GoaIs PRGs) 1996 

From: Stanford J. Smucker. Ph.D. 
Regional ~oxicolo&t (H-9-3) 
Technical Support Team 

PRG Table Mailing List To: 

Please find the annual update to the Region 9 PRG table. The table has been revised to reflect the 
most current EPA toxicological and risk assessment information. Updates to EPA toxicity values 
were obtained from IRIS through July 1996, HEAST through May 1995, and EPA's National Center 
for Environmental Assessment (NCEA, formerly ECAO). 

Region 9 PRGs are "evergreen" and have evolved as new methodologies and parameters have been , 

developed. In several cases the models, equations, and assumptions presented in RAGS HHEM, Part 
B, Development @Risk-Based P r e h i m r y  Remediatian Go& (1991) have been replaced with new 
information that is consistent with the document, Soil Screening Guidance, recently issued by the 
Office of Solid Waste and Emergency Response (OSWER), dated April 1996. 

The updated PRG table also contains soil screening levels .(SSLs) for protection of groundwater. The 
SSLs were obtained directly from EPAIOSWER's Soil Screening Guidance dcameni which is 
avadable from NTH as EPA1540R-9610 18 and EPM540IR-951128. Please note that because R 9 
PRGs currently evaluate intermedia transfer of volatile organic chemicals (VOCs) and heavy metals 
from soil to air, the PRG table does not include a separate list of SSLs for the air pathway. 

To help users rapidly identify substances with new PRGs, these contaminants are printed in boldface 
type. Changes in PRG values are either due to new toxicity constants or new physico-chemicd 
information. This version of the table contains revised toxicity values for acetaldehyde, chlorine 
cyanide, 1,3dichlorobenzene, 2-dichloroethane, endosuifan, manganese, phosphoric acid, and 1,1,1- 
trichIoroethane. Also, 23 additional VOCs have been identified and evaluated for inhalation . 

exposures resulting from intermedia transfer from soil and water to air. 

EPA Region 9 has established a homepage on the World Wide Web which you can find at 
http://www.epa.gov/region 91. Our homepage will soon include the PRG table in downloadable 
form. The electronic table contains additional information not presented in the printed table (e.g. 
physico-chemical constants, non-cancer PRGs for carcinogens, pathway-specific PRGs, and 
volatilization factors for VOCs). Meanwhile, we still provide the electronic PRG table (PRG96.dp) 
on California Regional Water Board's BBS (510.286.0404) for those of you who have a modem. 

Before relying on any number in the table, it is recommended that the user verlfy the numbers with 
an agency toxicologist or risk assessor because the toxicity I exposure information in the table may 
contain errors or default assumptions that need to be refined based on further evduation. If YOU find 
an error p lese  send me a note via email at Smucker.Stan@epamail.epa.gov or fax at 415.741.1916. 

Printed on Rrc~c lzd  I ' u ~ L ' ~  



EXHIBIT 1-1 
. - .TYPICAL EXPOSURE PATHWAYS BY MEDIUM 

FOR RESXDENTWL AND INDUSTRIAL LAND USES' 

Footnote: 
'Exposure pathways considered in the PRG calculations are indicated in boIdface italics. 

r 

MEDIUM 

Ground Water 

Surface Water 

Soil 
v 

EXPOSURE PATHWAYS, ASSUMING: 

RESIDENTIAL LAND USE 

I-on from drinking 

Inlt alafion of volcrtZ*Zes 

Dennal absorption from 
bathing 

Ingestion from drinking 

Inlzdaiion of volatiIes 

Dennal absorption from 
bathing 

Ingestion during swimming 

Ingestion of contaminated fish 

Ingestion 

Inhalation of pariiculates 

Inlt aladon of volatiIes 

Exposure to indoor air f?om 
soil gas 

Exposure to ground water 
contaminated by soil leachate 

Ingestion via plant, meat, or 
dairy products 

Dermal absorption 

INDUSTRIAL LAND USE 

Ingestion from drinking 

Inhalation of volatiles 

Dermal absorption 

Ingestion fiorn drinking 

Inhalation of volatiles 

Dermal absorption 

Ingestion 

Inhalation of parficulates 

Inhalation of volatiIes 

Exposure to indoor air fiom 
soil gas 

Exposure to ground water 
contaminated by soil 
leachate 

Inhalation of particulates 
from trucks and heavy 
equipment 

Dermal absorption 



pollutant risks. 

In addition to Region 9 PRGs, the PRG table also includes California EPA PRGs ("CAL- 
Modified PRGs") for specific chemicals where CAL-EPA values may be more restrictive than 
the federal values; and, soil screening levels (SSLs) for protection of groundwater (see Section 
2.3 below). 

2 3  Toxicity Values 

EPA toxicity values, known as  noncarcinogenic reference doses ( ' )  and carcinogenic slope 
factors (SF) were obtained from IRIS through July 1996, HEAST through May 1995, and 
EPA's National Center for Environmental Assessment (NCEA, formerly ECAO). The priority 
among sources of toxicological constants used are as follows: (1) IRIS (indicated by "i"), (2) 
HEAST ("h"), (3) NCEA ("n"), and (4) withdrawn from INS or HEAST and under review 
("xI1). 

Route-to-route extrapolations ("r") were frequently used when there were no toxicity values 
available for a given route of exposure. Oral cancer slope factors ("SFo") and reference doses 
("RfDo") were used for both oral and inhaled exposures for organic compounds lacking 
inhalation vaIues. Inhalation slope factors ("SFi") and inhalation reference doses ("RfDi") 
were used for both inhaled and oral exposures for organic compounds lacking oral values. An 
additional route extrapolation is the use of oral toxicity values for evaluating dermal 
exposures. Although route-to-route rnethods are a useful screening procedure, the 
appropriateness of these default assumptions for specific contaminants should be veriked 
by a toxicologist. 

To help users rapidly identify substances with new PRGs, these contaminants are printed in 
boldface type. This version of the table contains revised toxicity values for acetaldehyde, 
chlorine cyanide, 13-dichlorobenzene, 2-dichloroethane, endosulfan, manganese, phosphoric 
acid, and 1 , l , l  -trichloroethane. 

2 3  Soil Screening Levels 

Generic soil screening levels (SSLs) for the protection of groundwater have been included in 
the PRG table for 100 of the most common contaminants at Superfund sites. Generic SSLs 
are derived using default values in standardized equations presented in Soil Screening 
Guidance (available from NTIS as document numbers PB96-963502 and PB96-963505 or 
EPAf540R-95/128 and EPA/540/R-96/018). 

The SSLs were developed using a default dilution-attenuation factor (DAF) of 20 to account 
for natural processes that reduce contaminant concentrations in 'the subsurface. Also included 
are generic SSLs that assume no dilution or attenuation between the source and the receptor 
well (i.e., a DAF of 1). These values can be used at sites where litrle or no dilution or 
attenuation of soil Ieachate concentrations is expected at a site (e.g., sites with shallow water 



3.1 Developing a Conceptual Site Model 

The primary condition for use of P R G  is that exposure pathways of concern and conditions 
at the site match those taken into account by the PRG framework. Thus, it is always 
necessary to develop a conceptual site model (CSM) to identi$ likely contaminant source 
areas, exposure pathways, and potential receptors. This information can be used to determine 
the applicability of PRGs at the site and the need for additional information For those 
pathways not covered by PRGs, a risk assessment specific to these additional pathways may 
be necessary. Nonetheless, the PRG lookup values dl st i l l  be useful in such situations for 
focusing further investigative efforts on the exposure pathways not addressed. 

To develop a site-specific CSM, perform an extensive records search and compile existing 
data (e.g. available site sampling data, historical records, aerial photographs, and 
hydrogeologic information), Once this information is obtained, CSM worksheets such as 
those provided in ASlWs Siandard Guide for Risk-Bused Corrective Action Applied at 
Peiroleum Release Sites (1995) can be used to tailor the generic worksheet model to a s i te  
specific CSM The final CSM diagram represents linkages among contaminant sources, 
release mechanisms, exposure pathways and routes aid receptors. It summarizes our 
understanding of the contamination problem. 

As a final check, the CSM should answer the following questions: 
. . -- . 

Are there potential ecological concerns? 

• Is there potential for land use other than those covered by the PRGs (that is, 
residential and industrial)? 

Are there other likely human exposure pathways that were not considered in 
development of the PRGs (e.g. impact to groundwater, local fish consumption; raising 
beef, dairy, or other livestock)? 

Are there unusual site conditions (e.g. large areas of contamination, high fugitive dust 
levels, potential for indoor air contamination)? 

If any of these four conditions exist, the PRG may need to be adjusted to reflect this new 
information. Suggested references for evaluating pathways not currently evaluated by Region 
9 PRG's are presented in E ~ b i t  3-1. 



consulting a staff toxicologist at state and I or federal regulatory agencies. 

Where anthopogenic background levels exceed PRGs and EPA has determined that a 
response action is necessary and feasible, EPA's goal will be to develop a comprehensive 
response to the widespread contamination. This will often require coordination with different 
authorities that have jurisdiction over the sources of contamination in the area . 

A suggested stepwise approach for screening sites with PRGs is as follows: 

Perfonn an extensive records search and compile existing data 

Identify site contaminants in the PRG Table. Record the PRG concentrations 
for various media and note whether PRG is based on cancer risk (indicated by 
"can) or noncancer hazard (indicated by "nc"). Segregate cancer PRGs from 
non-cancer PRGs and exclude b u t  don't eliminate) non-risk based PRGs ("sat" 
or "max"). 

For cancer risk estimates, take the site-specific concentration (maximum or 95 
UCL) and divide by the PRG concentrations that are designated for cancer 
evaluation ("cat@). Multiply this ratio by lo4 to estimate chemical-specific 
risk. For multiple pollutants, simply add the risk for each chemical : 

cone, cone conc, 
R i s k  = [ (-1 + (-1) + (- ) I  x l o 4  

PRGx PRG, 

For non-cancer hazard estimates. Divide concentration term by its respective 
non-cancer PRG designated as "ncN and sum the ratios for multiple 
contaminants. [Note that carcinogens may also have an associated non-cancer 
PRG that is not listed in the printed copy of the table and these will also need 
to be obtained in order to complete the non-cancer evaluation.] The non-cancer 
ratio represents a hazard index (HI). A hazard index of 1 or less is generally 
considered safe . A ratio greater than 1 suggests further evaluation: 

conc, conc conc, 
Hazard Index = [ ( - 

PRGx 
1 I 

For more information on screening site risks, the reader should contact EPA Region 9's 
Technical Support Team. 



To address the soil-to-air pathways the PRG calculations incorporate volatilization factors 
(VFJ for volatile contamhants and particulate emission factors (PEF) for nonvolatile 
contaminants. These factors relate soil contaminant concentrations to air contaminant 
concentrations that may be inhaled on-site. The VF, and PEF equations can be broken into 
two separate models: an emission model to estimate emissions of the contaminant from the 
soil and a dispersion model to simulate the dispersion of the contaminant in the atmosphere. 

I t  should be noted that the box model in RAGS Part B has been replaced with a dispersion 
term (QIC) ,derived from a modeIing exercise using meteorological data from 29 locations 
across the United States because the box model may not be applicable to a broad range of site 
types and meteorology and does not utilize state-of-the-art techniques developed for regulatory 
dispersion modeling. The dispersion model for both volatiles and particulates is the AREA- 
ST, an updated version of the Office of Air Quality Planning and Standards, Industrial Source 
Complex Model, ISC2 However, different Q/C terms are used in the VF and PEF equations. 
Los Angeles was selected as  the 90th percentile data set for volatiles and Minneapolis was 
selected as the 90th percentile data set for fugitive dusts (USEPA 1996 qb). A default source 
size of 0.5 acres was chosen for the PRG calculations. This is consistent with the default 
exposure area over which Region 9 typically averages contaminant concentrations in soils. If 
u n d  site conditions exist such that the area source is substantially larger than the default 
source size assumed here, an alternative Q/C could be applied (see USEPA 1996qb). 

Volatilization Factor for Soils 

Volatile chemicals, defined as those chemicals having a Henry's Law constant greater than 
1v5 (atm-m3/mol) and a molecular weight less than 200 g/mole, were screened for inhalation 
exposures using a volatiIization factor for soils (VFJ. Please note that VF,'s are available in 
the electronic version of the PRG table. 

The emission terms used in the VF, are chemical-specific and were calculated from physical- 
chemical information obtained from a number of sources including Superjbnd Exposure 
Assesment Manual (SEAM, EPA 1988), Subsug5ace Contamination Reference Guide (EPA 
1990a), Fate and Exposure Data (Howard 1991), and SupelSfirnd Chemical Data Matrix 
(USEPA 1994~). In those cases where Difiivity Coefficients @i) were not provided in 
existing literature, Di's were calculated using Fuller's Method described in SEAM. A 
surrogate term was required for some chemicals that lacked physico-chemical information. In 
these cases, a proxy chemical of similar structure was used that may over- or under-estimate 
the PRG for soils. Physico-chemical information is available in the electronic version of the 
PRG table. To access this information, the user should display the hidden columns in the 
table. 

Equation 4-9 forms the basis for deriving generic soil PRGs for the inhalation pathway. The 
following parameters in the standardized equation can be replaced with specific site data to 



Note: the generic PEF evaluates windborne emissions and does not consider dust 
emissions from traffic or other forms of mechanical disturbance that could lead to 
greater emissions than assumed here. 

4.2 Dermal Contact with Contaminants in Soil 

Much uncertainty surrounds the determination of hazards associated with skin contact with 
soils. One important data gap is the lack of EPA verified toxicity values for the dermal route. 
For screening purposes it is assumed that dennal toxicity values can be route-to-route 
extrapolated from oral values but this may not always be an appropriate assumption and 
should be checked. 

Thus far, chemical-specific absorption values for skin have been recommended for only five 
chemicals (arsenic, cadmium, pentachlorophenol, PCBs, and dioxin) by EPA's Office of 
Research and Development For all other chemicds, default absorption values for inorganics 
and organics are assumed to be 1 and 10 percent, respectively. At 10 % skin absorption, the 
dermal dose is estimated to equal an ingestion dose for adults, using the best estimate default 
values in Dennnl Ekposure Assessment: Principles nnd ~ ~ ~ l i c a t i o n s  (EPA 1992). At 1 % 
absorption, the dermal dose is estimated to be 10% of the oral dose (i.e. based on an aduIt - 

ingestion rate of 100 mg per day). Note: worker and children intake rates (50 and 200 mg 
per day, respectively) yield somewhat different remits. 

., _. . . 

dermal dose = ingestion dose . "  

ABS = ( 10 Omq/day) = 0.10 
[ (0. 2mg/cmf-day) (5000cm2) ] 

4 3  SSLs for the Migration to Groundwater Pathway 

The methodology for calculating SSLs for the migration to groundwater was developed to 
identify chemical concentrations in soil that have the potential to contaminate groundwater. 
Migration of contaminants from soil to groundwater can be envisioned as a two-stage process: 
(1) release of contaminant in soil leachate and (2) transport of the contaminant through the 
underlying soil and aquifer to a receptor well. The SSL methodology considers both of these 
fate and transport mechanisms. 

SSLs are backcalculated from acceptable ground water concentrations (i.e. nonzero MCLGs, 
MCLs, or risk-based PRGs). First, the acceptable groundwater concentration is multiplied by 
a dilution factor to obtain a target leachate concentration. For example, if the dilution factor 



(2) skin contact([mg- y r]/[kg-dl: 

ED, x 11F x ,521, + (EDr - ED,) x AF x SA, 
SFSadJ = 

BWC B w* 

(3) inhalation ([m3-yr]/[kg*d]): 

ED, x 133, + (ED, - ED,) x IRA, 
I n h F , d j  = Eve Bwa 

4.5 PRG Equations 

The equations used to calculate the PRGs for carcinogenic and noncarcinogenic contaminants 
are presented in Equations 4-1 through 4-8. The PRG equations update RAGS Part B 
equations. Briefly, PRGs are risk assessments run in reverse. The methodology 
backcalculates a soil, air, or water concentration level from a target risk (for c~arcinogens) or 
hazard quotient (for noncarcinogens). For completeness, the soil equations combine risks 
from ingestion, skin contact, and inhalation simultaneously. Note: the electronic version of 
the table also includes pathway-specific PRGs, should the user decide against combining 
specific exposure pathways; or, the user wants to identify the relative contribution of each 
pathway to exposure. 

To calculate PRGs for volatile chemicals in soil, a chemical-specific volatilization factor is 
calculated per Equation 4-9. Because of its reliance on Henry's law, the VF, model is 
applicable only when the contaminant concentration in soil is at or below saturation (i.e. there 
is no fiee-phase contaminant present): Soil saturation ("sat") corresponck to the contaminant 
concentration in soil at which the adsorptive limits of the soil particles and the solubility 
limits of the available soil moisture have been reached. Above this point, pure liquid-phase 
contaminant is expected in the soil. If the PRG calculated using VF, was greater than the 
calculated sat, the PRG was set equal to sat, in accordance with Soil Screening Guidance 
(IJSEPA 1996 a,b). The updated equation for deriving sat is presented in Equation 4-10. 



PRG EQUATlONS 

$oil Eguations: For soils, equations were based on three exposure routes (ingestion, skin contact, and 
inhalation). 

Equation 4-1: Combined Exposures to Carcinogenic Contaminants in Residential Soil 

TR x AT, 
C ( m g / k g )  = IFSadJ x CSF, SFSaH X AaS X CSF, 

I + (  I + (  maqj X CSFi 

EFr [ (  106mg/lrg 1 O6mg/kg 
11 w 

Equation 4-2: Combined Exposures to Noncarcinogenic Contaminants in Residential Soil 

THQ x BW, X AT, 
C ( m 9 / k s )  = 

1 I=, 1 S A , X A F X M S  EF; X ED, [(- X ) + ( - X  
1 ) + ( - x -  

RfD, 1 0 6 m g / k g  RfD, 1 0 6mg/ kg 
-'I I RfDl vF,d 

Equation 4-3: Combined Exposures to Carcinogenic Contaminants in Industrial Soil 

TR x BW, x AT, ' .  . 

C ( m g / k g )  = I M X C S F -  . S A - X A F X A B S X C S F , .  . IRA, x CSF, I 
EF, X EDo r 1 - - 

Equation 44:  Combined Exposures to Noncarcinogenic Contaminants in Industrial Soil 

THQ x BW, x AT, 
C ( m g / k g )  = 

1 1 SAa x AF x h-S 1 
EF, x ED,[(-  X 1 + ( - X  

1% ) + ( - x - 1 1  
RfD, 1 0 6 m g / k g  RfD, 10 6ms/  kg RfDs VF: 

Footnote: 
'Use VF, for volatile chemicals (defined as having a Henry's Law Constant [atm-ma/mol] greater than 10.' and a molecular weight less ma* 
200 gramsimol) or PEF for non-volatile chemicals. 



SOIL-TO-AIR VOLATlLlZAnON FACTOR (VF,) 

Equation 4-9: Derivation of the Volatilization Fador 

where: 

Parameter 

VF, 

D* 

QJC 

Definition (units) 

Volatilization factor (m31kg) 

Apparent diffusivity (cm2/s) 

inverse of the mean conc. at the center of a 
0.5-acre square sourca @/fi per kg/m3) 

Exposure interval (s) 

Dry soil bulk'density wcm3 

Air filled soil porosity 

Total soil porosity 

Water-filled soil porosity (L,,JL& 

Soil particle density @/cm3 

Diffusivity in air (cm2/s) 

Henry's Law constant (atrn-m3/rnol) 

Dimensionless Henry's Law constant 

Diffusivity in water (cm2/s) 

Soil-water partition coefficient (cm31g) = K,f, 

Soil organic carbon-water partition coefficient (cm3/g) 

Fraction organic carbon in soil (gig) 

Defautt 

Calculated from H by multiplying 
by 41 (USEPA 1991 a) 

Chemical-specific 



SOIL-TO-AIR PARTICULATE EMISSION FACTOR (PEF) 

Equation 4-11: Derivation of the Particulate Emission Factor 

Parameter Definition (units1 

PEF Particulate emission factor (m3/kg) 

Default 

1 . 3 1 6 ~  10' ' 

QIC Inverse of the mean concentration at the center 90.80 
of a 0.5-acre-square source urn2-s per kg/rn? 

V Fraction of vegetative cover (unitless) 

urn Mean annual windspeed (mls) 

"t Equivalent threshold value of windspeed at 7 m (rnts) 11.32 

F(x) Function dependent on U,,,/lJ, derived using 0.1 94 
Cowherd (1985) (unitless) 
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Chlorine dloxlde 
Chloroacetaldehyde 
Chloroacetic acid 

2 oe-02 h 2 oe-03 h I o l o  ilaspr 
4 OEOI h 4 0 ~ 4 1  r 1 010 IWPS 

I~E+OI r I ~E+OI I i o l o  7 m r  

3.4E-01 u" 1.5E+OO u* 5.2E-03 u* 5.2E-02 a. 
1.3Et03 nc 1.4E+04 nc 7.3E+01 nc 7.3E+02 nc 
7.7E+03 nc 1.7E+05 nc 3.7E+03 IW 

2.1E-01 nc 

1.3E+02 nc 1.4E+03 ffi 7.3E+00 nc 7.3E+01 nc 
2-Chloroacelophenone 
4-Chloroaniline 
Chlorobenzene 
Chlorobenzllate 
p-Chlorobenzolc acld 

I 0.10 i io7s-a 

1.4EtOl 1 1.4~t01 I I 0.10 7 5 - 4 ~  

8 . 1 ~ m  I I.OEO~I 6.1~02 I 1.0~41 r 1 0.10 87-3 

l.OE+Ol 5.OE-01 

2-Chloro-l,3-buladlene 
I-Chlorobulane 
1-Chloro-1.ldlfluoroelhane IHCFC-142b) 

1 J E ~  h a ~ ~ - 0 3  h 1 o l o  74-074 
s OE-OI h s 8E-01 r o o l o  o ~ o z  
4 m-01 h 4 0 ~ 0 1  1 o o l o  r i a s m r  

3.2E-02 nc 1.lE-01 w 3.1E-02 nc 5.2E-02 nc 
2.6E+02 nc 2.7E+03 nc 1.5E+01 IS 1.5E+02 nc 
6.5Et01 nc 2.2E+02 no 2.1E+01 nc 3.9E+01 nc 
1.6E+00 u 7.1E+00 u 2.5E-02 u 2.5E-01 a 
1.3E+04 nc l.OE+OS m u  7.3Et02 nc 7.3E+03 nc 

3.6~+00 no 1,2E+01 no 7.3E+00 nc 1.4~+01 nc 
4.8E+02 UI 4.8E+02 UI 1.5Et03 nc 2.4E+03 nc 
3.4E+02 n t  3.4E+02 UI 5.2E+04 no 8.7E+04 IIC 

2-~hloroethyl vinyl elher . 
Chlorodifluoromethane 
Chloroform 

8 O E ~  I 8 o e o l  r I 0.10 0 1 . ~ 7  

2.5~02 h 2 .5~42  r r o 0.10 e a 7 u  

I.~E-OZ h i a ~ a z  r r o 0.10 i m m s  
5 M m l  5.0~0s r i 0.10 05-574 

2 . ~ ~ 0 1  r 2 .9~42  h I 0.10 76266 

1.1~02 h I . ~ E ~  I i . i~m r 1.5~07 I o 0.10 ise7-45-a 

ZM-m I Z . O E ~ Z  r 1 0.10 e 5 - 4 ~  

2 OEOI I 2 OEOI 1 o 0.10 101-21-3 

7.OE-01 3.OE-02 
I.OE+OO 7.0E-02 

Chloromelhane 
4-Chloro-2-methylaniline 
4-Chloro-2-melhvlanlllne hvdrochloride 

- -- --. 
I OE-M h s.oe.04 r o 0.10 m-38-564 

4 2~101 I o 0.01 nta 
5.0E03 I Z . ~ E + O Z  I o 0.01 7 ~ ~ 7 - s  

8.OE-02 n 2 .0~44  n o 001 7140.484 
Z.ZE+OO I o 0.01 am7-4h2 

s . 7 ~ 4 1  h o 0.01 7 ~ 0 ~ 0 - a  
I.EMO~ I O E ~  r I.OE+UJ II 1 . 0 ~ m  r 1 0.10 1 2 ~ 7 % ~  

4.OE-U I 2.6€-03h 1 0.10 O ~ U J  . 
1 .4~41 h z . ~ m  h 6.4~01 r 2.0~- r 0 0.10 ~ 7 2 - 2  

3.4E+02 rat 3.4E+02 UI 5.1E+04 IIC 8.5E+04 nc 
2.5E-01 a 5.3E-01 a 8.4E-02 u 1.6E-01 a 
1.2E+00 a 2.6E+00 a 1.1E+00 a 1.5E+00 a 
7.7E-01 u 3.3E+00 u 1.2E-02 a 1.2E-01 a 
0.7E-01 u 4.1E+00 u 1.5E-02 a 1.5E-01 cs 

~ t a ~ h l o r o n a p h t h a l e n e  - 
o-Chloronitrobenzene 
p-Chloronltrobenzene 
2-Chlorophenol 
2-Chloropropane 
Chlorothalonil 
0-ChIoro101~ene 
Chlorpropham 

6.0E-01 3.OE-02 

Chlodhiophos 
Total Chromium (116 ratlo CrVllCr Ill) 
Chromium VI 

"CAL-Modlfled PRG" (PEA, 1994) 
Cobalt 
Coke Oven Ernlssions 
Copper and compounds 
Crotonaldehyde . . 
C ~ m e n 0  
C y a n ~ ~ l n e  

1.lE+02 ut 1.1E+02 ad 2.QE+02 n i  4.9Et02 nc 
I.BE+Ol u 7.6E+01 u 2.7E-01 u 2.7Et00 u 
2.5E+01 u 1.1E+02 u 3.7E-01 u 3.7E+00 a 
9.1Et01 nc 3.7E+02 nc l.BE+Ol nc J.BE+OI nc 
1.7E+02 nc 5.8E+02 nc l.OE+02 ffi 1.7E+02 nc 
4.OE+01 u- 1.7E+02 a* 6.1E-01 u. 6.1E+00 a. 
1.6E+02 nc 5.5E+02 nc 7.3E+Ol MI 1.2E+02 nc 
1.3E+Od nc 1.OE+05 m u  7.3E+02 nc 7.3E+03 nc 

4.OE+00 2.0E-01 

5.2E+01 nc 5.5E+02 nc 2.9E+OO nc 2.9E+01 nc 
2.1E+02 a 4.5E+02 a 1.6E-04 a 
3.OE+01 u 6.4E+01 a 2.3E-05 a l.BE+O2 nc 

. 2.OE-01 -1.6E-01 
4.6E+03 nc 9.7E+04 no l.OE+Oo nc 2.2E+03 nc 

3.1E-03 u 
2.8E+03 nc 6.3E+M nc 1.4E+03 nc 
5.3E-03 a 1.1E-02 a 3.5E-03 a 5.9E-03 a 
l.QE+Ol nc 6.2E+O1 m 9.4E+00 nc 1.0E+O1 nc 
6.3E-01 u*' 2.3E+00 a 8.0E-03 a 8.OE-02 a 

3.8E+01 2.OE+00 
3.8Et01 2.OE+00 
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I.IE~W h I.IE~W r o 0.10 m w  IMelhvl hvdrazine I 4.OE-01 a 1.7E+00 u 6.1E-03 a 6.lE-02 a I 
8 OE-02 h 2 . ~ ~ 4 2  h 1 0.10 IWI&~ ~ ~ e l h b l  lsobutyl ketone I 7.7E+02 nc 2.8E+03 nc 8.3E+01 nc 1.6E+02 nc I 
I OE02 h 80Ea2r  i 0.10 w 2 s  

3 . 3 ~ 0 2  h 3 3E02 r o 0.10 ~ 5 6 8  

z  EM I 2 . 5 ~ 4  r o 0.10 Z ~ B O M )  

s 0 ~ 4 3  h sOE-03r o 0.10 1 ~ 4 4 6  
0 0E43 h I.IE-~Z h I 0.10 2 w t ~ i w  
7 . 0 ~ 0 2  h 7 0 ~ 0 2  r 1 0.10 s o s o  
5 0 ~ - 0 3  n O~E.OI I I 0.10 1 8 ~ 0 ~ 4  
l5E-01 l 1 . 5 ~ 4 1  r o 0.10 8 1 2 1 ~ 5 - 2  
2 ~ ~ - 0 2  I 2.6~- r o 0.10 2 1 ~ 7 6 4 - 9  

l.OE*W h 2.OE-W l 1.nEtW r 2.OEM r ' 0 0.10 2305856 
2 ~ ~ - 0 3  I z . o E - ~ ~  r o 010 ~ 1 2 6 7 . 1  
s O E O ~  h o o o l  743soa7 
1 . 0 ~ 0 1  h 1 . 0 ~ 4 1  h o 0.10 i o ~ e a m ~  

Methyl methacrylate 
2-Melhyl-5-nilroaniline 
Melhvl ~aralhion 

2 0E-03 1 2OE-03 r 0 0 10 300765 
1 0 ~ 4 1  I 1 0 ~ 4 1  r o 0.10 152899~7 

2 O E - ~ Z  I o oot 7440-024 

L 4 ~ 0 1 1  o 001 dl 
1.7~- I o o o i  1zm5-n-2 

Z.IEIW I Z . ~ E + W  I o 0.10 w s + z  IN-~itrosopyrrolidlne - 

1 . 0 ~ 4  h 1 . 0 ~ 4 2  r o 0.10 as-0n-1 Im-Nitrotoluene 

7.6E+02 IS 2.8E+03 n: 2.9E+02 nc 4.9E+02 nc 
1.3E+01 a 5.8E+01 u 2.OE-01 u 2.OEt00 u 
1.6E+01 nc 1.7E+02 nc 9.1E-01 nc ' 9.1E+00 nc 

4-~elhyhhenol 
Melhyl styrene (mixture) 
Methyl styrene (alpha) 
Methyl tertbutyl ether (MTBE) 
Melolaclor (Dual) 
Melribuzln 
Mlrex 
Mollnate 
Molybdenum 
Monochloramlne 
Ngi3 
Naproparnlde 
Nickel (soluble salts) 
"CAL-Modifled PRG" (PEA, 1094) 

Nickel refinery dust 
Nickel subsulfide 

I.OEOI x o 0.10 1oia2-4so 
1 OE-01 l o 0.10 14707au, 
L.OE-05 r 5 . 7 ~ ~ 5  II o 0.10 w7u 

o 0.10 ~2 
o 0.10 1 ~ 1 s  

5 O E ~  I 5 . 7 ~ ~  h i 0.10 0~s5.3 

7 . 0 ~ 4 2  h ' 7 . 0 ~ ~  r o 0.10 e7-2eo 
1.5E+W h o 4 ~ e m  h o 0.10 soa7.0 

I.OE+W x o 0.10 1 0 1 1 o ~ u n  
1.0~01 I i .o~-01  r o 0.10 6-7 

3.3E+02 nc 3.4E+03 nc 1.8E+01 no 1.8E+02 nc 
1.2E+02 'ffi 5.2E+02 nc ' 4.2E+01 nc 6.OE+01 nc 
6.8E+02 1.1 6.8E+02 at 2.6E+02 no 4.3E+02 IX 

3.1E+03 m 1.8E+02 ffi 

Q.BE+03 nc l.OE+05 m u  5.5E+02 nc 5.5E+03 nc 
1.6E+03 nc 1.7E+04 nc Q.lE+OI nc Q.lE+02 nc 

2.5E-01 n. 1.1 E+00 a 3.7E-03 u 3.7E-02 a 
1.3E+02 nc 1.4E+03 IIC 7.3E+00 nc 7.3E+01 nc 
3.8Ei02 nc 8.5E+03 nc 1.8E+02 nc 
6.5E+03 M 6.8E+04 IW 3.7E+02 nc . 3.7E+03 ffi 

Nitric Oxide 
Nitrite 
2-Nitroaniline 
3-Nitroantline 
4-Nllroenlllne 
Nltrobenzene 
Nilrofurantoln 
Nilrofurazone 
Nitrogen dioxide 
Nilro~uanldine 
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7 . 3 ~ t m  I ~.IE+OO r o 0.10 sou-r 

7 . 3 ~ 0 3  n 7 . 3 ~ 0 3  r o 0.10 z ~ a o i - o  

I.~E+W n 7.3~100 r o 0.10 53-703 

4 OE02 I 4.OE-02 r o 0.10 

4 ~ 0 2  I 4.0~42 1 I 0.10 w n 7  

7 . 3 ~ 4 1  n 7 . 3 ~ 0 1  I o 0.10 i83-3~.s 

4 0 ~ 0 2  n 40E-02 I I 0.10 01.203 

3 O E Q ~  I 3.0~-02 I 0.10 IZOOOO 

I.~EOI I 8 O E O ~  I 1 . 5 ~ 0 1  e . 0 ~ 4 3  r o 0.10 8 n 4 7 ~ 0 6  

e OED3 h s o ~ o 3  I o 0.10 z a a w - x ~  
1.5E-02 1 1 . 6 ~ 4 2  r 0 0.10 1 6 1 ~ 1 ~  

4 0 ~ 0 3  I 4 . 0 ~ 4 3  1 o 0.10 720?-196 

7.5142 I 7.6E-02 I o 0.10 23050565 

I.3E-02 I 1.3E-02 r 0 0.10 I D l b l b l  
6 ~ ~ - 0 3  I s O E Q ~  r o 0.10 too-ea-a 

2 . 0 ~ 4 2  I 2 . 0 ~ 0 2  I o 0.10 2312-354 

I o ~ a  I z.0~-03 r o 0.10 107.1~7 

z OEM I 2 0 ~ 0 2  r o 0.10 i w o - 2  

2 . 0 ~ 4 2  I 2 . 0 ~ 4 2  r o 0.10 11142.0 

1 . 3 ~ 4 ~  I I . ~ E O ~  r o 0.10 solo7.tai 

Z.OE~OI h ~OE+OI r o 0.10 57-656 

7 OEOI h 7 . 0 ~ 4 1  I o 0.10 III-M 

7 . 0 ~ ~ 1  h B.IEOI I o 0.10 1 0 7 . ~ 2  
1.4E-01 I 8 6E03 I 13E02 I 88E-03 I I 0.10 76--0 

7 . 5 ~ 4 1  I z.ae-01 I o 0.10 ~ 1 w s n . 6  

1 . 5 ~ 0 2  I 2.6EO2l o 0.10 ~ i o s s i  
I OEO) I l.OE-031 o 0.10 IIWM 

5 . 0 ~ 4  I 5 . 0 ~ ~  r o 0.10 ISOXW 

i .z~to i  h 1.2EtOl r o 0.10 01-21.5 
1 . 1 ~ 4 1  I 3 O E ~  I I.~EOI r S O E ~  r o 0.10 121-624 

3 0.~02 I 3 0 ~ 4 2  1 o 0.10 IM~WM 

5 . ~ 0 2  h 6 . 0 ~ 4 2  r o 0.10 ZOOMS 
4 OF%! ~ O E Q J  r o 0.10 03-7a-4 
2 . 5 ~ 0 2  I 1 . 5 ~ 4 2  a o 10 7857- 

S . O E ~  t o 0.10 nmon 
I O E O ~  I o 0.01 n a 2 4 o a  

5.OE03 h o 0.10 ODIM 

O . O E ~  I o.m-03 r o 0.10 7 4 w 1 w z  

s 0 ~ 0 3  I o oot  7 . ~ ~ 2 2 4  
I.ZEOI h 5 . 0 ~ -  I 1 . 2 ~ ~ 1  I 2 . 0 ~ ~ ~ 3  r o 0.10 i a . ~ - e  

4 O E Q ~  I 4 . ~ 0 3  I o 0.10 m 2 b a - a  

2.7E-01 h 3.0~02 I 2 . 7 ~ 4 1  r 3 . 0 ~ 0 7  r o 0.10 i4e-is6 

2 . 0 ~ ~  I Z.OEQS r o 0.10 02-716 

1.o~-  h 1.0~m r o 0.10 1 3 ? i & d  

Benzo[a]pyrene 
"CAL-Modlfled PRO" (PEA, 1994) 

Chrysene 
"CAL-Modified PRG" (PEA, 1094) 

Dlbenz[ah)anthracene , 

Fluoranlhene 
Fluorene 
lndeno[l,2,3cd]pyrene 
Naphthalene 
Pyrene 

Prochloraz 
Profluralin 
prometon 
Prometryn 
Pronamlde 
Propachlor 
Propanll 
Propargile 
Propargyl alcohol 
Propazine 
Propham 
Proplconazole 
Propylene glycol 
Propylene glycol, rnonoelhyl ether 
Propylene glycol. rnonomelhyl slher 
P r o p y l ~ n ~  oxide 
Pursuit 
Pydrln 
Pyrldlne 
Qulnalphos 
Qulnollne 
RDX (Cyctonlle) 
Resmethrin 
Ronnel 
Rgldone 
Savey 
Selenlous Acld 
Selenium 
Selenourea 
Selhoxydim 
Silver and compounds 
Simazlne 
Sodlum azlde 
Sodium dlethyldilhlocarbamate 
Sodium fluoroacelate 
Sodium metavanadals 

6.1E-02 u 2.6E-01 u Q.2E-04 u 9.2E-03 a 
q.SE-03 

7.2E+00 u, 7.2Et00 "I QlE-01 u 9.2E+00 u 
B.lE+OO 
6.1E-02 a 2.6E-01 u 9.2804 u 9.2E-03 a 
2.6E+03 M 2.7E+04 w 1.5E+02 nc 1.5E+03 nc 
Q.OE+Ol ,.I Q.OE+Ol u t  1.5E+02 nc 2.4E+02 ma 
6.1E-01 u 2.6E+00 u . 9.2E-03 u 9.2E-02 u 
2.4E+02 ,a 2.4E+02 "I 1.5E+02 K 2.4E+02 IX 

1.OE+02 ur l.OE+02 UI l.lE+02 nc 1.8E+O2 nc 
3.OE+00 a 1.3E+01 u . 4.5E-02 u 3.3E+02 u 
3.9E+02 as 4.1E+03 IS 2.2E+01 IIG 2.2E+02 na 
Q.8E+02 nc I.OE+04 nc 5.5E+01 no 5.5E+02 nc 
2.6E+02 nc' 2.7E+03 w 1.5E+01 nc 1.5€+02 nc 
4.QEt03 IS 5.1E+04 nu 2.7E+02 2.7E+03 nc 
8.5E+02 nc 8.9E+03 nc 4.7E+01 nc 4.7Et02 nc 
3.3E+02 no 3.4E+03 nc 1.8E+O1 1.BE+O2 m 
1.3E+03 re 1.4E+04 w 7.3E+01 M 7.3E+02 ffi 

1.3E+02 nc 1.4E+03 nc 7.3E+00 nc 7.3E+01 nc 
1.3E+03 nc 1.4E+04 IX 7.3E+01 w 7.3E+02 
1.3E+03 n~ 1.4E+04 M 7.3E+01 nc 7.3E+02 nc 
8.5E+02 B.9E+03 IS 4.7E+01 IS 4.7E+02 w 
1.OE+05 IIIUI l.OE+OS ~NII 7.3E+04 no 7.3E+05 nc 
4.6E+04 nc 1.OE+05'~ll 2.6E+03 nc 2.6E+04 no 
4.6E+M K l.OE+O5 nur 2.1E+O3 no 2.6E+04 nc 

5.2E-01 u 2.2E-01 u 
1.6Et04 nc l.OEt05 nux 9.1E+02 nc Q.lE+03 ffi 
1.6E+03 M 1.7E+04 w Q.lE+01 w Q.lE+02 M 

8.6E+01 nc 6.8E+02 no 3.7E+00 nc 3.7E+OI no 
3.3E+01 no 3.4E+02 re l.BE+OO M I.BE+Ol nc 
3.7E-02 u 1.6E-01 u 6.6E-04 a 5.6E-03 u 
4.OE+00 U* 1.7E+01 u 6.1E-02 u 6.1E-01 u 
2.OE+03 no 2.OE+04 nc l.IE+02 nc l.lE+03 nc 
3.3E+03 me 3.4E+04 w 1.8E+02 nc 1.8E+03 nc 
2,6E+02 nc 2.7E+03 m 1.5E+01 nc 1&02 nc 
1.6E+03 nc 1.7E+04 nc Q.lE+Ol no 9.1E+02 nc 

3.3E+02 nc 3.4E+03 nc 1.8E+02 nc 
3.0E+02 nc 8.5E+03 nc - 1.8E+02 nc 
3.3E+02 nc 3.4E+03 nc 1.8E+02 nc 
5.9E+03 nc 6.1E+04 nc 3.3E+02 nc 3.3E+03 nc 
3.8E+02 nc 8.5E+03 nc 1.8€+02 K. 

3.7E+00 a- 1.6E+01 a- 5.6E-02 u 5.6E-01 u 
2.6E+02 nc 2.7E+03 nc 1.5E+01 nc 1.5E+02 nc 

. -  1.6E+00 u 7.1E+00 u 2.5E-02 u 2.5E-01 u 
1.3E+00 nc 1.4E+01 IW 7.3E-02 IX 7.3E-01 n: 
6.5E+Ol nc 6.8E+02 nc 3.7E+00 IIC 3.7E+01 nc 

B.OE+OO 4.OE-01 

1.6E+02 B.OE+OO 

2.OE+00 8.0E-02 
4.3E+03 2.1E+02 

' 5.6E+02 2.8E+01 
1.4E+01 7.OE-01 
8.4E+01 4.OE+00 
4.2E+03 2.1E+02 

5.OE+00 3.0E-01 

3.4&+21 2.OE+00 
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I SFo RlDo 
I!!r!!Qh!a!!Q!!~ !!ll!bmQ 

5 7 ~ 0 2  I 4 o t  03 I s e ~ n 2  I 4 OE03 r I o 10 78-5 

I 1E02 n a O E ~ I  n a O E O ~  n 8 O E - O ~  r I o 10 7001-3 

3 O E O ~  I 2 OEGI h I o 10 7 5 6 ~  

I O E ~ I  r o o 10 BCBH 10E.011 
o o l o  s b m z  1 1 E M  I 1 IEQ2 I 

1 0 ~ 0 2  I I ocoz r . o o l o  os7as  

n 0 ~ 0 3  I a 0 ~ 4 3  r o o 10 9~-72.1 

s O E - O ~  I s 0 ~ 0 3  t I o 10 s e a n d  
7 OEtM h 0 0E43 1 7 0 E t M  r 5 OE03 r I 0 10 e%lM 

5 O E O ~  h s o ~ o l  r I o l o  eaios 
3OE101 I r OEIW h I o 10 76111 

a OE03 I 3 0 ~ 0 3  r o o l o  ss13boaz 
2 0 ~ 0 3  r 2 0 ~ 0 3  I I o 10 121-u-a 

7 7 ~ m  I 7 5E03 I 7 7 E M  r 7 5 E m r  o 010 iss2-0~1 
3 7 ~ 8 2  h 37E.01 r o o l o  siz.sbi 

5 0 ~ 4 5  I s OEQS r o o 10 OPSU 

I OEOZ h I O E ~  t o o 10 4 7 ~ 1 5 1  

)OEM I s OE M I 3 OEUZ s OEM r o o 10 ~~~~7 
3 O E O ~  I o o o i  7 ~ ~ 1 . 1  

o OOI 744M2.2 I OE-03 h 
o o o i  I~IMZ-I 0 0E03 I 
o OOI 13701-7ct7 2 0E02 h 

I ~ 0 3  I I OE03 r o o 10 102on.7 

z S E ~ Z  I 2 SE02 o 0 10 K M 7 1 4 M  

s 7E02 I I 0 10 IOMIH 1OE.W h 

I.IEOI r o OEM, I IEOI h a (EO~ I I o 10 SEWS2 
I o l o   MI-4 1 OEtM h 3 OE-01 h 

3OE-041 SOEM r o o 10 6161-2 

2 0 ~ 4 1  r i o 10 108-38.3 2 OEtOO 1 
2 0 ~ 0 1  r i 0 10 B H T ~  2 OEtM I 

I o l o  10342-3 

2 OEOI r I o 10 1330-207 2 OE+W 1 
o OOI 7440464 3 OEOl l 

~OEPI  I o OOI 1314-04-7 

5 OEOZ I 6 OE-OZ r o o 10 1zlzzd7-7 

1,1,2-Trlchloroelhane 
Trichloroethylene VCE) 
Trichlorofl~oromelhane 
2,4,5-Trichlorophbnol 
2,4,6-TrichlorophbnoI 
2 4,5-Trichloroph#no~ya~ell~ Acid 
2 ~ ( 2 , 4 , 5 - ~ r i c h l o r o ~ h e n o x y )  
1,1,2-Tdchloropropane 
1,2,3-Tll~hl010p10pan0 
1,2,3-Tdchloropropene 
1,1,2-Trlchloro-1,2,2-trifluoroethane 
Tridiphane 
Tdelhylarnine 
Trilluralin 
Trimethyl phos hate 
1,3,5-Trlnilrobenz~ 
Trlnltrophenylrnelhylnilremlne 
2,4,6-Trinllrotol~ene 
Uranlum (soluble salts) 
Vanadium 
Vanadium penloxlde 
Vanadium sulfate 
Vernarn 
Vinclozolln 
Vlnyl acetate 
Vlny l brornlde (bromoelhene) 
V~nyl chloride 
Warfarin 
rn-Xylene 
o-Xylene 
p-Xylene 
Xylene (rnlxed) 
Zinc 
Zinc phosphide 
Zlneb 

3.2E+00 u- 7.OE+00 u* 1.1E+00 u' 1.6E+00 u' 
3.8E+02 nc 1.3E+03 nc 7,3E+02 nc 1.3E+03 nc 

6.5E+03 rr; 6.8E+04 nc 3.7E+02 nc a.7Et03 nc 

4.OE+01 a 1.78t02 a 6.2E-01 a & . l ~ + 0 0  a 
6.5E+02 nc 8.8$+03 nc 3.7E+01 nc $.7E+02 nc 
5.2Et02 nc 5.5Pt03 nc 2.9E+01 nc 2.9E+02 nc 

1.5E+01 nc 5.OE+01 nc 1.8E+Ol nc 3.OE+01 nc 

1.4E-03 u 3.1E-03 u 9.6E-04 u 1.6E-03 u 

l.IE+Ol nc 3.8Et01 nc 1.8EtOl nc 3.OEtOl nc 

5.6E+03 u t  5.6E+03 ut 3,1E+04 nc 5.9E+04 nc 

2.OE+02 nc 2.OE+03 nc I.lE+Ol nc l.lE+02 nc 
2.3E+01 nc 8.4Et01 na 7.3E+00 nc 1.2E+01 nc 

5.8E+01 un 2.5E+02 a* 8.7E-01 a- 8.7E+00 u* 
1.2E+O1 u 5.2E+01 u 1.BE-01 1.8Et00 ca 
3.3E+00 no 3.4E+01 m 1.8E-01 na I.BE+OO nc 
6.5E+02 nc 6.8E+O3 3.7E+OI na 3.7E+02 nc 
1.5E+01 u- 6.4E+01 u- 2.2E-01 u- 2.2E+00 u- 

6.4Et02 nc 1.2Et04 nc 2.6E+02 nc 
6.9E+02 n~ 1.5E+04 nc 3.3E+02 nc 
1.5Et03 IIC 3.4E+04 nc 7.3E+02 nc 
8.5Et01 nc 6.8E+02 m 3.7Et00 nc 3.7E+01 nc 
1.6E+03 nc 1.7E+04 nc 9.1E+01 ns 9.1Et02 m 
7.8Et02 IX 2.6Et03 nt 2.1E+02 nc 4.1E+02 nc 
1.BE-01 ua 4.1E-01 us 8.IE-02 u. l.OE-01 u' 
1.6E-02 u 3.5E-02 u 2.2E-02 u 2.OE-02 u 

2.OEt01 nc 2.OE+02 nc l.lE+OO nc I.lE+Oi nc 
3.2E+02 a 3.2E+02 ut 7.3E+02 m 1.4E+03 nc 
3.2E+02 MI 3.2Et02 ut 7.3E+02 w 1.4Et03 nc 
3.2E+02 UI 3.2E+02 ut 
3.2E+02 uc 3.2E+02 UI 7.3E+02 nc 1.4E+03 nc 
2.3Et04 nc l.OE+OS m u  l.lE+04 nc 
2.3E+01 nc 5.1E+02 nc l. lE+Ol nc 
3.3Et03 nc 3.4E+04 na 1.BE+O2 1.8Et03 nc 

6.0E-02 3.OE-03 
9.OE-M 

2.7Et02 1.4Et01 
2.OE-01 8.OE-03 

. 

6.OEt03 3.OE+02 
6.OE+03 3.OE+02 
6.OEt03 3.OEt02 

1.7E+02 B.OE+OO 

1 .OE-02 7.OE-04 

2.1E+02 1 .OEtO1 
1.9EtO2 Q.OE+OO 
2.OE+02 l.OE+Ol 
2.OE+02 1 .OE+01 
1.2E+04 6.2E+02 





TOXICITY INFORMATION CONTAMINANT 

0 3  1 0 0 1 2104.06.3 

,! OE UI I 2 uc.01 r o o 1 8568 7 

IOE-uu I I u6.00 o o 1 85.10-I 

3 OE-03 81 3 0 ~ 0 3  I o o I 7 5 ~ 0 - 5  

50E.04 I ti 3E.00 , o o w l  7440-43 o 

~ O E - 0 1  I so€-OI n o o I 105-60.2 

U~E-OI n 2 o ~ . o l  U G E  03 Z O E . O ~  I o o I 2425-06-1 

1 5 ~ - 0 3  4, 1 3~ ut , ?$i u.1 I I 1 ~ - 0 1  I o o 1 133-w.2 

~ O I : U I  I I ~r e l  I o o i 017s 2 

1 UL wi I ,  1 u t  WJ a o u 1 an-74-u 

50E.03 I 50E43  I o o 1 156368.2 

1 OE OI I 2OEDl I I 75-15-0 

13E 01 I IOE 04 I 5 3 t  02 I I UE-(N I I 50.21-r 

I OE 01 , 1 UE-o? n o 0 1  s52as.14.a 

loE.01 I 1 O E ~ I  r o o I 5234.684 

I SE.U? I I SEW I o 0 I 133 80.4 
4OE-01 h IOE.OI I o 0 I 118-75-2 

3 1 ~ . 0 1  I 5 0 ~ 0 4  . 4 3 5 ~  01 1 2 0 ~ 0 4  o 004 12789036 

z 0 ~ . 0 2  a l o t  02 I o o I 009.2.32.4 

IUE.OI I 5 7 ~ 4 5  n 7781.~0-5 

57E45 I loots-04.4 

I iol-20-o 

2 OE-03 n 2 0 8 4 3  r o o I 70-11-8 

B~ltYl benzvl ohlhalale 
Butylphthalyl butylglycolale 
Cacodvl~c ac~d 
Cadmium and mmoounds 
"CAL-Modilied P R G  (PEA. 1994) 

Caorolaclarn 
Caotafol 
Caotan 
Carbawl 
Carbazole 
Carbofuran 
Carbon dlsult~de 
Carbon lelrachloride 
Carbosulfan 
~ a r b o x ~ n  
Chloramben 
Cllloranll 
Chlordane 
Chlorinluron-elhyl . . 
Chlorine 
Chlor~ne dloxlde 
Ct~loroacetaldehvde 
Cllloroacelic acid 

1.2E+04 IBC 1.0€+05 nur 7.3E+02 ns 7.3€+03 ns 
6.1€+04 ns 1.OE+05 n u x  3.7E+03 nc 3.6€+04 ns 

l.Mt+UZ nc 2.tit+03 nr l . l t + O l  nr l . l t + 0 2  ns 

3.7€+01 r s  8.1Et02 nc 1.1E-03 =a l.BE+Ol ,,C 

9.OE+00 
3 . l t t 0 4  .C 1.0tt05 mar 1.8t+03 nr l . t l t t 04  ns 

5.7€+01 c... 2.9€+02 ra-. 7.8E-01 .I.. 7 BE+00 c v  
1 4E+02 .I. 7.OE+02 .I 1.9E+OO C. 1.9Et01 C. 

+ ns nr . + '  IIE . . ' - + '  n~ 

4 . . . c 
3.lEt02 "C 4.4E+03 ns 1.8€+01 ns 1.8€+02 nc 

9.3E+02 8.1€+02 

80E+OO 40E-01 

6.OE-01 3.OE-02 

6.1€+02 ss 8.8E+03 nc 3.7E+01 ns 3.6€+02 nc 

B . l t + 0 9  nc B.Bt+O4 nc 3 . l t t 02  nc 3t i t+03 nr 

9.2€+02 nc 1.3E+04 nr 5.5Et01 nc 5.5€+02 ,I< 

1.2€+00 re 6.1E+00 ra 1.7E-02 ra 1.7E-01 ra 

2.1E-01 nc 

2. l t -Dl  nc 

1.2E+02 nc 1.8€+03 nr 7.3€+00 nr 7.3Et01 nc 

1 Ut+01 b.Ut-01 



TOXICITY INFORMATION CONTAMINANT 
V shm 

7.OE-01 3OE-02 
1.OEt00 7.OE-02 

6 Ut-U1 3 U t - W  

4.OEt00 2.OE-01 

3 BE+O1 2.OEt00 

3t l t+U1 Z.Ot+UO 

+ 
+ !:o"E'+"ob 
3.2E+01 2.OE+00 

8 61-06 1 BBE-w I I 532.21-4 

4 0 ~ 0 3  I 4 0 ~ 4 3  I D a I 1w.47.a 

?OE.OZ b IIEQ~ n I 108 90-7 

2 7~ 01 n 2 0 ~ . 0 2  I 2 ~ E . O I  n 2 0 ~ . 0 2  I o o I 510.156 

ZOE 01 I n  2 GE-01 , o o I I 

2 OE-LIZ I, 2 us-02 , o o I ca 56 ti 

2oE.02 h 2 0 ~ 0 3  h I 126.99.8 

~ O E L ~ I  I, ~ O E O ~  8 I 10s 63.3 

I ~ E I U I  4 14EaOl a I 75.88 3 

I.IE.OI I I ~E .O I  I 75-456 

2 5 ~ - 0 3  n ~ O E O I  n 2 9 ~ 0 )  I 29E10U $ 1  15 00-3 

I IIV-75-8 

6 1E-03 I IOE-02 I 8 IE 02 I 8 6 ~ - 0 5  n I 6766 3 

I ~L .u '  n 6 3~ 03 n a  ti^ 02 n I 74 87 3 

58E.01 I, 58 t -01  1 o o I 05692  

4 f i ~  OI II 4 GC 01 I o o I 3165.93-3 

LIUE-02 I O U E . ~ ~  , 1  o1.5a.t 
Z S E W  I, 2 5~ 02 I 1 1  81.13.3 

I b~ O? I, I U E O ~  I I I 100 00 5 

5 OE 03 I 5 0 ~ 0 3  I I 95-57.8 

z SE 02 I 2 $ E - o ~  n 1 75.296 

I IE-02 h I S E - O ~  i I IE-02 I 1 5 0 2  I o o I 1891.456 

1 OE u2 I ZOEOZ I I 9s-49-8 

ZOE.OI I z 1 - 9 1  r o 0 1  101-21-3 

30E-01 I 3 o ~ o 3  0 0 1 2021 88.2 

I OE.OZ n I OE.OZ I o o I ~508.13-o 

5 0 ~ 4 2  I 5 0 ~ 4 2  , o o I 64902.72.3 

8OE 04 r, 8OE-04 r 0 0 1  60238-56 4 

~ Z E . O )  I o 
I S E ~ O O  I 16065.~3-I 

1 OF 03 8 z 9C-O? I 0 18540 29 9 

~ IJE 02 18 0 . -  

22E.00 I o 8007 45-2 

3 IE.W it o ?-!qo-su-a 

I~EIOO n I ~ E . O O  I I 123.73 9 

1 OE 01 I I IEQI I I ua 82-8 

~ 4 s . 0 1  n 2 ot.03 I, 84L  01 I 20 t .w  o 0 I ZIUS~E..~ 

2 UL 01 a U ~ E O ~  I I 1 4  r u u  

~ O E W  I 40E42 , I  460-19.5 

SUE 02 I YOEOZ 1 1  ~06.68.3 

5o t -02  I 5 0 ~ 4 2  I 1 506.77.4 

57E+ou I 57E.00 n I 110.82.7 

~ O E . O O  I s o ~ . o o  II o I 108-r4.1 

~ O E - 0 1  I 2os.01 o o 1 IUU-91-11 

5 OE-03 I 5 O E - O ~  o o I LIBOBS-85-8 

I UE-02 I IUE-02 I o o I 52315.07 1 
7 S E . O ~  I 1 5 ~ 0 3  I o 0 1  66215.21.8 

1 0 ~ 0 2  ' . ,  I oe 02 I 0 0 I tae l  32.1 

3 0 t . o ~  1 XOEUZ 1 o o I 1s.884 

2 5 ~ - 0 2  I 2 5 ~ 4 2  r o o i  o s s ~ s - r ~ . a  

24E.01 I 24EUI  r ' 0 003  7 2 5 4 8  

1 4 ~ 0 1  I 3 4 ~ 0 1  I o 0 0 1  7255-0 

3 4 ~ - 0 1  I 5 OEM I 3 IE 01 , 5 0~41  r o 003 50.28.3 

2-Ch~oroacetophenone 
4-Chloroanihne 
Chlorobenzene 
ChlOrObenZllale 
D-Chlorobenzoic acid 
4-Cl~lorobenzolrifluoride 
Z - C ~ I O ~ O - ~  .3-butadlene 
1-Chlorobulane 
1-Chloro-1 .l-difluoroelhane (HCFC-142b) 
Chlorod1t1110romelnane 
Chloroelhane 
2-Chloroelhyl vinyl elher 
Chlorolorm 
Chloromelhane 
4-Chloro-2-melhylaniline 
4-chloro-2-rnethvlanll~ne hvarocnlor~de 
beta-Cl~loronaotllhalene 
aChlaron11robenzene 
~Chloronllrobenzene 
2-Chloroohenol 
2-Cl~loropropane 
Chlorolhalon~l 
eChlorololuene 
Chlorpropham 
Chlorpvr~tos 
Chlorovrifos-melhvl 
Chlorsulfuron 
ChlOflhlODhOS 
Tolal Chrom~um 11.6 ratio Cr VI:Cr 1111 
Chromium Ill 
(;hroml~rrn VI 
"CAL-Mod~fied PRG" (PEA. 19941 

Cobalt 
Coke Uven tm~ss~ons 
Cooper and com~ounds 
Crotonaldehyde 
Curnene l~so~ro~vlbenzenel 
Cvanazine 
Cyanide and c ~ m p ~ ~ f l d s  
Cvanoqen 
Cvanoaell bromide 
Cyarloqen chloride 
Cvclohexane 
Cvclohexanone 
Cyclohervlam~ne 
CyhalolhrlnlKarale 
Cvoermelhrln 
Cyromaz~ne 
Uaclhal 
Dala~0n 
Danilol 

DDE 
DDT 

3.3~-02: 1 . l E - 0 1 7  3.lE-92; 5.2E-02 nc 

2.4Et02 ns 3.5Et03 M 1.5E+01 nc 1.5E+02 nc 
15Et02 nc 5.4E+02 nc 6.2E+01 ns l . l E t 0 2  ns 

+ E .  + E. . - n - ~a :.%+", I:C :.2+X! ma. %+",'2 nc %'3 "C 

1.2€+03 .C 1.8Et04 nr 7.3Et01 1. 7.3€+02 .C 

'Jtit+OlJ ns 1.2t tOl  nr 1.3ttUO nc 1.4t+U1 nr 

4.8Et02 rat 4.8€+02 ..I 1.5Et03 .C 2.4Et03 GBG 

3.4E+02 r a ~  3.4E+02 SBI 5.2E+04 ns 8.7Et04 ns 

3 4 t + W  rat 3.4t+02 s.1 S . l t tU4  nr tl SttU4 nr 

30Et00 C. 6.5€+00 C I  2.3Et00 ra 4.6Et00 ca 

- ca" - ca" . - * ~1. '  - ca" 

::EtO ca 2";7'E':b =a y.1'E':O cI :;5"E'+"dO c a  
8.4E-01 ra 4.3Et00 =a 1.2E-02 r .  1.2E-01 C. 

+ r. . + C. - C. - <a 

:.:tEtgi nG ;.3:+z ., EE'+"o'2 .. : E t 2  ,ac 

8.1EtOO C. 2.3Et01 C. 2.7E-01 .a 4.5E-01 C. 

. + C. .: + CI . - 5 1  - (a 

~ . ~ ~ + ~ ~  .C i.$t:: :e/:+"o: "C ,":o'E"Pdl "C 

1.7E+02 nc 5.QEt02 ns 1.OE+02 ns 1.7Et02 nc 

. + ra* . + ' sa. . - =a* . + E C  

:::ti: "C :.%+% nc nc ?.::+:: nc 

1.2E+04 nc 1.0€+05 rmr 7.3E+02 ns 7.3E+03 ns 

10t+UZ nc 2.tit+03 ns l . l t + U l  ns l.lt+U'Z nc 
6.1Et02 ns 8.8€+03 nr 3.7€+01 nc 3.6€+02 nc 

31Et03 nc 4.4€+04 no 1.8E+02 nc l.BEt03 nc 

4 gt+Ul  ns /.I)t+UZ nc 'L.tlt+uU ns 'L.st+t)l ns 

2.1Et02 4.5E+02 e l  1.6504 C. 

1.OE+05 ma. l.OEt05 nur O.OE+OO 5.5E+04 ns 

30t+U1 ea" 6.4t t01 sa 2.3t-05 ra l . l t + W  nr 
2.OE-01 1.6E-01 
4 7Et03 nc 10Et05 mar 2.2Et03 nc 

2.9E+03 ns 7.6Et04 nc 1.4Et03 .. 
5.3E-03 ra l . lE-02 ' ca 3.5E-03 ca 5.9E-03 ca 

16t+02 nr S Zt+OZ nc 4 0t+U2 ns 6tit+UZ a)c 

5.8E-01 .I 2.9E+00 r. 8.OE-03 sa 8.OE-02 C. 

l . lE+Ol nr 3.5E+01 nc 3.1Et00 nc 6.2€+00 ns 

1 3 t + W  nc 4 3 t t U 2  nc 1.bt+02 nr 2.4t+UZ ens 

20€+02 QC 9.7Et02 nr 3.3Et02 ns 5.5Et02 ns 

1.6Et02 ns 5.4€+02 nr 1.8E+02 nc 3.OEt02 ns 

1 4 t + W  rat  1.4t+OZ rat Z. l t+04 nc 3.SttU4 nc 

1.OE+05 mar l.OE+05 mas 1.8€+04 ns 1.8Et05 nc 

1.2€+04 0. 1.OE+05 MI 7.3E+02 nc 7.3€+03 ns 

3. l t+02 nc 4.4k+U3 ns 1.8t+01 nr 1.8k+02 or 

6.1E+02 nr 8.8E+03 ns 3.7Et01 nc 3.6Et02 nc 
4.6Et02 nc 6.6E+03 nc 2.7E+01 ns 2.7Et02 nc 
t r . l t tU2 nc 8.- nc 3./t+Ul nr 3Bt+UZ #BF 

1.8Et03 nc 2.6Et04 ns l . lE t02  nr l . lEt03 nc 
1.5Et03 nc 2.2Et04 nc 9.1E+01 nc 9.1E+02 nc 

+ c a . +  L a . ,  - Ca . - La 
+ a + a . c - a 
1.7€+00 cam 1.2Et01 2.OE-02 c.. 2.OE-01 .a- 



CONTAMINANT 
. . . . .. - .. .. . ... . - . . 

I IOE 0 2  a I OE a 2  o o I 1161-19-5 lDecabrornodi~henvl ether 
4 UE 05 I r o t . 0 5  a o o I a w s  4u.3 Demelon 

6 1E-02 11 6 1E.02 I 0 0 I 2303.13.4 Dlallate 
9 0E.01 n 9 OE-OL I o o I 333 41-5 IJlaz~non 
OUE u 3  I, .I OL 03 , I 132 64.b D~benzoluran 
I UE.(II I IUE u2 I o o I ~ m . n  a 1.4-Dibrornobenzene 

B ~ E - O ~  I 2 0 ~ 0 2  I 8 4 ~  0 2  I 2 m . 0 2  I I 124-48 I U~brornochlorornethane 
I IE.OO I &  s IE-US c 2 a t - U )  I, 5 ZE-05 I I s6 12 a 1.2-Dlbrorno-3-chloroorooane 

"CAL-Modilied P R G  (PEA. 1994) 
a SEIO~ 1 S ~ E . U S  1 7 7~ 01 I s 7 ~ . 0 5  n I 108-93-4 1.2-V~brornoethane 

l o E o l  I i OE.OI I o 0 1 04-74-2 Dlbutvl ohthalale 
3 UE 0 2  , 3 0 ~ 0 2  , o o I i o t a  00-9 Dicamba 
4 OE-02 I 5 7 ~ 0 2  h I 05-so I 1.2-~1~hl0r0ben~ene 

J U ~ U L  O, u , u I W-90.2 4.4'-DicI1lorohe1i~o~lienone 
~.IE.UU , (I IC.UU I, I 164 4 1  o 1.4-Dichloro->-butme 

2 0 ~ . 0 1  I S ~ E - O ~  h I 7s-71.8 U~chlorod~tluorornelhane 
~ O E - 0 1  ,I 1 4 ~ 0 1  n I 75.34.3 1 .l-Dichloroelhane 

5 ? E - o ~  5 7 ~ - 0 3  I "CAL-Modified PRG" 
9 1 ~ . 0 2  I 3 OE.O? n 9 IE 02 I I~E-03 n I 107-06.2 1.2-V~chloroelhane (tUC;I 

6 1 E + 0 2 c  8 . 8 E + 0 3 Y  3 . 7 E + Q l Y  3 . 6 € + 0 2 7  
2.4Et00 nc 35E+01 nr 1.5E-01 ns 1.5€+00 nc 

8.OE+OO .. 4 0E+01 ra l . lE-01 ra l . l E  +00 .. 
1 l t t 0 U  .. Z.lt+UU .. tl.ut-02 .a 1 3 t  01 - ca 

4 . 3 - 0 1  ca.. 4.OE+00 cr.. 2.lE-01 nc 4 8E-02 ca- 
6.OE-02 9.6E-04 4.7E-03 

nc 2.6€+04 ns l . l€+02 nc l . lE+03 nc 

3.ltt0.2 nl 3./t+UZ rat 'L.lt+02 nc 3 . l t t W  nc 
1.3E+01 nc 5.2E+01 ns 3.3Et00 ns 5.5E+00 nc 
3.4Et00 ra 8.1E+00 r .  3.1E-01 ca 5.OE-01 sa 

1 l t tU t1  ca b St+UU c. 1 St -UZ  c. 1 St-01 ca  

11E*UI  I 1 I E o O l  8 I 15-31o 1.1-D~fluoroethane 4.2E+04 nc 6.9€+04 ns 
ZUE-02 n 2 0 ~ 0 2  I o I 2855)-12.0 D i i sonon~ l  phlhalate 1.2Et03 nc 1.8€+04 nc 7.3E+01 nc 7.3€+02 ns 

n OE-02 I 8 OE.OZ r o o I 1445.756 UIISOI)~OPV~ melhvl~hos~honate 4.Yt+03 nc /.Ot+04 nc 2.Ytt02 nc 2.9t+03 nc 

~ O E - 0 2  I 2 OEQZ I o o 1 55290-64-1 Oimelhioin 1.2Et03 ns 1.8E+04 0s 7.3Et01 ns 7.3Et02 ns 
Z O E . O ~  1 2 0 ~ 0 . 2  I o o I 60.51.5 Dimethoate 1.2E+01 IIC 1.8€+02 "C 7.3E-01 nc 7.3€+00 nc 

1 4 ~ - 0 2  I, 1 IF 07  I o o I 119 80 1 3.Y-L)1rnethoxv&nz1a1ne 3 5t+01 C. l . t l t t 0 2  r .  4.W-01 C .  4.tlttUO r .  

STE.W I 5 . 1 ~ 4 ~  a I 124 40.3 D~rnethvlarr~ine 6.7E-02 ns 2.5E-01 nc 2.1E-02 no 3.5E-02 nr 

z o e - 0 3  Z O E . O ~  I o 01 I I S  N-N-Dimethylaniline 1.2E+02 n i  - 1.8Et03 no 7.3Et00 nr 7.3E+01 ns 

7 5 E 0 1  h 15E.01  , 6 o t 9 5 6 8 - 1  2.4-U~melhvlan~l~ne 6.bt-01 ca 3.3t+00 ca 8.0t-U3 ra 9.Ut-u2 C, 

SUE.OI 1, ~ ~ E . O I  1 o o 1 21436.90-4 2.4-Dimelhvlaniline hvdrochloride 8.4E-01 C. 4.3E+00 C8 1.2E-02 ra 1.2E-01 .I 
0 2 ~ . 0 0  h Q ~ E - O O  I o o r 11~1.03-7 3.31-Dimelhylbenzidine 5.3E-02 cm 2.7E-01 r. 7.3E-04 ra 7.3E-03 ra 



9.OEt00 4 0E-01 

3OE-01 10E-02 
8 OE-04 4 0E-05 
6 t)l-.o4 4 nl:-O5 
7 0E-04 3 OE-05 

1 0 t + 0 4  1 0 t t 0 4  

l.BE+Ol 9.OE-01 

1.OEt00 5OE-02 

1.3Et01 7.OE-01 

1 . 9 E - 0 1 7  8 5 E - 0 1 7  1 . 9 E - 0 3 7  2.6E-02 ca 

1.3E-02 C. 6.7E-02 ra 1.8E-04 C. 1.8E-03 ca 

6 1Et03 "c 88E+04 ns 3.1Et01 ns 3.6E+03 nc 

6 1 t t 0 1  "C B.HttO2 nc 3 . f t t 0 0  nc 3.b t tO l  ns 

12E+03 nc 1.8E+04 nc 7.3Et01 nc 7.3Et02 n c  

37Et01 .. 5.3Et02 nr 2.2Et00 1. 2.2E+01 nc 

ti l t t 0 l  .. b B t + W  nr 3 l t t O 0  nc 3 t i t t U l  sc 

I OEt05 man 1 0E+05 ma. 3 7E+04 ns 3 6E+05 ~nr  

6 1Et03 a= 8.8E+04 nr 3.7€+02 nr 36E+03 nr 

1.Zt+02 nc l.MttO.3 nc I Yt+UU nc 1.3 t tU l  ax 

2 4E+01 "C 3.5Et02 nr 1.5E+00 nc 1.5Et01 nr 

6.1E+00 .. 8.8E+01 nc 3.7E-01 nr 3.6€+00 nc 

2.4t t01 nc 3.5t t02 nr l.St+UO nr l .S t+Ol  nr 

12Et02 nc 1.8Et03 nc 7.3E+00 no 7.3Et01 nr 

7.21301 C. 3.6E+00 C. 9 9E-03 C. 9 9E-02 ea 

1 2t+W 1 B t  t03  .C /.Llt+Oil ,UC I s t + l l l  a1c 

t i . lEi01 ,,. 8 8Et02 ". 3.7Et00 .C 3.6Et01 .C 

6.1Et01 .. 88E+02 nc 3.7Et00 *C 3.6Et01 ,tc 

1 . ~ t t 0 3  nc 1 0 t t 0 4  ,.I /.3t+01 "C 1.3t+02 nc 

44Et01 sa 2.2Et02 ca 6.lE-01 ra 6.1Et00 ra 

3.9E-06 C. 2.7E-05 ra 4.5E-08 ca 4.5E-07 c a  

1.8t t03 nc 2.t i t t04 nc l . l t + 0 2  nc l l t + 0 3  nc 

1.5E+03 nc 2.2Et04 nc 9.1€+01 nr 9.1E+02 nc 

1.8E+01 "C 2.6EtO2 .C l.lE+OO nc 1.1Et01 nc 

- c . +  CI . - C( - ca i.iEt+"oi "C ;.%+:: nc zE't"o"1 nc 3";3"E'+"o'2 fins 

1.3Et02 oc 1.9E+03 nc 8.OE+00 ns 8.OE+01 ns 

S./t-0.2 cm I .Yt -Ul  c. 1 . k - 0 4  s. /.Bt-03 ra 

6.OE-02 C. 3.OE-01 ra  8.3E-04 r a  83E-03 r r  
5.2E-02 C. 2.7E-01 C. 7.2E-04 C* 7.2E-03 C. 

+ nc . + nc - nc + nc f.:Lt:: a, S.itEt:i "c 31;7"E"+Od1 nc :.%+:: nr 
1.2E+02 ns 1.8Et03 nc 7.3E+00 nc 7.3E+OI nr 

2.4t+02 nc 3.5t+03 nc 1.5t tOl  nc 1.5 t t02  nr 

1.6Et04 nc l.OEt05 nun 7.3E+03 ne 
3.7Et02 nr 5.3Et03 oc 2.2Et01 nc 2.2€+02 OG 

1.2t+U3 nc 1.8t+04 ns 1.3t t01 nc 1.9 t t02  ns 

1.8EtO1 nE 2.6E+02 ns l.lE+OO nc l . lE+Ol n~ 

7.6E+00 " C  26E+01 ns l.OE+OO no 2.OE+00 nc 

J.St+OZ ~nr 5 0 t t l l 3  ns Z . l t t 0 l  nc l . l t t U 2  nr 

1.5E+03 "C 2.2€+04 ns 9.1E+01 nc 9.1Et02 nr 

3.1E+02 ns 4.4Et03 nr 1.8€+01 IIC 1.8€+02 nc 

3 1 t t ~ 1  nc 4.4tt0.2 nr I.B~+OO nc I.B~+o~ nr 

2.4Et04 "C 1.OE+05 nu. 2.1Et02 nc 1.5Et04 nc 

1.8€+04 nr 1.OEtOS m r  l . lE+03 ns l . lE t04  nc 

l .Yt tU4 nr 3. l t+U4 rat  3 .3t t03 nc S.St+U3 nr 

2.1E-01 ca 4.5E-01 cr 1.4E-01 ca 2.3E-01 cr 
2.3€+02 rat  2.3E+02 ,.I l.lE+03 nc 1.3E+03 nr 

' E f f j i p  
1.8E+04 nc 1.0E+05 mu. l . l E t 0 3  83s l. lE+04 nc 

2 6 ~ ~ 0 0  r 3 5 ~ 1 0 0  x o o I 7 7 

~IE.OI . J7E.01 x o o I 540.0.8 

IOE-01 n ~ ~ E - O I  o o o r 68.12-2 

~ O E O ~  n I OE-03 0 o o I 122 09.8 

2 uE-02 I zOE-02 I P 0 I 105-67-9 

~ O E  04 I o o ~ . u 4  r o o I I 

I O E W  , 1 OE-03 I o o I 9565.8 

I ut .o l  . I UEIUI I u o I 111-11-3 

IOE-OI I t UEQI a o o I 120.61-6 

?OE.O~  I 2 OE.O~ I o o I 111.89.5 

4 UE.O.I I ,  4 u t  04 I o o I 528.29.~ 

I OE 04 , I O E . O ~  I o o I ~ ~ 4 5 . 0  

4oE.04 h ~ O E - O ~  I 0 0 I IM 25-4 

2 IIE 03 1 2 o t  03 o o I 5 1 . 2 ~  s 
68E 01 , t i t l ~ . ~ ~  I o o I 25321.14 6 

2 0 ~  01 I -tor 01 o o I 121 14 2 

B U L W  I, nub U'J t o o t 6 m i . 2 ~ ~  

I (IE O J  , l u r  uj I o o 1 aaa57  

Z O E  02 II 2 0 ~ 0 2  I o 0 1  117 114.0 

I IE 07 I I 1~ 02 I o 0 1  123.91.1 

I ~ E . S  I, 1 5 t . u ~  n o 003 1746.01-6 

3 OE 02 a JOE 02 r o o I 957.51-7 

2 st-LIZ I z >e-02 r o o I 122.39.4 

3 OE-04 I, 3 0 E 0 4  r 0 1  74-31.7 

8 OE OI I 7 7 ~ - 0 1  I o o I 122 66-7 

~ O E - O ~  n Y O E . ~ ~  # o o I 127.13.9 

2 2~ 03 I z zr.03 I o o I 8540.7 

86E*00 h 86E.00 I 0 0 1 1937.37.7 

~ I E S O O  h UIE-oo , o o I 2602-ae.2 

O)E.OO h 93E.W I o o 1 16071.864 

40E 05 I 4OE 05 I 0 0 I 298 04-4 

10t.02 I IoE-32 , o o I 505-29-3 

2 OE.U~ I IOEQ~ o 0 1 130.54-1 

4 oE-03 I 4 0 ~ 0 3  I o 0 1 2439.10.3 

20E.01 n 1429-81-6 

6 OE-03 a 6 0 ~ 4 3  I o 0 1  115-29-1 

2 OE-02 I 2 0 ~ 1 2  I o 0 I 145.73.3 

IOE.OI I 3 u ~ a r  , o o I 72.20-8 

Y UE 03 I ~ U E  u', n 4 ~E-O' I  a ~ U E . U ~  r I IM 89 8 

5 1 ~ m  i 5 7 ~ 0 3  I o 0 1  10688 I 

2 ~E.OZ I 2 >E 02 , o I 759-94.4 

~ O E - O J  I oc.03 , o o I 1€672.U7.0 

~ O E - 0 4  I soc.04 I o o I 561-12-7 

~ O E - 0 1  II 5 76-02 , o o 1 110ao.5 

~ O E - 0 1  I, 3 O E ~ I  I o o I 111-15 9 

9 OE 01 I 9 0 ~ 4 1  I 1 1 . 6  

4 8~ 02 I, 4 8 ~ - 0 2  I I 1ro.sa.5 

1 0 ~ . 0 1  I 2 0 ~ 4 1  i 1 I .  

29E03 n 40E-01 "n 29E03 I 29E.00 i 1 7500-3 

I UE-OI n sue-01 6 o o I 1oe.78.4 

1.1-Dimelhvlhvdrazine 
1.2-Dimelhvlhvdrazine 
N.N-D~melhylfofmamide 
Ll~meth~I~henethvlam~ne 
2 . 4 - D l l n e l h ~ l ~ ~ l e l l ~ ~  
2.6-Dimelhvlphenol 
3.4-~imelhvlnhenol 
D~~ne l l~v l  ohll~alate 
Din~elhyl lerephlhalate 
4.ti-U1n1lro-o-~~clohexvl ~ h e n o l  
1.2-D~nilrobenzene 
1.3-Dlnllrobenzene 
1.4-Ulnllrobenzene 
2 4-D~n~lroohenol 
Dinilrololuene mlxlure 
Z.4-ll1n1trololuene (see ulnllrotoltlene rnlxtt~re] 
2 6.D1111lrotoluene (see Dil>iIrololuene 111ixlure\ 
Dlnosetr 
(11-n-UCIVI phthalale 
1.4-Dioxane 
Dioxin (2.3.7.8-TCDD) 
ll~phenamld 
Diohenvlamine 
N,N-Diphenyl-1,4benzenedIamlne(DPPD) 
I 2-~~phenv~hvdraz~ne 
Dlohenvl sulfone 
Diqual 
1)lrect blacK 38 
Dlrecl blue 6 
Direct brown 95 
UlSLlIlOlOfl 
1.4-Dilt~iane 
Oiut0n 
Uodlne 
Dvs~rosiurn 
Endosulfan 
tndothall 
Endrin 
Epichlorohydrin 
1 . 2 - t ~ 0 ~ ~ ~ l l a n e  
EPTC (S-ElhvI di~ro~vllhiocarbamale) 
Elhephon (2-chloroelhyl phosphonlc acid) 
Elhion 
2-Elhoxvethanol 
2-Elhoxvelhan~l acelab 
t lhvl acetate 
Elhvl a c ~ l a l e  
Elhylbenzene 

Etl~vlene cvanohvdrin . . . 
1.2Et03 w 1.8Et04 nc 7.3E+01 ox 7.3Et02 nc 

1.0ttU5 ma" l.UtltU5 max f .3 t t03  nr I .Y t t04  nr 

3.1Et04 nc 1.OEt05 nur 1.4E+04 ns 1.8Et04 nc 

1.4E-01 ca 3.6E-01 cs 1.9E-02 C. 2.4E-02 =a 

ZOE.OZ n l o ~ a z  , o o I 107.15.3 

~ O E ~ O O  I 2 0 ~ ~ ~  o o I 107 11-1 

~ O E - 0 1  I 3 I E ~ O O  o o I 111-78-2 

IOE.W n 356-01 h I 75.21-8 

Elhylene diamine 
tlhvlene alvcol 
Etlwlene alvcol. m o n o b ~ ~ t v l  ether 
Elhylene oxide 



K e t  I-IHlb 18-HEAS1 tn=NcEA . WIIIIOHAVVN n-Glltel EPA DOCUMENTS l=ROUTt EXTRAPOLAIIOH ca-CANCER PRG nc=NONCANCER PRO %I~=SOIL SATURATION rnex=CEILINO LIMIT '(whem ns + 1WX sa) "(rrhem nt . lOX ra) 

TOXICITY INFORMATION CONTAMINANT PRELIMINARY REMEDIATION GOALS (PRGs) SOIL SCREENING LEVELS 

V rkln 
5Fo RfOo hh Rl01 0 abs CAS Elo R~sldenllal Indunnal - Arnblenl Alr Tap wale&% DAE 20 IIAF lk!'t&@r& 

Magiallan lo Glound Waler 

i ~ E . O I  h 8 OE-05 I I IE.OI I BOE.OS 1 0 01 96-45-7 Elhvlene lhiourea (ETU) 4 .4E+OOT 2 . 2 E + 0 1 7  6 . 1 E - 0 2 7  6.1E-01 c... I ZOE-01 I 20~-01 I I ~0.29.7 IElhvl elher 1.8€+03 rat 1.8Et03 6.1 7.3E+02 ns 1.2E+03 ns 
9 0E.02 I, B O E U ~  r 1 e7a3-2 /Etl~yl melhacrylale 11.4€+02 S.I 1.4€+02 ‘.I 3.3€+02 ns 5.5€+02 n~ 1 
10E05 1 i o~os r o o 1 2104.84-5 t t h v ~  D-nltro~henvl ~nen~~~hos~noroth~oate  
IOE.UO I ~ O E . O O  o o i 84.7s-u Ethvlohthalvl ethvl alvcolate 

I ~ E . O ~  4 1 ]€a2 I 0 o 1 2164 17.2 Fluomeluron 7.9E+02 ns l.lE+04 ns 4.7E+01 nc 4.7E+02 ns 
6 uE.02 I 0 o 1 16984 40-8 Flouride 3.7€+03 IIC 5.3€+04 nc 2.2Et03 nc 

BOE-02 I s o ~ m  r o 01 5978604 tluorldone 

2 OE-02 I ~ O E - O ~  I o o 1 $6425-91.3 Fluro~imidol 
~ U E - 0 2  I ~ O E - O ~  r o o i 66132.~-5 Flulolan~l 3.7E+03 ns 5.3E+04 nr 2.2E+02 ns 2.2E+03 oc 

10E 02 I 1 o~m r 0 01 88409.01-5 t l~val lnate 6 . l t t 0 2  ns 88t+03 nc 3 . l t t 0 1  nc 3.t i t t02 nc 

358.09 r I OEdl I 35E UJ I I OE 01 r o 0 1 131-01-3 Fobel 1.4E+02 ca. 7.OEt02 CI l.gE+Oo ra 1.9Et01 ca 

156.01 I I5E.01 , o o 1 72178 m o Fomesafen 2.6E+OO C. 1.3E+01 C. 3.5E-02 C. 3.5E-01 C. 

2 OE-0'1 , 7oE-03 I o 01 944 229 kOfl010S 12t+02 nc 1 Bt+03 n c  / .3t+00 nr 7 3t+U1 nc 

1 5 t  Y I  , IOI  U, . u u l  tuuuu Follnaldehvde 9 2Et03 nr 1.0E+05 nr 1.5E-01 ra  5.5E+03 osc 

5 UE 05 I 5 ~ ~ 4 5  o o 1 696~-402 Iialoxvfoo-methvl 3.1E+00 nc 4.4E+01 nc 1.8E-01 ns 1.8E+00 ns 

I ~ E - W  I I 3 ~ - 0 2  I o o I 79277.27.3 Harmony 7.9€+02 ns 1.1E+04 IIC 4.7E+01 nc 4.7E+02 ns 

I 5f.00 I ~ O E  04 4 6 ~ ~ 0 0  I SOE 04 I o o 1 76.8 Heplachlor C. 1.9t-03 .. 1 St-02 r. L.3t t01 1 0 t + 0 0  
9 IL,O~ I I 3t u> I Y IL-OU I JE-05 I o 0 1 loi4.57.3 Ileotaclllor eooxide 5.3602 ea. 2.7E-01 ra. 7.4E-04 =a. 7.4E-03 r r .  7.OE-01 3.OE-02 

2 OE 03 a 2 OE 03 I o o 1 87 12 1 Hexabromobenzene 1.2Et02 ns 1.8Et03 nc 7.3€+00 nr 7.3E+01 nc 

1 SE.OO I 8 OE.O~ I 16~100 8 OE-04 r o o 1 118.74-1 Hexachlorobenzene 

7 8 ~ - 0 2  I ~ O E  04 7 b~-02 I ~ O E - O ~  I o o 1 0768.3 Hexachlorobutadiene ~ - ~ -  

~ ~ E . U O  I '63~.w I o D O ~  319.~46 HCH (alpha) 9.OE-02 ra 5.9E-01 C. l.lE-03 C, l.lE-02 ~a 5.OE-04 3.OE-05 
18~100 I 18~.oo a o 004 31s-85.7 HCH (beta) 3.2t-01 cr 2.lt+U0 CI 9. l t -03 ca 3. l t -02 ea 3.0t-03 1Ut-04 
I IE+OO I, 30€.1~4 I SESW r ~OEUI , o 004 58-69.9 tlCH iaarnma) Lindane 4.4E-01 ... 2.9Et00 C, 5.2E-03 C. 5.2E-02 C. 9.OE-03 5 OE-04 
I UESUU I 1Bt.U" , o 004 600 73 I liCt1-lechn~cal 3 2E-01 .. 2.1E+OO .. %BE-03 .. 3.7E-02 c. 3 OE-03 1.OE-04 

7 OF (13 I 2 OEDS a, o o 1 77 47 4 Hexachloro~.~clo~enlad~ene 4 2t+02 nr 5 9t tU3 w 1.3t-02 nr 2 bt+UZ IN 4 11t-+(I" . - 2 OL -+01 
B ~ E . D ~  I 46B.03 I o o I 1@4UU-i4-3 1 lexactilorodibenzo-o-diox~n mixture IHxCDD) 7.8E-05 C. 4.0E-04 C* 1.5E-06 .. 1.1 E-05 C. 

I r~-02 1 OE-03 I I r~ 92 I OE 03 r o o I 87.72~1 Hexachloroethane 3.5Et01 ..-. 1.8E+02 c... 4.8E-01 ...- 4.8Et00 c... 5.OE-01 2.OE-02 
3 OE 04 6 lo~.or o o 1 70.30-4 Hexachlorophene l. trt+Ol nc 2 6 t t W  nc l . l t t 0 0  nr l . l t + U l  nc 

11t.01 SUE 03 I IE 01 I ~ O E . O ~  o 01 121.bZ-4 tlexahvdfo-1.3 5-lrinilro-1.3.5-Iriazine 4.4Et00 ... 2.2E.101 ra 6.1E-02 C. 6.1E-01 C. 

2stm I 2 s c m  o o 1 an-M-o  1.6-Hexamelliylene diisocyanate 1.7E-01 nc 2.5E+00 ns 1.OE-02 no 1.OE-01 8-c 

6oE 02 n 57Eu2 , I 110.54.1 n-Hexane l . l t t 0 2  rnl I . l t t O 2  1.1 2. l t tU2 nc 3 5 t t 0 2  sc 

33~.ui I 3 ~ E U Z  o 0 1 51~35.04.~ Hexazinone 2.OE+03 nc 2.9E+04 ns 1.2€+02 ns 1.2Et03 nc 
~ O E . O ~  I 50~02 I o o 1 2691-41-0 HMX 3.1€+03 nr 4.4€+04 nc 1.8€+02 nc 1.8€+03 nc 

30E.00 I . l 7 E s n l  I o o r 302 01.2 Hvdrazme. nvaraz~ne sultate I bt-01 C. 8 Lt-01 r .  J st-04 C. 2.2t-02 C. 

3ut.uo n 17t.01 D o r 60.344 Hvdrazlne. lrlonometllyl 1.6E-01 C. 8.2E-01 rs  4.OE-04 C. 2.2f-02 

I ~ O E - 0 3  I 2 UEUI I 7703 aa-r Hvdroaen sulfide l.OEt00 nc l . lE t02  ns 
4 UE 02 h 40~42 I o 0 1 123.31 8 p-Hydtoquinone 2.4Et03 nc 3.5E+04 nc 1.5€+02 nc 1.5E+03 nr 







CONTAMINANT 

I ~ U E . O ~  I 30E03  I o o I 32536.52 o lOclabromodiohenvl ether 11. 
1 4 . 3 E + O l Y  6 . 2 E + 0 2 y  2 . 6 E + 0 0 Y  2.6€+01 nc 

20E.03 I, 2 o ~ - o 3  I o o I 152 16-8 

SOE.OZ I 5 oa.02 I o o I 19044.88.1 

5 01-03 I 5 u t ~ 3  o o I 1-66 100  

2 5~ 02 I 2 5 t 0 2  I o 0 I 11135.22 o 

1 OE 03 I 3 OE-01 o o i 12874 03-3 

I SE 01 , 13 t -02  I o o I 7072~  62.0 

4 5s-03 a r s ~ o 3  a o o I 4605.14 1 

6 O E . O ~  h B O E Q ~  I o o 1 56.18.2 

5 u t  01 IS DOL-02 o o I 1114.11.2 

1 o t  "2  , .I UE 02 o o I 404117-42 I 

? 3F 02 n ? S F  01 I o o I 87.84 3 

:'LIL.U'I , r u t  IIJ , o o I 32534 a l - 9  

LI OE-OA I h o t  94 , o o I 608.93.5 

ZGE 01 II ~ O C  03 I 2.r 01 , 30E OI o o I 8 2 6 8 8  

1 LL-UI I ~UL-UJ  I I i L  UI ZUL UI , u (125 01 n* 5 

5 u t u 1  • u I~OI-uu-1 

~ O E - 0 2  I 5 0 ~ 0 2  I o o I 52645 53.1 

25EOI  I 2 5 ~ - 0 1  , o o I 13684 61-4 

BIIE.OI a ti DE-01 o 0 1 106.95.2 

2 O E . O ~  n Z O E - O ~  o 0 1  92.84.2 

~ U E  US I 6 OE-03 o o I ~ ( r h  45-2 

I r E  01 I, I YE 01 , o o I 106-50-3 

8 0 ~ 0 s  I 8 OE 05 o o I 62-38.4 

t g t  03 n 1 9 t  03 r o o 1 9041 7 

1 DE.OI ID 2 U E . U ~  o o I 298-02 2 
2 0E-02 I 20E02  I 0 0 1  732.116 

3 UE-04 n 8 6 ~ - u 5  I o o I 18m-51.2 

2 9 ~ . 0 1  , 7664-38-2 

ZOE-05 I o 7723.iq.o 

1 0 t . o ~  n I O E ~ O  o o I 100.21 o 

ZOE-oo I 3 4 ~  02 o o I 8 5 4 4 4  

7 OE-02 I 7OE02 I o o 1 1918.02.1 

I OE 02 a I OE42 o o 1 13sos41-I 

89E.W h ~ O E - 0 6  h 89€.00 , IUE-M I o 0 1  

20E.00 I 20E.00 I o o 14 1136-36 3 

7 OE-02 I 70E 05 7 LIEU? I I O E 0 5  8 0 0 14 12~14-11 2 

2 u E - W  I 1UE.UO I o o 14 IIIU~-2a 2 

20E.00 I 20E.00 1 o 014  IIIW-IU~ 

206.00 1 2OE.W I 0 014 53469-21-u 

20E.W I 2OEmOO I 0 0 14 12672.286 

20EeW I 20EQS a 2OEtOO i 2OE05 , 0 0 1 1  11097-59-1 

P "F .OO , ~ O E . ( I O  , o o 14 11ow-a2-5 - .. .. . ... .. 
o 13 

aOE.02 I 60EQ2 r 1 81-12 8 0 
306 01 I 36EO1 I I 120.12.7 

7 1 ~ - 0 1  n 1 l E  01 I ,  0 o 13 56-55-3 

7 3E.01 n PIEOI n o o 13 205 99 2 

7 31-w I, 3 1 t u 2  ,, o o 11 2o1.o~ r 

7 3 ~ ~ 0 0  I IIE+OO n "a o 11 50-32.8 

7 ~E.O'J n 3 IE 03 n o o 11 218-01-0 

Octarnelhylpyrophosphoramide 
uryzalln 
Oxadiazon 
Oxamvl 
uxvtiuorten 
Paclobul(azoI 
Paraquat 
Parathlon 
Pebulale 
Pendinlelhalln 
)Jen~abrorno-6-ch~oro cyclohexane 
Per~lab~omod~~henvl elher 
Penlact~lorobenzene 
I enlachloron~lrobenzene 
Pe11~acl110ro~1~ar1ol 
Perchlorale 
Perrnelhnn 
Phenrned~oharn 
Phell0l 
Phenoth~az~ne 
m-Phenvlenediamine 
p-Phenvlenediarnine 
Phenvlrnercurlc acetate 
2-Pllenvl0hen0l 
Phorate 
Pho~rnet 
Phosohine 
Phosphoric acid 
Phosphorus (while) 
o-Phthalic acid 
Phlhalic anhydride 
P~clorarn 
Pirimi~hos-melhvl 
Polvbrorninaled biphenyls 
Polvchlor~nated blphenvls IPCt]sl 
Acoclor 1016 
Aroclor 1221 - 
AroclWT232 
Aroclor 1242 
Aroclor 1248 
AlOClOr 1254 
Aroclor 1260 

2.5E+02 r .  1.3E+03 cm 3.5€+00 ca 3.5€+01 cm 

1.2E+01 ax 1.8€+02 nc 7.3E-01 nc 7.3E+00 nr 

1.2t+03 ns l . U t t 0 4  ns /.3t*U1 nr 1.3t+02 nr 
1 8E+Ol nr 2 6E+02 nc 3.1E-01 nc l . lE+Ol nc 

l.OE+Ol nc 

1 .6 t t00  nc 4 . l t t 0 1  nc 1.3t-U1 nc 
6.1E+04 ns l.OE+05 mar 3.7€+03 ns 3.6E+04 nc 
1 0E+05 ma 1.OE+05 mmr 1.2E+02 ns 7.3E+04 nc 

5.5E-02 ca.. 2.8E-01 sa. 7.6E-04 ra*  7.6E-03 ca- 

2.2E-01 ca l.OE+OO c. 34E-03 sa 3.4E-02 ca  

7. -Ul l.Ut+OLl ., Y.4t-09 ra 3 4 t - 0 2  r a  

2.2E-01 6. l.OE+OO cm 3.4E-03 6. 3.4E-02 c. 

2.2E-01 ca l.OE+OO 3.4Er03 ca 34E-02 ca 

2.2t-01 cam. 1 Ut+UU ca. 3.4t-03 cas 3.4t-U2 =a' 
2.2E-01 ca l.OE+OO r. 3.4E-03 cm 3.4E-02 c. 

Polynuclear aromatic hydrocarbons LPAHs) 

Anthracene 
Benzlalanlhracene 
tJenzolbltluoranlhene 
Benzolkllluoranlhene 
"CAL-Modified P R G  (P&; 1094) 

tlenzolal~vrene 
"CAL-Mod~fied PRG" IPEA. 1994) 

Chrysene 

8E+02 nc 2.6€+03 nc l.lE+O\ nc 1.1E+02 nc 

1.2E+02 nc 1.8E+03 no 7.3€+00 nc 7.3Et01 nc 

31t+U3 .C 4.4t+u4 .C 1.8t+02 .C 1.Bt+03 .C 

31E+02 n. 4.4€+03 nr 1.8€+01 nc 1.8€+02 ns 
1 5E+03 sc 2 2E+04 nc Q.lEtO1 nc Q.lEt02 ns 

1.Bt+02 nc 26t+03 nc l . l t + U l  nc l . l t+UP nr 
7 9E+02 nc l . lE+04 nc 4.ZE.t 
2.7E+02 .C 4 OE+O- 
3 . / t + 0 ~  ns b.3t+U 
3 1Ei-03 .C 4.4E+04 .. 1.8Et 
2.4Et03 .C 3 5E+O 

~ + ns . 
2.2Et.04 nc 1.0€+05 nur l . l E t 0 3  nc 1.8E+03 nr 1.2€+04 59Et02 
6.2E-01 c. 2.9E+00 sn 2.2E-02 ra 9.2E-02 ca 2.OE+00 8.OE-02 

6.1E-01 
6.2t-02 ra L.Yt-Dl ern 2 . ~ t - 0 3  ra 9.2t-03 cr  LiOt+OO 4Ut -U l  

1.5E-03 
6.2E+01 ca 2.9E+02 r r  2.2E+00 rr  9.2E+00 sa 1.6E+02 8.OEt00 

i! l t + O l  ca l . l t+U2 ca  2 Yt-Ul r a  ZYt+UO ca 

12E+02 IK 1.8€+03 ". 7.3E+00 nc 7.3€+01 IIC 

4 9E+01 .C 7 0E+02 nc 2.9Et00 .C 2.9E+01 nr 

I Y ~ + U U  n. Y bt+OO C, 2.b;t-02 r a  2 6t-(11 r r  

3 0E to0 r. l . lE+01 s. 5 GE-02 c. 5 6E-01 r. 

3.9Ei01 .C 1.OE+03 nc 1.8€+01 ax 

3 1t+U3 nr 4 4t+04 nc l .8 t+02 nr 1.8t t03 nc 

1.5€+04 nr l.OEt05 max 9.lE+02 nc 9.1E+03 n s  

3 7E+04 nc l.OE+05 ma. 2.2Et03 ns 2.2E+04 ns 

1 2t+02 nc l.&It+03 ne 1.3t t00 nc /.Yt+Ol nr 

3.7E+02 ns 5.3€+03 nr 2.2E+01 nc 2.2€+02 our 

1.2E+04 "C 1.OE+05 nur 6.9E+02 nc 6.9€+03 nc 

4 yt+au nc I .Ut+Ul nr Z.Yt-01 nr 2.9t+00 nc 

. 
3 OE-02 I OE-03 

1 oE+02 5.OE+00 





CONTAMINANT 

2 5E.05 13 25E.05 , 0 0 1 13071-79 9 Terbutos 
I UE 03 I I O E - O ~  , o o I 886-50.0 Terbulrvn 
3 0t.04 , 3 0 ~ 4 1  8 o o I 9 5 . ~ 1 3  1.2.4.5-Tetrachlorobenzene 

2 6 E 0 2  I IOEOZ I 26E.02 I ~ O E - 0 2  r 1 630.206 1.1.1.2- 1 etrachloroelhane 
z o c  a) I a i ~ ~ - ~ z  n 26F.0, I 6 U E  02 , 1 70.14-5 1 1.2.2-Tel~achloroelhane 
SZE-02 n I UE-02 a Z U ~  UI n 1 it.01 n 1 1 2 - 1 4  Telracllloroethylene (PCE) 

"GAL-Modlhed P f f i  I r t A .  19941 
3 ut.02 I ~ U E - 0 2  6 o o I 58-90-2 2.3.4.6-Tetracl~loro~henol 

2 0 ~ ~ 0 1  I ,  2 0 ~ ~ 0 1  , o o I 5216 25-1 ~,a,a.a-Tetrachlorotoluene 
2 IE 02 n 3 0 ~  02 I 2 4 ~ . 0 2  I 3OE.02 I o o 1 961-11-5 lelrachlorov~n~hos 

5 0E.04 I 5 ol.04 I o o I 3689-24-5 T e l r a e l h ~ l d ~ t h ~ ~ o ~ r ~ ~ h o ~ ~ h a l e  
7 6E 03 n 2 1~.01 n 6 BE 03 s 8 6E.02 n o 0 I 109 99 9 Tetrahydrofuran 

6 6E-05 1 0 7416 18 6 Thalllllrn and C O ~ P O U ~ ~ ~  
1 OE 02 I loEQ2 I o o I 28249 l./-6 Tl~~obencarb 
1 UE D l  81 I OE 01 # 0 0 1 NIA Tlriocyanale 
3 oE-04 18 ~ O E  oe , o 01  i01w 18 1 lhlotanox 
(l UE OI a sue u~ , u o I zaw4 us 8 I l~ioulianate-rnell~vl 
~ U E U  , s o t  03 I o 01  131 211 I I111rarn 
6 0 E O l  h o I ln (~noraanc, see lrlbutvllln oxide lor oraanlc tlnl 
I G L - 0 1  . I 1t01 n i 108.1a.s Toluene 

32E.00 n ~ Z E . O O  I o o I 95-80 3 

IOE.OI I, 6 0 ~ - 0 1  I o o 1 95-705 

ZOE-01 I, 2 OE.OI o o 1 823-40-5 
I ~ E - 0 1  I ISE.OI I o o I lw-49.0 
1 IE+W I 1 IE+W , o o 1 8001.35.2 

7 5 ~ 0 3  I 7 s~oa t o o 1 66er1-25a 
1 3~ 02 I 1 x . 0 2  , o o 1 2303-17 5 

I OE 02 I I OE 02 , o o 1 82097.50.5 

S U ~  o i  , 5 0 h - ~ 3  I o o 1 815.51.3 

3 0 t  0.1 , u o 1 ss-35.9 
14E01 h JIL-C: I a o I 634.93 5 

2 YE 02 I, 1 s t  u , o o I 3 3 ~ b l - ~ - 2  

IOE-O*~  I SIE.OZ I, 1 120-12.1 
2 OE 02 r3 2 9 ~ 0 1  " 1  11.554 

5?~.02 I 4OE.03 I 5tit0.2 I ~OE-01 , 1 7900.5 
I 16-02 I, 6 OE 03 , ai UE UI I, 10t.03 I I 79416  

I OE 01 I 2 O E Q l  h 1 75694 

I OL 01 , 1 OE 01 , o o 1 95 ~ 5 . 4  

- -  ~ . 

6.1€+02 nc 8.8€+03 ns 3.7E+01 ns 3.6E+02 ns 
6.1Et03 nc 1.OEt05 mar 3.7E+02 ns 3.6€+03 ns 

1 N t t U l  nc 2 b t + ~ t + U l l  nc l . l t t 0 1  nc 

Toluene-2,4-diamine 
l oluene-2.5-d~am~ne 
Toluene-2.6-diamine 
p-Tolu~dine 
IOXaDhene 
Tralomelhrin 
Tr~allale 
l r~asulturon 
1.2 4-Trlbro~nobenzene 
Tr~bulyll~n oxide (TBTO) 
2.4.6-1 r~chloroan~line 
2 4 6-1~11cl1loroa11iline hvdrochloride 
1.2.4-Trlchlorobenzene 
1.1.1- I rlchloroethane 
1.1.2-Tricl~loroetl~ane 
Trichloroelhylene (TCE) 
I r~chlorotlu~r~rnelhane 
2.4 5-Trichloroohenol 

1 1 t ~ d  , IILU? , o u 1 as o~ 2 

I uc 07 I 1 UE ~2 I o o 1 93-76 5 

UE ui , 11 O E O ~  o o 1 93-12.1 

SUE-0.3 , SUE 03 I 1 so8 11 6 

7 OE.OO n ~ O E - 0 3  I 7 OE-00 I ~ U E . O ~  , 1 96.18 4 

5.2EtO2 8.1 5 2E+02 rat 4.OE+02 nc 7.2E+02 nc 
1.5E-01 ca 7.7E-01 r a  2.1E-03 ca 2.lE-02 ra 

3 / t + 0 4  nc 1.0t+U5 max 2.2 t t03  ns 22t+U4 nc 
1.2€+04 nc 1.OE+05 mar 7.3€+02 nc 7.3E+03 ns 
2.6Et00 ca 1.3Et01 sr 3.5E-02 cr 3.5E-01 ca 

7.9E+02 nc l. lE+04 nc 4.7€+01 nc 4.7E+02 nc 

-6 l t+OZ I,= Ll.Mt+U'J nc 3 l t t U l  ns 3 6 t t 0 2  otc 

2.4.6-Tricl~lorophenol 
24.5- I r ~ ~ l i l o r ~ ~ h e n ~ ~ y a ~ e l ~ ~  A C I ~  
2-12.4.5-Tr~chlorout~enoxv~ oro~ionic acid 
1 .I ,2-Trichloropropane 
1.2.3- I rlchloro~ro~ane 



CONTAMINANT 

. . . . .. .- . . . . , . . . . . . 

JOE 02 5 OE-04 f OE 02 I 5 UE.OI I o o I 118.96.7 

I U L - 0 8  n I ot-01 a o I 701 2a-e 
I 4E 02 88  30~.01 18  I 4~ uz I ~ O E - 0 1  1 o I 115-son 

2 0E.04 rn r4ro-61.0 

, t , ~  O ,  ,. u ,4418 bd z 
I IUC-UI a I I* WJ o o I I I 

I S E  02 I 25E.01 r 0 0 1 50471-44-8 

I UL.UU ,a ~)E.OZ I I io8.115 4 

IIE.OI I UE.E.OI I ~ I E O I  I, U ~ E - 0 4  I I 593-60.2 

2.4.8-Trinilrolol~~ene 

Triohe~ivlohosol~ine oxlde 
Tris(2-chloroethyl) phosphate 

uranltlrn lchemlcal tox~cliv onlvl 
Vanarlirl~rl and comoounds 

Ve~lmm 

VlflClOZOlln 

Vinvl acetate 4 3E+02 oc 14E+03 ns 2.1E+02 ns 4.1€+02 us 17E+02 8.OEt00 
Vinyl bromide (bromoelhene) 1.9E-01 c.. 4.2E-01 c.. 6.1E-02 c.. 1.OE-01 

ZOE,OO , 20~41 . I o I 133020 7 

30E 01 1 0 7140 66 6 

I 3 ~t 04 I u ir14 84 I 

1 5 14 01 I 50~02 8 a 01 1212267 7 

15E.00 I 30E-03 I 3 IE-02 1 29E-02 I I 75-01.4 lVlflVl chloncle IChlldladUlt) 1.5t-01 CI 2.2k-01 ca 4 . l t - U L  ca 1.0t-02 7.Ut-04 

1 . 6 € + 0 1 ~  8.2€+01..- 2.2E-01- 2.2€+00 c... 

6.1€+03 .. 8.8€+04 .. 3.7€+02 w 3.6€+03 I,C 

3.5Et01 C. 1.8E+02 r .  4.8E-01 ca 4.8€+00 C. 

1 tit+01 nc 4. l t+02  nc /.3t+U0 ns 

5 5E1.02 .C 14E+04 M 2.6E+02 nc 
GlE+Ol .. 8.8€+02 .C 3.7€+00 .C 36€+01 a,. 

1St+03 nc 22t+U4 nc Y. l t+u l  ns Y.lt+02 nc 

Xylenes 

LlnC 

ZIIIC ~ h O ~ ~ h l d e  
211ieb 

6.OE+03 3.OE+02 

2 1E+02 sa 2 1E+02 6.1 7.3E+02 nc 1.4E+03 ns 

2 3 t t 0 4  nc 1 Ut t05  mar 1 1 t t 0 4  nc 

2 3E+01 ne 6 1E+02 nc l . lE+Ol ns 
3 1€+03 nc 44E+04 n. 1.8€+02 ns 18E+03 nc 

2 1E+02 10E+01 
1 2 t t 0 4  6 'Lt+[)Z 



EPA1540iR-92XK)3 
Publication 9285.7-01 B 

December 1991 

Risk Assessment Guidance 
for Superfund: 

Volume I - 
Human Health Evaluation Manual 

(Part B, Development of 
Risk-based Preliminary 

Remediation Goals) 

Interim 

Office of Emergency and Remedial Response 
U.S. Environmental Protection Agency 

Washington, DC 20460 

@ Punted on Recycled Paper 



NOTICE 

The policies set out in this document are intended solely as guidance; they are not final U.S. 
Environmental Protection Agency (EPA) actions. These policies are not intended, nor can they be relied 
upon, to create any rights enforceable by any party in litigation with the United States. EPA officials may 
decide to follow the guidance provided in this document, or to act at variance with the guidance, based on an 
analysis of specific site circumstances. The Agency also reserves the right to change this guidance at any time 
without public notice. 

This guidance is based on policies in the Final Rule o l  the National Oil and Hazardous Substances 
Pollution Contingen~y Plan (NCP), which was published on March 8, 1990 (55 Federal Regktei- 8666). The 
NCP should be considered the authoritative source. 
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DEFINITIONS 

Term Definition 

4pplicable or Relevant and "Applicable" requirements are those clean-up standards, standards 
4ppropriate Requirements of control, and other substantive environmental protection 
[ARARs) requirements, criteria, or limitations promulgated under federal or 

state law that specifically address a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance at a 
Comprehensive Environmental Response, Compensation, and 
~ i a b i l i t ~  Act (CERCLA) site. "kelevant an i  appropriate" 
requirements are those clean-up standards which, while not 
"applicable" at a CERCLA site, address problems or situations 
sufficiently similar to those encountered at the CERCLA site that 
their w e  is well-suited to the particular site. ARARs can be action- 
specific, location-specific, or chemical-specific. 

Jancer Risk 

Sonceptual Site Model 

3xposure Parameters 

3posure Pathway 

Zxposure Point 

3posure Route 

Ynal Remediation levels 

Incremental probability of an individual's developing cancer over a 
lifetime as a result of exposure to a potential carcinogen. 

A "model" of a slte developed at scoping using readily available 
information. Used to identify all potential or suspected sources of 
contamination, types and concentrations of contaminants detected 
at the site, potentially wntaminated media, and potential exposure 
pathways, including receptors. This model is also known as 
"conceptual evaluation model". 

Variables used in the calculation of intake (e.g., exposure duration, 
inhalation rate, average body weight). 

The course a chemical or physical agent lakes lrom a source to an 
exposed organism. An exposure pathway describes a unique 
mechanism by which an individual or population is exposed to 
chemicals or physical agents at or originating from a site. Each 
exposure pathway includes a source or release from a source, an 
exposure point, and an exposure route. If the exposurc point differs 
from the source, a transport/exposure medium (e.g., air) or media 
(in cases of intermedia transfer) also would be indicated. 

A location of potential contact between an organism and a chemical 
or physical agent. 

The way a chemical or physical agent comes in contact with an 
organism (i.e., by ingestion, inhalation, dermal contact).' 

Chemical-specilic clean-up levels lhal are documented in the 
Record of Decision (ROD). They may differ from preliminary 
remediation goals (PRGs) because of modifications resulting from 
consideration of various uncertainties, technical and exposure 
factors, as well as all nine selection-of-remedy crileria outlined in 
the National Oil and Hazardous Substances Pollution Contingency 
Plan (NCP). 



DEFINITIONS (Continued) 

Term Definition 
- 

Hazard Index (HI) The sum of two or  more hazard quotients for multiple substances 
andlor multiple exposure pathways. 

Hazard Quotient (HQ) The ratio of a single substance exposure level over a specified time 
period to a reference dose for that substance derived from a similar 
exposure period. 

"Limiting" Chemical(s) Chemical(s) that are the last to be removed (or treated) from a 
medium by a given technology. In theory, the cumulative residual 
risk for a medium may approximately equal the risk associated with 
the limiting chemical($). 

Preliminary Remediation Goals Initial clean-up goals that (1) are protective of human health and 
(PRGs) the environment and (2) comply with ARARs. They are developed 

early in the process based on readily available information and are 
modified to reflect results of the baseline risk assessment. They 
also are used during analysis of remedial alternatives in the 
remedial investigationifeasihility study ( R W ) .  

Quantitation Limit (QL) 

Reference Dose (RfD) 

Risk-based PRGs 

Slopc Factor (SF) 

Target Risk 

The lowest level at which a chemical can be accurately and 
reproducibly quantitated. Usually equal to the method detection 
limil multiplied by a factor of three to live, but varies for different 
chemicals and different samples. 

The Agen~y's preferred toxicity value for evaluating potential 
noncarcinogenic effects in humans resulting from contaminant 
exposures at CERCLA sires. (See RAGSRIHEM Part A for a 
discussion of different kinds of reference doses and reference 
concentrations.) 

Concentration levek set at scoping for individual chemicals that 
correspond to a specicic cancer risk level of lo4 or an HQRII of 1. 
They are generally selected when ARARs are not available. 

A plausible upper-bound estimate of the probability of a response 
per unit intake of a chemical over a lifetime. The slope factor is 
used to estimate an upper-bound probability of an individual's 
developing cancer as a result of a lifetime of exposure to a 
particular level of a potential carcinogen. 

A value that is combined with exposure and toxicity information to 
calculate a risk-based concentration (e.g., PRG). For carcinogenic 
effects, the target risk is a cancer risk of 10-6. For noncarcinogenic 
effects, the target risk is a hazard quotient of 1. 



Acronym! 
Abbreviation Definition 

ARARs Applicable or Relevant and Appropriate Requirements 

CAA 

CERCLA 

CFR 

CWA 

EAG 

ECAO 

EF 

EPA 

FWQC 

HEAST 

HHEM 

HI 

HQ 

HRS 

IRIS 

LLW 

MCL 

MCLG 

NCP 

NPL 

OSWER 

OERR 

Clean Air Act 

Comprehensive Environmental Response, Compensation, and Liability Act 

Code of Federal Regulations 

Clean Water Act 

Exposure Assessment Group 

Environmental Criteria and Assessment Office 
Superfund Health Risk Technical Support Center 

Exposure Frequenq 

U.S. Environmental Protection Agency 

Federal Water Quality Criteria 

Health Effects Assessment Summary Tables 

Human Health Evaluation Manual 

Hazard Index 

Hazard Quotient 

Hazard Ranking System 

Integrated Risk Information System 

Low-level Radioactive Waste 

Maximum Contaminant Level 

Maximum Contaminant Level Goal 

National Oil and Hazardous Substances Pollution Contingency Plan 

National Priorities List 

Office of Solid Waste and Emergency Response 

Office of Emergency and Remedial Response 
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ACRONYMS/ABBWIATIONS (Continued) 

Acronyms1 
Abbreviation Definition 

P-I Preliminary Assessment/Site Inspection 

PEF Particulate Emission Factor 

PRG Preliminary Remediation Goal 

RAGS 

RCRA 

RfC 

RfD 

RUFS 

RME 

ROD 

RPM 

Risk Assessment Guidance for Superfund 

Resource Conservation and Recovery Act 

Reference Concentration 

Reference Dose 

Remedial InvestigationFeasibili~ Study 

Reasonable Maximum Exposure 

Record of Decision 

Remedial Project Manager 

SARA Superfund Amendments and Reauthorization Act 

SDWA Safe Drinking Water Act 

SF Slope Factor 

TR Tarxet Risk 

VF Volatili7ation Factor 

WQS State Water Quality Standards 
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PREFACE 

Risk Assessn~enl Guidance for Superfind: Volunte I - H~rnlan HcaItIt Evalualion Manual 
(RAGSflHEM) Part B is one of a three-part series. Part A addresses the baseline risk assessment; Part C 
addresses human health risk evaluations of remedial alternatives. Part B provides guidance on using U.S. 
Environmental Protection Agency (EPA) toxicity values and exposure information to derive risk-based 
preliminary remedial goals (PRGs) for a Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) site. Initially developed at the swping phase using readily available information, risk- 
based PRGs generally are modified based on site-specific data gathered during the remedial 
investigation/feasib~lity study (RI/FS). This guidance does not discuss the risk management decisions that are 
necessary at a CERCLA site (e.g., selection of final remediation goals). The potential users of Part B are 
those involved in the remedy selection and implementation process, including risk assessors, risk assessment 
reviewers, remedial project managers, and other decision-makers. 

This manual is being distributed as an interim document to allow for a period of field testing and 
review. RAGSflHEM will be revised in the future, and Parts A, B, and C will he incorporated into a single 
final guidance document. Additional information for specific subject areas is being developed for inclusion 
in a later revision. These areas include: 

development of goals for additional land uses and exposure pathways; 
development of short-term goals; 
additional worker health and safety issues; and . determination of Anal remediation goals (and attainment). 

Comments addressing usefulness, changes, and additional areas where guidance is needed should be 
sent to: 

U.S. Environmental Protection Agency 
Toxics Integration Branch (0s-230) 
Omce of Emergency and Remedial Response 
401 M Street, SW 
Washington, DC 20460 

Telephone: 202-260-9486 
FAX: 202-260-6852 



CHAPTER 1 

INTRODUCTION 

The purpose of this guidance is to assist risk 
assessors, remedial project managers (RPMs), and 
others involved with risk assessment and decision- 
making at Comprehensive Environmental 
Response, Compensation, and Liability Act 
(CERCLA) sites in developing preliminary 
remediation goals (PRGs). This guidance is the 
second part (Part B) in the series Risk Assessment 
Guidance for Superfind: Volume I - Human 
Health Evaluation Manual (RAGSIHHEM). 

Part A of this serics (EPA 1989d) assists in 
defining and completing a site-specific baseline risk 
assessment; much of the information in Part A is 
necessary background for Pan B. Part B provides 
guidance on using US. Environmental Protection 
Agency (EPA) toxicity values and exposure 
information to derive risk-based PRGs. Initially 
developed at the scoping phase using readily 
available information, risk-based PRGs generally 
are modified based on site-specific data gathered 
during the remedlal investigation/feasibility study 
(RUFS). Part C of this series (EPA 1991d) assists 
RPMs, site engineers, risk assessors, and others in 
using risk information both to evaluate remedial 
alternatives during the FS and to evaluate the 
selected remedial alternative during and after its 
implementatron. Exhibit 1-1 illustrates how the 
three parts of RAGSIHHEM are all used during 
the RUFS and other stages of the site remediation 
process. 

The remainder of this introduction addresses 
the definition of PRGs, the scope of Part B, the 
statutes, regulations, and guidance relevant to 
PRGs, steps in identifying and modifying PRGs, 
the communication and documentation of PRGs, 
and the organization of the remainder of this 
document. 

1.1 DEFINITION OF 

selection of remedial alternatives. Ideally, such 
goals, if achieved, should both comply with 
applicable or relevant and appropriate 
requirements (ARARs) and result in residual risks 
that fully satisfy the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP) 
requirements for the protection of human health 
and the environment. By developing PRGs early 
in the decision-making process (before the RI/FS 
and the baseline risk assessment are completed), 
design staff may be able to streamline the 
consideration of remedial alternatives. 

Chemical-specific PRGs are concentration 
goals for individual chemicals for specific medium 
and land use combinations at CERCLA sites. 
There are two general sources of chemical-specific 
PRGs: (1) concentrations based on ARARs and 
(2) concentrations based on risk assessment. 
ARARs include concentration limits set by other 
environmental regulations (e.g.,non-zeromaximum 
contaminant level goals [MCLGs] set under the 
Safe Drinking Water Act [SDWA]). The second 
source for PRGs, and the focus of this document, 
is risk assessment or risk-based calculations that 
set concentration limits using carcinogenic and/or 
noncarcinogenic toxicity values under specific 
exposure conditions. 

1.2 SCOPE OF PART B 

The recommended approach for developing 
remediation goals is to identify PRGs at scopiug, 
modify them as needed at the end of the RI or 
during the FS based on site-specific information 
from the baseline risk assessment, and ultimately 
select remediation levels in the Record of Decision 
(ROD). In order to set chemical-specific PROS in 
a sitc-specific context, however, assessors must 
answer fundamental questions about the site. 
Inlormation on the chemicals that are present 

PRELIMINARY onsite, the specific contaminated medla, land-use 

REMEDIATION GOALS assumptions, and the exposure assumptions behind 
nathwavs of individual exnosure is necessarv in 
order to develop chemical-specific PRGs. Pan B 

In general, PRGs provide remedial design staff provides guidance for considering this information 
with long-term targets to use during analysis and in developing chemical-specific PRGs. 
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Because Part B focuses on developing 
chemical-specific PRGs based on ~rotection of 
human health, there are important types of 
information that are not considered and that may 
significantly influence the concentration goals 
needed to satisfy the CERCLA criteria for 
selection of a remedy. For example, no 
consideration is given to ecological effects in'this 
-. Other types of remedial action "goals" 
not addressed in detail include action-specific 
ARARs (e.g., technology- or performance-based 
standards) and location-specific ARARs. 

Throughout Part B, the term "chemical- 
specific" should he understood to refer to both 
nonradioactive and radioactive chemical hazardous 
substances, pollutants, or contaminants. Therefore, 
the process described in this guidance of selecting 
and modifying PRGs at a site should be applied to 
each radionuclide of potential concern. 
Chapter 10 of RAGSFHEM Part A provides 
background information concerning radionuclides, 
and Chapter 4 of RAGSFHEM Part B includes 
radionuclide risk-based equations and a case study 
of a hypothetical radiation site. 

This guidance only addresses in detail the 
initial selection of risk-based PRGs. Detailed 
guidance recardine other factors that can be used 
to further modify PRGs during the remedy 
selection process is presented in other documents 
{see Section 1.31. 

1.3 RELEVANT STATUTES, 
REGULATIONS, AND 
GUIDANCE 

This section provides relevant background on 
the CERCLA statute and the regulations created 
to implement the statute (i.e., the NCP). In 
addition, other CERCLA guidance documents are 
listed and their relationship to the site remediation 
process is discusscd. 

1.3.1 CERCWSARA 

CERCLA, as amended by the Superfund 
Amendments and Reauthoriation Act of 1986 
(SARA), is thc authority for EPA to take response 
actions. (Throughout this guidance, reference to 
CERCLA should be understood to mean 
"CERCLA as amended by SARA.") 

Several sections of CERCLA, especially 
section 121 (Clean-up Standards), set out the 
requirements and goals of CERCLA Rvo 
fundamental requirements are that selected 
remedies be protective of human health and the 
environment, and comply with ARARs. CERCLA 
indicates a strong prefcrencc for the selection of 
remedial alternatives that permanently and 
significantly reduce the volume, toxicity, or 
mobility of wastes. To the maximum extent 
practicable, the selected remedial alternatives 
should effect permanent solutions by using 
treatment technologies. Both the law and the 
regulation (see below) call for cost-effective 
remedial alternatives. 

1.32 NATIONAL CONTINGENCY PLAN 

Regulations implementing CERCLAare found 
in Volume 40 of the Code of Federal Regulations 
(CFR), Part 300. and are referred to collectively as 
the NCP. Section 300.430 of the NCP, and several 
portions of the preambles in the Federnl Register 
(55 Federnl Register 8666, March 8, 1990 and 53 
Federnl Register 51394, December 21, 1988), 
address how the Superfund and other CERCLA 
programs are to implement the Act's requirements 
and goals concerning clean-up levels. 

Nine criteria have been developed in the NCP 
to use in selecting a remedy. These criteria are 
listed in the next box. The first criterion -overall 
protection of human health and the environment 
- is the focus of this document. This criterion 
coupled w~th compliance with ARARs are referred 
to as "threshold criteria" and must be met by the 
selected remedial alternative. PRGs are developed 
to quantify thc standards that rcmcdial alternatives 
must meet in order to ach~eve these threshold 
criteria. See the second box on the next page for 
highlights from tbc NCP on rcmediation goals. 

1.3.3 GUIDANCE DOCUMENTS 

There are several existing documents that 
provide gudiance on related steps of the site 
remediation process. These documents are 
described in the box on page hve. When 
documents are referenced throughout this 
guidance, the abbrev~ated titles, indicated in 
parentheses after the full titles and bibliographic 
information, are used. 



NINE EVALUATION CRITERIA FOR NCP RULE HIGHLIGHTS 
ANALYSIS OF REMEDIAL ALTERNATIVES RISK AND REMEDIATION GOALS 

(40 CFR 300.410(e)(9)(111)) (40 CFR 300.430(e)(2)) 

Threshold Criteria: 
Overall Protection of Hun~an Health and the 
Environment - Compliance with ARARs 

Balancing Criteria: 
Long-term Effectiveness and Permanence 
Reduction of Toxicity. Mobility, or Volume 
Through Treatment 
Short-term Effectiveness 
Implementability . cost 

Modifying Criteria: 
State Acceptance 
Community Acceptance 

1.4 INITIAL DEVELOPMENT OF 
PRELIMINARY 
REMEDIATION GOALS 

The NCP preamble indicates that, typically, 
PRGs are developed a t  scoping or  concurrent with 
initial RIFS activities (i.e., prior to completion of 
the baseline risk assessment). This early 
determination of PRGs facilitates development of 
a range of appropriate remedial alternatives and 
can focus selection on  the most effective remedy. 

Development of PRGs early in the RVFS 
requires the following site-specific data: 

media of potential concern; 
chemicals of potential concern; and 
probable future land use. 

This information may be found in the preliminary 
assessment/site inspection (PAISI) reports or  in the 
conceptual site model that is developed prior to o r  
during scoping. (When a site is listed on the 
National Priorities List [NPL], much of this 
information is comoiled during the PNSI  as part 
of the Hazard'  ank kin^- System [&s] 
documentation record.) Once these factors are 
known, all potential ARARs must be identified. 
When ARARs do  not exist, risk-based PRGs are 
calculated using EPA health criteria (i.e., reference 
doses or  cancer slope factors) and default o r  site- 
specific exposure assumptions. 

"In developing and, as appropriate, screening 
... alternatives, the lead agency shall: (i) Establish 
remedial action objectives specifying contaminants 
and media of concern. potential exposure 
pathways, and remediation goals. Initially, 
preliminary remediation goals are developed based 
on readily available information, such as chemical- 
specific ARARs or other reliable information. 
Preliminary remediation goals should he modified, 
as necessary, as more infonnation becomes 
available during the RI/FS. Final remediation 
goals will be determined when the remedy is 
selected. Remediation goals shall establish 
acceptable exerposure levels that are protective of 
human health and the environment and shall be 
developed by considering the following: 

(A) Applicable or relevant and appropriate 
requirements ..., and the following factors: 

(1) For systemic toxicants, acceptable 
exposure levels shall represent 
concentration levels to which the human 
population, including sens~tivesubgroups, 
may be exposed ulthout adverse effect 
during a lifet~me or part of a ilfetime, 
incorporating an adequate margln of 
safetr, 

(2) For known or suspectcd carcinogens, 
acceptable exposure levels are generally 
concentration levels that represent an 
excess upper-bound lifetin~e cancer risk 
to an individual of between 1w4 and lo-* 
using inforlnation on the relationship 
between dose and response. The 10" 
risk level shall be used as the point of 
departure for deterlnining remediation 
goals for alternatives when ARARs are 
not available or are not sufficiently 
protective because of multiple 
contaminants at a site or lnultiple 
pathways of exposure ..." 

It is important to remember that risk-based 
PRGs (either at scoping or  later on) are in~tial  
guidelines. Thev do  not establish that cleanuo to 
meet these goals is warranted. A risk-based 
wncentration, as calculated in this guidance, will 
be considered a final remediation level onlv after 
appropriate analysis in the RI/FS and ROD. 



GUIDANCE DOCUMENTS 

Risk Assessment Guidance for Suwrfund: Volume I -Human Health Evaluation Manual P a  A (EPA 19S9a) 

I (RAGSIHHEM Part A) ~ontainsbalk~round informat~on and is particularly relevant for developing 'exposure and 
tcodcity assessments that are required when refining chemicalspw~fic risk-based concentrations, and accounting I 
for sikspecifie fsctors such as multiple exposure pathways. 

Guidance for Condwfing Remedial Investigmbns and Feosibilily Studies Under CERCLA (EPA 1982~) (RUFS 
Guidance) presents detailed information about implementmg the RI/FS and general information on the use of 
risk-based factors and ARARs in the context of the RUE. 

Guidance on Remedial Acrion for C o n f m a t e d  Gmund Water a f  S u p e w  Sites (EPA 19SSd) (Ground-water 
Guidance) details same of the key kues  in development, evaluation, and selection of ground-water remedial 
actions at CERCLA sites. 

CERCLA Compliance with &her Lnws Manuals (Part I, EPA 1988a; and Pan 11, EPA 1989a) (CERCLA 
Compliance Manuals) p m d e  guidance for compvng with ARARs. Part I address  the Resource Conselvation 
and Recove'y Act (RCRA), the Clean Water Act (CWA), and the SDWA; Part I1 addresses the Clean Air Act 
(CAA), other federal statutes, and state requirements. 

Methods for Evahuuing the AmM1nmenf of Clennrrp Standurds (Volune I :  Soils and Solid Ware) (EPA 1989e) 
and Methodr for Evolualing the Annimnent of Cleanup Stnndards (Volume 2: Wafer) (Draft, 1988, EPA, 
Statistical Policy Branch) (Attainment Guidance) provide guidance on evaluating the attainment of remediation 
levels, including appropriate sampling and statistla1 procedures to test whether the chemcal concentrations are 
significantly below the remediation levels. 

. Inferim Final Guidance on Preparing Supo3fuut Decision Documents (EPA 1989b) (ROD Guidance) provides 
guidance that: (1) presents standard formats for dacumenting CERCLA remedial actlon decisions; (2) clarifies 
the roles and responsibilities of EPA, states, and other federal agencies in developing and lssulng decision 
dmments; and (3) explams how to address changes made to proposed and selected remedies. 

Cafdog of Superfwrd P r o p  Publicorioiis, Chapter 5 (EPA 199%) llsts all AI7ARs guidance documents that 
have been issued by EPA, shown ~n order of date of issuance. 

I . Role of the Baseline RiskAssessment in Szipe@nd Rernedy Selection Decisions (EPA 1991c) provldes clanficat~on 
on the role of the baseline risk assessment in developtng and selecting CERCLA remedial alternatives. I 
Guidnnce for Dan Useability in RiskAssessmenf (EPA 1 W b )  (Data Useability Guidance) provides guidance on 
how to obtain a minimum level of quality for all env~ronmental analytical data required for CERCLA risk 
assessments. It can assist with determining sample quantitation lin~its ( S Q h )  for chern~cal-specific analysR$. 

Guidance on Remedid Achoiis for Superjimd Sites with PCB ContMlinn/u~n (EPA 1990~) descr~bes the 
recomnlended approach for evaluating and remed~at~ng CERCLA sktes havlng 1'CB coiltamlnatlon. 

Condiuting Remedial InvesIigatwmIFeosibilily Shulies for CERCLA Municipnl Landfill Sites (EPA 1991a) 
(Municipal Landftl Gu~dance) offers guidance on how to streamline both the RI/FS and the selection of a remedy 
for ~nuniclpal landfills. 

1.5 MODIFICATION OF assessment, i t  is important to review the media and 

PRELIMINARY 
REMEDIATION GOALS 

chemicals of potential concern, future land use, 
and exposure assumptions originally identified at  
scopine. Chemicals may be added or  dropped from 
the'lis;, and risk-based PRGs may need t o  be 

The initial list of PRGs may need to be revised recalculated using site-specific exposure factors. 
as new data become available during the RI/FS. PRGs that are modified based on  the results of the 
Therefore, upon completion of the baseline risk baseline risk assessment must still meet the 



"threshold criteria" of: (1) protection of human 
health and the environment and (2) compliance 
with ARARs. However, the NCP also allows for 
modification of PRGs during final remedy 
selection based on the "balancing" and "modifying" 
criteria and factors relating to uncertainty, 
exposure, and technical feasibility. 

Final remediation levels are not determined 
until the site remedy is ready to be selected; final 
remediation levels are then set out in the ROD. 
PRGs are refined into final remediation goals 
throughout the process leading up to remedy 
selection. The ROD itself, however, should 
include a statement of final clean-up levels based 
on these goals, as noted in NCP section 
300.430(e)(2)(i)(A). In the ROD, it is preferable 
to use the term "remediation level" rather than 
"remediation in order to make clear that the 
selected remedy establishes binding requirements. 

1.6 DOCUMENTATION AND 
COMMUNICATION OF 
PRELIMINARY 
REMEDIATION GOALS 

Clear and concise communication of risk-based 
PRGs among the risk assessor, the RPM, the 
ARARs coordinator, site engineers, analytical 
chemists, hydrogeologists, and others is important 
in the development of PRGs. The involvement of 
the RPM in the direction and development of 
risk-based PRGs is important to ensure that 
communication is facilitated and that the PRGs 

associated with the alternative should be 
documented in the final RUFS report to the extent 
possible." Therefore, the R I B  report is a logical 
place to present PRGs that have been modified 
after the baseline risk assessment. A summary 
table such as the one developed in Section 3.4 of 
Part B could be incorporated into the RI/FS 
following the presentation of the baseline risk 
assessment. Along with the table, a discussion of 
issues of particular interest, such as assumptions 
used and the relationship between ARARs and 
risk-based PRGs at the site, could be included. 
Also, it is always appropriate to discuss how 
findings of the baseline risk assessment were 
incorporated into the calculation of PRGs. 

1.7 ORGANIZATION OF 
DOCUMENT 

The remainder of this guidance is organized 
into three additional chapters and two appendices. 
Chapter 2 discusses the initial identification of 
PRGs and provides guidance for modifying 
appropriate values during the R W .  Chapter 3 
outlines equations that can be used to calculate 
risk-based PRGs for residential and commercial/ 
industrial land uses. These equations are 
presented in both "reduced" format (i.e., 
incorporatingcertaindefault assumptions discussed 
in Chapter 2) and expanded format (i.e., with all 
variables included so that the user of this guidance 
can incorporate site-specific values). Particular 
considerations regardingradionuclidesareprovided 
in Chapter 4. 

are used effectively in streamlining the RI/FS 
process. Appendix A supports several points made in 

Chapter 2 by provid~ne illustrations of remedial 

Because PRGs are most useful during the alteinatives where one-or more chemicals "limitn 

I RI/FS (e.g., for streamlining the consideration of remediation and, thus, represent a major portion 

remedial alternatives), it is important to of the residual risk. Appendix B lists equations for 

) communicate them to site engineers as soon as media-specific exposure pathways, enabling the risk 

possible. A memorandum from either the site risk assessor to derive site-specific equations that differ 
I assessor or the RPM to the site enqineers and from those presented in Chapter 3. 

others concerned with PRGs would beappropriate 
for transmitting the initial PRGs. A brief cover Throughout Chapters 2,3, and 4, case studies 

page could highlight key assumptions, as well as are presented that illustrate the process of 

I 
changes, if any, to the standard equations (i.e., determining PRGs. These case studxes are 

those presented in this guidance). Following t h i ~  contained in boxes with a shadow box appearance. 
I 

brief discussion, the PRGs could be presented Other types of boxed information (e.g., NCP 

using a table s~milar to that in Section 3.4 of this quotes) is contained in boxes such as those in 

guidance. Chapter 1, which have thicker lines on the top and 
bottom than on the sides. 

The RVFS Guidance recommends that 
"chemical- and/or risk-based remedial objectives 



CHAPTER 2 

IDENTIFICATION OF PRELIMINARY 
REMEDIATION GOALS 

1 

I This chapter provides guidance on the initial 
identification of PRGs during the scoping phase of 

I the RIIFS. As discussed in Chapter 1, 

! 
medium-specific PRGs (ARAR-based and/or 

1 risk-based) should be Identified during scoping for 
! all chemicals of potential concern usine readily 
i available information. Sections are provided in 
i this chapter on how to use this information to 

1 identify media and chemicals of potential concern, 

I the most appropriate future land use, potential 

i exposure pathways, toxicity information, potential 
ARARs, and risk-based PRGs. Finally, a section 

I is provided on the modification of PRGs. 

When usine PRGs develooed during scopine. 
the design eneineers should understand that these 

i mav be modified sienificantlv de~ending on 
information eathered about the site. The 
subsequent process of identifying & site 
contaminants, media, and other factors (i.e., during 
the baseline risk assessment) may require that the 

i focus of the RWS be shifted (e.g., chemicals 
I without ARARs may become more or less 
! important). Thus, the design of remedial 

t alternatives should remain flexible until the 
t modified (i.e., more final) PRGs are available. 
I 

I Prior to rdentifying PRGs during scoping, a 
conceptual site model should be developed (see 
the next box). Originally developed to aid in 
planning site activities (e.g., the RWS), the 
conceptual site model also contains information 

f that is valuable for identifying PRGs. For 
example, it can be relied upon to identify which 

1 media and chemicals need PROS. More 
information on developing and using a conceptual 
site model during the RI/FS process can be found 
in Chapter 2 of the RUFS Guidance and Chapter 4 
of RAGSRIHEM Part A. 

To illustrate the process of calculating 
risk-based PRGs at the swping stage of 
remediation, hypothetical CERCLA sltes will be 
examined in boxes in appropriate sections 
throughout Chapters 2, 3, and 4. See the box on 

CONCEPTUAL SITE MODEL 

During project planning, the RPM gathers and 
analyzes available information and develops the 
conceptual site model (also called the conceptual 
evaluation model). This model is used to assess 
the nature and the extent of contamination. It also 
identifies potential contaminant sources, potential 
exposure pathways, and potential human and/or 
environmental receptors. Further, this model helps 
to identify data gaps and assists staff in developing 
strategies for data collection. Site history and 
PAIS1 data generally are extremely useful sources 
of information for developing this model. The 
conceptual site model should include known and 
suspected sources of contamination, types of 
contaminants and affected media, known and 
potential routes of migration. and kllown or 
potential human and environmental receptors. 

the next page for an introduction to the first site. 
(The radiation case study is addressed in 
Chapter 4.) The information (e.g., toxicity valuesl 
contained in these case studies is for illustration 
onlv. and should not be used for any other 
-. These case studies have hcen simplified 
(e.g., only ground water will be examined) so that 
the steps involved in developing risk-based PRGs 
can be readily discerned. 

2.1 MEDIA OF CONCERN 

During scoping, thc first step in developing 
PRGs is to identify the media of potential concern. 
The conceptual site model should be very useful 
for this step. These media can be either: 

currently contaminated media to which 
individuals may be exposed or through which 
chemicals may be transported to potential 
receptors; or 



I CASE STUDY: INTRODUCTION C 
The XYZ Co. site contains an abandoned 

industrial facility that is adjacent to a h~gh- 
density residential neighborhood. Remnants of 
drums, lagoons, and waste piles were found at 
the site. Ground water in the area of the site is 
used by residents as a domestic water supply. 
There is also a small lake downgradient from the 
site that is used by some of the local residents 
for fishing and swlmming. 

currently uncontaminated media that may 
become contaminated in the future due to 
contaminant transport. 

Several important media often requiring direct 
remediation are ground water, surface water, soil, 
and sediment. Currently, only the first three of 
these media are discussed in this chapter and 
addressed by the equations provided in Chapters 3 
and 4. If other media that may require the 
development of risk-based concentrations (e.g., 
sediments) are identified at scoping, appropriate 
equations for those media should be developed. 
Regional risk assessors should be consulted as 
early as possible to assist with this process. 

I CASE STUDY: IDENTIFY MEDIA 
OF CONCERN h 

The PA/SI for the example site indicates that 
ground water beneath the site is contaminated. 
The source of this contamination appears to 
have been approximately 100 leaking drums of 
variouschemicals that were buried in the soil but 
have since been removed. Lagoons and waste 
piles also may have contributed to the 
contamination. Thus, ground water and soil are 
media of concern. 

Although evidence of lake water 
contamination was not found during the PA/SI, 
there is a reasonable possibility that it may 
bmme contaminated in the future due to 
contaminant transport either via ground-water 
discharge or surface water run-off. Thus, 
surface water (the lake) and sediments also may I be media of &ncern 

2.2 CHEMICALS OF CONCERN 

This step involves developing an initial list of 
chemicals for which PRGs need to be develooed. 
Chapters 4 and 5 of RAGSMHEM Pan A or&ide 
imuortant additional information on identifvinq 
chemicals of potential concern for a site and 
should be consulted orior to develooment of the 
conceptual site model and PRGs at scooing. 

Initially, the list of chemicals of potential 
concern should include any chemical reasonably 
expected to be of concern at the site based on what 
is known during scoping. For example, important 
chemicals previously detected at the site, based on 
the PAN,  the conceptual site model, or other 
prior investigations, generally should be includeci. 
In addition, the list may include chemicals that the 
site history indicates are likely to be present in 
significant quantities, even though they may not yet 
be detected. Sources of this latter type of 
information include records of chemicals used or 
disposed at the facility, and i n t e ~ e w s  with current 
or former employees. The list also may include 
chemicals that are probable degradation products 
of site contaminants where these are determined to 
be potential contributors of significant risk. An 
environmental chemist should be consulted for 
assistance in determining the probable degradation 
products of potential site-related chemicals and 
their persistence under site conditions. Generally, 
the chemicals for which PRGs should be developed 
will correspond to the list of suspected site 
contaminants included in the sampling and analysis 
plan. 

2.3 FUTURE LAND USE 

This step involves identifying the most 
appropriate future land use for the site so that the 
appropriate exposure pathways, parameters, and 
equations (discussed in the next section) can be 
used to calculate risk-based PRGs. RAGSMHEM 
Pan A (Chapter 6) and an EPA Office of Solid 
Waste and Emergency Response (OSWER) 
directive on the role of the baseline risk 
assessment in remedy selection decisions (EPA 
1991b) provide additional guidance on identifying 
future land use. The standard default equations 
provided in Chapter 3 of Pan B only address 
residential and commercial/industrial land uses. If 
land uses other than these are to be assumed (e.g., 
recreational), then exposure pathways, parameters, 



CASE STUDY: IDENTIFY CHEMICALS 
OF CONCERN 

The P M I  for the XYZ Co. site identified the 
following seven chemicals in ground-water 
samples: benzene, ethylbenzene, hexane, 
isophorone, triallate, 1,1,2-trichloroetbane, and 
vinyl chloride. Therefore, these chemicals are 
obvious choices for chemicals of potential 
concern. 

Although not detected in any of the PAjSI 
samples, site history indicates that one other 
solvent -arbon tetrachloride -also was used in 
significant quantities by the facility that operated 
a1 the site. This chemical, therefore, is added to 
the list of chemicals of potential concern. 

and equations will need to be developed for the 
others as well. 

In general, residential areas should be assumed 
to remain residential. Sites that are surrounded by 
operating industrial facilities can be assumed to 
remain industrial areas unless there is an 
indication that this is not appropriate. Lacking 
site-specific information (e.g., at swping), it may 
be appropriate to assume residential land use. 
This assumption will generally lead to conservative 
(i.e., lower concentration) risk-based PRGs. If not 
enough site-specific information is readily available 
at scoping to select one future land use over 
another, it may be appropriate to develop a 
separate set of risk-based PRGs for each possible 
land use. 

When waste w~ll  be managed onsite, land use 
assumptions and risk-based PRG development 
become more complicated because the assumptions 
for the site itself may be different from the land 
use in the surrounding area. For example. if waste 
is managed onsite in a residential area, the 
risk-based PRGs for the ground water beneath the 
site (or at the edge of the waste management unn) 
may be based on residential exposures, but the 
risk-based PRGs for the site soils may be based on 
an Industrial land use wltb some management or  
institutional controls. 

If a land-use assumption is used that is less 
conservative (i.e., leads to higher risk-based 
concentrations) than another, it generally will be 
necessary to monitor the future uses of that site. 

For example, if residential land use is not deemed 
to be appropriate for a particular site because local 
zoning laws prohibit residential development, any 
changes in local zoning would need to be 
monitored. Such considerations should be clearly 
documented in the site's ROD. 

CASE STUDY: IDENTIFY FUTURE 
LAND USE 

Based on established land-use trends, local 
renovation projects, and population growth 
projections in the area of the XYZ Co. site, the 
most reasonable future use of the land is 
determined to be residential use. Thus, site- 
specific information is sufficiei~t to show that the 
generally more conservative assumption 01 
residential land use should serve as the basis for 
development of risk-based PRGs. 

2.4 APPLICABLE OR RELEVANT 
AM) APPROPRIATE 
REQUIREMENTS 

Chemical-specific ARARs are evaluated as 
PRGs because they are often readily available and 
provide a preliminary indication about the goals 
that a remedial action may have to attain. This 
step involves identifying all readily available 
chemical-specific potential ARARs for the 
chemicals of potential concern (for each medium 
and probable land use). Because at scoping it 
often is uncertain which potential ARAR is the 
most likely one to become the ARAR-based PRG, 
all potential ARARs should be included in a 
tabular summary (i.e., no potential ARAR should 
be discarded). If there is doubt about whether a 
value is a potential ARAR, and therefore whether 
it could be used as a PRG, it should be included at 
this stage. 

This section summarizes the concept of 
ARARs and identifies the major types of ARARs, 
but provides only limited guidance on identifying 
the most appropriate (likely) A R M  of all possible 
ARARs to use as the chemical-specific PRG. 
More detailed information about the identification 
and evaluation of ARARs is available from two 
important sources: 

the NCP (see specifically 55 Fedeml Register 
8741-8766 for a description of ARARs, and 



8712-8715 for using M A R S  as PRGs; see also 
53 Fedml Register 51394); and 

CERCLA Compliance Manuals (EPA 198% 
and 1989a). 

2.4.1 CHEMICAL-, LOCATION-, AND 
ACTION-SPECIFIC ARARs 

The Agency has identified three general types 
of feileral and state ARARs: 

chemical-specific, are usually health- or risk 
management-based numbers or methodologies 
that, when applied to site-specific conditions, 
result in the establishment of numerical values 
(e.g., chemical-specific concentrations in a 
given medium); 

location-specific, are restrictions placed upon 
the concentration of hazardous substances or 
the conduct of activities solely because they 
are in special locations (e.g., wetlands); and 

action-specific, are usually technology- or 
activity-based requirements or limitations on 
actions taken with respect to hazardous wastes. 

This guidance primarily addresses only chemical- 
specific ARARs since it focuses on the 
identification of chemical-specific concentrations 
that represent target goals (e.g., PRGs) for a given 
medium. 

2.4.2 SELECTION OF THE MOST LIKELY 
ARAR-BASED PRG FOR EACH 
CHEMICAL 

This section briefly describes which, if any, of 
several potential ARAR values for a given 
chemical is generally selected as the most likely 
ARAR-based PRG (and therefore the most likely 
PRG at this point). Although the process for 
identifying the most likely ARAR-based PRG is 
specific to the medium, in general the process 
depends on two considerations: (1) the 
applicability of the ARAR to the site; and (2) the 
comparative stringency of the standards being 
evaluated. The ~reviouslv cited documents should 
be  carefullv considered for svecific 
recommendations on identihint ARARs. 

Ground Water. SDWA maximum contaminant 
levels (MCLs), non-zero MCLGs, state drinking 
water standards, and federal water quality criteria 

(FWQC) are common ARARs (and, therefore, 
potential PRGs) for ground water. Other types of 
laws, such as state anti-degradation laws, may be 
PRGs if they are accompanied by allowable 
concentrations of a chemical. (Although state 
anti-degradation laws that are expressed as 
qualitative standards may also be potential 
ARARs, they generally would not be considered 
PRGs.) 

As detailed in the NCP (see next box), the First 
step in identifying ground-water PRGs is to 
determine whether the ground water is a current 
or potential source of drinking water. If the 
aquifer is a potential source of drinking water, 
then potential ARARs generally will include the 
federal non-zero MCLG, MCL, or state drinking 
water standard, and the most stringent (i.e., the 
lowest concentration) is identified as the most 
likely ARM-based PRG. 

NCP ON GROUND-WATER GOALS 
(NCP Preamble; 

55 Federal Register 8717, March 8, 1990) 

"Ground water that is not currently a drinkins 
water source but is potentially a drinking water 
source in the future would be protected to levels 
appropriate to its use as a drinking water source. 
Ground water that is not an actual or potential 
source of drinking water may not require 
remediation to a lw4 to lo4 level (except when 
necessary to addreu environmental concerns or 
allow for other beneficial uses; . . .I." 

If the aquifer is not a potential source of 
drinkingwater, then MCLs, MCLGs, state drinking 
water requirements, or other health-based levels 
generally are appropriate as PRGs. Instead, 
env~ronmental considerations (i-e., effects on 
biological receptors) and prevention of plume 
expansion generally determine clean-up levels. If 
an aquifer that is not a potential source of 
drinking water is connected to an aquifer that is a 
drinking water source, it may he appropriate to use 
PRGs to set clean-up goals for the point of 
interconnection. 

For chemicals without MCLs, stale standards, 
or non-zero MCLGs, the FWQC may be 
potentially relevant and appropriate for ground 
water when that ground water discharges to surface 
water that is used for fishing or shellfishing. 



Surface Water. FWQC and state water qualtty 
standards (WQS) are common ARARs for surface 
water. An important determination for identifying 
ARARs and other criteria as potential PRGs for 
surface water is the current designated and future 
expected use of the water body. Because surface 
water potentially could servc many uses (e.g., 
drinking and fishing), several ARARs may be 
identified as potential PRGs for a chemical, with 
each ARAR corresponding to an identified use. A 
state WQS is generally the most likely ARAR for 
surface water unless a federal standard is more 
stringent. 

If surface water is a current or potential source 
of drinkine water, MCLs, state drinking water 
standards, non-zero MCLGs, and FWQC are 
potential ARARs. The analysis to determine 
which of these drinking water standards is the most 
likely ARAR-based PRG is the same as that 
conducted for ground water. An FWQC based on 
ingestion of water and fish might be an ARAR for 
surface water used for drinking. 

If the designated or future expected use of 
surface water is fishine or shellfishing, and the 
state has not promulgated a WQS, an FWQC 
should be considered as a potential ARAR. The 
particular FWQC (i.e., for water and fish ingestion 
or fish ingestion alone) selected as the potential 
ARAR depends on whether exposure from one or 
both of the routes is likely to occur and, therefore, 
on the designated use of the water body. If other 
uses of the water are designated (e.g., swimming), 
a state WQS may be available. 

Soil. In general, chemical-specific ARARs 
may not be available for soil. Certain states, 
however, have promulgated or are about to 
promulgate soil standards that may be ARARs and 
thus may be appropriate to use as PRGs. In 
addition, several EPA policies may be appropriate 
to use in developing PRGs (e.g., see EPA 1990c 
for guidance on PCB clean-up levels). 

2.5 EXPOSURE PATHWAYS, 
PARAMETERS, AND 
EQUATIONS 

This step is generally conducted for each 
medium and land-use combination and involves 
identifying the most appropriate ( I )  exposure 
pathways and routes (e.g., residential ingestion of 
drinking water), (2) exposure parameters (e.g., 

2 literslday of water ingested), and (3) equations 
(e.g., to incorporate intake). The equations 
include calculations of total intake from a given 
medium and are based on the identified exposure 
pathways and associated parameters. Information 
gathered in this step should be used to calculate 
risk-based PRGs using the default equations 
identified in Chapters 3 and 4. Site-specific 
equations can be derived if a different set of 
exposure pathways is identified for a particular 
medium; this option also is discussed in Chapters 
3 and 4. 

When risk-based concentrations are developed 
during scoping, readily available site-specific 
information may be adequate to identify and 
develop the exposure pathways, parameters, and 
equations (e.g., readily available information may 
indicate that the exposure duration should be 40 
years instead of the standard default of 30 years). 
In the absence of readily available site-specific 
information, the standard default information in 
Chapters 3 and 4 generally should be used for the 
development of risk-based PRGs. 

Exhibit 2-1 lists a number of the potential 
exposure pathways that might be present at a 
CERCLA site. The exposure pathways included in 
the medium-specific standard default equations 
(see Chapters 3 and 4) are italicized in this exhibit. 
Note that Chapters 3 and 4 may not address all of 
the exposure pathways of possible importance at a 
given CERCLA site. For example, the 
consumption of ground water that continues to be 
contaminated by soil leachate is not addressed. 
Guidance on goal-setting to address this exposure 
pathway is currently under development by EPA. 
In addition, the standard default equations do not 
address pathways such as plant and animal uptake 
of contaminants from soil with subsequent human 
ingestion. Under certain circumstances, these or 
other exposure pathways may present significant 
risks to human health. The standard default 
information, however, does address the quantifiable 
exposure pathways that are often significant 
contributors of risk for a particular medium and 
land use. 

Chapters 3 and 4 show how exposures from 
several pathways are addressed in a single equation 
for a medium. For example, in thc equation for 
ground water and surface water under the 
residential land-use assumption, the coefficients 
incorporate default parameter values for ingestion 
of drinking water and inhalation of volatiles during 



EXHIBIT 2-1 

TYPICAL EXPOSURE PATHWAYS BY MEDIUM 
FOR RESIDENTIAL AND COMMERCZAL/INDUSTRIAL LAND USES%" 

-- 

Exposure Pathways, Assuming: 

Medium Residential Land Use Commercial/Industrial Land Use 

Ground Water Ingestionfrom drinking Ingestion from drinkingd 

hhakuion of volatiles Inhalation of volatiles 

Dermal absorption from bathing Dermal absorption 

Immersion - externalC 

Surface Water Ingestion from drinking Ingestion from drinkingd 

Inhalation of volaiiIss Inhalation of volatiles 

Dermal absorption from bathing Dermal absorption 

Ingestion during swimming 

Ingestion of contaminated fish 

Immersion - externalC 

Soil Ingestion Inge.~tion 

Inhalation of particulates Inhalation of purticulates 

Inhalation of volatiles Inhalation of volatiles 

Direct rrternal cxposurec DirecL rrlernul exposurec 

Exposure to ground water contaminated Exposure to ground water contaminated 
by soil leachate by soil leachate 

Ingestion via plant uptake Inhalation of particulates from trucks 
and heavy equipment 

Dermal absorption from gardening 

Lists of land uscs, media, and exposure pathways are not comprehensive. 

Exposure pathways includcd in RAGSWHEM Part B standard default equations (Chapters 3 and 4) are 
italicized. 

Applies to radionuclides only. 

BCC~USC thc NCP cncourages protection of ground watcr to maximize its bcneficiak use, risk-based PRGs 
generally should he based on residential exposures once ground water is determined to be suitable for drinking. 
Similarly, when surface water will be used for drinking, general standards (e.g., ARARs) are to be achieved 
that definc levels protective for the population at large, not simply worker populations. Residential exposure 
scenarios should guide risk-based PRG devclopmcnt for ingestion and other uses of potable water. 



household water use. Full details of parameters 
used to develop each equation and a summary of 
the 'reduced" standard default equations are 
provided in the text of These chapters. 

Certain modifications of the default equations 
may be desirable or necessary. For example, if an 
exposure pathway addressed by an equation in 
Chapter 3 seems inappropriate for the site (e.g., 
because the water contains no volatiles and, 
therefore, inhalation of volatiles is irrelevant), or 
if information needed for a pathway (e.g., a 
chemical-specific inhalation slope factor [see 
Section 2.61) is not readily available or derivable, 
then that pathway can be disregarded at this stage. 

The decision about whether the risk assessor 
should collect site-specific human exposwe 
pathway information (e.g., exposure frequency, 
duration, or intake rate data) is very important. 
There will frequently be methods available to 
gather such information, some of which are more 
expensive and elaborate than others. Determining 
whether the ~esulting data are reasonably 
representative of populations in the surrounding 
area, however, is often difficult. Collecting data by 
surveying those individuals most convenient or 
accessible to RPMs or risk assessors may not 
present a completk population exposure picture. 
In fact, poorly planned data gathering efforts may 
complicate the assessment process. For example, 
those surveyed may come to believe that their 
contribulions will play a more meaningful role in 
the risk assessment than that planned by the risk 
assessors; this can result in significant demands on 
the risk assessor's tlme. 

Before such data collection has begun, the risk 
assessor should determine, with the aid of 
screening analyses, what benefits are ltkely to 
result. Collection of the exmsure data discussed 
in this section eenerallv should not be attemoted 
unless significant differences are likely to result in 
final reasonable maxtmum exposure (RME) risk 
estimates. If data collection is warranted, 
systematic and well-considered efforts that 
minimize biases in results should be undertaken. 
Estimates of future exposures are likely to rely 
heavily on conservative exposure assumptions. By 
definition, these assumptions will be unaflected by 
even the most extensive efforts to characterize 
current population activity. 

At this stage, the risk assessor, site engineer, 
and RPM should discuss information concerning 

the absence or presence of important exposure 
pathways, because remediation goals should be 
designed for specific areas of the site that a 
particular remedy must address, and exposures 
expected for one area of the site may differ 
significantly from those expected in another area. 

2.5.1 GROUND WATERISURFACE WATER 

The residential land-use default equations 
presented in Chapters 3 and 4 for ground water or 
surface water are based on ingestion of drinking 
water and inhalation of volatile (vapor phase) 
chemicals originating from the household water 
supply (e.g., during dish washing, clothes 
laundering, and showering). 

Ingestion of drinking water is an appropriate 
pathway for all chemicals with an oral cancer slope 
factor or an oral chronic reference dose. For the 
purposes of this guidance, however, inhalation of 
volatile chemicals from water is considered 
routinely only for chemicals with a Henry's Law 
constant of 1 x atm-m3/mole or greater 
with a molecular weight of less than 200 glmole. 
Before determining inhalation toxicity values for a 
specific chemical (Section 26). it should be 
confirmed that the Henry's Law oonstant and 
molecular weight are in the appropriate range for 
inclusion in the inhalation pathway for water. 

Default equations addressing industrial use of 
ground water are not presented. Because the NCP 
encourages protection of ground water to its 
maximum beneficial use, once ground water is 
determined to be suitable for drinking, risk-based 
PRGs generally should be based on residential 
exposures. Even if a site is located in an industrial 
area, the ground water underlying a site in an 
industrial area may be used as a drinktng water 
source for residents several miles away due to 
complex geological interconnections. 

2.5.2 SOIL 

The residential land-use standard default 
equations for the soil pathway are based on 
exposure pathways of ingestion of chemicals in soil 
or dust. The industrial land-use equations are 
based on three exposure pathways: ingestion of 
soil and dust, inhalation of particulates, and 
inhalation of volatiles. Again, for the purposes of 
this guidance, inhalation of volatile chemicals is 
relevant only for chemicals with a Henry's Law 
constant of 1 x 10" atm-m3/mole or greater and 



with a molecular weight of less than 200 g/mole. 
For the inhalation pathways, in addition to toxicity 
information, several chemical- and site-specific 
values are needed. These values include molecular 
diffusivity, Henry's Law constant, organic carbon 
partition coefficient, and soil moisture content (see 
Chapter 3 for details). 

CASE STUDY: IDENTIFY EXPOSURE 
PA'IXWAYS, PARAMETERS, 

AND EQUATIONS 

For the potential residential land use 
identified at the XYZ Co. site, the contaminated 
ground water (one of several media of potential 
concern) appears to be an important source of 
future domestic water. Because sitespeeific 
information is not initially available to develop 
specific orposure pathways, paranleters, and 
equations, the standard default assumptions and 
equations provided in Chapter 3 will be used to 
calculate risk-based PRGs. Exposure pathways 
of concern for ground water, therefore, are 
assumcd to be ingestion of ground water as 
drinking water and inhalation of volatiles in 
ground water during household use. 

2.6 TOXICITY INFORMATION 

This step involves identifying readily available 
toxicity values for all of the chemicals of potential 
concern for given exposure pathways so that the 
appropriate slope factors (SFs; lor carcinogenic 
effects) and reference doses (RfDs: for 
noncarcinogenic effects) are identified or derived 
for use in the site-specifrc equations or the 
standard default equations. Therefore, Chapter 7 
of RAGSMHEM Part A should he reviewed 
carefullv before proceeding with this step. 

The hierarchy for obtaining toxlcity values for 
risk-based PRGs is essentially the same as that 
used in the baseline risk assessment Briefly, 
Integrated Risk Information System (IRIS) is the 
primary source for toxicity information; if no 
verified toxicity value is available through IRIS. 
then Health Effects Assessment Summary Tables 
(HEAST) is the next preferred source. When the 
development of a toxicity value is required (and 
appropriate data are available), consultation with 
the Superfund Health Risk Assessment Technical 
Support Center is warranted. EPA staff can 
contact the Center by calling FTS-684-7300 

(513-569-7300) or by FAX at FTS-684-7159 
(513-569-7159). Others must fax to the above 
number or write to: 

Superfund Health Risk Technical Support 
Center 

Environmental Criteria and Assessment Office 
U.S. Environmental Protection Agency 
Mail Stop 114 
26 West Martin Luther King Drive 
Cincinnati, Ohio 45268 

Other toxicity information that should be 
obtained includes EPA's weight-of-evidence 
classification for carcinogens (e.g., A, B1) and the 
source of the information (e.g., IRIS, HEAST). 

Note that throughout this document, the term 
hazard index (HI) is used to refer to the risk level 
associated with noncarcinogenic effects. An HI is 
the sum of two or more hazard quotients (HQs). 
An HQ is the ratio of an exposure level of a single 
substance to the RfD for that substance. Because 
RfDs are generally exposure pathway-specific (e.g., 
inhalation RD),  the HQ is a single substance1 
single exposure pathway ratio. An HI, on the 
other hand, is usually either a single substance/ 
multiple exposure pathway ratio, a multiple 
suhstance/single exposure pathway ratio, or a 
multiple substance/multiple exposure pathway 
ratio. In this document, however, only one 
exposure pathway is included in the default 
equation for some land-use and medium 
combinations (e.g., residential soil). In order to 
remain consistent, the term HI has been used 
throughout RAGSIHHEM Pan B, even though for 
such a pathway, the tern  HQ wuld apply. 

2.7 TARGET RISK LEVELS 

This step involves identifying target risk 
concentrations for chemicals of potential concern. 
The standard default equations presented in 
Chapters 3 and 4 are based on the following target 
rlsk levels for carcinogenic and noncarcinogenic 
effects. 

For carcinogenic effects, a concentration is 
calculated that corresponds to a lo4 
incremental risk of an individual developing 
cancer over a lifetime as a result of exposure 
to the potential carcinogen from all significant 
exposure pathways for a given medium. 



CASE STUDY: IDENTIFY TOXICITY INFORMATIONa 

Reference toxicity values for cancer and noncancer effects (i.e., SFs and Kms, respectively) are required for 
chemicals without ARAR-based PRGs (only the case study chemicals without ARARs are listed here). Considerins 
the ground-water ~nediurn only, ingestion and inhalation are exposure patbays of concern. Toxicity infortllation 
is obtained from IRIS and HEAST, and is shown in the table below. 

' NI information in this example is for illustration purposes only. 

- 
For noncarcinogenic effects, a concentration is 
calculated that corresponds to an HI of 1, 
which is the level of exposure to a chemical 
from all significant exposure pathways in a 
given medium below which it is unlikely for 
even sensitive populations to experience 
adverse heallh effects. 

At scoping, it generally is appropriate to use 
the standard default target risk levels described 
above and discussed in the NCP. That is, an 
appropriate point of departure for remediation of 
carcinogenic risk is a concentration that 
corresponds to a risk of 1W6 for one chcmical in a 
particular medium. For noncarcinogenic effects, 
the NCP does not specify a rangc, but it generally 
is appropriate to assume an HI q u a 1  to 1. 

Chem~cal 

2.8 MODIFICATION OF 
PRELIMINARY 
REMEDIATION GOALS 

EXPOSURE ROUTF,: IN6EBPION 

Hexane 0.06 HEAST - - - 
Isophorone 0.2 IRIS 0.0039 C HEAST 
Tr~allate 0 013 IRIS - - - 

EXPOSURE ROUTE: INHALATION 

Hexane 0.04 HEAST - - 
lsophorone - - - C HEAST 
Triallate - - - - - 

We~ght of 
Ev~dence 

- -- 

. . 
chemicals of concern, media, and pathways or 
revising individual chemical-specific goals. 

- 

Source 
RfD 

(magday) 

2.8.1 REVIEW OF ASSUMP'IXONS 

Media of Concern. As a guide to determining 
the media and chemicals of potential concern, the 
OSWER directive Role of the Baseline Risk 
Assessment in Superfund Rentedy Selection Dccisiotts 
(EPA 1991c) indicates that action is generally 
warranted at a site when the cumuialive 
carcinogenic risk is greater than lw4 or the 
cumulative noncarcinogenic HI exceeds 1 bascd on 
RME assumptions. Thus, whcre the haseline risk 
assessment indicates that either the cumulalivc 
current or future risk associated with a medium is 
greater than or  that thc HI is greater than 1, 
that medium presents a concern, and it generally is 
appropriate to maintain risk-based PRGs Cor 
contaminants in that medium or develop risk-based 
PRGs for additional media where PRGs are not 
clearly defined by ARARs. 

Source 

Upon completion of the baseline risk When the cumulative current or  future 
assessment (or as soon as data are available), it is baseline cancer risk for a medium is within the 
important to review the future land use, exposure range of to lo4, a decision about whether or 
assumptions, and the media and chemicals of not to take action is a site-specific determination. 
potential concern originally identified at scnpiug, Generally, risk-based PRGs are not needed for any 
and determine whether PRGs need to be modified. chemicals in a medium with a cumulative cancer 
Modification may involve adding or  subtracting risk of less than 1W6, iyhere an HI is less than or 

SF 
(mgkgday)" 



equal to 1, or where the PRGs are clearly defined 
by ARARs. However, there may be cases where a 
medium appears to meet the protectiveness 
criterion hut contributes to the contamination of 
another medium (e.g., soil contributing to ground- 
water wntamination). In these cases, it may be 
appropriate to modify existing or develop new risk- 
based PRGs for chemicals of concern in the first 
medium, assuming that fate and transport models 
can adequately predict the impacts of concern on 
other media. EPA is presently developing 
guidance on quantifying the impact of soil 
wntamination on underlying aquifers. 

Chemicals of Concern. As with the initial 
media of potential wncern, the initial list of 
specific chemicals of potential wncern in a given 
medium may need to be modified to reflect 
increased information from the RIFS concerning 
the importance of the chemicals to the overall site 
risk. Chemicals detected during the RIFS that 
were not anticipated during scoping should be 
considered for addition to the list of chemicals of 
potential wncern; chemicals anticipated during 
scoping that were detected during the RI/FS 
should be deleted from the list. Ultimately, the 
identity and number of contaminants that may 
require risk-based PRGs depends both on the 
results of the baseline risk assessment and the 
extent of action required, given site-speclfic 
circumstances. 

Following the baseline risk assessment, any 
chemical that has an associated cancer risk 
(current or future) within a medium of greater 
than 10" or an HI of greater than 1 should remain 
on the list of chemicals of potential concern Tor 
that medium. Likewise, chemicals that present 
cancer risks of less than generally should 
be retained on the list unless there are significant 
concerns about multiple contaminants and 
pathways. 

Land Use. After the R I B ,  one future land 
use can usually be selected based on the results of 
the baseline risk assessment and discussions with 
the RPM. In many cases, this land use will be the 
same as the land use identified at scoping. In 
other cases, however, additional information from 
the baseline risk assessment that was not available 
at scoping may suggest modifying the initial land- 
use and exposure assumptions. A qualitative 
assessment should be made - and should be 
available from the baseline risk assessment - of 

the likelihood that the assumed future land use 
will occur. 

Exposure Pathways, Parameters, and 
Equations. For exposure pathways, this process of 
modifying PRGs consists of adding or deleting 
exposure pathways from the medium-speafic 
equations in Chapters 3 and 4 to ensure that the 
equation accounts for all significant exposure 
pathways associated with that medium at the site. 
For example, the baseline risk assessment may 
indicate that dermal exposure to contaminants in 
soil is a significant contributor to slte risk. In this 
case, the risk-based PRGs may be modified by 
adding equations for dermal exposure. EPA policy 
on assessing this pathway is currently under 
development; the risk assessor should consult the 
Superfund Health Risk Technical Support Center 
(FTS-684-7300 or 513-569-7300) to determine the 
current status of guidance. Likewise, when 
appropriate data (e.g., on exposure frequency and 
duration) have been collected during the RIPS, 
site-specific values can be substituted for the 
default values in the medium-spedfic equations. 

2.8.2 IDENTIFICATION OF 
UNCERTAINTIES 

The uncertainty assessment for PRGs can 
serve as an important basis for recommending 
further modifications to the PRGs prior to setting 
final remediation goals. It also can be used during 
the post-remedy assessment (see Section 2.8.4) to 
identify areas needing particular attention. 

Risk-based PRGs are associated with varied 
levels of uncertainty, depending on many factors 
(e.g., confidence that anticipated future land use is 
correct). To place risk-based PRGs that have been 
developed for a site in proper perspective, an 
assessment of the uncertainties associated with the 
concentrations should be conducted. This 
assessment is similar to the uncertainty assessment 
conducted during the baseline risk assessment (see 
RAGSEIHEM Part A, especially Chapters 6, 7, 
and 8). In fact, much of the uncertainty 
assessment conducted for a site's baseline risk 
assessment will be directly applicable to the 
uncertainty assessment of the risk-based PRGs. 

In general, each component of risk-based 
PRGs discussed in this chapter - from media of 
potential concern to target risk level -should be 
examined, and the major areas of uncertainty 
highlighted. For example, the uncertainty 



associated with the selected future land use should 
be discussed. Furthermore, the accuracy of the 
technical models used (e.g., for volatilization of 
contaminants from soil) to reflect site-specific 
conditions (present and future) should be 
discussed. If site-specific exposure assumptions 
havc been made, it is particularly important to 
document the data supporting those assumptions 
and to assess their relevance for potentially 
exposed populations. 

As the chemical- and medium-specific PRGs 
are developed, many assumptions regarding the 
RME individual@) are incorporated. Although 
PRGs are believed to be fully protective for the 
RME individual(s), the proximity of other nearby 
sources of exposure (e.g., other CERCLA sltes, 
RCRA facilities, naturally occurring background 
contamination) and/or the existence of the same 
contaminants in multiple media or of multiple 
chemicals affecting the same population(s), may 
lead to a situat~on where, even after attainment of 
all PRGs, protectiveness is not clearly achieved 
(e.g., cumulative risks may fall outside the risk 
range). The more likely it is that multiple 
contaminants, pathways, operable units, or other 
sources of toxicants will affect the RME 
individual@), the more likely it will be that 
protectiveness is not achieved. This likelihood 
should be addressed when Identifying uncertainties. 

2.8.3 OTHER CONSIDERATIONS IN 
MODIFYING PRGs 

The NCP preamble and rule state that factors 
related to exposure, technical limitations, and 
uncertainty should be considered when modifying 
PRGs (see next two boxes) and setting final 
remediation levels. 

While the final remedial action objectives must 
satisfy the original "threshold criteria" of protection 
of human health and the environment and 
compliance with ARARs, the factors in the 
"balancing and modify~ng criteria" (listed in Section 
1.3.2) also are considered in the detailed analysis 
for choosing among remedial alternatives. In cases 
where the alternative that represents the best 
balance of factors is not able to attain cancer risks 
within the risk range or an HI of 1, institutional 
controls may be used to supplement treatment 
and/or containment-based remedial action to 
ensure protection of human health and the 
environment. 

NCP PREAMBLE: EXPOSURE, 
TECHNICAL, AND 

UNCERTAINTY FACTORS 
(55 Federnl Register 8717, March 8, 1990) 

"Preliminary remediation goals ... may be 
revised ... based on the consideration of 
appropriate factors including, hut not limited to: 
exposure factors, uncertainty factors, and technical 
factors. Included under exposure factors are: 
cumulative effect of multiple contaminants, the 
potential for buman exposure from other pathways 
at the site, population sensitivities, potential 
impacts on environmental receptors, and cross- 
media impacts of alternatives. Factors related to 
uncertainty may include: the reliability of 
alternatives, the weight of scientific evidence 
concerning exposures and individual and 
cumulative health effects, and the reliability of 
expure  data. Technical factors may include: 
detectioniquantification limits for contaminants, 
technical limitations to remediation, the ability to 
monitor and control movement of contaminants, 
and background levels of contaminants. The final 
selection of the appropriate risk level is made when 
the remedy is selected based on the balancing of 
criteria...!' 

NCP RULE EXPOSURE, TECHNICAL, 
AND UNCERTMNTY FACTORS 

(40 CFX 300.430(e)(2)(i)) 

"(i) ... Remediation goals ... shall be developed by 
considering the following: 

"(A) Applicable or relevant and appropriate 
requirements ... and the following factors: 

"(I) For systemic toxicants, acceptable 
exposure levels ...; 

"(2) For known or suspected carcinogens, 
acceptable exposure levels ... ; 

"(3) Factors related to technical limitations 
such as detection/quanti6cation 'limits for 
contaminants; 

"(4) Factors relatwi to uncertainty; and 

"(5) Other pertinent information!' 



Note that in the absence of ARARs, the lo6 
cancer risk "point of departure" is used as a 
starting point for analysis of remedial alternatives, 
which reflects EPA's preference for managing risks 
at the more protective end of the risk range, other 
things being equal. Use of "voint of devarture" 
target risks in this guidance does not reflect a 
presumvtion that the final remedial action should 
attain such eoals. (See NCP preamble, 55 Federal 
Register 8718-9.) 

2.8.4 POST-REMEDY ASSESSMENT 

To ensure that protective conditions exist after 
the remedy achieves all individual remediation 
levels set out in the ROD, there generally will be 
a site-wide evaluation conducted following 
completion of a site's final operable unit (e.g., 
during the five-year review). This site-wide 
evaluation should adequately characterize the 
residual contaminant levels and ensure that the 
post-remedy cumulative site nsk is protective. 
More detailed guidance on the post-remedy 
assessment of site "protectiveness" is cwrently 
under development by EPA. 



CHAPTER 3 

CALCULATION OF RISK-BASED 
PRELIMINARY REMEDIATION GOALS 

This chapter presents standardized exposure 
parameters, the derivation of risk equations, and 
the corresponding "reduced" equations, for 
calculating risk-based PRGs at scoping for the 
media and land-use assumptions discussed In 
Chapter 2 (i.e., ground water, surface water, and 
soil for residential land use, and soil for 
commercial/industrial land use). Both carcinogenic 
and noncarcinogenlc effects are addressed. 
Standardized default exposure parameters 
consistent with OSWER Directive 9285.6-03 (EPA 
1991b) are used in thls chapter; whcre default 
parameters are not available in that guidance, the 
relerences used are cited. If other medla requiring 
risk-based PRGs are identified during the RIFS, 
or other exposure parameters or land uses are 
assumed, then appropriate equations will need to 
be modified or new ones developed. 

Risk-based equations have been derived in 
order to reflect the potential risk from exposure to 
a chemical, given a speclfic pathway, medium, and 
land-use combination. By setting the total risk for 
carcinogenic effects at a target risk level of 1 0 . ~  
(the NCP's point of departure for analysis of 
remedlal alternatives), it is poss~ble to solve for the 
concentration term (i.e., the risk-based PRG). The 
total risk for noncarcinogenic effects is set at an 
HI of 1 for each chemical in a particular medium. 
Full equations with pathway-specific default 
exposure factors are presented in boxes with 
uniformly thin borders. Reduced equations are 
presented in the standard boxes (i.e., thicker top 
and bottom borders). At the end of this chapter, 
the case study that began in Chapter 2 is 
concluded (by showing how to calculate and 
present risk-based PRGs). 

In general, the equations described in this 
chapter are sufficient for calculating the risk-based 
PRGs at the scoping stage of the RIIFS. Note, 
however, that these equations are based on 
standard default assumptions that may or mav not 
reflect site-s~ecific conditions. When risk-based 
PRGs are to be calculated based on site-specific 

conditions, the risk assessor should modify the full 
equations, and/or develop additional ones. Risk 
equations for individual exposure pathways for a 
given medium are presented in Appendix B of this 
document, and may be used to develop andlor 
modify the full equations. (See the introduction to 
Appendix B for more detailed instructions.) 

Before examining the calculation of risk-based 
PRGs, scveral important points should be noted: 

. Use of toxicity values in the equations as 
written currently assumes 100 percent 
absorption effeciency. That is, for the sake of 
simplicity at scoping, it is assumed that the 
dose administered to test animals in toxicity 
studies on which toxicity values are based was 
fully absorbed. This assumption may need to 
be revised in cases where toxicity values based 
on route-to-route extrapolation are used, or 
there are significant differences in absorption 
likely between contaminants in site media and 
the contaminants in the vehicle used in the 
toxicity study. Chapter 7 and Appendix A in 
RAGSHHEM Part A (EPA 1989d) provide 
additional details on this point. 

The risk-based PRGs should contain at most 
two significant figures even though some of 
the parameters used in the reduced equations 
carry additional significant figures. 

. The equations presented in this chapter 
calculate risk-based concentrations using 
inhalat~on reference doses (RtDis) and 
inhalation slope factors (SF,s). If only the 
reference concentration (RfC) andlor 
inhalation unit risk are available for a 
particular compound in IRIS, conversion to an 
RID, and/or SF, will be necessary. Many 
converted toxicity values are available in 
HEAST. 

All standard equations presented here 
incorporate pathway-specific default exposure 



factors that generally reflect RME conditions. 
As detailed in Chapter 8 of RAGSRIHEM 
Part A (in the discussion on combining 
pathway risks [Section 8.3]), RME risks from 
one pathway should be combined with RME 
risks from another pathway only where there 
is good reason. ppically, RME from one 
pathway is not likely to occur with RME from 
another (unless there 1s a strong logical 
dependent relationship between exposures 
from the two pathways). If risk-based 
concentrations are developed for both the 
water and the soil pathways, the risk assessor 
ultimately may need to adjust exposure 
assumptions from one pathway (i.e., the one 
with the lower RME) to less conservative 
(more typical) values. 

3.1 RESIDENTIAL LAND USE 

3.1.1 GROUND WATER OR SURFACE 
WATER 

Under residential land use, risk from surface 
water or ground-water contaminants is assumed to 
be due primarily to direct ingestion and to 
inhalation of volatiles from household water use. 
Therefore, only these exposure pathways are 
considered in this section. Additional exposure 
pathways (e.g., dermal absorption) are possible and 
may be significant at somc sites for some 
contaminants, whilc perhaps only one exposure 
pathway (e.g., direct ingestion of water only) may 
he relevant at others. In any case, the risk-based 
PRG for each chemical should be calculated by 
considering all of the relevant exposure pathways. 

In the case illustrated here, risks from two 
exposure pathways from ground water or surface 
water are combined, and the risk-based 
concentration is derived to be protective for 
exposures from both pathways. Default risk from 
ground water or surfacc water would be calculated 
as follows ("total" risk, as used below, refers to the 
combined risk for a single chemical from all 
exposure pathways for a given medium): 

Total risk = Rlsk from + R~sk from inhala- 
irom water ingestion of tion of volatiles 

water (adult) from household 
water (adult) 

At scoping, risk from indoor inhalation of 
volatiles is assumed to be relevant only for 
chemicals that easily volatilize. Thus, the risk 

equation incorporates a water-air concentration 
relationship that is applicable only to chemicals 
with a Henry's Law constant of greater than 1 x 

atm-m3/mole a molecular weight of less 
than 200 @mole. These criteria are used to 
screen out chemicals that are not of potential 
concern for this exposure pathway but only to 
identify those that generally should be considered 
for the inhalation pathway when developing risk- 
based PRGs early in the process. Chemicals that 
do not meet these criteria may pose significant site 
risks (and require risk-based goals) through 
volatiles inhalation. The ultimate decision 
regarding which contaminants should be 
considered in the FS must be made on a site- 
specific basis following completion of the baseline 
risk assessment. 

Based primarily on experimental data on the 
volatilization of radon from household uses of 
water, Andelman (1990) derived an equation that 
defines the relationship between the concentratlon 
of a contaminant in household water and the 
average concentration of the volatilized 
contaminant in air. In the derivation, all uses of 
household water were considered (e.g., showering, 
laundering, dish washing). The equation uses a 
default "volatilization" constant (K) upper-bound 
value of 0.0005 x 1000 ~ / m ~ .  (The 1000 ~ i m ~  
conversion factor is incorporated into the equatlon 
so that the resulting air concentration is expressed 
in mp/m3.) Certain assumptions were made in 
deriving the default constant K (Andelman 1990). 
For example, it is assumed that the volume of 
water used in a residence for a family of four is 
720 Uday, the volume of the dwelling is 150,000 L 
and the air exchange rate is 0.25 m3/hr. 
Furthermore, it is assumed that the average 
transfer efficien~y weighted by water use is 50 
percent (i.e., half of the concentration of each 
chemical in water w~ll  be transfered into air by all 
water uses [the range extends from 30% for toilets 
to 90% for dishwashers]). See the Andehnan 
paper for further details. 

Concentrations Based on Carcinogenic Effects. 
Total risk for carcinogenic effects of certain 
volatile chemicals would be calculated by 
combining the appropriate inhalation and oral SFs 
with the two intakes from water: 

Total = SF, x Intake h.om + SF, x Intake from 
nsk lllgestlon of lnhzzlauon of 

water vo]at!lesfiom 
water 



Adding appropriate parameters, and then 
rearranging the equation to solve for 
concentration, results in Equation (1). 

Equation (1 ') on the next page is the reduced 
version of Equation (1) using the standard default 
parameters, and is used to calculate the risk-based 
PRG at a prespecified cancer risk level of lo4. It 
combines the toxicity information of a chemical 
with standard default exposure parameters for 
residential land use to generate the concentration 

of that chemical that corresponds to a 
carcinogenic risk level due to that chemical. If 
either the SF, or SFi in Equation (1') is not 
available for a particular chemical, the term 
containing that variable in the equation can be 
ignored or equated to zero (e.g., for a chemical 
that does not have SFi, the term 7.5(SF1) in 
Equation (1') is ignored). If anv of the default 
parameter values are chaneed to reflect site- 
soecific conditions. the reduced eauation cannot be 
&. 

RESIDENTIAL WATER - CARCINOGENIC EFFECTS 

TR = S F ~ x C x R x E F x E D  + SfixCxKxIR.xEFxED 
BWxATx365daysjyr BW x AT x 365 d a m  

- - EFxEDxCxr(SF,xIRJ + (SF,xKxIR.U 
BW x AT x 365 days& 

C (m*; risk- = TRxBWxATx365dmhc 
EF x ED x [(SF, x K x IR,) + (SF, x IR,)] 

(1) 
W) 

where: 

Parameters Definition (un~ts) Default Value 

C chemical concentration in water ( m a )  - 
TR target excess ind~dual lifetime cancer risk (un~tless) lo4 
Sq inhalation cancer slope factor ((mglltgday)") chemicalspeclfic 
SFo oral cancer slope factor ((mgkgday)") chemical-specific 
BW adult body weight (kg) 70 kg 
AT averaging time (yr) 70 f l  
EF exposure frequency (days&) 350 days@ 
ED exposure duration (yr) m y  
IR, daily indoor inhalation rate (m3/day) 15 m3/&y 
1% dally water lngestlon rate (Uday) 2 Wday 
K volatilization factor (unitless) O.WO5 x 1WO Um3 (Andelman 1990) 

I REDUCED EQUATION: RESIDENTIAL WATER - CARCINOGENIC EFFECTS 

Risk-based PRG = 1.7 x 1@ 
( m a  TR = lod) 2(SFo) + 7.5(SFi) 

I where: 

= oral slope factor in (mgly-day)-' 
SFi = inhalation slope factor in (mgkg-day)-' 



Concentrations Based on Noncarcinogenic Equation (2') on the next page is the reduced 
ERects. Total HI would be calculated by version of Equation (2) using the standard default 
combining the appropriate oral and inhalation parameters, and is used to calculate the risk-based 
RfRs with the two intakes from water: PRG at a prespecified HI of 1. It combines the 

toxicity information of a chemical with standard 
HI = Intake from oral lnaestion exposure parameters for residential land use to 

Rf"0 generate the concentration of that chemical that 

+ Intake from inhalation 
RfD, 

corresponds to an HI of 1. If either the RfD, or  
RfDi in Equation (2') is not available for a 
particular chemical, the term containing that 

Adding appropriate parameters, and then variable in the equation can be ignored or  equated 

rearranging the equation to solve for to zero (e.g., for a chemical that does not have 

concentration, results in Equation (2). RfD,, the term 7.5/RfDl in Equations (2') is 
ignored). 

RESIDENTIAL WATER - NONCARCINOGENIC EFFECTS 

THI = C x I K x E F x  ED + CxKxIR.xEFxED 
RtD, x BW x AT x 365 dayslyr RfD, x BW x AT x 365 dayslyr 

I - - EF x ED x C x I/I/RfD, x I R . , ~ ~  
BW x AT x 365 dayslyr 

THI x BW x AT x 365 dawM 
EF x ED x [(l/RFD, x K x IR,) + (l/RfD., x I&)] 

where: 

Parameters 

C 
THI 
RfDO 
RfD, 
BW 
AT 
EF , 
ED 
IR, 
1% 
K 

Definition Default Value 

chemical eoncentration in water (mg/L) - 
target hazard index (unitless) 1 
oral chronic reference dose (magday) chemicalspecific 
inhalation chronic reference d m  (magday) chemical-specific 
adult body weight (kg) 70 kg 
avera~ing time (yr) 30 yr (for no~lcartinogens, equal to ED) 
exposure frequency (dayslyr) 350 dayslyr 
ocposure duration (yr) 30 ~r 
daily indwr inhalation rate (m3/day) 15 m3/day 
daily water ingestion rate (Wday) 2 Wday 
volatilization factor (unitless) 0.0005 x 1000 Um3 (Andelman 1990) 

REDUCED EQUATION: RESIDENTIAL WATER - NONCARCINOGENIC EFFECTS 

Risk-based PRG = 73 
(mglL; THI = 1) 

(2') 
[7.5/RfD, + 2/RfDo] 

I where: 

= oral chronic reference dose in mag-day 
= inhalation chronic reference dose in mgkgday 



- 

3.1.2 SOIL 

Under residential land use, risk of the 
contaminant from soil is assumed to be due to 
dircct ingestion of soil only. 

Total risk from so11 = Risk from ingest1011 of so11 
(ch~ld to adult) 

Because the soil ingestion rate is different for 
children and adults, the risk due to direct ingestion 
of soil is calculated using an age-adjusted ingestion 
factor. The age-adjusted soil ingestion factor 
(IF,o!i,,dj) takes into account the difference in daily 
soil ingestion rates, body weights, and exposure 
durations for two exposure groups - children of 
one to six years and others of seven to 31 years. 
Exposure frequency (Eq is assumed to be 
identical for the two exposure groups. For 
convenience, this factor is calculated separately as 
a time-weighted soil intake, normalized to body 
weight, that can then be substituted in the total 
intake equation. Calculated in this manner, the 

i factor leads to a more protective risk-based 
concentration compared to an adult-only 
assumption. Note that the ineestion factor is in 
units of ma-yrkpdav, and therefore is not directly 
comvarable to daily soil intake rate in units of 
m&g-day. See the box containing Equation (3) 
for the calculation of this factor. 

Additional exposure pathways (e.g., inhalation 
of particulates, inhalation of volatiles, ingestion of 
foodcrops contaminated through airborne 
particulate deposits, consumption of ground water 
contaminated by soil leachate) are possible at some 
sites. The risk assessor should evaluate whether 

inhalation or other exposure pathways are 
significant at the ate. Generally, for many 
undisturbed sites with vegetative cover such as 
those found in areas of residential land use, air 
pathways are relatively minor contributors of risk. 
Greater concern for baseline risk via air pathways 
exists under commerciaVindustrial land-use 
assumptions, given the increased activity levels 
likely (see Section 3.2.2). Air pathway risks also 
tend to be major concerns during remedial action 
(see RAGS/HHEM Part C). If these other 
pathways are known to be significant at scoping, 
Appendix B and/or other information should be 
used to develop site-specific equations for the risk- 
based PRGs. 

Concentrations Based on Carcinogenic Eflects. 
Total risk for carcinogenic effects would be 
calculated by combining the appropriate oral S F  
with the intake from soil: 

Total risk = SF, x Intake from ingestion of soil 

Adding appropriate parameters, and then 
rearranging the equation to solve for 
concentration, results in Equation (4). 

Equation (4') below is the reduced version of 
Equation (4) using the standard default 
parameters, and is used to calculate the risk-based 
PRG at a prespecified cancer risk level of 10". It 
combines the toxicity information of a chemical 
with standard exposure parameters for residential 
land use to generate the concentration of that 
chemical that corresponds to a lod carcinogenic 
risk level due lo that chemical. 

AGE-ADJUSTED SOIL INGESTION FACTOR 

IFmivaaj (mg-yrikg-day) = E&U.~I.&..E%~~~.L + L I V ~ ~ ~ . Z ~ ~ ~ ~ - ~ I -  (3) - 
BWage>6 BWa6e7.31 

Parameter Definitio~i Default Value 

IFWivadj age-adjusted soil ingestion factor (mgyrkgday) 114 mg-yrkg-day 
BW,I, average body weight From ages 1-6 (kg) 15 kg 
BWagc7.31 average body weight fro111 ages 7-31 (kg) 70 kg 
ED%,, exposure duration during ages 1 6  (yr) 6 Yr 
EDqe,,, exposure duration during ages 7-31 (yr) 24 yr 
%~age1.6 ingestio~~ rate of soil age 1 to 6 (muday) 200 mg/day 
%~,7.31 ingestion rate of soil all other ages (muday) 100 m&/day 



RESIDENTIAL SOIL - CARCINOGENIC EFFECTS 

TR = SF, x C x lo4 ka/mp. x EF x IFwivaai- 
AT x 365 days.@ 

C (mgkg; risk- = TR x AT x 365 dayshear 
SF, x 104 kglrng x EF x IF,,, 

(4) 
based) 

where: 

Parameters Definition (units) Default Value 

C chemical concentration in soil (mgllrg) - 
TR target excess individual lifetime cancer risk (unitless) 
SF, oral cancer slope factor ((mgPngday)-') chemical-specific 
AT averaging time (yr) 70 Y 
EF exposure frequency (days&) 350 days@ 
IF~oivndj ageadjusted ingestion factor (mgy/kgday) 114 mg-yrhgday (see Equation (3)) 

- 

I REDUCED EQUATION: RESIDENTIAL SOIL - CARClNOGENlC EFFECTS I 
Risk-based PRG - - 0.61 
(n~gkg; TR = 10') SF, 

where: 

SFo = oral slope factor in (mgkgda~).' 

Concentrations Based on Noncnrelnogenlc 
Effects. Total HI would be calculated by 
combining the appropriate oral RfD with the 
intake from soil: 

HI = Intake from lnsstlon 
RtDo 

Adding appropriate parameters, and then 
rearranging the equation to solve for 
mncentration, results in Equation (5). 

Equation (5') is the reduced version of 
Equation (5) using the standard default 
parameters, and is for calculating the risk-based 
PRG at a prespecified HI of 1. It combines the 
toxicity information of a chemical with standard 
exposure parameters lor residential land use to 
generate the concentration of that chemical that 
corresponds to an HI of 1. 

- - 

3.2 COMMERCIAL/INDUSTlUAL 
LAND USE 

3.2.1 WATER 

Once ground water is determined to be 
suitable for drinking, risk-based concentrations 
should be based on residential exposurcs. This is 
because the NCP seeks to require protection of 
ground water to allow for its maximum beneficial 
use (see Section 2.3). Thus, under the wmmercial/ 
industrial land-use scenario, risk-based PRGs for 
ground water are calculated according to 
procedures detalled in Section 3.1.1. Similarly, for 
surface water that is to be used for drinking, the 
risk-based PRGs should be calculated for 
residential populations, and not simply worker 
populations. 



- 
RESIDENTIAL SOIL - NONCARCINOGENIC EFFECTS. 

THI = C x lo4 kglme x EF x IF,,,+ 
RfD, x AT x 365 dayshr 

C (mgkg; risk- =' THI x AT x 365 davshr (5) 
based) l/RtD, x 1W6 kglmg x EF x IFmive 

where: 

Parameters Definition (units) Dehult Value 

C chemical conce~ltration in soil (mgkg) - 
THI target hazard index (unitless) 1 
Rf& oral chronic reference dose (mgkgday) chemicalspecific 
AT averaging time (yr) 30 yr (for noncarcinogens, equal to ED [which 

is incorporated in IFdad$ 
EF exposure frequency (days&) 350 days& 
IFdsdj age-adjusted ingestion factor (mg-yrkg-day) 114 mg-yrkgday (see Equation (3)) 

I REDUCED EQUATION: RESIDENTIAL SOIL - NONCARClNOGENIC EFFECTS I 
I Risk-based PRG = 2.7 x id (Rfl),) 

( m m ;  THI = 1) 

I RfD, = oral chronic reference dose in mgikgday 

3.2.2 SOIL 

Under commercial/industriaI land use, risk of 
the contaminant from soil is assumed to be due to 
direct ingestion, inhalation of volatiles from the 
soil, and inhalation of particulates from the soil, 
and is calculated for an adult worker only. For 
this type of land use, it is assumed for calculating 
default risk-based PRGs that there is greater 
potential for use of heavy equipment and related 
traffic in and around contaminated soils and thus 
greater potential for soils to be disturbed and 
produce particulate and volatile emissions than in 
most residential land-use areas. Additional 
exposure pathways (e.g., dermal exposure) are 
possible at some sites, while perhaps only one 
exposure pathway (e.g., direct ingestion of soil 
only) may be relevant at others; Appendix B may 
be used to identify relevant exposure pathways to 
be combined. In such cases, the risk is calculated 
by considering all the relevant exposure pathways 
identified in the RI. 

In the default case illustrated below, intakes 
from the three exposure pathways are combined 
and the risk-based PRG is derived to be protective 
for exposures from all three pathways. In this case, 
the risk for a specific chemical from soil due to the 
three exposure pathways would be calculated as 
follows: 

Total risk = Risk from ingestion of soil (worker) 
'am sail 

+ Risk from inhalation of volatiles from 
soil (worker) 

+ Risk from inhalation of particulates 
'om soil (worker) 

It is possible to consider only exposure pathways of 
site-specific importance by deriving a site-specific 
risk-based PRG (e.g., using the equations in 
Appendix B). 



Concentrations Based on Carcinogenic Effects. 3.3 VOLATILIZATION AND 
Total risk for carcinogenic effects would be 
calculated by comhining the appropriate inhalation 

PARTICULATE EMISSION 
and oral SFs with the three intakes from soil: FACTORS 

Total risk = SF,, x Intake from ingestion of soil 
(worker) 

+ SF, x Intake fmnl inhalatio~~ of 
volatiles from soil (worker) 

+ SFi x Intake from inhalation of 
particulates (worker) 

Adding appropriate parameters, and then 
rearranging the equation to solve for 
concentration, results in Equation (6). As 
discussed in more detail in Section 3.3.1, Equation 
(6a) is used to test the results of Equation (6). 

Equation (6') is the reduced version of 
Equation (6) using the standard default 
parameters, and is used to calculate the risk-based 
PRG at a prespecified cancer risk level of lo4. It 
combines the toxicity information of a chemical 
with standard exposure parameters for 
commercial/industrial land use to generate the 
concentration of that chemical that corresponds to 
a 10~carcinogenic risk level due to that chemical. 

Concentrntions Based on Noncarcinogenic 
Effects. Total HI would be calculated by 
combining the appropriate oral and inhalation 
RfDs with the three intakes from soil: 

HI = Intake from incestioo 
RfDo 

(Intake from inhalation of volatiles 

Adding appropriate parameters, and then 
rearranging the equation to solve for 
concentration, results in Equation (7). 

Equation (7') is the reduced version of 
Equation (7) using the standard default 
parameters, and is used to calculatc the risk-based 
PRG at a prespecified HI of 1. It combines the 
toxicity information of a chemical with standard 
exposure parameters for commercial/industria1 land 
use to generate the concentration of that chemical 
that corresponds to an HI of 1. 

3.3.1 SOIL-TO-AIR VOLATILIZATION 
FACrOR 

The volatilization factor (VF) is used for 
defining the relationship between the 
concentration of contaminants in soil and the 
volatilized contaminants in air. This relationship 
was established as a part of the Hwang and Falw 
(1986) model developed by EPA's Exposure 
Assessment Group (EAG). Hwang and Falco 
present a method intended primarily to estimate 
the permissible residual levels associated with the 
cleanup of contaminated soils. This method has 
been used by EPA in estimating exposures to PCBs 
and 2,3,7,&TCDD from contaminated soil (EPA 
1986; EPA 1988a). One of the pathways 
considered in thls method is the intake by 
inhalation of volatilized contaminants. 

The basic principle of the Hwang and Faico 
model is applicable only if the soil contaminant 
concentration is at or below saturation. Saturation 
is the soil contaminant concentration at which the 
adsorptive limits of the soil particles and the 
solubility limits of the available soil moisture have 
been reached. Above saturation, pure liquid-phase 
contaminant is present in the soil. Under such 
conditions, the partial pressure of the pure 
contaminant and the partial pressure of air in the 
interstitial soil pore spaces cannot be calculated 
without first knowing the mole fractron of the 
contaminant in the soil. Therefore, above 
saturation, the PRG cannot be accurately 
calculated based on volatilization. Because of thas 
Limitation, the chemical concentration in soil (C) 
calculated using the VF must be compared with 
the soil saturation concentration (C,,) calculated 
using Equation (6a) or (7a). If C is greater than 
C,,, then the PRG is set equal to C,,. 

The VF presented in this section assumes that 
the contaminant concentration in the soil is 
homogeneous from the soil surface to the depth of 
concern and that the contaminated materlal is not 
covered by contaminant-free soil material. For the 
purpose of calculat~ng VF, depth of concern is 
defined as the devth at which a near imvenetrable 
layer or the permanent ground-water level is 
reached. 



COMMERCIAIJINDUSTRIAL SOIL - CARCINOGENIC EFFECTS 

TR = SF, x C x 10 hglnlg x EF x ED x IR,, + SFi x C x EF x ED x IR,, x (l/VF + l/PEF] 
B W x AT x 365 days& BW x AT x 365 days/yr 

C ( m s g ;  risk- = TR x BW x AT x 365 da~shr  
EF x ED x [(SF, x lo-" kgmg x IR,,)  + (SF, x IR,,, x [lWF + l/PEI;I)] 

(6) 
based) 

where: 

Parameters Definition (units) Default Value 

C chemical concentration in soil ( m a g )  - 
TR target excess individual lifetime cancer risk (unitless) 1W6 
SFi inhalation cancer slope factor ((mag-dayyl) chemical-specific 
SF0 oral cancer slope factor ((mag-day)-') chemical-specific 
BW adult body weight (kg) 70 kg 
AT averaging time (yr) 70 yr 
EF exposure frequency (days&) 250 days& 
ED exposure duration (yr) z5 Yr 
IRd, soil ingestion rate (mglday) 50 mgtday 
IRair workday inhalation rate (m3/day) 20 m3/day 
VF soil-to-air volatilization factor (m3&) chemical-specific (see Section 3.3.1) 
PEF particulate emission factor(m3ikg) 4.63 x lo9 m3/kg (see Section 3.3.2) 

G a t  = (Kd X S x nrn) + (S X ern) (6a) 

where: 

Parameters Definition (units) Default Value 

( k t  soil saturation concentration ( m a g )  - 
Kd soil-water partition coefficient (L/kg) chemical-specific, or KO, x OC 
& organic carbon partition coefficient (L/kg) chemical-specific 
OC organic carbon content of soil (fraction) site-specific, or 0.02 
s solubility (mg/L-water) chemical-specific 
nm soil moisture content, expressed as a weight fraction site-specific 
e m  soil moisture content, expressed as L-water&-soil site-specific 

---- 

REDUCED EQUATION: COMMERCIAIJINDUSTRIAL SOIL - CARCINOGENIC EFFECTS 

Risk-based PRG = 2.9 x l W 4  (6') 
(mglkg; TR = 1W6) [((S x lo-') x SF,) + (SF, x ((2OWF) + (4.3 x 10-?))I 

where: 

SFo = oral slope factor in (mag-day)-' 
SFi = inhalation slope factor in (mag-dayy' 
VF = chemical-specific soil-to-air volatilization factor in m3/kg (see Section 3.3.1) 

If PRG > CSat, then set PRG = C,,, (where C,, = soil saturation concentration (mag);  see Equation (6a) 
and Section 3.3.1). 



COMMERCIAUINDUSTRlAL SOIL - NONCARCINOGENIC EFFECTS 

THI = C x lo* kummn x EF x ED x IR,,, + C x E F  x ED x IR., x (1WF + I R E Q  
RtD,, x BW x AT x 365 dayslyr RtD, x BW x AT r 365 daysiyr 

c (m@g; = THI x BW x AT x 365 ddvShr (7) 
risk-based) ED x E F  x [((l/RfD.) x 10" kg/mg x IRsOil) + ((l/RfDi) x IR,. x ( I N F  + IREF))] 

where: 

Parameters Definition (units) Default Value 

C chemical concentration in soil (mgntg) - 
THI target hazard index (unitless) 1 
R f b  oral chronic reference dose (mgntg-day) chemical-specific 
RfDi inhalation chronic reference dose. (mgkg-day) chemical-specific 
BW adult body weight (kg) 70 kg 
AT averaging time Q 2.5 yr (always equal to ED) 
EF expodure frequency (dayslyr) 270 dayshr 
ED exposure duration (yr) 25 yr 

soil ingestion rate (mgiday) 50 n~giday 
IR, workday inhalation rate (m3/day) 20 m3/day 
VF soil-to-air volatilization factor (m3ikg) chemical-specific (see Section 3.3.1) 
PEF particulate emission factor (m3/kg) 4.63 x 10' m3/kg (see Section 3.3.2) ~~ 

c,,, = (K, x s x n,) + (s x 0,) (7a) 

where: 

Paran~eters Definition (units) Default Value 

cm, soil saturation concentration (mgkg) - 
K d  soil-water partition coefficient ( U g )  chemical-specific, or K, x OC 
& organic carbon partition coefficient (Wkg) chemicalspecific 
OC ' organic carbon content of soil (fraction) site-specific, or 0.02 
s solubility (mg/L-water) chemical-specific 

soil inoisture content, expressed as a weight fraction sitespecific nm 
e m  soil inoisture content, expressed as L-water/kgsoil site*pecific 

REDUCED EQUA'I'ION: COMMERCIAUINDUSTRIAL SOIL -NONCARCINOGENIC EFFECTS 

Risk-based - - 102 
PRO (mgkg; [(S x 10%tD,) + ((l/RfDJ x ((20NF) + (4.3 x IW?))] 
THI = 1) 

where: 

RfD, = oral chronic reference dose in ~ngntg-day 
RFDi = inhalation chronic reference dose in mgkg-day 
V F  = c t -~  ,nical-specific soil-to-air volatilization factor in m3/kg (see Section 3.3.1) 

If PRG > C,,,, then set PRG = C,,, (where C,,, = so11 saturation concentratio~l (mgkg); see Equation (7a) and 
Section 3.3.1). 



A chemical-specific value for VF is used in the 
standard default equations (Equations (6), (6'), 
(7), and (7') in Section 3.2.2) and is developed in 
Equation (8). The VF value calculated using 
Equation (8) has been developed for specific use in 
the other equations in this guidance; it may not be 
applicable in other technical contexts. Equation 
(8) lists the standard default parameters for 
calculating VE If site-specific information is 
available, Equation (8) may be modified to 
calculate a VF that is more appropriate for the 
particular site. Supporting references should be 
consulted when substituting site-specific data to 
ensure that the model and specific parameters can 
be appropriately applied to the given site. 

3.3.2 PARTICULATE EMISSION FACTOR 

The particulate emission factor (PEF) relates 
the contaminant concentration in soil with the 
concentration of respirable particles (PM,,,) in the 
air due to fugitive dust emissions from surface 
contamination sites. This relationship is derived 
by Cowherd (1985) for a rapid assessment 
procedure applicable to a typical hazardous waste 
site where the surface contamination provides a 
relatively continuous and constant potential for 
emission over an extended period of time (e.g., 
years). The particulate emissions from 
contaminated sites are due to wind erosion and, 
therefore, depend on the erodibility of the surface 

SOIL-TO-AIR VOJATILIZATION FACTOR 

VF(m3/kg) = (LSxVx DH) x (3.14 x a x n" 
A ( 2 ~  D,X E X G X  1w3 kg&) 

(8) 

where: 

a (cm2/s) - - (D.; x E) 
E + (P,)(l-E)/K, 

Standard default parameter values that can be used to reduce Equation (8) are listed below. These represent "typical" 
values a$ identified in a number of sources. For example, when site-spedfic values are not available, the length of a 
side of the wntaminated area (LS) is assumed to be 45 m; this is based on a contaminated area of 0.5 acre which 
approximates the size of an average residential lot. The "typical" values LS, DH, and V are from EPA 1986. "Typical" 
values for E, OC, and p, are from E1'A 19&, EPA lWb, and EPA 1Mf. Site-specific data should be substituted 
for the default values listed below wherever possible. Standard values for chemical-specific Di, H, and K, can be 
obtained by calling the Superfund Health Risk Technical Support Center. 

Parameter Definitinll (units) Default 

VF volatilization factor (m3/kg) " - 
LS length of side of contaminated area (m) 45 m 
V wind specd in mixing zone (olls) 2.25 mh 
DH diffusion height (m) 2 m 
A area of contamination (cm2) 20,250,000 cm2 
"& effective diffusivity (cmL/s) Di x Ew3 
E true soil p>rosity (unitless) 0.35 
& soillair partition coefficient (g soil/cm3 air) (H&) x 41, where 41 k a units 

wnversion factor 
P. true soil density or particulate density (glcm3) 2.65 g/cm3 
T exposure interval (s) 7.9 x id s 
Di molecular diffusivity (cm2/s) chemical-specific 
II Henry's law constant (atm-n?/mol) chemical-specific 
Kd soil-water partition mfficient (cm3/g) chemical-specific, or K, x OC 
Km organic carbon partition coefficient (nn3/g) chemical-specific 
OC organic carbon content of soil (fraction) site-specific, or 0.02 



material. The equation presented below, Equation 
(9), is representative of a surface with "unlimited 
erosion potential," which is characterized by bare 
surfaces of finely divided material such as sandy 
agricultural soil with a large number ("unlimited 
reservoir") of erodible particles. Such surfaces 
erode at low wind speeds, and particulate emission 
rates are relatively time-independent at a given 
wind speed. 

This model was selected for use in 
RAGSRINEM Pan B because it represents a 
conservative estimate for intake of particulates; it 
is used to derive Equations (6) and (7) in Section 
3.2.2. 

Using the default parameter values given in 
the box for Equation (9), the default PEF is equal 
to 4.63 x lo9 m3kg. The default values necessary 
to calculate the flux rate for an "unlimited 
reservoir" surface (i.e., G, U,, U,, and F(x)) are 
provided by Cowherd (1985), and the remaining 
default values (i.e., for LS, V, and DH) are 
"typical" values (EPA 1986). If site-specific 
information is available, Equation (9) may be 
modified to calculate a PEF that is more 
appropriate for the particular site. Again, the 
original reference should he consulted when 

> 

substituting site-specific data to ensure 
applicability of the model to specific site 
conditions. 

PARTICULATE EMISSION FACTOR 

PEF (m3/kg) = LS x V x DH x 3600 sbr x lO@l a/ka 
A 0.036 x (1-G) x (U&TJU,)' x F(x) 

(9) 

where: 

Parameter Definition (units) Defaur 

PEE particulate emission factor (m3/kg) 4.63 x lo9 m3/kg 
LS width of contaminated area (n1) 45 m 
V wind speed in mixing zone (mi$) 2.25 mls 
DH diffusion height (m) 2 m 
A area of contamination (mZ) U)25 m" 
0.036 . respirable fraction (g/n12-hr) 0.036 g/mz-hr 
G fraction of vegetative mver (unitless) 0 
Urn mean annual wind speed (nvs) 4.5 m/s 
ut equivalent threshold value of wind speed 12.8 m/s 

at 10 111 (mh) 
function dependent on U f l ,  (unitless) 0.0497 (determined using Cowherd 1985) 

3.4 CALCULATION AND 
PRESENTATION OF RISK- 
BASED PRGs 

The equations presented in this chapter can be 
used to calculate risk-based PRGs for both 
carcinogenic and noncarcinogenic effects. 
a carcinogenic and a noncardinoeenic risk-based 
PRG are calculated for a particular chemical, then 

the lower of the two Values 1s considered the 
a~orooriate risk-based PRG for anv eiven 
contaminant. The case-study box below illustrates 
a calculation of a risk-based PRG. A summary 
table - such as that in the final case-study box - 
should be developed to present both the risk-based 
PRGs and the ARAR-based PRGs. The table 
should be labeled as to whether it presents the 
concentrations that were developed during scoping 
or after the baseline risk assessment. 



CASE STUDY: C A L C ~ T E  RISK-BASED PRGsa 

Risk-based PRGs for ground water for isophorone, one of the chemicals detected in groundwater n~onitorins 
wells at the site, are calculated below. Initial risk-based PRGs for isophorone (carcinogenic and noi~carcinoge~~ic 
cffecls) arc derived using Equations (I ') and (2') in Section 3.1.1. ~ ~ u ~ l t ~ o n s  (I ') and (2') wmhme the t&iclty 
information of the chemical (oral KfU of 0.2 m@g-day and oral SF of 0.0039 [m@g-day]'; inhalat~on \*slues are 
not available and, therefore, only the oral exposure route is considered) with standard exposure parameters. The 
calculated concentrations in mgL wrrespond to a target risk of 104 and a target HQ of 1, as follows: 

Carcinogenic = 1.7 x 10" Noncarcinogenic = 73 
risk-based PRG 2(sFo) risk-hased PRG 2/RfD, 

The lower of the twovalues (i.e., 0.022 m a )  is selected as the appropriate risk-based PRG. Risk-based PRGs are 
calculated similarly for the other chemicals of concern. 

' All information in this example is for illustration purposes only. 

CASE STUDY: PRESENT I'KGs DEVELOPED DURING SCOPINGa 

Site: X Y Z  Co. 
Location: Anytown, Anystate 
Medium: Ground Water 

Land Use: Residential 
Exposure Koules: Water Ingestion, Inhalation of 

Volatiles 

1 

Chemical 

Benzene 
Carbon Tetrachloride 
Ethylbenzene 

Hexane 
Isophorone 
Triallate 
1,1,2-Trichloroethane 

Vinyl chloride 

a All i~~for~natiot~ in this example is for illusvation purposes oaly. 

.. These concentrations were calculated using the stalldard default equatiolls in Chapter 3. 

... Of the two potential risk-based PRGs for this chemical, this concentration is the selected risk-based PRG. 
Of the two potential AR4R-based PRGs for this chemical, this co~~centration is selected as the ARAR- 

based PRG. 

Risk-based PRGs 
(m@y 

lo4 

- 
- 
- 
- 

0.022"' 
- 
- 

- 

ARAR-based PRG 

HQ = 1 

- 
- 
- 

0.33 
7.3 

0.47 
- 

- 

TSPe 

MCL 
MCL 

MCLG 
MCL 
- 
- 
- 

MCLG 
MCL 
MCL 

Co~lcelltration (ma) 

0.005 
0.005 
0.7*** 
0.7 
- 
- 
- 

0.003*** 
0.005 
0.002 



RISK-BASED PRGs FOR 
RADIOACTIVE CONTAMINANTS 

This chapter presents standardized exposure 
parameters, derivations of risk equations, and 
"reduced" equations for calculating risk-based 
PRGs for radioactive contaminants for the 
pathways and land-use scenarios discussed in 
Chapter 2. In addition, a radiation site case study 
is provided at the end of the chapter to illustrate 
(1) how exposure pathways and radionuclides of 
potential concern (including iadioactive decay 
products) are identified, (2) how initial risk-based 
PRGs for radionuclides are calculated using 
reduced equations based on information available 
at the scoping phase, and (3) how risk-based PRGs 
can be re-calculated using full risk equations and 
site-specific data obtained during the baseline risk 
assessment. Chapters 1 through 3 and Append~ces 
A and B provide the basis for many of the 
assumptions, equations, and parameters used in 
this chapter, and therefore should be reviewed 
before proceeding further into Chapter 4. Also, 
Chapter 10 in RAGSKHEM Part A should be 
consulted for additional guidance on conducting 
baseline risk assessments at sites contam~nated 
with radioactive substances. 

In general, standardized default exposure 
equations and parameters used to calculate risk- 
based PRGs for radionuclides are similar in 
structure and function to those equations and 
parameters developed in Chapter 3 for 
nonradioactive chemical carcinogens. Both types 
of risk equations: 

Calculate risk-based PRGs for each carcinogen 
corresponding to a pre-specified target cancer 
risk level of lo4. As mentioned in Section 
2.8, target risk levels may be modified after the 
baseline risk assessment based on site-specific 
exposure conditions, technical limitations, or 
other uncertainties, as well as on the ninc 
remedy selection criteria specified in the NCP. 

Use standardized default exposure parameters 
consistent with OSWER Directivc 9285.6-03 
(EPA 1991b). Where default parameters are 

not available in that guidance document, other 
appropriate reference values are used and 
cited. 

Incorporate pathwayapecific default exposure 
factors that generally reflect RME conditions. 

There are, however, several important areas in 
which risk-based PRG equations and assumptions 
for radioactive contaminants differ substantially 
from those used for chemical contaminants. 
Specifically, unlike chemical equations. risk 
equations for radionuclides: 

Accept input quantities in units of activity 
(e.g., picocuries (pCi)) rather than in units of 
mass (e.g., milligrams (mg)). Activity units are 
more appropriate for radioactive substances 
because concentrations of radionuclides in 
sample media are determined by direct 
physical measurements of the activity of each 
nuclide present, and because adverse human 
health effects due to radionuclide intake or 
exposure are directly related to the amount, 
type, and energy of the radiation deposited in 
specific body tissues and organs. 

Consider the carcinogenic effects o l  
radionuclides only. EPA designates all 
radionuclides as Class A carcinogens based on 
their property of emitting ionizing radiation 
and on the extensive weight of epidemiological 
evidence of radiation-induced cancer in 
humans. At most CERCLA radiation sites, 
potential health risks are usually based on the 
radiotoxicity, rather than the chemical toxicity, 
of each radionuclide present. 

Use cancer slope factors that are best 
estimates (i.e., medlan or 50th percentile 
values) of the age-averaged, lifetime excess 
total cancer risk per unit intake of a 
radionuclide (e.g., per pCi inhaled or ingested) 
or per unit external radiation exposure (e.g., 
per microRoentgen) to gamma-emitting 



radionuclides. Slope factors given in IRIS and In the case illustrated below, risks from the 
HEAST have been calculated for individual two default exposure routes are combined, as 
radionuclides based on their unique chemical, follows: 
metabolic, and radiological properties and 
using a non-threshold, linear doseresponse Total risk = Rek from ingestion of radionuclides 
model. This model accounts for the amount from water in water (adult) 
of each radionuclide absorbed into the body 
from the gastrointestinal tract (by ingestion) 
or through the lungs (by inhalation), the 
distribution and retention of each radionuclide 
in body tissues and organs, as well as the age, 
sex, and weight of an individual at the time of 
exposure. The model then averages the risk 
over the lifetime of that exposed individual 
(i.e., 70 years). Consequently, radionuclide 
slope factors are not expressed as a function of 
body weight or time, and do not require 
corrections for gastrointestinal absorption or 
lung transfer efficiencies. 

Risk-based PRG equations for radionuclides 
presented in the following sections of this chapter 
are derived initially by determining the total risk 
posed by each radioactive contaminant in a given 
pathway, and then by rearranging the pathway 
equation to solve for an activity concentration set 
equal to a target cancer risk level of 10.~. At the 
scoping phase, these equations are "reduced -and 
risk-based PRGs are calculated for each 
radionuclide of concern - using standardized 
exposure assumptions for each exfiosure route 
within each pathway and land-use combination. 
After the baseline risk assessment, PRGs can be 
recalculated using full risk equations and site- 
specific exposure information obtained during the 
RI. 

4.1 RESIDENTIAL LAND USE 

4.1.1 GROUND WATER OR SURFACE 
WATER 

Under the residential land-use scenario, risk 
from ground-water or surface water radioactive 
contaminants is assumed to be due primarily to 
direct ingestion and inhalation of volatile 
radionuclides released from the water to indoor 
air. However, because additional exposure routes 
(e.g., external radiation exposure due to 
immersion\ are oossible at some sites for some 

+ Risk from indoor inhalation of volatile 
radionuclides released from water 
(adult) 

At the scoping phase, risk from indoor 
inhalation of volatile radionuclides is assumed to 
be relevant only for radionuclides with a Henry's 
Law constant of greater than 1 x 10" atm-m3/mole 
and a molecular weight of less than 200 &'mole. 
However, radionuclides that do not meet these 
criteria also may, under certain site-specific water- 
use conditions, be vdlatilized into the air from 
water, and thus pose significant site risks (and 
require risk-based goals). Therefore, the ultimate 
decision regarding which contaminants should be 
considered must be made by the risk assessor on a 
sitespecific basis following completion of the 
baseline risk assessment. 

Total carcinogenic risk is calculated for each 
radionuclide separately by combining its 
appropriate oral and inhalation SFs with the two 
exposure pathways for water, as follows: 

Total risk = SF, x Intake from ingestion of 
of radionuclides 

+ SF, x Intake from inhalation of 
volatile radionuclides 

By including appropriate exposure parameters for 
each type of intake, rearranging and combining 
exposure terms in the total risk equation, and 
setting the target cancer risk level equal to 1w6, 
the risk-based PRG equation is derived as shown 
in Equation (10). 

Equation (lo'), presented in the next box, is 
the reduced version of Equation (10) based on the 
standard default values listed below. It is used to 
calculate risk-based PRGs for radionuclides in 
water at a prespecified cancer risk level of 10' by 
combining each radionuclide's toxicity data with 
the standard default values for residential land-use 

radionuclides, while only one exposure route may exposure parameters. 

be relevant at others, the risk assessor always 
should consider all relevant exposure routes and After the baseline risk assessment, the risk 

add or modlfy exposure routes as appropriate. assessor may choose to modify one or more of the 
exposure parameter default values or assumptions 



RADIONUCLIDE PRGs: RESIDENTIAL WATER - CARCINOGENIC EFFECTS 

Total r~sk = [SF,xRWxIR,,xEFxED] + [SF,xRWxKx&xEFxED] 

RW (pa& = TR (10) 
nslt-based) EF x ED x [(SF, x K)  + (SF; x K x IRJj 

where: 

Parameters Definition (un~ts) Default Value 

RW rad~onuclide PRG in water ( p C i i  - 
TR target excess indimdual lifetime cancer risk (unltless) lo4 
SF, ~nhalation slope factor (risk/pa) radlonuclidedpecific 
SF, oral (igest~on) slope factor (risk/pCi) radionuclidedpecific 
EF exposure frequency (days@) 350 dsysh.r 
ED exposure duration (yr) 30 Yr 
IRa daily indoor inhalation rate (m3/day) 15 m3/day 

daily water Ingestion rate (Uday) 2 Wday 
K volatiluation factor (umtless) 0.0005 x 1000 Wm3 (Andelman 1990) 

- 

REDUCED EQUATION FOR RADIONUCLIDE PRGs: 
RESIDENTIAL WATER - CARCINOGENIC EFFECTS 

I where: 

= oral (ingestion) slope factor (nsWpCi) 
= inhalation slope factor (risk/@) 

in the risk equations to reflect site-specific 
conditions. In this event, radionuclide PRGs 
should be calculated using Equation (10) instead of 
Equation (10'). 

4.1.2 SOIL 

Under residential land-use conditions, risk 
from radionuclides in soil is assumed to be due to 
direct ingestion and external exposure to gamma 
radiation. Soil ingestion rates differ for children 
and adults, therefore age-adjusted ingestion rate 
factors are used in the soil pathway equation. 
Calculation of the risk from the external radiation 
exposure route assumes that any gamma-emitting 
radionuclide in soil is uniformly distributed in that 
soil within a finite soil depth and density, and 
dispersed in an infinite plane geomeuy. 

The calculation of external radiation exposure 
risk also includes two additional factors, the 
gamma shielding factor (S,) and the gamma 
exposure time factor (TJ, which can be adjusted to 
account for both attenuation of radiation fields due 
to shielding (e.g., by structures, terrain, or 
engineered barriers) and for exposure times of less 
than 24-hours per day, respectively. S, is expressed 
as a fractional value between 0 and 1, delineating 
the possible risk reduction range from 0% to 
100%. respectively, due to shielding. The default 
value of 0.2 for S, for both residential and 
commerciallindustrtal land-use scenarios reflects 
the initial conservative assumption of a 20% 
reduction in external exposurc due to shielding 
from suuctures (see EPA 1981). T, is expressed as 
the quotient of the daily number of hours an 
individual is exposed directly to an external 
radiation field divided by the total number of 
exposure hours assumed each day for a given land- 



use scenario (i.e.. 24 hours for residential and 8 
hours for commercial/industrial). The default 
value of 1 for T, for both land-use scenarios 
reflects the conservative assumptions of a 24-hr 
exposure duration for residential populations (i.e., 
24/24 = 1) and an 8-hr exposure duration for 
workers (i.e., 818 = 1). Values for both factors can 
(and, if appropriate, should) be modified by the 
risk assessor based on site-specific conditions. 

In addition to direct ingestion of soil 
contaminated with radionuclides and exposure to 
external radiation from gamma-emitting 
radionuclides in soil, other soil exposure routes are 
possible, such as inhalation of resuspended 
radioactive particles, inhalation of volatile 
radionuclides, or ingestion of foodcrops 
contaminated by root or leaf uptake. The risk 
assessor should therefore identify all relevant 
exposure routes within the soil pathway and, if 
necessary, dcvclop equations for risk-based PRGs 
that comb~ne these exposure routes. 

In the case illustrated below, the risk-based 
PRG is derived to be protective for exposure from 
the direct ingestion and external radiation routes. 
Total risk from soil due to ingestion and external 
radiation is calculated as follows: 

Total risk = Risk from direct ingestion of radio- 
from soil i~uclides in soil (child to adult) 

+ Risk from external radiation fron~ 
gamma-emitting radionuclides in soil 
,,- 

Total risk for carcinogenic effects from each 
radionuclide of potential concern is calculated by 
combining the appropriate oral slope factor, SF,, 
with the total radionuclide make from soil, plus 
the appropriate external radiation slope factor, 
SF,, with the radioactivity concentration in soil: 

Total risk = SFo x Intake from direct ingestion 
of soil 

+ SF. x Coilcentration of gamma- 
emitting radionuclides in soil 

Adding appropriate parameters, then combining 
and rearranging the equation to solve for 
concentration, results in Equation (11). 

Equation (11') is the reduced version of 
Equation (11) based on the standard default values 
listed below. Risk-based PRGs for radionuclides 

in soil are calculated for a pre-specified cancer risk 
level of 10.~. 

The age-adjusted soil ingestion factor 
(lFso,l,ad,) used in Equation (11) takes into account 
the difference in soil ingestion for two exposure 
groups - children of one to six years and all other 
individuals from seven to 31 years. IFsoiUadj is 
calculated for radioactive contaminants as shown in 
Equation (12). Section 3.1.2 provides additional 
discussion on theage-adjusted soil ingestion factor. 

If any parameter values or exposure 
assumptions are adjusted after the baseline risk 
assessment to reflect site-specific conditions, soil 
PRGs should be calculated using Equation (11). 

4.2 COMMERCIAL/INDUSTlUAL 
LAND USE 

4.2.1 WATER 

Under the comn~ercidll~ndustrial land use 
scenario, risk-based PRGs for radionuclides in 
ground water (and for radionuclides in surface 
water used for drinking water purposes) are based 
on residentla1 exposures and calculated according 
to the procedures detailed in Section 4.1.1 (see 
Section 3.2.1 for the rationale for this approach). 
Risk-based PRGs should be calculated considering 
the possibility that both thc workcr and general 
population at large may be exposed to the same 
contaminated water supply. 

4.2.2 SOIL 

Under the commercialiindustrial land use 
scenario, four soil exposure routes - direct 
ingestion, inhalation of volatile radionuclides, 
inhalation of resuspendcd radioactive particulates, 
and external exposure due to gamma-emitting 
radionuclides - are combined to calculate risk- 
based radionuclide PRGs in soil for adult worker 
exposures. Additional exposure routes (e.g., 
ingestion of foodcrops contaminated by 
radionuclide uptake) are possible at some sites, 
while only one exposure route (e.g., external 
radiation exposure only) may he relevant at others. 
The risk assessor shoilld therefore consider and 
combine all relevant soil exposure routes, as 
necessary and appropriate, bascd on sire-specific 
conditions. 



RADIONUCLIDE PRGs: RESIDENTIAL SOIL -CARCINOGENIC EFFECTS 

Total risk = 

where: 

Parameters 

RS x [(SF, x 10~g/mg x E F  x + (SF, x idgikikg x ED x D x SD x (13.) x T,)] 

TR (I1) 
(SF, x 10 x E F  x IF,,,,) + (SF, x 10' x ED x D x SD x (14.) x T,) 

Defmition (units) 

radlonuclide PRG in soil (pCi1g) 
target excess individual lifetime cancer rlsk (un~tless) 
oral (ingestion) slope factor (risk/pQ) 
external exposure slope factor (risk@ per ~CI / I I I~ )  
expowre frequency (days@) 
exposure duration (yr) 
age-adjusted soil ingestion factor (mg-yrlday) 
depth of radionucl~des in sod (m) 
so11 density (kg/m3) 
gamma shielding factor (unitless) 
gamma exposure time factor (unitless) 

Default Value 

- 
1W6 
radionuclidespecitie 
radionucllde-specific 
350 dayslyr 
30 yr 
3600 mg-yrlday (see Equation (12)) 

0.2 (see section 4.1.2) 
1 (see Section 4.1.2) 

REDUCED EQUATION FOR RADIONUCLIDE PRGs: 
RESIDENTIAL SOIL - CARCINOGENIC EFFECTS 

Risk-hased PRG - - 1 x 10 .~  
(Wi; TR = 1 0 3  1.3 x lo3 (SF,) + 3.4 x lo6 (SF,) 

I where: 

I E: = oral (ingestion) slope factor (risk/pCi) 
= external exposure slope factor (risk@ per pCi/m2) 

AGE-ADJUSTED SOIL INGESTION FACTOR 

lFhvdi (m~yrlday) = (IR,ua, ,, x EDw ,,I + (I%,,, ,., x ED,, T . ~ , )  (12) 

where: 

Parameters Definition (units) Default Value 

IF-udi axe-adjusted soil ingestion factor (mg-yrlday) 3600 mg-yrlday 
IR,II~, l.6 ingestion rate of soil ages 1-15 (nlgtday) 200 my/clay 
IR,uas 731 ingestion rate of soil ages 7-31 (mg/day) 100 muday 
Wage ,4 expoaure duration during ages 1-6 (yr) 6 Yr 

7.31 expmure duration during ages 7-31 (yr) 24 yr 



In the case illustrated below, total risk from 
radionuclides in soil is calculated as the summation 
of the individual risks from each of the four 
exposure routes listed above: 

Total risk = Risk from direct ingestion of radio- 
from soil nuclides in soil (worker) 

+ Risk from inhalation of volatile 
radionuclides (worker) 

+ Risk from inhalation of resuspended 
radioactive particulates (worker) 

+ Risk from external radiation from 
gamma-emitting mdionucties (wrker) 

Total risk for carcinogenic effects for each 
radionuclide is calculated by combining the 
appropriate ingestion, inhalation, and external 
exposure S F  values with relevant exposure 
parameters for each of the four soil exposure 
routes as follows: 

Total = SF, x Intake from direct ingestion of 
risk radionuclides in soil (worker) 

+ SF, x Intake from inhalation of 
volatile radionuclides (worker) 

+ SFi x Intake from inhalation of resus- 
pended radioactive particulates 
(worker) 

4 SF, x Concentrationofgamma-emitting 
radionuclides in soil (worker) 

f Adding appropriate parameters, and then 
combining and rearranging the equation to solve 
for concentration, results in Equation (13). 

Equation (13') below is the reduced version of 
Equation (13) based on the standard default values 
below and a pre-specified cancer risk level of 10.~. 
It combines the toxicity information of a 
radionuclidewithstandard exposure parameters for 
commercial/industrial land use to generate the 
concentration of that radionuclide corresponding 
to a 10.~  carcinogenic risk level due to that 
radionuclide. 

If any parameter default values or assumptions 
are changed after the baseline risk assessment to 
reflect site-specific conditions, radionuclide soil 
PRGs should be derived using Equation (13). 

4.23 SOIL-TO-AIR VOLATILIZATION 
FACTOR 

The VF, defined in Section 3.3.1 for chemicals, 
also applies for radioactive contaminants with the 
following exceptions. 

Most radionuclides are heavy metal elements 
and are non-volatile under normal, ambient 
conditions. For these radionuclides, VFvalues 
need not be calculated and the risk due to the 
inhalation of volatile f o m  of these nuclides 
can be ignored for the purposes of 
determining PRGs. 

A few radionuclides, such as carbon-14 (C-14), 
tritium (H-3), phosphorus-32 (P-32), sulfur-35 
(S-35), and other isotopes, are volatile under 
certain chemical or environmental conditions, 
such as when they are combined chemically 
with volatile organic compounds (i.e., the so- 
called radioactively-labeled or "tagged" organic 
compounds), or when they can .exist in the 
environment in a variety of physical forms, 
such as C-14 labeled carbon dioxide (C02) gas 
and tritiated water vapor. For these 
radionuclides, VF values should be cal~mlated 
using the Hwang and Falco (1986) equation 
provided in Section 3.3.1 based on the 
chemical species of the compound with wh~ch 
they are associated. 

The naturally occurring, non-volatile 
radioisotopes of radium, namely Ra-226 and 
Ra-224, undergo radioactive decay and form 
inert, gaseous isotopes of radon, i.e., Rn-222 
(radon) and Rn-220 (thoron), respectively. 
Radioactive radon and thoron gases emanate 
from their respective parent radium isotopes 
in soil, escape into the air, and can pose 
cancer rlsks if inhaled. For Ra-226 and Ra- 
224 in soil, use the default values shown in the 
box on page 40 for VF and for SF, in 
Equation (12) and Equation (12'). 

4.3 RADIATION CASE STUDY 

This section presents a case study of a 
hypothetical CERCLA radiation site, the ACME 
Radiation Co. site, to illustrate the process of 
calculating pathway-specific risk-based PRGs for 
radionuclides using the risk equations and 
assumptions presented in the preceding sections of 
this chapter. The radiation site case study is 
modeled after the XYZ Co. sile study discussed in 



RADIONUCLIDE PRGs: COMMERCIAUINDUSTRIAL SOIL - CARCINOGENIC EFFECTS 

Total = RS x ED x [(SF, x 10'~glmg x EF x IR,,) + (SFi x legkg x EE x IRair x l/VF) 
risk 

+ (SF, x ldgkg x EF x IR, x 1/PEF) + (SF, x ldg/kg x D x SD x (1-S,) x Te)] 

RS - - TR 
ED x [ ( S F ~ ~ O ~ E F X I ~ , , )  + (SF~~O%EFYJR,J x (l/VF + l/PEF) + (~~~ldxDxShr(l-Sg(P3lDxSDx(l-~&T~] 

(13) 
(mg; 
risk-based) 

where: 

Parameters Definition (units) Default Value 

RS radionuclide PRG in soil (pCiIg) - 
TR target arcess individual lifetime cancer risk (unitless) lod 
SF, inhalation slope factor (risk1pCi) radionuclidespecific 
SF* oral (ingestion) slope factor (risklpCi) radionuclide-speeific 
SF, external expure  slope factor (risk& per p~i/mz) radionuclidespecific 
EF exposure frequency (days@) 250 days@ 
ED exposure duration (yr) 25 Yr 
IRdr workday inhalation rate of air (m3/day) 20 m3/day 
IR,d daily soil ingestion rate (mgday) 50 mglday 
VF soil-tc-air volatilization factor (m3/kg) radionuclide-specific (see Section 4.23) 
PEF particulate emission factor (m3fig) 4.63 x lo9 m3ikg (see Section 3.3.2) 

/D depth of radionuclides in soil (m) 0.1 m 
f S D  soil density (kgm3) 1.43 x lo3 kg/m3 
r/ s e  ganlma shielding factor (unitless) 0.2 (see Section 4.1.2) 
v"L gamma exposure factor (unitless) 1 (see Section 4.1.2) 

REDUCED EQUATION FOR RADIONUCLIDE PRGs: 
COMMERCLAUINDUSTRLU SOIL - CAKClNOGENlC EFFECTS* 

Risk-based PRG = Ixlp (13') 
(pCl/g; TR = 1 0 3  [(3.1 x 1O2(SF,)) + ((1.3 x 108/VF + 2.7 x 10'3 (SF,)) + (2.9 x 10" (SF.))] 

where: 

1 SFo = oral (ingestion) slope factor (risk/pCi) 
SF, = inhalation slope factor(riskfpCi) 1 SF, = external eqmure slope factor (risk@ per pCi/m2) 

W = radionuclide-specific soil-to-air volatilization factor in m3kg (see Section 3.3.1) 

'NOTE. See Section 4.2.3 when calculating PRGs for Ra-226 and Ra-224. 

Chapters 2 and 3. It generally follows a two-phase full equations and modified sile-specific parameter 
format which wnsists of a "at the swping stage" values based on RI/FS data. 
phase wherein risk-based PRGs for radionuclides 
of potential wncern are calculated initially using Following an overview of the history and 
reduced equations based on PNSI data, and then current status of thesite presented in Section 4.3.1, 
a second, "after the baseline risk assessment" phase Section 4.3.2 covers a number of important steps 
wherein radionuclide PRGs are recalculated using taken early in the swping phase to calculate 

preliminary risk-based PRGs assuming a specific 



SOIL DEFAULT VALUES FOR VF AND SF, 
FOR Ra-226 AND Rn-224 

Default VF Inhalation 
Value slope 

Factor, SF, 
Radium (risk/pCi)** 

Ka-226 8 LIE-11 

* Calculated using values taken from NCRP 
1976 and UNSCEAR 1982: Assumptions: (1) an 
average Ra-226 soil concentration of 1 pCig 
associated with an average ambient Rn-222 air 
concentration of 120 pCi/mf and (2) an average 
Ra-224 soil concentration of 1 pCig associated 
with an average ambient Rn-220 air concentration 
of 5 p~i/m'. 

** Slope factor values are for Rn-222 (plus 
progeny) and for Rn-220 (plus progeny). 

land-use scenario. Section 4.3.3 then discusses how 
initial assumptions and calculations can be 
modified when additional sire-specific information 
becomes available. 

4.3.1 SITE HISTORY 

The ACME Rad~atlon Co. site is an 
abandoned industrial facility consisting of a large 
factory building situated on ten acres of land 
surrounded by a high-density residential 
neighborhood. Established in 1925, the ACME 
Co. manufactured luminous watch dials and gauges 
using radium-based paint and employed 
approximately 100 workers, mostly women. With 
the declining radium market, ACME phased out 
dial production and expanded its operations in 
1960 to include brokering (collection and disposal) 
of low-level radioactive waste (LLW). After the 
company was issued a state license in 1961, ACME 
began receiving LLW from various nearby 
hospitals and research laboratories. In 1975, acting 
on an anonymous complaint of suspected 
mishandling of radioactive waste, state officials 
visited the ACME Co. sitc and citcd the company 
for numerous storage and disposal violations. 
After ACME failed to rectify plant conditions 
identified in initial and subsequent citations, the 
state first suspended, and then later revoked its 
operating license in 1978. Around the same time, 

officials detected radium-226 (Ra-226) 
contamination at a few neighboring locations off 
site. However, no action was taken against the 
company at that time. When ACME filed for 
bankruptcy in 1985, it closed its facility before 
completing cleanup. 

In 1987, the state and EPA conducted an 
aerial gamma survey over the ACME Radiation 
Co. site and surrounding properties to investigate 
the potential extent of radioactive contamination 
in these areas. The overflight survey revealed 
several areas of elevated exposure rate readings, 
although individual gamma-emitting radionuclides 
could not be identified. When follow-up ground 
level surveys were performed in 1988, numerous 
"hot spots" of Ra-226 were pinpointed at various 
locations within and around the factory building. 
Three large soil piles showing enhanced 
concentrations of Ra-226 were discovered along 
the southern border. Approximately 20 rusting 
drums labelled with LLW placards also were 
discovered outside under a covered storage area. 
Using ground-penetrating radar, EPA detected 
subsurface magnetic anomalies in a few locations 
within the property boundary which suggested the 
possibility of buried waste drums. Based on 
interviews with people living near the site and with 
former plant workers. the state believes that 
radium contammated soil may have been removed 
from the ACME site in the past and used locally 
as fill material for the construction of new homes 
and roadbeds. Site access is currently limited (but 
not entirely restricted) by an existing security 
fence. 

In 1988, EPA's regional field investigation 
team completed a PAISI. Based on the PAIS1 
data, the ACME Radiation Co. site scored above 
28.50 using the HRS and was listed on the 
National Priorities List in 1989. Early in 1990, an 
RI/FS was initiated and a baseline risk assessment 
is currently in progress. 

43.2 AT THE SCOI'ING PIIASE 

In this subsection, several steps are outlined to 
show by example how initial site data are used at 
the scoping phase to calculate risk-based PRGs for 
radionuclides in speclftc media of concern. 
Appropriate sections of Chapters 2 and 3 should 
be consulted for more detailed explanations for 
each step considered below. 



Identify Media of Concern. A large stream 
'runs along the western border of the site and feeds 
into a river used by some of the local residents for 
fishing and boating. Supplemental water intake 
ducts for the municipal water treatment plant are 
located approximately 300 yards downriver, and the 
site is situated over an aquifer which serves as the 
primary drinking water supply for a community of 
approximately 33,000 people. 

Analyses of ground water, soil, and stream 
sediment samples taken during the PNSI revealed 
significant levels of radionuclide contamination. 
Potential sources of contamination include the soil 
piles, process residues in soil, and radionuclides 
leaking from buried drums. Air filter samples and 
surface water samples from the stream and river 
showed only background levels of activity. 
(Background concentrations were determined from 
analyses conducted on a limited number of air, 
ground water, surface water, and soil samples 
collected approximately one mile from the site.) 

The data show that the media of potential 
concern at this site include ground water and soil. 
Although stream water and river water were not 
found to be contaminated, both surface water 
bodies may become contaminated in the future due 
to the migration of radionuclides from sediment, 
from the exposed soil piles, or from leaking drums. 
Thus, surface water is another medium of potential 
concern. 

For simplicity, only soil will be discussed as 
the medium of concern during the remainder of 
this case study. Procedures discussed for this 
medium can nevertheless be applied in a similar 
manner to all other mcdia of concern. 

Identify Initial List of Radionuclides of 
Concern. The PNSI for the ACME Radiation Co. 
site identified elevated concentrations of five 
radionuclides in so11 (Ra-226, tritium (H-3), 
carbon-14 (C-14), cesium (Cs-137), and strontium 
(Sr-90)). Thcsc comprise the initial list of 
radionuclides of potential concern. 

Site records indicate that radioisotopes of 
cobalt (Co-60), phosphorus (P-32), sulfur (S-35), 
and americium (Am-241 and Am-243) were 
included on the manifests of several LLW drums in 
the storage area and on the manifests of other 
drums suspected to he buried onsite. Therefore, 
although not detected in any of the initial soil 
samples analyzed, Co-60, P-32, S-35, Am-241, and 

Am-243 are added to the list for this medium 
because of their potential to migrate from leaking 
buried drums into the surrounding soil. 

Identify Probable Iand  Uses. The ACME 
Radiation Co. site is located in the center of a 
rapidly developingsuburban community comprised 
of single and multiple family dwellings. The area 
immediately encircling the site was recently re- 
zoned for residential usc only; cxisting commercial 
and light industrial facilities are currently being 
relocated. Therefore, residential use is determined 
to be the most reasonable future land use for this 
site. 

Identify Exposure Pathways, Parameters, and 
Equations. During the scoping phase, available 
site data were neither sufficient to identify all 
possible exposure pathways nor adequate enough 
to develop site-specific fate and transport 
equations and parameters. Therefore, in order to 
calculate initial risk-based PRGs for radionuclides 
of potential concern in soil, the standardized 
default soil exposure equation and assumptions 
provided in this chapter for residential land use in 
Section 4.1.2 are selected. (Later in this case study, 
examples are provided to illustrate how the full 
risk equation (Equation (11)) and assumptions are 
modified when baseline risk assessment data 
become available.) 

For the soil pathway, the exposure routes of 
concern arc assumed to bc direct ingestion of soil 
contaminated with radionuclides and exposure to 
external radiation from gamma-emitting 
radionuclides. Again, although soil is the only 
medium discussed throughout this case study, 
exposure pathways, parameters, equations, and 
eventually risk-based concentrations would need to 
he identified and developed for all other media and 
exposure pathways of potential concern at an 
actual site. 

Identify Toxicity Information. To calculate 
media-specific risk-based PRGs, reference toxicity 
values for radiation-induced cancer effects are 
required (i.e., SFs). As stated previously, soil 
ingestion and external radiation are the exposure 
routes of concern for the soil pathway. Toxicity 
information (i.e., oral, inhalation, and external 
exposure SFs) for all radionuclides of potential 
concern at the ACME Radiation Co. site are 
obtained from IRIS or HEAST, and are shown in 
the box on the following page. 



RADIA'I'ION CASE STUIIY: 
TOXlCl'lK INFORMATION FOR RAII1ONUCLIDES OF POTENTIAL CONCERN* 

Rad~oactive ICRI' Inhalation ln~estion External E x p u r e  
Half-life Dccay I.ung Slope Factor Slope Factor Slope Factor 

Kadionucl~Oes (Yr) Mode Classification (riskJpCi) (nsldpci) (nskhr per pC11m') 

11-3 I2 beta g 7AE-14 5.5E-14 N A 

C-14 5730 k t8  g 6.4E-15 9.1E-13 N A 

P-32 0.04 k i n  D 3.0E-12 3.5E-12 NA 

S-35 0 24 hcta I )  l>)lX-l3 2.21:-13 N A 

CoGO 5 hclalp~rnmi~ Y 1.6E-10 1.5E-11 1.3E-10 

Sr-90 29 betii D 5.6E-11 3.3E-11 N A 

Cs-137 30 k t a  U 1.9E-l l 2.SE-1 I N A 

It;1-226 1600 slph.tigilmm:~ W 3.OE-00 1.213-10 4.2E-13 

Am-24 1 432 alphalgainma W 4.0E-08 3.1E-10 1.GE-12 

Am-243 7380 alphdgamma W 4.OE-08 3.1E-10 3.GE-12 

* Sources: MEAST and Federal Guidance Report No. 11. All ~nformat~on in thls example is for illustration only. 

NA = Not iipplrci~ble (I.c., these rad~onucl~des are not gamma-emitters and the d~rect rad~auon expwure pathway can be ignored). 



Calculate Risk-based PRGs. At this step, risk- 
based PRGs are calculated for each radionuclide of 
potential concern using the reduced risk Equation 
(11') in Section 4.1.2, S F  values obtained from 
IRIS and HEAST, and standardized default values 
for parameters for the residential land-use 
scenario. To calculate the risk-based PRG for Co- 
60 at a pre-specified target risk level of loe6, for 
example, its ingestion SF of 1.5 x lo-" and its 
external exposure SF of 1.3 x 10-lo are substituted 
into Equation (ll'), along with the standardized 
default values, as follows: 

Risk-based PRG = l x l o d  
for Co-60 1 3  x id (SF,) + 3.4 x I@ (SF,) 
(pcllg; TR = 103 

where: 

SF, = oral (ingestion) slope factor for Cod0 = 1.5 x 
10" (risk/pCi) 

SF, = external exposure slope factor for Co-60 = 1.3 
x 10-lo (risk@ per PCB/&) 

Substituting the values for SF,, and SF, for Co-60 
into Equation (11') results in: 

Risk-based PRG for Co-60 (pCi/g; TR = 109 = 

= 0.002 pCi of coaO/g of soil 

In a similar manner, risk-based PRGs can be 
calculated for all other radionuclides of concern in 
soil at the ACME Radiation Co. site. These PRGs 
are presented in the next box. 

4.3.3 AFTER THE BASELINE RISK 
ASSESSMENT 

In this subsection, several steps are outlined 
which demonstrate how site-specific data obtained 
during the baseline risk assessment can be used to 
recalculate risk-based PRGs for radionuclides in 
soil. Appropriate sections of Chapters 2 and 3 
should be consulted for more detailed explanations 
for each step considered below. 

Review Media of Concern. During the RI/FS, 
gamma radiation surveys were conducted in the 
yards of several homes located within a two-block 
radius of the ACME Radiation Co. site. Elevated 
exposure rates, ranging from approximately two to 
four times the namral background rate, were 

RADIATION CASE STUDY: 
INITIAL RISK-BASED PRGs FOR 

RADIONUCLIDES IN SOIL* 

Radionucltdes Rlsk-based So11 PRG (pCi/g) 

H-3 14,WO 
Sr-90 (only) 23 
P-32 220 
S-35 3,500 
C-14 850 
Co-60 0.002 
(3-137 (only) 27 
Ra-226 (only) 0.6 
Am-241 0.2 
Am-243 (only) 7.9 x 1U2 

* Calculated for lllustratlon only uslug Equation 
(11') in Section 4 1.2. Values have been rounded 
off. 

measured on properties Immediately bordering the 
site. Measurements onsite ranged from 10 to 50 
times background. In both cases, enhanced soil 
concentrations of Ra-226 (and decay products) and 
several other gamma-emitting radionuclides were 
discovered to be the sources of these elevated 
exposure rates. Therefore, soil continues as a 
medlum of potenttal concern. 

Modify List of Radionuclides of Concern. 
Durtng scoping, five radionucltdes (Ra-226, H-3, 
C-14,Cs-137, and Sr-90) were detected in elevated 
concentrations in soil samples collected at the 
ACME Radiation Co. slte. These made up the 
initial list of radionuclides of potential concern. 
Although not detected during the first round of 
sampling, five addltional radionuclides (P-32, S-35, 
Co-60, Am-241, and Am-243) were added to this 
list because of their potenttal to migrate from 
buried leaking drums into the surrounding soil. 

With addltional RIJFS data, some 
radionuclides are now added to the list, while 
others are dropped. For example, sot1 analyses 
failcd to detect P-32 (14-day half-life) or S-35 (87- 
day half-life) contaminatton. Decay correction 
calculations slrongly suggest that these 
radionuclides should not be present onsite in 
detectable quantities after an estimated burtal time 
of 30 years. Therefore, based on these data, P-32 
and S-35 are dropped from the list. Soil data also 
confirm that decay products of Ra-226, Sr-90, Cs- 
137, and Am-243 (identified in the first box below) 



are present in secular equilibrium (i.e., equal 
activity concentrations) with their respective parent 
isotopes. 

Assuming secular equilibrium. slope factors for 
the parent isotope and each of its decay series 
members are summed. Parent isotopes are 
designated with a "+Dn to indicate the composite 

slope factors of its decay chain (shown in bold face 
in the second box below). Thus, Ra-226+D, Sr- 
90+D, Cs-137+D, and Am-243+D replace their 
respective single-isotope values in the l i t  of 
radionuclides of potential concern, and their 
composite SFs are used in the full soil pathway 
equation to recalculate risk-based concentrations. 

Parent Rad~ot~uchde Decay Product(s) (Half-Itfe) 

Ra-226 Rn-222 (4 days), Po-218 (3 mln), Pb-214 (27 mtn), BI-214 (20 
m~n), Po-214 ( c l  s), Pb-210 (22 yr), Bi-210 (5 days), Po-210 

(138 days) - 
Sr-90 Y-90 (14 hr) 

0-137 Ba-137111 (2 min) 

Am-243 Np-239 (2 days) 

~~~ 

RADIATION CASE STUDY: SLOPE FACTORS FOR DECAY SERIESa 

Slope Factors 
Decav Series Itlhalatioll In'TeStion 

Ra-226 3.OE-09 1.2E-10 4.2E-13 
Rn-222 7.2E-13 - 2.2E-14 
Po-218 5.8E-13 2.SE-14 O.OE+W 
Pb-214 2.9E-12 1.SE-13 1.5E-11 
Bi-214 2.2E-12 1.4E-13 8.0E- 11 
Po-214 2.SE-I9 1 .OE-20 4.7E-15 
Ph-210 1.7E-09 6.5E-10 1.8E-13 
Bi-210 8.1E-11 1.9E-12 O.OE+W 
po-210 2.7E-09 2.6E-10 
Ra-226+D 7.5E-09 1.OE-09 9.6E-11 

Sr-90 5.6E-11 3.3E-11 O.OE+OO 
y-90 O.OE+OO 
Sr-90+D 6.2E-11 3.6E-11 O.OE+OO 

CS-137 1.9E-11 2.8E-l 1 O.OE+W 
Ba-137m 6.OE-16. 24E-15 3.4E-ll 
Cs-137+D 1.93-11 2.83-11 3.4E-11 

Am-243 4.OE-08 3.1E-10 3.6E-12 
Nu-W9 1.5E-12 9.3E-13 
Am-243+D 4.OE-08 3.1E-10 1.5E-11 

All infortnatiol~ in this example is for illustration purposes only. 
L 



Review Land-use Assumptions. At this step, 
the future land-use assumption chosen during 
swping is reviewed. Since the original assumption 
of future residential land use is supported by RIPS 
data. it is not modified. 

Modify Exposure Pathways, Parameters, and 
Equations. Based on site-specific information, the 
upper-bound residence time for many of the 
individuals living near the ACME Radiation Co. 
site is determined to be 45 years rather than the 
default value of 30 years. Therefore, the exposure 
duration parameter used in Equation (11) in 
Section 4.1.2 is substituted accordingly. It is also 
determined that individuals living near the site are 
only exposed to the external gamma radiation field 
approximately 18 hours each day, and that their 
homes provide a shielding factor of about 0.5 (i.e., 
50%). Therefore, values for T, and S, are changed 
to 0.75 (i.e., 18 h 1 4  hr) and 0.5, respectively. 

Modify Toxicity Information. As discussed 
above in the section on modifying the list of 
radionuclides of wncern, oral, inhalation, and 
external exposure slope factors for Ra-226, Sr-90, 
(3-137, and Am-243 were adjusted to account for 

the added risks (per unit intake andlor exposure) 
contributed by their respective decay series 
members that are in secular equilibrium. 

Recalculate Risk-based PRGs. At this stcp, 
risk-based PRGs are recalculated for all remaining 
radionuclides of potential wncern using the full 
risk equation for the soil pathway (i.e., Equation 
(1 1)) modified by revised site-specific assumptions 
regarding exposures, as dtscussed above. 

To recalculate the risk-based PRG lor Co-60 
at a pre-specified target risk level of lo", for 
example, its ingestion SF of 1.5 x IO-". and its 
external exposure SF of 1.3 x 10'1° are substituted 
into Equation (l l) ,  along with other site-specific 
parameters, as shown in the next box. 

In a similar manner, risk-based PRGs can be 
recalculated for all remaining radionuclides of 
potential concern in soil at the ACME Radiation 
Co. site. These revised PRGs are presented in the 
box on the next page. In those cases where 
calculated risk-based PRGs for radionuclides are 
below current detection limits, risk assessors 
should contact the Superfund Health Risk 
Technical Support Center for additional guidance. 

RADIATION CASK STUDY: REVISED RISK EQUATION FOR RESIDENTIAL SOIL 

RS for CodO (pC11g; = TR 
rlsk-based) (SF, x 10.) x EF x IF -,,,,) + (SF, x 10" x ED x D x SD x (13,) x Te) 

= 0.003 p C i  
where: 

Parameters Definition (units) 

radionuclide PRG in soil (pCiIg) 
target ex- individual lifetime cancer risk (unitless) 
oral (ingestion) slope factor (risklpci) 
external expmure slope factor (risklyr per pCi/n12) 
exposure frequency (daysjyr) 
exposure duration (yr) 
age-adjusted soil ingestion factor (mg-yrlday) 
depth of radionuclides in soil (~n) 
soil density (kg/m3) 
gamma shielding factor (unitless) 
gamma'exposure time factor (unitless) 

Revised Value 

- 
lo4 
1.5 x 10'" (risk/pCi) 
1.3 x 10-" (risk@ per pCi/m2) 
350 dayslyr 
45 yr 
5100 mg-yrlday 
0.1 m 
1.43 x 10' kg/n13 
0.5 
0.75 

(Note: To nccount for the revised upper-bound residential residency time of 45 years, the age-adjusted soil 
i~lgestio~l factor was recalculated using the equation in Section 4.1.2 and an adult exposure duration of 39 years 
for individuals 7 to 46 years of age.) 



RADIATION CASE STUDY: 
RMSED RISK-BASED PRGs FOR RADlONUCLIDES IN SOIL* 

Rad~onucl~des Rlsk-based So11 PRG (PC@) 

H-3 10,200 
Sr-90+D 20 
C-14 620 
CQ-M) 0.003 
Cs-137+D 0.01 
Ra-226+D 0.W4 
Am-241 0.2 
,4111-243+D 0.03 

* Calculated for ~llustrat~on only. Values have been rounded off 
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APPENDIX A 

ILLUSTRATIONS OF CHEMICALS 
THAT "LIMIT" REMEDIATION 

In many cases, one or  two chemicals will drive 
the cleanup at a site, and the resulting cumulative 
medium or site risk will be approximately equal to 
the potential risk associated with the individual 
remediation goals for these chemicals. These 
"limiting chemicals" are generally either chemicals 
that are responsible for much of the baseline risk 
(because of either high toxicity or presence in high 
concentrations), or chemicals that are least 
amenable to the selected treatment method. By 
cleaning up these chemicals to their goals, the 
other chemicals typically will be cleaned up to 
levels much lower than their corresponding goals. 
The example given in the box below provides a 
simple illustration of this principle. 

The actual circumstances for most 
remediations will be much more complex than 
those described in the example (e.g., chemicals will 
be present at different baseline concentrations and 

will be treatedhemoved at differing rates); 
however, the same principle of one or  perhaps two 
chemicals limiting the site cleanup usually applies, 
even in more complex cases. 

Unless much is known about the performance 
of a remedy with respect to all the chemicals 
present at the site, it may not be possible to 
determine which of the site contaminants will drive 
the final risk until well into remedy 
implementation. Therefore, it generally is not 
possible to predict the cumulative risk that will be 
present at the site during or  after remediation. In 
some situations, enough will be known about the 
site conditions and the performance of the remedy 
to estimate post-remedy concentrations of 
chemicals or to identify the chemical@) that will 
dominate the residual risk. If this type of 
~nformation is available, it may be necessary to 
modify the risk-based remediation goals for 
individual chemicals. 

SIMPLE ILLUSTRATION OF A CHEMICAL THAT LIMITS REMEDIATION 

Two chemicals (A and B) are present in ground water at a site at the same baseline concentrations. 
Remediation galls were identified for both A and B. Chemical A's goal is 0.5 ugL, which is associated with a 
potential risk of 10". Chemical B's goal is 10 ugL, which is also associated with a potential risk of lo". The 
calculated cumulative risk at remediation goals is therefore 2 x 10.~. Assuming for the purposes of this illustratio~~ 
that A and B are treated or removed at the sanle rate, then the first chemical to meet its goal will be B. 
Remediation must continue at thii site, however, until the goal for chemical A has been met. When the 
conccnlrdtion of A rcachcs 0.5 u g . ,  then remediilla~n I> cornplile. A ib at its goal and has a r~sk of 10'~. B IS at 

1 1/20 of its goal with a r~sk of 5 n 10'. 'lhe rotnl risk ( 1  x 10" + 5 x 10") IS approximately 10" and is due to the 
presence of k 

This example illustrates that the final risk for a chelllical nlay not be equal to the potential risk associated with 
its remediation goal, and, in fact, can be much less than this risk. Although the potential risk associated with 
Chemical B's goal is 1u6, the final residual risk associated with B is 5 x 10". Thus, if one were to calculate the 
cumulative risk at PRGs prior to remedy implementation, one would estimate total medium risk of 2x lo", however, 
the residual cumulative risk aiter remediation is 1 x lo4. 



APPENDIX B 

RISK EQUATIONS FOR INDIMDUAL 
EXPOSURE PATHWAYS 

This appendix presents individual risk is currently being developed by EPA, could be 
equations for each exposure pathway presented in included in the overall exposure pathway 
Chapter 3. These individual risk equations can be evaluation. 
used and rearranged to derive full risk equations 
required for calculating risk-based PRGs. B.1 GROUND WATER OR 
 endin in^ on the exposure pathways that are of 
concern for a land-use and medium combination, 
different individual risk eauations can be combined 
to derive the full equation reflecting the 
cumulative risk for each chemical within the 
medium. See. Chapter 3 for examples of how 
equations are combined and how they need to be 
rearranged to solve for risk-based PRGs. Note 
that in this appendix, the term HQ is used to refer 
to the risk level associated with noncarcinogenic 
effects since the equations are for a single 
contaminant in an individual exposure pathway. 

The following sections list individual risk 
equations for the ground water, surface water, and 
soil pathways. Risk equations for exposure 
pathways not listed below can be developed and 
combined with those listed. In particular, dermal 
exposure and ingestion of ground water 
contaminated by soil leachate, for which guidance 

SURFACE WATER - 
RESIDENTIAL LAND USE 

Both the ingestion of water and the inhalation 
of volatiles are included in the standard default 
equations in Section 3.1.1. If only one of these 
exposure pathways is of concern at a particular 
site, or if one or both of these pathways needs to 
be combined with additional pathways, a s i t e  
specific equation can be derived. 

The parameters used in the equations 
presented in the remainder of this section are 
explained in the following text box 

B.l.l INGESTION 

The cancer risk due to ingestion of a 
contarninant in water is calculated as follows: 

PARAMETERS FOR SURFACE WATEWGROUND WATER - RESIDENTIAL I M D  USE 

Parameter Definition Default Value 

C chemical concentration in water ( m a )  - 
SFi inhalation cancer slope factor ((mag-day).') chemical-specific 
SF, oral cancer slope factor ((mgikgday)-') chemicalspecific 
R*o oral chronic reference do% (mgikg-day) chemicalspecific 
Rmi inhalation chronic reference dme (mgkgday) chemicalspecific 
BW adult body weight (kg) 70 kg 
AT averaging time (yr) 70 yr for cuncer risk 

30 yr for nonmncer HI (equal to ED) 
EF exposure frequency (days&) 350 days& 
ED exposure duration (yr) WYr 
K volatilization factor (L/n13) 0.0005 x 1WO Um3(Andelman 1990) 
IR, daily indoor inhalation rate (m3/day) 15 m3/day 
1% daily water ingestion rate (Uday) 2 Wday 



Risk from ingestion = SF, x C x 1% x EF x ED 
of water (adult) BW x AT x 365 days& 

The noncancer HQ due to ingestion of a 
contaminant in water is calculated as follows: 

HQ due to ingestion = C x I& x EF x ED 
of water (adult) RfD,x BW x ATx365 daysyr 

B.1.2 INHALATION OF VOLATILES 

The cancer risk due to inhalation of a volatile 
contaminant in water is calculated as follows: 

Risk from = - SF, x C r K x IR. x EF x ED 
inhalation BW x AT x 365 daysiyr 
of volatiles 
in water 
(adult) 

The noncancer HQ due to inhalation of a volatile 
contaminant in water is calculated as follows: 

HQ due to = C x K x IR. x EF x ED 
inhalabon RiD, x BW x AT x 365 days&; 
of volatiles 
in water 
(adult) 

B.2 SOIL - RESIDENTIAL LAND 
USE 

Only the first exposure pathway below - 
ingestion of soil - is included in the standard 
default equations in Section 3.1.2. If additional 
exposure pathways, including inhalation ofvolatiles 

and/or inhalation of particulates, are of concern a t  
a particular site, then a site-specific equation can 
be derived. 

The parameters used in the equations 
presented in the remainder of this section are 
explained in the text box below. 

B.2.1 INGESTION OF S O U  

The cancer risk from ingestion of 
contaminated soil is calculated as follows: 

Risk from = SF" x C x 10' k d m ~  x EF x IFsoiv@ 
ingestion AT x 365 dayshr 
of soil 

The noncancer HQ from ingestion of 
contaminated soil is calculated as follows: 

HQ from = C x 10" k h e  x EF x 
ingestion RfD, x AT x 365 days& 
of soil 

B.2.2 INHALATION OF VOLATILES 

The cancer risk caused by inhalation of 
volatiles released from contaminated soil is: 

Risk from = SF; x C x ED x EF x IRair x (1/VFI 
inhalation AT x BW x 365 days& 
of volatiles 

The equation for calculating the noncancer HQ 
from inhalation of volatiles released from soil is: 

PARAMETERS FOR SOIL -RESIDENTIAL LAND USE 

Parameter Definition Default Value 

C chemical concentration in soil (mgkg) - 
SFi inhalation cancer slope factor ((mgkgday)") chemicalspecific 
SF, oral cancer slope factor ((mgkgday)") chemical-specific 
R f h ,  oral chronic reference dose (mgkgday) chemical-specific 
Rmi inhalation chronic reference dose (mgkg-day) chemicalspecific 
BW adult hdy  weight (kg) 70 kg 
AT averaging time (yr) 70 yr for cancer risk 

30 yr for noncdncer HI (equal to ED) 
EF exposure frequency (days&) 350 days&r 
ED exposure duration (yr) 30 yr 
IR, daily indoor inhalation rate (m3/day) 15 m3/day 
IFsoiusd, age-adjusted soil ingestion factor (mg-yrfkgday) 114 mg-yr/kg-day 
VE soil-to-air volatilization factor (m3/kg) chemical specific (see Section 3.3.1) 
PEF particulate emission factor (m3/kg) 4.63 x lo9 m3/kg (see Section 3.3.2) 



HQ from = C x ED x EF x IR,,, x (1NF1 
inhalation RfD, x BW x AT x 365 days& 
of volatiles 

B.t.3 I N I W T I O N  OF PARTICULATES 

Cancer risk due to inhalation of 
contaminated soil particulates is calculated as: 

Risk = SF, x C x ED x EF x IR,,, x (1PEF) 
from AT x BW x 365 dayslyr 
inhala- 
tion of 
particulates 

The noncancer HQ from particulate inhalation is 
calculated using this equation: 

HQ from = C x ED x EF x IR,,. x (l/PEF) 
inhalation RfD; x BW x AT x 365 day& 
of parti- 
culates 

B.3 SOIL - COMMERCIAL/ 
INDUSTRIAL LAND USE 

All three of the exposure pathways 
detailed below are included in the standard default 
equation in Section 3.2.2. If only one or  some 
combination of these exposure pathways are of 
concern at a particular site, a site-specific equation 
can he derived. 

The parameters used in the equations 
presented in the remainder of this section are 
explained in the text box below. 

B.3.1 INGESTION OF SOIL 

The cancer risk from ingestion of 
contaminated soil is calculated as follows: 

Risk from = SF, x C x 1m6 k ~ m z  x EF x ED x IR,, 
ingestion BW x AT x 365 daplyr 
of soil 

The noncancer HQ from ingestion of contaminated 
soil is calculated as follows: 

HQ from = C x lo4 kdmg x EF x ED x IR,, 
ingestion RfD,xBWxATx365days& 

B.3.2 INHALATION OF VOIATILES 

The cancer risk caused by inhalation of 
volatiles released from contaminated soil is: 

Risk from = SF, x C x ED x EF x IR,,. x (l/vn 
inhalation AT x BW x 365 days& 
of volatiles 

The equation for calculating the noncancer HQ 
from inhalation of volatiles released from soil is: 

HQ from = C x ED x EF x IR,,.. x I I / v n  
inhalation RfDi x BW x AT x 365 dayslyr 
of volatiles 

Note that the VF value has been developed 
specifically for these equations; it may not be 
applicable in other technical contexts. 

PARAMETERS FOR SOIL - COMMERCIAUINDUSTRIAL LAND USE 

Parameter Definition Default Value 

C cheinical concentration in soil (mgkg) - 
SFi inhalation cancer slope factor ((m@gday)-') chemical-specific 
SFo oral cancer slope factor ((mgkgday).') chemicalspecific 
RfD, oral chronic reference dose (mg/kgday) chemical-specific 
RfDi inhalation chronic reference dose (mgkgday) chenlicalspecik 
BW adult body weight (kg) 70 kg 
AT averaging time (yr) 70 yr for cancer risk 

30 yr for nonmncer HI (equal to ED) 
EF exposure frequency (dayslyr) 250 days& 
ED exposure duration (yr) 25 Yr 
1% workday inhalation rate (m3/day) 20 n13/day 
I%, soil inseslion rate (mglday) 50 mglday 
VF soil-to-air volatiliilion factor (m3kg) chemical specific (see Section 3.3.1) 
PEF particulate enlission facto~ (m3~g) 4.63 x lo9 nljlkg (see Section 3.3.2) 



B.3.3 INHALATION OF PARTICULATES The noncancer HQ from particulate inhalation is 
calculated using this equation: 

Cancer risk due to inhalation of 
contaminated soil particulates is calculated as: HQ from = C x ED x EF x IR,,. x (11PEF) 

~nhalat~on RfD, x BW x AT x 365 daysor 
R~sk from = SE x C x ED x EF x IR,,, x fl/PEQ 
inhalahon AT x BW x 365 dayslyr 
of prticulates 
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Interview Notes 



Lana. Kent 

From: 
'ent: 
d o :  

Subject: 

Rothrock Charles J Civilian 56 CESICEVC [charles.rothrock@luke.af.rnil] 
Monday, August 13, 2001 7:30 AM 
klang@arcadis-us.corn 
FW: Five-Year Review Project-Interviews 

Kent, 

Not exactly in the right format, but I guess we can include it 

Jeff 

- - - - -  Original Message----- 
From: MGprts@aol.com [mailto:MGprts@aol.com] 
Sent: Sunday, August 12, 2001 5:17 PM 
To: charles.rothrock@luke.af.mil 
Subject: Re: Five-Year Review Project-Interviews 

Jeff; I'm still on the road . . . .  For some reason I could not open the file 
on 
my laptop and the Original is at home . . .  So here is a letter that I hope will 

keep your feet out of the fire . . .  Sorry I let this slip . . . .  
Jeff 

August 10, 2001 

RE: "A Look Back" 

Seven years, almost eight; it was early in 1994 that I saw the 
ddvertisernent looking for Citizens to serve on the Luke AFB RAB. 

I answered the advertisement with a letter and I am glad now that I did. 

I liked the concept of civilian input into the matter of planning the clean 
up effort. 

From the start we enjoyed a spirit of coopertion with both the Command 
and the Environmental Staff. The attitude was, "we have this problem and 
let's get it identified and do what we need to do to put it behind us". 

Going about setting in place a structured system that would prevent 
these - .  
problems in the future was our goal. 

As sites were identified, we looked at the best and most cost effective 
ways of mitigating the situation at hand. 

We always felt we were well informed and included in the decision making 

regarding what could and had to be done. 
Luke stands out as an example of how to do it right. This was very 

obvious when I attended a conference in San Francisco and found that of all 
the attendees from across the nation only Luke and one other East Coast Base 

enjoyed a relationship with the Command and Staff that we did. 
In most cases the RAB's had an adversarial relationship that made it 

hard 
to get anything done. 

In our case at Luke the Base Commanders and the Environmental Staff 
established a situation of openness and trust that made us a team. 

Now that the Base is cleaned up some sites require long term monitoring, 

so we feel it important that together, we, from time to time sit down and 
.%view just how things are going. 

It has been a great joint effort that worked well and the Base and all 
the people involved should be commended. 

Martin Jeffries 














