7575

CONTRACT NO. DAAA15-94-D-0012

Task Order 02
‘ : FINAL RECORD OF DECISION
- Environmental FOR THE
Center

SOUTH POST IMPACT AREA AND
AREA OF CONTAMINATION 41 GROUNDWATER AND

AREAS OF CONTAMINATION 25, 26, AND 27

July 1996

Approved tor gublic reicandd’

o L___________.__mo-mmmm &

O nkmed .
1 mm ~,.i:— PSRl

ol

f

F

Prepared for:

U.S. ARMY ENVIRONMENTAL CENTER
Base Realignment and Closure Division
Aberdeen Proving Ground, Maryland 21010-5401

Prepared by:

| DTIC QUALTTY TIEPECTED @orne Engineering Services, Inc.
4501 Ford Avenue, Suite 1100
Alexandria, VA 22302

f
R |DTIC QUALITY [NSFELTED §

AEC Form 45, 1 Feb 93 replaces THAMA Form 45 which is obsolete.




DECLARATION FOR THE RECORD OF DECISION

SOUTH POST IMPACT AREA AND
AREA OF CONTAMINATION 41 GROUNDWATER AND
AREAS OF CONTAMINATION 25, 26, AND 27
FORT DEVENS, MASSACHUSETTS

STATEMENT OF PURPOSE

In December 1989, Fort Devens was listed as a National Priorities List (NPL) site under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The Fort
is located in Middlesex and Worcester counties and is within the towns of Ayer, Harvard,
Lancaster, and Shirley, Massachusetts. Seventy-three study areas (SAs) and areas of
contamination (AOCs) at Fort Devens have been investigated under CERCLA.

This Record of Decision (ROD) addresses AOCs 25 (Explosive Ordnance Disposal (EOD)
Range), 26 (Zulu Ranges), and 27 (Hotel Range) and AOC 41 groundwater and a subset of the
groundwater within the South Post Impact Area (SPIA). This subset is located north and west of
the groundwater divide and covers approximately 964 acres. This area is referred to in this
document as the “SPIA monitored-area” and is shown in Figure 1 of Appendix A. The SPIA is
approximately 1,500-acre and is located within the 4,800-acre South Post section of Fort Devens.
This Record of Decision presents the selected remedial action for the site, chosen in accordance
with CERCLA as amended by the Superfund Amendments and Reauthorization Act (SARA),
and, to the extent practicable, the National Contingency Plan (NCP). This ROD does not affect
assessment or remedial activities on areas not specifically mentioned herein.

AOC 41 groundwater has been added to this ROD since the public meeting based on the results
of the Final Remedial Investigation (RI) completed for AOC 41 (February 1996). The RI
indicates that proposed actions are the same for the SPIA monitored-area and AOC 41
groundwater, AOC 41 is adjacent to the SPIA monitored-area, and AOC 41 is small in area (6
acres). Adding AOC 41 to this ROD would only increase the total land area covered in this ROD
by 0.6 percent. Therefore, the U.S. Environmental Protection Agency-(USEPA) New England
(Region I) recommended including AOC 41 groundwater in this ROD.

The Fort Devens Base Realignment and Closure (BRAC) Environmental Coordinator, the
Commander Devens Reserve Forces Training Area (RFTA), and the USEPA-New England
Administrator have been delegated the authority to approve this ROD.

The Commonwealth of Massachusetts has concurred with the selected remedy. A copy of the
declaration of concurrence is included as Appendix B of this ROD.
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STATEMENT OF BASIS

This decision is based on the Administrative Record for the site that was developed in accordance
with Section 113(k) of CERCLA. The Administrative Record is available for public review at the
Fort Devens BRAC Environmenta! Office, Building P12, Fort Devens, Massachusetts, and the
Ayer Town Hall, Main Street, Ayer, Massachusetts. The Administrative Record Index (Appendix
C of the ROD) identifies each of the items composing the Administrative Records upon which the
selection of the remedial action is based.

ASSESSMENT OF THE SITE

Risk assessment results show that human health risks were identified to be within USEPA risk
guidelines for the pathways that were assessed. Risk to on-site ecosystems, in some instances,
were found to be outside of USEPA risk guidance; however, their impacts were deemed
acceptable.

DESCRIPTION OF SELECTED REMEDY

“No action” is the selected remedy for SPIA monitored-area groundwater, AOC 41 groundwater,
and the surface water, sediment, and soils at the EOD, Zulu, and Hotel Ranges. Under this
alternative, no formal remedial action will be taken and the site will be left “as is,” with no
additional institutional controls, containment, removal, treatment, or other mitigating measures.
Long-term groundwater monitoring will be conducted at the site under this “no action” ROD.

The Army along with USEPA-New England and Massachusetts Department of Environmental
Protection (MADEP) will develop and implement a long-term Integrated Natural Resources
Management Plan and a Groundwater Monitoring Plan for the South Post of Fort Devens. These
plans will be developed within 6 months of ROD signature.

Should the Army close or transfer or change the use of the property an Environmental Baseline
Survey (EBS) will be conducted, and the “no action” decision of this ROD will be re-examined in
light of the changed risk factors resulting from this closure/transfer. The EBS will be provided to
the USEPA-New England and MADEP for comment.

DECLARATION STATEMENT

No remedial action is necessary to ensure the protection of human health and the environment
unless the land use changes. Under CERCLA, any action that results in contaminants remaining
on-site must be reviewed at least every 5 years. During 5 year reviews, an assessment is made of
whether the implemented remedy remains protective of human health and the environment and
whether alternative remedial actions are needed to ensure adequate protection.
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The foregoing represents the selection of a remedial action by the Department of the Army and
the USEPA-New England, with the concurrence of the Commonwealth of Massachusetts
(MADEP). Concur and recommend for immediate implementation:

UNITED STATES DEPARTMENT OF THE ARMY

C /%/4’“// 27 JUrE 199 <

AMES C. CHAMBERS Date
ort Devens :
BRAC Environmental Coordinator
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The foregoing represents the selection of a remedial action by the Department of the Army and
the USEPA-New England, with the concurrence of the Commonwealth of Massachusetts
MADEP. Concur and recommend for immediate implementation:

UNITED STATES DEPARTMENT OF THE ARMY

Y e 07581«4@ /9%

H. Carter Hunt, Jr. Date
Commander
Devens Reserve Forces Training Area (RFTA)
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The foregoing represents the selection of a remedial action by the Department of the Army and
the USEPA-New England, with the concurrence of the Commonwealth of Massachusetts
MADEP. Concur and recommend for immediate implementation:

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

o) 5 /95

1 ) ate
Director of the Office of Site Remediation and Restoration 7

June 18, 1996
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EXECUTIVE SUMMARY

Fort Devens is located in Middlesex and Worcester counties and is within the towns of Ayer,
Harvard, Lancaster, and Shirley, Massachusetts. Seventy-three study areas (SAs) and areas of
contamination (AOCs) at Fort Devens have been investigated for potential environmental
restoration.

This Record of Decision (ROD) addresses AOCs 25 (the Explosives Ordnance Disposal (EOD)
Range), 26 (Zulu Ranges), and 27 (Hotel Range) and a subset of the groundwater within the
South Post Impact Area (SPIA). This subset is located north and west of the groundwater divide
and covers approximately 964 acres. This area is referred to in this document as the “SPIA
monitored-area” and is shown in Figure 1 of Appendix A.

AOC 41 groundwater has been added to this ROD since the public meeting. The logic for
including the AOC 41 groundwater in this ROD is based on the results of the Final Remedial
Investigation (RI) completed for AOC 41 (February 1996). The Rl indicates that (1) proposed
actions are the same for the SPIA monitored-area and AOC 41 groundwater, (2) AOC 41 is
adjacent to the SPIA monitored-area, and (3) AOC 41 is small in area (6 acres). Adding AOC 41
to this ROD would only increase the total land area covered in this ROD by 0.6 percent. The
details of AOC 41 groundwater are presented in Section IX of this ROD. The landfill portion of
AOC 41 will be addressed under a separate action.

This ROD presents the selected remedial action for the site, chosen in accordance with
Comprehensive Environmental Response Compensation and Liability Act (CERCLA), as
amended by Superfund Amendments and Reauthorization Act (SARA), and, to the extent
practicable, the National Contingency Plan (NCP). This decision is based on the Administrative
Record for the site. The Administrative Record is a collection of all the documents used by the
Army in determining the most appropriate action to take at the SPIA monitored-area. The
Administrative Record is available for public review at the Fort Devens Base Realignment and
Closure (BRAC) Environmental Office and the Ayer Town Hall, Ayer, Massachusetts. This ROD
does not affect assessment or remedial activities on areas not specifically mentioned herein.

The entire SPIA is approximately 1,500 acres and is located within the 4,800-acre South Post
section of Fort Devens. The SPIA is, and will be for the foreseeable future, an active weapons
and ordnance discharge area used by the Army, the Massachusetts National Guard, and nearby
law enforcement agencies for training purposes.

Metals, organic compounds, petroleum hydrocarbons, and explosive chemicals were detected in
soil, sediments, groundwater, and surface water during the Remedial Investigation (RI) of SPIA
monitored-area groundwater and the EOD, Zulu, and Hotel Ranges. Using data from the R, the
Army prepared a Baseline Risk Assessment to determine potential risks to human health and the
environment under reasonable exposure assumptions.

No unacceptable risks to human health and the environment were found to be associated with the
SPIA monitored-area groundwater, even though levels exceeded Army and USEPA action levels.
No hazardous substances were detected in the one drinking water well on the South Post, Well D-
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1. Well D-1, which is located near the northeast edge of the SPIA monitored-area, is used on a
limited basis by military personnel during training activities. Also, no unacceptable ecological risk
to surrounding habitats were found to be associated with the SPIA monitored-area groundwater
due to the absence of a pathway for any known ecological receptor to access the SPIA

monitored-area groundwater.

Risk assessment results for the EOD, Zulu, and Hotel Ranges show that human health risks were
identified to be within USEPA risk guidelines for assessed pathways. Risk to on-site ecosystems,
in some instances, were found to be outside of USEPA risk guidance; however, ecological risks
identified on the EOD, Zulu, and Hotel Ranges were deemed to be acceptable due to the
continued use of the Impact Area for military training activities. Risk assessment results for AOC
41 show that there is no unacceptable risk to human health from the groundwater at the South
Post Well D-1 nor are site-related contaminants adversely impacting ecological receptors in New

Cranberry Pond.

“No action” is the selected remedy for the SPIA monitored-area groundwater and AOC 41
groundwater. Under this alternative, no formal remedial action is taken and the site is considered
to be left “as is,” with no additional institutional controls, containment, removal, treatment, or
other mitigating measures. “No action” is also the selected remedy for the surface water,
sediment, and soil at the EOD, Zulu, and Hotel Ranges. The Army has submitted a Closure
Report under the Resource Conservation and Recovery Act (RCRA) Subpart X; formal approval
of the closure of EOD Range will occur prior to ROD signature.

As part of this remedy, Fort Devens will ensure the following:

. Groundwater monitoring for potential contaminant migration out of the SPIA
monitored-area will continue:

- Wells will be used to monitor the groundwater from the EOD Range, Zulu
Ranges, Hotel Range, and AOC 41.

- Wells will be used to monitor the north, northeast, southeast, and east sides
of the SPIA monitored-area.

. The monitoring wells will be sampled for explosives, Target Compound List
(TCL), and the Target Analyte List (TAL) metals.

. A Groundwater Monitoring Plan for the South Post will be developed that will
include detailed groundwater monitoring at discharge points. The plan may
include installing sentinel wells to monitor potential off-site groundwater flow.
Details of the plan will be developed jointly by the Army, USEPA-New England,
and Massachusetts Department of Environmental Protection (MADEP) within 6
months of ROD signature. The Army will rerun the groundwater model to
incorporate data from new sentinel well(s) and ascertain any potential impacts to

MCI Shirley.
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e Well D-1 will be sampled and analyzed for explosives and Massachusetts and
Federal drinking water requirements (MMCLs/MCLs).

. The Army will not develop new drinking water sources within the SPIA
monitored-area.

. An Integrated Natural Resources Management Plan will be developed and
implemented to monitor the impacts to ecosystems in the SPIA monitored-area.
The details of this plan will be developed jointly by the Army, USEPA-New
England, U.S. Fish and Wildlife Service, and MADEP within 6 months of the ROD
signature.

Monitoring reports will include a description of site activities and a summary of analytical results.
The Army will review and submit these monitoring reports to MADEP and USEPA annually. If
there is an indication of contamination emanating from the SPIA monitored-area, the Army will
evaluate the need for additional assessment.

This site, as required by CERCLA, will be subject to 5 year reviews. During a 5 year review, an
assessment is made as to whether the implemented remedy is protective of human health and the
environment and whether the implementation of alternative remedial actions are needed to ensure
adequate protection. If on-site hazardous substances, pollutants, or contaminants that may
present an imminent and substantial endangerment to public health and welfare migrate off site,
the Army will take the necessary and appropriate actions to protect human health and the
environment as required under CERCLA. More frequent reviews will be conducted if site
conditions change. Should the Army close or transfer or change the use of the property an
Environmental Baseline Survey (EBS) will be conducted, and the “no action” decision of this
ROD will be re-examined in light of the changed risk factors resulting from this closure/transfer.
The EBS will be provided to the USEPA-New England and MADEP for comment.
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RECORD OF DECISION SUMMARY
SOUTH POST IMPACT AREA AND
AREA OF CONTAMINATION 41 GROUNDWATER AND
AREAS OF CONTAMINATION 25, 26, AND 27
FORT DEVENS, MASSACHUSETTS

June 18, 1996

L SITE NAME, LOCATION, AND DESCRIPTION

In December 1989, Fort Devens was listed as a National Priorities List (NPL) site under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The Fort
is located in Middlesex and Worcester counties and is within the towns of Ayer, Harvard,
Lancaster, and Shirley, Massachusetts, approximately 35 miles west of Boston. Seventy-three
study areas (SAs) and areas of contamination (AOCs) at Fort Devens have been investigated for
potential environmental restoration.

This Record of Decision (ROD) addresses AOCs 25 (the Explosives Ordnance Disposal (EOD)
Range), 26 (Zulu Ranges), and 27 (Hotel Range) and a subset of the groundwater within the
South Post Impact Area (SPIA). This subset is located north and west of the New Cranberry
Pond/unnamed stream groundwater divide and covers approximately 964 acres. This area is
referred to in this document as the “SPIA monitored-area” and is shown in Figure 1 of Appendix
A

AOC 41 groundwater has been added to this ROD since the public meeting. The logic for
including the AOC 41 groundwater in this ROD is based on the results of the Final Remedial
Investigation (RI) completed for AOC 41 (February 1996). The Rl indicates that (1) proposed
actions are the same for the SPIA monitored-area and AOC 41 groundwater, (2) AOC 41 is
adjacent to the SPIA monitored-area, and (3) AOC 41 is small in area (6 acres). Adding AOC 41
to this ROD would only increase the total land area covered in this ROD by 0.6 percent. The
details of AOC 41 groundwater are presented in Section IX of this ROD. The landfill portion of
AOC 41 will be addressed under a separate action.

The entire SPIA covers approximately 1,500 acres and is located within the 4,800-acre South
Post section of Fort Devens (Figure 1 of Appendix A). The SPIA is an active weapons and
ordnance discharge area used by the Army, the Massachusetts National Guard, and nearby law
enforcement agencies for training purposes. The area is generally bounded by Old Turnpike
Road, Firebreak Road, the southern portion of Harvard Road, Trainfire Road, and Dixie Road.
The SPIA covers AOCs 25, 26, 27, and 41 as well as several SAs, and a number of other firing
ranges along Dixie Road and Trainfire Road that are not designated as AOCs.

This ROD presents the selected remedial action for the site, chosen in accordance with CERCLA,
as amended by the Superfund Amendments and Reauthorization Act (SARA) and, to the extent
practicable, the National Contingency Plan (NCP). This decision is based on the Administrative
Record for the site.
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RECORD OF DECISION
South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page 2

EOD Range (AOC 25) is located east of Firebreak Road, approximately 2 miles south of the
main entrance to the South Post. The site is rectangular and measures approximately 600 feet by

1,500 feet.

Zulu Ranges (AOC 26) are located 2,000 feet north of the EOD Range (AOC 25),
approximately 1.6 miles southwest of the main entrance to the South Post. The Zulu Ranges
cover approximately 16 acres and consist of two adjacent land tracts (Zulu 1 and Zulu 2). Zulul
and 2 cover approximately 10 and 6 acres, respectively.

Hotel Range (AOC 27) is adjacent to Cranberry Pond and is located approximately 1 mile south
of the main entrance to the South Post. The Hotel Range covers approximately 23 acres and is
currently used exclusively for firing small-caliber automatic weapons. The area of concern where
open burning/open detonation (OB/OD) occurred is located exclusively south of the Old Turnpike

Road.

IL SITE HISTORY AND ENFORCEMENT ACTIVITIES

A. Land-Use and Response History

Fort Devens was established as Camp Devens in 1917. It was used as a temporary training camp
for soldiers from the New England area. The camp became a permanent installation in 1931 and
was renamed Fort Devens. Throughout its history, Fort Devens has served as a training and
induction center for military personnel and as a unit mobilization and demobilization area. The
installation was used in this capacity, to varying degrees, during World Wars I and II, the Korean
War, the Vietnam Era, and operations Desert Shield and Desert Storm. The primary mission of
Fort Devens is to command, train, and provide logistical support for nondivisional troop units and
to support and execute Base Realignment and Closure (BRAC) activities. The installation also
supports the Army Readiness Region and the National Guard units in the New England area.

The South Post consists mainly of undeveloped and under-developed land. In the past, some
timbering and limited farming have taken place. The ranges on the South Post are currently used
for various types of artillery and small arms fire, grenade detonation, and ordnance demolition.
Managed forest accounts for much of the remainder of the area.

At least some portion of the SPIA has been used for military training since the inception of Fort
Devens as Camp Devens in 1917. At various times, demolition training and OB/OD have been
conducted at the EOD, Zulu, and Hotel Ranges. A discussion of land-use activities at these

ranges follows.

EOD Range (AOC 25) — From 1979 to 1992, approximately 1,200 pounds per year of
explosives and ammunition were disposed of in the disposal area by OB/OD. A 1-acre disposal
area is located along the southeastern boundary of the range. The Army has submitted a Closure
Report under the Resource Conservation and Recovery Act (RCRA) Subpart X; formal approval
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of the closure of EOD Range will occur prior to ROD signature. Currently, the range operates
under a RCRA emergency permit and is used once or twice a year. |

Zulu Ranges (AOC 26) — Prior to 1979, the range was used for OB/OD of waste explosives
and associated waste items. Zulu 1 is primarily used for demolition training. The demolition
training area is located in the center of Zulu 1. Zulu 2 is used primarily as a practice range for
hand grenade training. The grenade training area is located on the eastern end of Zulu 2 and
consists of two concrete bunkers, which are used for cover and protection, and two sand pits,
which are used for receiving grenades.

Hotel Range (AOC 27) — Before 1979, the Hotel Range was used for OB/OD of small arms,
smoke grenades, and pyrotechnics. After 1979, the Hotel Range was modified and extended to
the north side of the Old Turnpike Road and used for M-16s and small caliber weapons. Prior to
1989, the range was used as an M-70 range, but after 1989 the range was modified to an M60-
SAW range.

B. Enforcement History

In conjunction with the Army’s Installation Restoration Program (IRP), Fort Devens and the U.S.
Army Environmental Center (USAEC; formerly the U.S. Army Toxic and Hazardous Materials
Agency) initiated a Master Environmental Plan (MEP) in 1988. The MEP assesses the
environmental status of SAs, specifies necessary investigations, and provides recommendations
for response actions with the objective of identifying priorities for environmental restoration at
Fort Devens. The MEP recommended that a record search be conducted to better define past and
current activities. It also recommended that the extent of contamination be determined by
collecting soil samples and analyzing the samples for the United States Environmental Protection
Agency (USEPA) hazardous substance list compounds and total petroleum hydrocarbons
(TPHC). The MEP also suggested installing monitoring wells if hazardous substances were
detected in deeper soils.

On December 21, 1989, Fort Devens was placed on the NPL. Fort Devens was listed as an NPL
site because hazardous substances were detected at two sites other than the EOD, Zulu, and
Hotel Ranges (volatile organic compound (VOC) contamination in the groundwater at the
Shepley’s Hill Landfill and metal contamination in the groundwater at the Cold Spring Brook
Landfill). A Federal Facilities Interagency Agreement (IAG) was developed and signed by the
Army and USEPA-New England (Region I) on May 13, 1991 and finalized on November 15,
1991. The IAG provides the framework for implementing the CERCLA/SARA process at Fort
Devens.

Under Public Law 101-510, the Defense Base Realignment and Closure Act of 1990, Fort Devens
was selected for cessation of operations and closure. However, the SPIA will be retained by the
Army for continued use as a training range. An important aspect of BRAC actions is to determine
environmental restoration requirements before property transfer can be considered. As a result,
an Enhanced Preliminary Assessment (PA) was performed at Fort Devens to address areas not
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normally included in the CERCLA process, but that required review prior to base closure.
Although the Enhanced PA covers MEP activities, its main focus is to determine if additional
areas require detailed records review and site investigation. The Enhanced PA also provides
information and procedures to investigate installation-wide areas requiring environmental
evaluation. A final version of the Enhanced PA report was completed in April 1992.

Rls were prepared for the SPIA monitored-area groundwater and EOD, Zulu, and Hotel Ranges.
These were submitted to the USEPA-New England and the Massachusetts Department of
Environmental Protection (MADEP) in August 1994. A Proposed Plan and summary Fact Sheet
have been prepared for the SPIA monitored-area groundwater and EOD, Zulu, and Hotel Ranges.
These documents have been placed in the Administrative Record and are available for public
review at the Fort Devens BRAC Environmental Office and the Ayer Town Hall, Ayer,

Massachusetts.
1. COMMUNITY PARTICIPATION

The Army has kept the community and other interested parties apprised of site activities through
regular and frequent informational meetings, fact sheets, press releases, and public meetings.

After receiving public comments on an earlier draft, the Army released a final Community
Relations Plan in February 1992. The plan outlines a program to address community concerns
and inform citizens, as well as involve them in activities during remedial activities. As a part of
this plan, the Army established a Technical Review Committee (TRC) in March 1991. The TRC,
as required by SARA Section 211 and Army Regulation 200-1, includes representatives from
USEPA-New England, USAEC, Fort Devens, the MADEP, local officials, and the community.
The committee provided review and technical comments on work products, schedules, work
plans, and proposed activities for the SAs at Fort Devens. The RI and Feasibility Study (FS)
Reports, Proposed Plan, and other related support documents were all submitted to the TRC for
their review and comment. Additionally, the SPIA monitored-area groundwater and EOD, Zulu,
and Hotel Range activities were specifically discussed at TRC meetings held September 29, 1992;
March 31, 1993; and January 26, 1994. A Citizen’s Advisory Committee (CAC) was also
established to address Massachusetts Environmental Policy Act (MUSEPA)/Environmental
Assessment issues concerning the reuse of property at Fort Devens.

The TRC typically met quarterly until January 1994, when it was replaced by the Restoration
Advisory Board (RAB). As part of the Army’s commitment to involving the affected
communities, a RAB is formed when an installation closure involves transfer of property to the
community. The RAB was formed in February 1994 to join members of the CAC with current
TRC members. The RAB consists of 28 members (15 original TRC members plus 13 new
members) who are representatives from the Army, USEPA-New England, MADEP, local
governments, and citizens of the local communities. It meets monthly. Specific responsibilities
include addressing cleanup issues such as land use and cleanup goals, reviewing plans and
documents, identifying proposed requirements and priorities, and conducting regular meetings
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that are open to the public. The proposed plan for the SPIA monitored-area groundwater and
EOD, Zulu, and Hotel Ranges was presented at the February 1, 1996 RAB meeting.

During the week of January 29, 1996 the Army published a public notice concerning the Proposed
Plan and public hearing in the Lowell Sun, The Public Spirit (Ayer), and the Fort Devens
Chronicle and distributed a summary Fact Sheet to 647 interested parties. The Army also made
the Plan available to the public at Fort Devens BRAC Environmental Office and the Ayer Town
Hall.

From February 1 to March 1, 1996, the Army held a 30-day public comment period to accept
public comments on the alternatives presented in the Proposed Plan, as well as other documents
released to the public. On February 21, 1996 the Army held a formal public meeting at Fort
Devens to discuss the Proposed Plan and to accept any verbal comments from the public. A
transcript of this meeting and the comments and the Army’s response to comments are included in
the attached responsiveness summary (Appendix D).

All supporting documentation for the decision regarding the SPIA monitored-area groundwater
and the EOD, Zulu, and Hotel Ranges has been placed in the Administrative Record for review.
The Administrative Record is a collection of all the documents considered by the Army in
choosing the remedy for the SPIA monitored-area groundwater and the EOD, Zulu, and Hotel
Ranges. The Administrative Record is available for public review at the Fort Devens BRAC
Environmental Office and at the Ayer Town Hall, Ayer, Massachusetts. An index to the
Administrative Record is available at the USEPA-New England Records Center, 90 Canal Street,
Boston, Massachusetts and is provided as Appendix C. In addition, information repositories that
contain information relative to ongoing Fort Devens environmental actions are located in the
Lancaster, Shirley, Harvard, and Ayer libraries.

IV. SCOPE AND ROLE OF THE RESPONSE ACTION

The remedy selected for the SPIA monitored-area groundwater and EOD, Zulu, and Hotel
Ranges is protective of human health and the environment. Risks to human health were found to
be within USEPA guidelines, while risks to ecological receptors were found to be minimal. The
risks to on-site ecosystems were deemed acceptable. However, the Army, once the final ROD is
approved, will develop long-term plans for an Integrated Natural Resources Management Plan to
address identified concerns. This plan will be completed within 6 months of ROD signature.

The Army proposes “no action” for the SPIA monitored-area groundwater and the EOD, Zulu,
and Hotel Ranges. The Army will maintain control of the South Post for future military training
activities. Public access to the site will continue to be restricted, and unauthorized personnel will
be prohibited. Currently, the South Post is enclosed by a fence and access can only be gained
through gates that are controlled by the Army Range Control. However, if the Army were to
relinquish control and release the land for other purposes, additional assessments will be required
depending on the reuse of the property.
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V. SUMMARY OF SITE CHARACTERISTICS

RIs were conducted for the EOD, Zulu, and Hotel Ranges to characterize the nature and extent of
site-related contamination. Samples from groundwater, surface water, sediments, and soil were
taken. Chemical analyses were performed on the samples taken from the various media, and the
results were compared with screening values previously developed. The results of the chemical
analyses were reviewed to determine whether hazardous substances detected were related to site
activities or were naturally occurring. A detailed presentation of the range characteristics is
presented in Volumes II, III, and IV of the RI report for the EOD, Zulu, and the Hotel Ranges,

respectively.
A. Groundwater

Groundwater at Fort Devens occurs largely in the permeable glacial-deltaic outwash deposits of
sand, gravel, and boulders. Groundwater is found under the South Post at depths of 0 to 30 feet.
The flow of groundwater on the South Post is determined by the bedrock and till topography. A
number of springs can be found around the circumference of SPIA.

The SPIA can be regarded as predominantly two hydrologic units, one of which drains to the west
and north and the other to the south and east. These units are determined by the bedrock ridge
which forms a groundwater divide across the northern portion of the SPIA. As a result of this
ridge, groundwater from the Zulu and Hotel Ranges and Cranberry Pond in the northeast corner
of the SPIA flows north into Slate Rock Brook and Slate Rock Pond. At the same time,
groundwater from the EOD Range and most of the remaining portions of the SPIA flows
southeast and east to the unnamed brook and New Cranberry Pond or to the north of New
Cranberry Pond directly to the Nashua River and its wetland.

Groundwater in the vicinity of the ranges discharges to surface water before it leaves the South
Post. More than 50 percent of the SPIA overlies a medium yield aquifer that is a potential source
of drinking water. MADEP concurrence with this ROD constitutes MADEP’s agreement that the
site is adequately regulated under the provisions of 310 CMR 40,000, the Massachusetts
Contingency Plan. Measurements of hydraulic head in the groundwater and in streams and ponds
within the South Post show that the streams around the SPIA are gaining streams (ie.,
groundwater discharges into the streams).

Fort Devens withdraws groundwater from wells on the Main Post and the North Post. The Fort
maintains a transient noncommunity’ supply well, Well D-1, on the South Post along Dixie Road
at Echo Range (E) near the north end of Alpha Range (A) (Figure 1 of Appendix A). This well is
not used to serve the general public, but is used to supply troops who train on the South Post.

1 Transient noncommunity water system serve at least 25 people per day for at least 60 days
per year, but not the same 25 people each day. Examples include parks, wayside rests, small-sized
resorts and hotels, restaurants, bars, and campgrounds.
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These troops spend no more than 2 weeks per year at the site. Fort Devens Range Control Staff
do not use this well and there are no plans to provide connections to the Range Control Offices.

Groundwater quality samples collected from Well D-1 show that no chemicals or metals were
detected at concentrations above USEPA guidelines. Specifically, five samples have been
collected from Well D-1 (May 1991, June 1991, two samples in April 1992, and March 1993) and
were analyzed for USEPA’s Target Analyte List (TAL) metals, USEPA’s Target Compound List
(TCL), total organic carbon (TOC), and water quality parameters. A summary of results is
presented in Table 1 in Appendix E. Only one chemical, bis(2-ethylhexyl)phthalate, exceeded a
screening value (USEPA’s Maximum Contaminant Level (MCL)). As two of the samples show
no detectable concentration of bis(2-ethylhexyl)phthalate, the RI Report attributes the finding of
this chemical to sampling or laboratory error.

Groundwater quality samples for the EOD and Zulu Ranges were taken in November 1992,
March 1993, and June 1993 (Figures 2 and 3 of Appendix E show well locations). Samples were
collected from eight monitoring wells at the EOD Range and seven wells at the Zulu Ranges. At
the Hotel Range, groundwater samples from four wells were taken in September 1992 and
January 1993, and an additional six wells were sampled as part of the RI in August and November
1993 (Figure 4 of Appendix A shows well locations).

The samples taken at the EOD Range were analyzed for TAL metals and explosives, as well as
hardness. The samples taken at the Zulu Ranges were analyzed for TCL organics, TAL metals,
explosives, and TPHC, as well as hardness. Samples taken at the Hotel Range were analyzed for
TAL metals, TCL pesticides, explosives, TPHC, and water quality parameters.

EOD Range (AOC 25) — Unfiltered samples from the EOD Range showed levels of iron,
aluminum, and other metals above the concentrations found in local background samples.
Background samples are those collected in a similar medium (i.e., water, soil, sediment) that are
not believed to be contaminated. Samples that were filtered to eliminate suspended solids (i.e.,
soil and sediments to which metals may adhere) and measure only the metal dissolved in the
water, showed concentrations several orders of magnitude lower than in the unfiltered samples
(Tables 2 and 3 of Appendix E). Manganese and calcium exceeded background concentrations in
filtered samples. None of the metals in filtered samples, however, exceeded health-based
screening values described in the RI report. Four explosives or explosive-related organic
compounds (cyclonite (RDX), cyclotetramethylene tetranitramine (HMX), pentaerythritol
tetranitrate (PETN), and trinitrotoluene (TNT)) were also detected in the samples. Only RDX
exceeded the screening value. Organic compound results are shown on Figure 5 of Appendix A.

Zulu Ranges (AOC 26) — Metals concentrations in the Zulu Ranges groundwater samples
(unfiltered) were higher than concentrations found in local background samples. As with the
samples collected in the EOD, filtered samples showed lower concentrations than the unfiltered
samples in the Zulu Ranges (Tables 4 and 5 of Appendix E). The maximum concentration of
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manganese in filtered samples (62 micrograms per liter, (ug/L)) exceeded the screening value?(50
ug/L). Several explosives or explosive-related organic compounds (RDX, HMX, and TNT) were
also detected in these samples. RDX at 390 pg/L exceeded its health-based screening value*(2
pg/L). The monitoring wells showing the most significant concentrations of explosives-related
substances are located where grenade-throwing and demolition are practiced. The groundwater
from the Zulu Ranges discharges to surface water located within the South Post. Organic
compound results are shown on Figure 6 of Appendix A.

Hotel Range (AOC 27) — Metals concentrations in the EOD Range groundwater samples
(unfiltered) also exceeded concentrations found in local background samples. Filtered samples
showed lower concentrations than the unfiltered samples (Tables 6 and 7 of Appendix E). The
maximum concentration of manganese in filtered samples (74.1 pg/L) exceeded the screening
value of 50 pg/L. In addition, aluminum at concentrations up to 72.3 pg/L exceeded the
screening value*(50 pg/L) in some filtered samples. All wells in this area indicated some level of
explosives contamination. RDX (up to 17.9 pg/L) and 1,3-dinitrobenzene (up to 1.82 pg/L)
exceeded their screening values®(2 ug/L and 1 pg/L, respectively). Organic compound results are
shown on Figure 7 of Appendix A.

Summaries of groundwater sample results for the EOD, Zulu, and Hotel Ranges are presented in
Tables 2 through 7 in Appendix E. Complete analytical results are presented in the RI Report.

B. Surface Water

The SPIA is drained primarily by two streams, Slate Rock Brook north and west of the SPIA
monitored-area and an unnamed stream in the southeast portion of the site.

EOD Range (AOC 25) — No surface water is known to exist within or adjacent to the EOD.
During the RI, one surface water sample was collected from the emergence of Slate Rock Brook
near the EOD Range, although the RI report notes that the sample is not representative of surface
water originating at the EOD Range. This sample was analyzed for TAL metals, TCL organics,
explosives, and water quality parameters. Several metals in the sample exceeded USEPA’s
Ambient Water Quality Criteria (AWQC) for the Protection of Aquatic Organisms (Freshwater
Chronic)®. Sample analysis results are presented in Table 8 of Appendix E.

2 Massachusetts Secondary Maximum Contaminant Levels (MCL).

3 USEPA Office of Water Lifetime Health Advisory level.

4 Massachusetts Secondary MCL.

S USEPA Office of Water Lifetime Health Advisory level.

6 The analytical data and other information presented in the RI report indicate that the
surface water samples were not filtered. The concentrations of metals detected may reflect the
presence of solids in the samples. Metals that adhere to the suspended solids may pose less risk to
aquatic organisms potentially of concern because the metals may not be “bioavailable.”
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Zulu Ranges (AOC 26) — Thirteen surface water samples were collected for the RI from
wetlands and drainage areas potentially affected by activities at the Zulu Ranges. Figure 8 of
Appendix A shows surface water sampling locations in the Zulu Ranges. These 13 samples were
analyzed for TCL organics, TAL metals, explosives, TPHC, and water quality parameters.
Sample analysis results are presented in Table 9 of Appendix E.

Analysis of the Zulu Range samples collected during the RI showed two metals exceeding
USEPA AWQC: arsenic detected at a concentration of 7.18 pg/L (AWQC of 0.018 pg/L) and
lead at a maximum concentration of 106 pg/L (AWQC of 3.2 ug/L). Earlier samples collected as
part of a previous investigation, the Site Inspection (SI), showed higher concentrations than those
found in the RI samples. The differences between the two investigations may reflect different
sampling methods, field conditions, or laboratory procedures. Explosives (including RDX and
HMX), as well as several organic compounds, were detected in samples from the Zulu Ranges.
One of the thirteen samples contained a detectable concentration of DDD (0.086 pg/L) that
exceeded the AWQC (0.00083 pg/L).

Hotel Range (AOC 27) — Nine surface water samples were collected for the RI within
Cranberry Pond, adjacent to the Hotel Range. (Three samples had been collected earlier during
the SI) The six RI samples were analyzed for TCL, VOCs, pesticides, and polycyclic aromatic
hydrocarbons (PAHs); TAL metals; explosives; TPHC; and water quality parameters. Figure 4 of
Appendix A shows surface water sampling locations in the Hotel Range. Sample analysis results
are presented in Table 10 of Appendix E

Several metals were detected in the surface water samples collected in the Hotel Range. One
metal, lead, was detected at a concentration of 18.2 pg/L, which exceeded the AWQC (3.2 pg/L).
Trace levels of explosives or explosive-related compounds were detected in these samples.

Complete analytical results are presented in the RI report.

C. Sediments

Samples of sediments were taken in conjunction with the surface water samples discussed above.
The samples taken at the EOD Range, Zulu Ranges, and Hotel Range were analyzed for TAL
metals, TCL organics, explosives, TPHC, TOC, and grain size.

EOD Range (AOC 25) — Several metals in the EOD Range sample exceeded the concentrations
detected in a local background sediment sample. Sample analysis results are presented in Table
11 of Appendix E.

Zulu Ranges (AOC 26) — Most metals in the Zulu Range samples were detected above
background concentrations in at least one sample. Explosives, pesticides, VOCs, and TPHC were
also detected. Sample analysis results are presented in Table 12 of Appendix E. No screening
values were established in the RI for organic compounds in sediments.
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Hotel Range (AOC 27) — Most samples collected in Cranberry Pond contained some metal
concentrations in excess of those naturally occurring in the sediment. However, the data indicate
that only one sample is unequivocally contaminated with metals. The explosive 4-amino-2,6-
dinitro toluene was detected in one third of the samples. VOCs, pesticides, TPHC, and two
PAHs: benzo(b)fluoranthene and pyrene were also detected. Sample analysis results are
presented in Table 13 of Appendix E. Complete analytical results are presented in the RI report.

D. Soils

The predominant soil in the South Post, including the areas of investigation, is the Hinkley-
Merrimac-Windsor (HMW) association. This soil consists of loams or sandy loams, loamy fine
sands, and other sands over sand or sand and gravel. In the active ranges, including the EOD,
Zulu, and Hotel Ranges, the natural soils are disturbed. A soil mapping of the SPIA monitored-
area found that, almost without exception, the soils are sandy and well drained. The exceptions
are in wetland areas outside the three ranges.

EOD Range (AOC 25) — Surface and subsurface soil samples collected during the RI at the
EOD Range in November 1993 were analyzed for TAL metals, explosives, and TPHC. Figure 8
of Appendix A shows soil sampling locations in the EOD Range. Several metals were detected at
levels above background in at least one sample. Copper and zinc exceeded the background
concentration in three surface samples. Two explosives were also detected in EOD Range surface
soil samples: nitrocellulose (detected in two samples) and nitroglycerine (detected in one sample).
Low levels of TPHC were detected (maximum concentration of 45.2 pg/g). None of the
substances detected exceeded the health-based soil screening criteria established for the RI’.
Sample analysis results are presented in Table 14 of Appendix E,

Zulu Ranges (AOC 26) — Surface and subsurface soil samples were taken at the Zulu Ranges as
part of the SI and RI. Figure 9 of Appendix A shows soil sampling locations in the Zulu Ranges.
These samples were analyzed for TCL organics, TAL metals, explosives, and TPHC. Although
several metals exceeded background concentrations in at least one surface and subsurface sample,
none of the metals detected exceeded the health-based screening values. PAHs were detected in
up to three surface and subsurface samples. One of the PAHs, benzo(b)fluoranthene (0.81 pg/g),
exceeded the screening concentration®(0.7 pg/g). RDX and TPHC were also detected. The
maximum concentration of RDX in subsurface soil (38 pg/g) exceeded the health-based screening
level’(26 ug/g). Sample analysis results are presented in Table 15 and 16 of Appendix E.

Hotel Range (AOC 27) — Subsurface soil samples were collected from boreholes at the Hotel
Range and analyzed for TPHC, TAL metals, explosives, and TCL organics. Figure 10 of

7 Either the Massachusetts Contingency Plan Human Health Level for Soil, the USEPA
Region III Risk-Based Concentration, or, for lead, the level set in the USEPA Interim Guidance
on Soil Lead Cleanup Level.

8 Massachusetts Contingency Plan Human Health Level for Soil.

9 USEPA Region III Risk-Based Concentration.

C:\0102\DELIVER\SPIAFFINALROD\FROD18.WPD June 18, 1996




RECORD OF DECISION
South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page 11

Appendix A shows borehole locations. None of the metals exceeded the screening values. Low
levels of TPHC (maximum concentration of 75.6 pg/g), below the screening level of 5,000 ug/g,
were detected in some samples. VOCs and pesticides were also detected at concentrations just
above the detection limit. These levels were well below screening values. Sample analysis results
are presented in Table 17 of Appendix E.

Complete analytical results are presented in the RI report.
VL. SUMMARY OF SITE RISKS

A risk assessment was performed to estimate the probability and magnitude of potential human
health and environmental effects associated with exposure to contaminated media at the site. The
following sections discuss the general approach and assumptions, the results of the human health
risk evaluation, and the ecological risk evaluation.

A. Baseline Risk Assessment Approach and Assumptions

The human health risk assessment followed a four-step process: (1) contaminant identification,
which identified those hazardous substances that, given the specifics of the site, were of
significant concern; (2) exposure assessment, which identified actual or potential exposure
pathways, characterized the potentially exposed populations, and determined the extent of
possible exposure; (3) toxicity assessment, which considered the types and magnitude of adverse
health effects associated with exposure to hazardous substances; and (4) risk characterization,
which integrated the three earlier steps to summarize the potential and actual risks posed by
hazardous substances at the site, including carcinogenic and noncarcinogenic risks. A summary
discussion of the human health risk assessment approach is presented in Section 5 of the RI
report, Volume I, while more detailed discussions are presented in Section 8 of Volumes I, III,
and IV of the RI report for the EOD, Zulu, and Hotel Ranges, respectively.

All organic chemicals that were positively detected (detected concentrations not discounted for
reasons explained in the RI report) were selected as contaminants of potential concern (COPCs)
for the human health risk assessment. Some, notably pesticides which were widely applied in the
past at Fort Devens, are probably not directly related to range activities. Also, organic
compounds that could not be quantitatively eliminated during the Quality Control (QC) review as
being not site-related, but were considered to be questionable, were still considered as part of the
risk assessment. Tables 18, 19, and 20 of Appendix E present the COPCs for each sampled media
at the EOD, Zulu, and Hotel Ranges, respectively. A summary of the health effects of each of the
COPC can be found in Section 5, Volume 1 of the RI report.

Potential human health effects associated with exposure to the contaminants of concern were
estimated quantitatively or qualitatively by developing several hypothetical exposure pathways.
These hypothetical pathways were developed to reflect the potential for exposure to hazardous
substances based on the present uses, potential future uses, and location of the site. The
following is a brief summary of the exposure pathways evaluated for the human health risk and -
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ecological risk evaluations. A more thorough description can be found in Section 8 and 9 of
Volumes II, IIT, and IV of the RI report for the EOD, Zulu, and Hotel Ranges, respectively.

1. Exposure Pathways for the Human Health Risk Evaluation

EOD Range (AOC 25)

. Direct contact (dermal contact and incidental ingestion) with contaminated surface
soils

o Inhalation of airborne soil particles

Zulu Ranges (AOC 26)

«  Direct contact (dermal contact and incidental ingestion) with contaminated surface
soils

. Inhalation of airborne soil particles
. Direct contact with sediment and surface water in the adjacent wetlands

Hotel Range (AOC 27)

. Direct contact (dermal contact and incidental ingestion) with contaminated surface
soils

e Inhalation of airborne soil particles

. Direct contact with contaminated sediment and surface water at Cranberry Pond

Groundwater in the vicinity of these ranges is not currently used as a water supply source, nor is it
expected to be used for that purpose in the future; therefore, direct contact with groundwater is
not a complete exposure pathway and was not addressed further in the risk assessment. Any
future use of the SPIA monitored-area groundwater will require a human health risk assessment.

2. Exposure Pathways for the Ecological Risk Evaluation
EOD Range (AOC 25) — COPCs at the EOD Range include mercury, zinc, and nitroglycerin.

The only medium of exposure is soil. The species selected as potentially exposed were
herbaceous vegetation, white-footed mouse, killdeer, and red fox. The following pathways were

identified as sources of potential exposure:

«  Root uptake from contaminated soil
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. Contact and absorption, incidental ingestion, and feeding on contaminated food
and soil

»  Bioaccumulation from vegetation or animal prey
Zulu Ranges (AOC 26) — COPCs identified at the Zulu Ranges include metals, explosives, and
organics. Media of exposure include soils, sediments, and surface water. Selected terrestrial
species were herbaceous vegetation, white-footed mouse, grasshopper sparrow, killdeer, and red
fox. Selected aquatic and semiaquatic species were aquatic invertebrates, Blanding's turtle, and
mink.
Terrestrial and aquatic pathways include the following:

*  Root uptake from contaminated soil

. Contact and absorption, incidental ingestion, and feeding on contaminated food
and soil

. Incidental ingestion and drinking of contaminated surface water

e Bioaccumulation from vegetation or animal prey
Hotel Range (AOC 27) — Antimony, copper, lead, mercury, nickel, and 4-amino-2,6-dinitro
toluene were selected as ecological COPCs in Cranberry Pond sediments, which are potentially
affected by activities at Hotel Range. Lead was selected as a COPC in surface water of Cranberry
Pond. Selected species were aquatic invertebrates, raccoons, and mallard.
The following migration pathways were identified:

»  Uptake from contaminated sediment

e  Contact and absorption, incidental ingestion, and feeding on contaminated food
and sediments

. Contact and absorption, incidental ingestion, and drinking of contaminated surface
water

e  Bioaccumulation from vegetation or animal prey
B. Baseline Risk Assessment Results
Excess lifetime cancer risks were determined for each exposure pathway by multiplying the

exposure level with the chemical-specific cancer factor. Section 8 of Volumes II, III, and IV of
the R report present detailed descriptions of the exposure assumptions. USEPA has developed
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cancer potency factors from epidemiological or animal studies to reflect a conservative “upper
bound” of the risk posed by potentially carcinogenic compounds. That is, the true risk is unlikely
to be greater than the risk predicted. The resulting risk estimates are expressed in scientific
notation as a probability (e.g., 1 x 10 for 1/1,000,000) and indicate (using this example), that an
average individual is not likely to have greater than a one in a million chance of developing cancer
over 70 years as a result of site-related exposure to the compound at the stated concentration.
Current USEPA practice considers carcinogenic risks to be additive when assessing exposure to a

mixture of hazardous substances.

The hazard quotient was also calculated for each pathway as a measure of the potential for
noncarcinogenic health effects. A hazard quotient is calculated by dividing the exposure level by
the reference dose (RfD) or other suitable benchmark for noncarcinogenic health effects for an
individual compound. USEPA has developed RiDs to protect sensitive individuals over the
course of a lifetime. They reflect a daily exposure level that is likely to be without an appreciable
risk of an adverse health effect. RfDs are derived from epidemiological or animal studies and
incorporate uncertainty factors to help ensure that adverse health effects will not occur. The
hazard quotient is often expressed as a single value (e.g., 0.3) indicating the ratio of the stated
exposure as defined to the RfD value (in this example, the exposure as characterized is
approximately one third of an acceptable exposure level for the given compound). The hazard
quotient is only considered additive for compounds that have the same or similar toxic endpoint
and the sum is referred to as the hazard index (HI). For example: the hazard quotient for a
compound known to produce liver damage would not be added to a second compound whose
toxic endpoint is kidney damage.

Under the current USEPA Superfund policy, acceptable exposures to carcinogens are those that
represent an excess upper bound lifetime cancer risk of between 10 to 10. For noncarcinogenic
effects, acceptable exposures levels are those with a HI of 1.0 or less. Using the exposure
assumptions described in the RI report and chemical concentration data obtained during the RI,
the Baseline Risk Assessment evaluated both potential carcinogenic and noncarcinogenic risks to

potentially exposed persons.

The human health risk assessment of the RI report identified the following potential human health
risks:

SPIA Monitored-Area Groundwater - Actual use of Well D-1 groundwater by an individual
occurs less than 14 days per year, far less frequently than the 350 days per year that is assumed
for residential exposure. Actual exposure duration, which probably does not exceed 10 years,
also is significantly less than the residential assumption of 30 years (which includes childhood).
Given their limited exposures, the potential risks to the troops who currently use Well D-1 are
estimated to be at least two orders of magnitude less than those estimated for residential tap
water, lowering the excess lifetime cancer risks to current groundwater users from arsenic and
chloroform below the lower extreme of the 10 to 10 range considered acceptable by USEPA.
Therefore, groundwater at the South Post of Fort Devens does not pose any unacceptable risks to
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human health. Table 21 of Appendix E shows the calculated risks for using Well D-1
groundwater.

EOD Range (AOC 25) — The estimated potential cancer risks under the case of “reasonable
maximum exposure” (RME) to contaminants at the EOD Range ranged from 1.2 x 107 for a site
worker’s exposure to soil, to 1.7 x 10™® for an adult trespasser’s exposure to soil. These are all
well below USEPA’s benchmark 10™ to 10 range. Table 22 of Appendix E presents a summary
of the excess cancer risks associated with the EOD Range. The RME and the average exposure
cases evaluated in the human health risk assessment were based on the maximum and average
chemical concentrations in the exposure media, in accordance with USEPA-New England
guidance. The cancer risks associated with average exposures were less than 33 percent of the
RME risks.

The HIs for potential RME scenarios involving noncarcinogenic COPCs from the EOD Range
ranged from 9.0 x 10 for site worker exposures to soil to 1.1 x 10 for the adolescent trespasser.
All were well below USEPA’s benchmark value of 1.0. Table 23 of Appendix E presents a
summary of the estimated hazard indices for noncarcinogenic effects associated with the EOD
Range.

Zulu Ranges (AOC 26) — The estimated potential cancer risks for RME’s to contaminants at
the Zulu Ranges ranged from 7.6 x 10” for an adolescent site trespasser’s exposure to sediment to
8.9 x 10°® for an adult’s consumption of fish. These numbers are all below the 10 to 107 range.
Table 24 of Appendix E presents a summary of the excess cancer risks associated with the Zulu
Ranges. The RME case assumes that all of a receptor’s exposure is to 33 maximum contaminant
concentrations observed at site. For all of the pathways evaluated, the cancer risks associated
with average exposures were approximately 25 percent as great as the RME risks.

Both the soil and sediment exposure pathways could reasonably apply to the same trespassers. In
addition, the same individuals could fish from Slate Rock Pond. Therefore, the estimated risks
from soil contact, sediment contact, and fish consumption were summed to estimate the total
receptor risk. Combining the RME risk estimates from the three pathways results in total
estimated cancer risks of 1.7 x 107 for adults and 4.1 x 10°® for adolescents, still below the 10
level.

The HIs for potential RME scenarios involving noncarcinogenic COPCs from the Zulu Ranges
ranged from 1.0 x 10° for adult trespasser exposure to soil to 3.3 x 10 for site worker soil
exposures. All were well below USEPA’s benchmark value of 1.0. The total HIs of trespassers
from soil contact, sediment contact, and fish consumption pathways were also well below 1.0.
Table 25 of Appendix E presents a summary of the estimated hazard indices for noncarcinogenic
effects associated with the Zulu Ranges.

Hotel Range (AOC 27) — Estimated potential cancer risks for RMEs to contaminants at the
Hotel Range ranged from 4.1 x 107 for an adolescent site trespasser’s exposure to soil to 1.7 x
10°® for an adult trespasser’s exposure to sediment. These numbers are all below the 10*to 10°
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range. Table 26 of Appendix E presents a summary of the excess cancer risks associated with the
Hotel Range. The RME case assumes that all of a receptor’s exposure is to the maximum
contaminant concentrations observed at the site. For soil exposure pathways, the cancer risks
associated with average exposures were up to a 33 percent less than the RME risks. Cancer risks
associated with average exposures to sediments were less than the RME risks by an order of

magnitude.

Both the soil and sediment exposure pathways could reasonably apply to the same site trespassers.
Therefore, the estimated risks from soil and sediment contact were summed to estimate the total
receptor risk. Combining the RME risk estimates from these two pathways results in total
estimated cancer risks of 1.4 x 107 for adults and 3.2 x 10°® for adolescents, still well below the

107 level.

The HIs for potential RMEs to carcinogenic COPCs for the Hotel Range ranged from 7.7 x 10°*
for the adult trespasser exposures to soil to 1.9 x 1072 for site worker soil exposures. All were
well below USEPA’s benchmark value of 1.0. The total HIs of trespassers from soil and sediment
contact pathways together were also well below 1.0. Table 27 of Appendix E presents a summary
of the estimated HIs for noncarcinogenic effects associated with the Hotel Range.

C. Ecological Risk Assessment

An ecological risk assessment was performed for the SPIA monitored-area. The following
sections present a summary of the results of the ecological risk evaluations.

SPIA Monitored-Area Groundwater — Groundwater from within the SPIA monitored-area is
discharging to on-site surface waters prior to leaving the South Post. No ecological risk to
surrounding habitats are associated with groundwater in the SPIA monitored-area. Ecological
impacts from the surface water/sediment for each individual range are described within this ROD
in the following sections.

EOD Range (AOC 25) — Concentrations of mercury, zinc, and nitroglycerin in soils exceed
USEPA guidelines for plants or small mammals, but only for the worst case scenario. Ecological
risks identified on the EOD Range were deemed acceptable due to the continued use of the
Impact Area for military training activities. Table 28 of Appendix E presents, for the average
exposure case, a summary of the hazard quotients for endpoint species at the EOD Range. Table
29 of Appendix E presents a summary of hazard quotients for the RME case.

Zulu Ranges (AOC 26) — Levels of lead, zinc, and cyclonite in soils exceed USEPA risk
guidelines for plants, small mammals, and songbirds. Several metals were detected in the
sediments of the nearby wetlands at levels above local background concentrations. Despite some
exceedances, these metals were not considered to be of concern because exceedances of
background or criteria were few and the magnitude of exceedance was not great. Ecological risks
identified on the Zulu Range were deemed acceptable due to the continued use of the Impact Area
for military training activities. Tables 30 and 31 of Appendix E present, for the average exposure
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case, a summary of the hazard quotients for aquatic and terrestrial endpoint species at the Zulu
Ranges, respectively. Tables 32 and 33 present, for the RME case, a summary of hazard
quotients for aquatic and terrestrial endpoint.

Lead and other chemicals found in the surface water do not pose significant risks to wildlife or to
aquatic life. Levels of lead exceed water quality criteria, but water samples were not toxic when
tested in the laboratory with aquatic invertebrates and fish.

Hotel Range (AOC 27) — Metals, explosives, and other organic chemicals found in soils at the
Hotel Range do not pose unacceptable risks to plants or wildlife. Levels of lead exceed water
quality criteria; however comparable water samples from the Zulu Range, which also contains
elevated levels of lead, were not toxic when tested in the laboratory with aquatic invertebrates and
fish. Several metals were detected in the sediments of Cranberry Pond at levels above local
background concentrations. Despite some exceedances, these metals were not considered to be
of concern because exceedances of background or criteria were few and the magnitude of
exceedance was not great. In addition, the highest detected concentrations of these metals were
within or only slightly exceeded the range of regional background levels reported for remote New
England and for unimpacted lakes and ponds in Massachusetts. Ecological risks identified on the
Hotel Range were deemed acceptable due to the continued use of the Impact Area for military
training activities. Table 34 of Appendix E presents, for the average exposure case, a summary of
the hazard quotients for aquatic endpoint species at the Hotel Range. Table 35 presents a
summary of the hazard quotients for the RME case.

The assessment concluded that explosives and other chemicals in the soil do not pose
unacceptable risks to plants or wildlife. In addition, lead, zinc, and other chemicals in the surface
water pose no unacceptable ecological risk.

VII. ARMY RATIONAL FOR PROPOSING “NO ACTION”

The 1991 Defense BRAC Report to the President indicates that the Army will retain the South
Post and continue operating its training ranges. Therefore, the South Post will not be cleaned up
for unrestricted use. The Army Range Control will continue to restrict public access, and
unauthorized personnel will be prohibited. Currently, the South Post is enclosed by a fence and
access can only be gained through gates that are controlled by the Army Range Control.

Risk assessment results show that human health risks identified are within USEPA risk guidelines.
Risk to on-site ecosystems were deemed acceptable.

VIII. DESCRIPTION OF THE NO ACTION ALTERNATIVE

“No action” is the selected remedy for the SPIA monitored-area groundwater and AOC 41
groundwater. Under this alternative, no formal remedial action is taken and the site is considered
to be left “as is,” with no additional institutional controls, containment, removal, treatment, or
other mitigating measures. “No action” is also the selected remedy for the surface water,
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sediment, and soil at the EOD, Zulu, and Hotel Ranges. The Army has submitted a Closure
Report under the RCRA Subpart X; formal approval of the closure of EOD Range will occur
prior to ROD signature.

As part of this remedy, Fort Devens will ensure the following:

«  Groundwater monitoring for potential contaminant migration out of the SPIA
monitored-area will continue:

- Wells will be used to monitor the groundwater from the EOD Range, Zulu
Ranges, Hotel Range, and AOC 41.

- Wells will be used to monitor the north, northeast, southeast, and east sides
of the SPIA monitored-area.

¢ The monitoring wells will be sampled for explosives, TCL, and TAL metals.

. A Groundwater Monitoring Plan for the South Post will be developed that will
include detailed groundwater monitoring at discharge points. The plan may
include installing sentinel wells to monitor potential off-site groundwater flow.
Details of the plan will be developed jointly by the Army, USEPA-New England,
and MADEP within 6 months of ROD signature. The Army will rerun the
groundwater model to incorporate data from new sentinel well(s) and ascertain any
potential impacts to MCI Shirley.

«  Well D-1 will be sampled and analyzed for explosives and Massachusetts and
Federal drinking water requirements (MMCLs/MCLs).

«  The Army will not develop new drinking water sources within the SPIA
monitored-area.

e  An Integrated Natural Resources Management Plan will be developed and
implemented to monitor the impacts to ecosystems in the SPIA monitored-area.
The details of this plan will be developed jointly by the Army, USEPA-New
England, U.S. Fish and Wildlife Service, and MADEP within 6 months of the ROD

signature.

Monitoring reports will include a description of site activities and a summary of analytical results.
The Army will review and submit these monitoring reports to MADEP and USEPA annually. If
there is an indication of contamination emanating from the SPIA monitored-area, the Army will
evaluate the need for additional assessment.

This site, as required by CERCLA, will be subject to 5 year reviews. During a 5 year review, an
assessment is made as to whether the implemented no action alternative remains protective of
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human health and the environment and whether the implementation of alternative remedial actions
are needed to ensure adequate protection. If on-site hazardous substances, pollutants, or
contaminants that may present an imminent and substantial endangerment to public health and
welfare migrate off site, the Army will take the necessary and appropriate actions to protect
human health and the environment as required under CERCLA. More frequent reviews will be
conducted if site conditions change. Should the Army close or transfer or change the use of this
property, an Environmental Baseline Survey (EBS) will be conducted, and the “no action”
decision of this ROD will be re-examined in light of the changed use and risk factors resulting
from this closure/transfer. The EBS will be provided to the USEPA-New England and MADEP
for comment.

The implementation of the “no action” alternative will cost approximately $500,000.
IX. DOCUMENTATION OF SIGNIFICANT CHANGES

The Army presented a Proposed Plan identifying “no action” as the preferred alternative for the
site. The plan was presented at a public meeting held on February 21, 1996. Comments obtained
from the public were incorporated into the development of this Final ROD for the SPIA
monitored-area groundwater and AOCs 25, 26, and 27. Concurrent to the development of this
ROD, the Army was finalizing the RI for AOC 41. AOC 41 is approximately 6-acres in size and
is located between Harvard Road, New Cranberry Road, and an eastern portion of the SPIA
monitored-area (Figure 11 of Appendix A shows the location of a AOC 41).

The results of the AOC 41 RI indicate that the most appropriate remedial action for the
groundwater at AOC 41 would be “no action.” This is the same action to be taken for the SPIA
monitored-area groundwater. The RI also shows that AOC 41 is adjacent to the SPIA
monitored-area, and AOC 41 is small in area (6 acres). Adding AOC 41 to this ROD would only
increase the total land area covered in this ROD by 0.6 percent. Therefore, the USEPA-New
England recommended including AOC 41 in this ROD. The landfill portion of AOC 41 will be
addressed under a separate action.

The overall result of including AOC 41 groundwater with the SPIA monitored-area groundwater
is that a slightly larger land area is addressed, and the Army can more rapidly proceed in the
development and implementation of the long-term monitoring programs for the site. A
Groundwater Monitoring Plan for the South Post will be developed that will include monitoring
the groundwater under AOC 41. The plan may include installing sentinel wells to monitor
potential off-site groundwater flow. Details of the plan will be developed jointly by the Army,
USEPA-New England, and MADEP within 6 months of ROD signature.

A. Site History

AOC 41 is approximately 6 acres in size and is located between Harvard Road, New Cranberry
Pond, and an eastern portion of the impact area in the South Post (Figure 11 of Appendix A).
The landfill material occupies an area approximately 75 feet by 75 feet in the central portion of the
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site. It appears to have been associated with an old brick-making kiln that was operated in this
area in the 1800s. The AOC is overgrown with trees and swampy vegetation, and no records are
available detailing when the site was used or what type of material was disposed of in this area. It
is believed that this AOC was used until the 1950s for disposal of nonexplosive military and
household debris. Miscellaneous debris is scattered over a small hill located approximately 75 feet
north of New Cranberry Pond. The hill slopes down to a low area at the base of the hill. The
ground surface elevation rises to the south, then slopes again down to New Cranberry Pond. The
water level in New Cranberry Pond is controlled by a culvert located on the eastern shore of the
pond that impedes the water flow, which in turn increases the water level in the pond. Installation
personnel attempt to keep the culvert clear in an effort to maintain a constant water level in the

pond.

The results of the SI and Supplemental SI (SSI) indicated that some residual surface soil
contamination was present on the waste material. However, the main human health risk was
associated with the concentration of chlorinated solvents found in the groundwater. SA 41 was
recommended for an RIFS after the SSI and the site designation was changed from SA 41 to
AOC 41. The RI for AOC 41 concentrated on defining the distribution of chlorinated solvents in
groundwater. The findings of the RI indicate that (1) the waste material is not the source of the
groundwater contamination, (2) the source of the groundwater contamination appears to be
within the area investigated, (3) groundwater contaminant distribution is well defined, and (4)
contamination does not appear to be impacting the surface water or sediment quality in New
Cranberry Pond.

B. Summary of Site Characteristics

The following subsections address the nature and distribution of analytes detected in soil and
groundwater during the 1992 SI, 1993 SSI, and 1994 RI. In addition to the off-site analytical
laboratory analysis, field analytical data is presented and discussed. Table 36 presents a list of the
analytical tests performed on each sample in each media during the SI, SSI, and RI. Figure 12
and 13 of Appendix A show the soil and groundwater sampling locations for field and off-site
laboratory analysis.

1. Soils

The soil type encountered in one boring advanced at AOC 41 included clayer silt from 4 to 36 feet
below ground surface. This material was mapped as Ayer Stage lake deposits.

Field Analytical Results — Samples for field analysis collected as part of the R include: 22 soil
gas samples from 13 locations; 30 soil samples from the 13 soil gas survey points; 12 soil samples
from 5 test pits; and 14 soil samples from the installation of one monitoring well.

Field analytical results indicate that 2 of the 13 soil gas samples contained detectable levels of

trichloroethylene (TCE) (3.6 parts per billion (ppb) and 3.9 ppb). TCE and trans-
dichloroethylene (DCE) were detected in soil samples collected from the soil gas sampling points
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between 30 and 37 feet below ground surface. Values of TCE ranged from less than the
analytical detection limit (1.0 ppb) to 180 ppb while trans-DCE concentrations ranged from below
detection limit to 9.1 ppb. The vertical distribution of observed TCE contamination coincides
with the depth of the water table at this area. None of the soil samples collected from the test pits
indicated the presence of any target analyte. Of the 14 soil samples collected during the
installation of the monitoring well, only those collected at 30 to 32, 35 to 37, and 40 to 42 feet
below ground surface contained TCE (4.55 ppb, 5.33 ppb, and 8.58 ppb respectively). This data
also suggests a correlation between the vertical distribution of contamination and the depth to
groundwater at this site.

The field analytical results for the soil gas samples, the soil samples collected at soil gas survey
points, the soil samples from the test pits, and the soil samples from the installation of one
monitoring well are presented in Tables 37, 38, 39, and 40 of Appendix E, respectively.

Off-Site Laboratory Results — Soil samples were collected for off-site laboratory analysis from
test pits and monitoring well boring locations completed during the SI, SSI, and RI. VOCs,
pesticides/PCBs, and explosives were not detected in any of the soil samples collected during the
SI and SSI. Sodium was the only inorganic attribute detected above Fort Devens background in
all soil samples. Other analytes detected above background include calcium, copper, and nickel.
The results of these analysis are presented in Table 41 of Appendix E.

Twelve of the 21 soil samples collected during the RI were analyzed for VOC, semivolatile
organic compounds (SVOC), inorganics, toxicity characteristic leaching procedure (TCLP),
TPHC, and TOC. The remaining 9 samples were analyzed for all of the previously listed
parameters except TCLP.

Off-site analytical results indicate that only 1 of the 17 samples collected from potential
groundwater contamination test pits contained VOCs (1,1,2,2-trichloroethane (TCA) and
toluene). A review of laboratory quality control indicates that the Freon and toluene detected in
samples beneath the waste material and the remaining detected VOC can be attributed to
laboratory contamination. SVOCs (acenaphthylene, benzo[b]fluoranthane, benzo[k]fluoranthane,
chrysene, fluoranthane, phenanthrene, and pyrene) were detected at low concentrations in 3 of
these 17 soil samples.

Cobalt, copper, nickel, and sodium exceeded Fort Devens background in 4 samples while sodium
exceeded background in all 12 samples analyzed using TCLP; but each sample passed the TCLP.

The off-site analytical results for the soils analysis are presented in Table 41 of Appendix E.
2. Groundwater

Groundwater samples were collected in six separate rounds at this site (Rounds 1 through 6).
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Field Analytical Results — Groundwater samples were collected for field analysis only during
the 1994 RI field program. Field analysis of groundwater samples consisted of collection and
analysis of groundwater samples from screened auger borings and all pre-1994 monitoring wells.
Each of the groundwater samples was analyzed with field gas chromatography (GC) for vinyl
chloride; t-1,2-DCE; ¢-1,2-DCE; benzene; TCE; toluene; TCA, ethylbenzene; m/p xylene; o-
xylene; 1,1,2,2-TCA; and 1,2-DCE.

Based on field analytical data, the site-related VOC (TCE, 1,1,2,2-TCA, and c-1,2-DCE) plume
appears to be vertically confined to the soils at the water table, and centered along a line trending
" northeast to southwest. Figures 14 and 15 of Appendix A show the interpretive field analytical
concentration contours for TCE and 1,1,2,2-TCA in groundwater, respectively.

The results of the 1994 RI sampling analysis are presented in Table 42 of Appendix E.

Off-Site Laboratory Results — Two rounds of off-site laboratory analytical samples were
collected during each of the field investigations conducted at AOC 41.

Off-site analytical results for groundwater samples collected during rounds 1 and 2 (September
1992 and January 1993, respectively) indicate that several VOC (TCE, tetrachloroethylene (PCE),
and 1,1,2,2-TCA) were present in the groundwater. One explosive-related compound (2,4,6-
trinitrotoluene) was detected in round 1 but not round 2, while one pesticide (eldrin) was detected
in round 2 but not round 1. No other VOC, SVOCs, pesticides/PCBs, or TPHC were detected in
either round. The results of the rounds 1 and 2 sampling analysis are presented in Table 43 of

Appendix E.

Five additional monitoring wells were installed between round 2 and 3. Off-site analytical results
for groundwater samples collected during rounds 3 and 4 (October 1993 and January 1994,
respectively) indicate that VOC (TCE, 1,1,2,2,-TCA, 1,2-DCE) were detected in the previously
existing well and 2 of the new monitoring wells. Nitroglycerine was detected in 1 well during
round 4. SVOCs detected during both rounds were identified as laboratory contaminants.
Several inorganic analytes (antimony, arsehic, and manganese) were detected at concentrations
slightly above Fort Devens background in unfiltered samples. The results of the rounds 3 and 4

sampling analysis are presented in Table 43 of Appendix E.

Eleven additional wells were installed as part of the RI field investigation. Two rounds (5 and 6)
of groundwater samples were collected during the RI field investigation. Round 5 was completed
in December 1994 and round 6 was completed in March 1995. Off-site analytical results for
groundwater samples indicate that several VOC (TCE, PCE, 1,1,2,2-TCA, cis- and trans-1,2-
DCE, toluene, carbon tetrachloride, and carbon disulfide) were detected in one or more wells
during either or both rounds. The only SVOC detected appears to be attributable to laboratory

contamination.

Each of the PAL inorganic analytes, except for mercury, was detected above its Fort Devens
background concentrations in the unfiltered groundwater samples. However, results for filtered
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inorganic samples indicated that only antimony, arsenic, potassium, copper, manganese,
magnesium, sodium, and zinc were detected above Fort Devens background.

The results of all sampling analysis are presented Table 43 of Appendix E.
C. Summary of Groundwater Impacts

The groundwater results of Rounds Five and Six at AOC 41 indicate the presence of several
VOCs (TCE; PCE; 1,1,2,2-TCA,; cis- and trans-1,2-DCE; toluene; carbon tetrachloride; and
carbon disulfide) and several inorganic analytes above their Fort Devens background
concentrations in unfiltered samples. The distribution and relative concentration of the VOC
contaminants is consistent in both field and off-site laboratory results. This observation is the
most significant feature of the contamination assessment at this site. The groundwater is
contaminated with VOCs, but the distribution of that contaminant plume appears to be well
defined. The source of this VOC contamination, particularly the chlorinated solvents, has not been
precisely located; however, it does appear to be within the area investigated during the RI. Itis
important to note that the VOC contamination appears to have almost no movement based upon
the consistent contaminant values and the lack of contamination in down gradient monitoring
wells (i.e., 41M-94-09A, 41M-94-09B, 41M-94-11X, and 41M-94-12X).

The hydrogeologic data collected at the site indicates that groundwater flow is slow, generally
less than 1 foot per year, and therefore contaminant migration would be within a similar order of
magnitude.

D. Summary of Risks

The focus of the baseline human health risk assessment for AOC 41 is the groundwater operable
unit at AOC 41. Other media including soil, sediment, and surface water were sampled in earlier
investigations, but were not included in the baseline risk assessment. Based on the findings
presented RI report and previous investigations (see Appendix C — Administrative Record), it
appears that the groundwater contamination source is within AOC 41, but is not the waste
material.

Groundwater associated with AOC 41 is not currently used for drinking water or for any other
purpose. Except for the Fort Devens South Post Water Point (Well D-1), groundwater on the
South Post (where AOC 41 is located) does not represent a current or potential future source of
drinking water.

Groundwater supplies at Fort Devens have consistently met Massachusetts water quality
standards. Except for sodium, the physical and chemical qualities of on-site potable water have
complied with State standards. The installation has been complying with the State regulation for
reporting sodium concentrations in excess of 20 milligrams per liter (mg/L). The sodium
notification requirement is designed to alert persons on a sodium-restricted diet of high sodium
levels in their drinking water.
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The noncarcinogenic risks (as hazard indices) and carcinogenic risks associated with the analytes
detected in Well D-1 were calculated and are reported in Table 21 of Appendix E. The exposure
frequency was assumed to be 14 days per year. Cancer risks were calculated for two possible
exposure durations: 10 years, which is probably greater than any individual exposure, and 2
years, which is more typical.

A USEPA Office of Solid Waste and Emergency Response (OSWER) directive, The Role of
Baseline Risk Assessment in Superfund Remedy Selection Decisions, indicates that action is
generally warranted at a site when carcinogenic risks are greater than 1x10™ or noncarcinogenic
HIs exceed 1 (based on RME assumptions). USEPA Superfund guidelines also state that when
the total incremental carcinogenic risk for an individual resulting from exposure at a hazardous
waste site is within the range of 1x10™ to 1x107, a decision about whether to take action or not is
a site-specific decision. This range of 1x10™* to 1x107¢ is often referred to as the Superfund target

risk range.

All of the HIs are well below the USEPA threshold of 1, indicating that there are no unacceptable
noncarcinogenic health risks. The carcinogenic risks are all below 1x10™. For one exposure
scenario, assuming a 10-year exposure duration, the cancer risk slightly exceeds 1x10°, at
1.3x10%. This cancer risk is, however, at the low end of the Superfund target risk range.

The RI concludes that there are no unacceptable risks to human health from the groundwater at
the South Post Well D-1 and that no further action would be required under CERCLA.

An evaluation of health risks associated with exposure to soil at AOC 41 is not included in the
baseline risk assessment. Surface soil at AOC 41 will be addressed separately under the Fort
Devens landfill consolidation study. Subsurface soil will not be addressed in the baseline risk
assessment due to the lack of an exact location of a contaminant source area.

Data collected from surface water and sediment at New Cranberry Pond during previous
investigations demonstrates that surface water from New Cranberry Pond recharges groundwater
below AOC 41. Therefore, it appears that site-related contaminants from AOC 41 are not
impacting ecological receptors in New Cranberry Pond.

E. The Army’s Rational for Proposing the Preferred Alternative

The 1991 Defense BRAC Report to the President indicated that the Army will retain the South
Post and continue operating its training and detonation ranges. Therefore, the contaminants
detected in the South Post groundwater will not be cleaned up for unrestricted use.

Groundwater from AOC 41 is flowing to the north-northeast and would eventually discharge to
the Nashua River. No ecological risk to surrounding habitats in New Cranberry Pond have been

identified.
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No potential threats to human health and the environment are associated with the groundwater at
Well D-1 (which is the only present and planned future exposure point closest to AOC 41),
therefore, the “no action” alternative is proposed. The same pathways will also exist under future
site conditions since the land use is expected to remain unchanged. The Army will maintain the
South Post, AOC 41 and associated ranges, continue training, maintain security, and develop
long-term Integrated Natural Resources Management and Groundwater Monitoring Plans. These
plans will incorporate the SPIA monitored-area groundwater, AOC 41 groundwater, and AOCs
25, 26, and 27 and will be developed within 6 months of ROD signature.

The Groundwater Monitoring Plan will include the installation of sentinel wells to monitor the
groundwater. Details of the monitoring plan will be developed jointly by the Army, USEPA-New
England, and MADEP.

Monitoring reports will include a description of site activities and a summary of analytical results.
Reports will be submitted to MADEP and USEPA. Under CERCLA, any action that results in
contaminants remaining on-site must be reviewed at least every 5 years. During S-year reviews,
an assessment is made of whether the no action alternative remains protective of human health
and the environment and whether the implementation of additional remedial actions are
appropriate.

Based on current information and analysis of the SI, SSI, and RI reports, the Army believes that
the preferred alternative of “no action” for control of groundwater contamination at AOC 41 is
consistent with the requirements of the Superfund law and its amendments, specifically

Section 121 of CERCLA, and to the extent practicable, the NCP. No action is necessary to
ensure protection of human health and the environment.

X. STATE ROLE

The Commonwealth of Massachusetts has reviewed the various alternatives and concurred with
the selected remedy for the SPIA monitored-area groundwater and EOD Range, Zulu Ranges,
and Hotel Range. The State has also reviewed the RI and Risk Evaluation to determine if the
selected remedy is in compliance with applicable or relevant and appropriate State environmental
laws and regulations. A copy of the declaration of concurrence is attached as Appendix B.

C:\0102\DELIVER\SPIA\FINALROD\FROD18.WPD June 18, 1996



RECORD OF DECISION
South Post Impact Area and AOC 41 Groundwater and AOCs 25, 26, & 27

RECORD OF DECISION SUMMARY
SOUTH POST IMPACT AREA AND
AREA OF CONTAMINATION 41 GROUNDWATER AND
AREAS OF CONTAMINATION 25, 26, AND 27
FORT DEVENS, MASSACHUSETTS

APPENDIX A

FIGURES

C:\PP_& ROD\DELIVER\SPIA\FINALROD\FROD30.WPD May 30, 1996



RECORD OF DECISION
. South Post Impact Area & AOC 41 Groundwater and AOCs 2§, 26, & 27 PageA-1

11: UC490812.COR

Main Post
Route 2
Oxbow National
Wildiife Refuge
>
&
&
&
N
;"
N
&
South Post Impact Area
(approximately 1,500 acres)
water Divide
Sand and
Gravel Pit
Area to be monitored
(approximately 964 acres)
BSA Study Area
= = = = South Post Boundary
. Fiver - Range Boundary
4 o Range Letter

SOURCE: Ecology and Environment, inc. 1994

SCALE
0 2000 4000 Feet
Ca—— .

Fgure 1 South Post Impact Area AOC 25, 26, and 27.

C:\PP_& ROD\DELIVER\SPIA\FINALROD\FIGURE1.WPD June 18, 1996



9661 _m Aey

Qm?.NmMDO~&QOMA<Z~B<EmEm>Smgﬁom..ﬁ.

$T DOV 3¢ sojduieg Jo uoyd0] T 3undyy

g ..aoﬁcﬂ—_vco puw u!:ooé
[ wm— ]
112 ONINOLINOW 4 z-q03 o o0 3 \ ]
131 ¥ WS

NS ININGIS Wy o anaer

anYs N0S @ . oo

anIo

)

LT ‘97 ‘ST SDOV PUE J)BMpUnols) p DOV % BV edu] 3sod yynos
NOISIDAd 40 (I 0DTH




9661 ‘0¢ Ae

AdM ETINOINAOYTVNIAVIISWHIAITIQAOA ®_dd\v0

97 DOV 1% S[PA\ SULIO)UO] Jo UopBI0T] € ANEg

— e | xt0-26-n0Z 4 .
vannes sowys //u» 5 \ \vwnv N 1334 0f =~ TVAYILN! HNOLNOD
IONI3 JHIM GIAUVE  —smmrmoremsie / o % . .
aYOY QIAQHdAMING —=—=—= w. 009 ooy 002 0
HNOINOD JIHJVNDOd0L —— 08%~—- w.n e - 1334 N1 3V3S
NOI1DIS SSOYD 21901039 ¥ v | \J/v .' A // \\q \
QHYILIM » /,\k»ﬂ» - N N ~ o ~— /!
200Y9 33ViS ® \ N 1
T10H3408 + o INF /1
T13IM ONIYOLINON 4 ' & N AR h
aN30T1 __ | m
’ \U \ . NN 13
& %, A 4 RN X
¢ %w«o N AN ¥90~76~N9T — s=3
\ ow%« ~— XL0—=T6~-NIT / S X80-26-M9Z ~ A = S = |
\ ’ \\/ (%, N ol i
Waowﬂ /./ —Oia b \ "
* Z,J/ hye //:_ ° o _m
mL e il
Xr0-28-n97 um\ & sl
——lpat Y Os¢ Xe0-ze—-ned g~ — =T A >
/ Lyllk.llullt.,irloaﬂ\ - XT0-Te~N9T N\ G‘.c _
N e sl
o ; a\\l\k ) el Ry
* \\\ " - h
d osg \ 0.@‘ N » - - f /%é ‘
\ —~osc \ ¢ § - P ® Y J )
£ : =N [{ P

MWWl sUe pue n!aooo&

yorosean

LT ® ‘97 ‘ST SDOV pus 1djespunosn) [y DOV ¥ 831V udu 3sog ynos

NOISIDHEd 40 Q0D



RECORD OF DECISION
South Post Impact Area & AOC 41 Groundwater and AOC:s 25, 26, & 27 Page A - 4

Figure 4 Location of Monitoring Wells and Surface Water/Sediment Samples at AOC 27
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Figure 7 Organics in Groundwater at AOC 27

C:\PP_& ROD\DELIVER\SPIA\FINALROD\FIGURE7.WPD May 30, 1996
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Figure 8 Location of Surface Water and Sediment Samples at AOC 26 .

CAPP_&_RODDELIVERWSPIAFINALROD\FIGURES.WPD May 30, 1996




9661 ‘0€ Ae\

AdM 6TINOINAOW TYNIAVIISAIAITIAAOT ¥ dd\'d

97 DOV ¢ sajdureg [jog Jo uopea0] ¢ 3nILY

ABYONNOE IONVY NIN2
IONI4 JuIM d383vEe
Qv0Y Q3ACHJNINA
YNOINOY JlH4YY30dOL
ANYTLIM

N4WYS TUOS 3IVJHNS

ld 151

N al-1nInz ®
-iamzm 2 /.A..:.SN
- // ~ X10-26-S8C @
ez e NI
", [N d=inz —

1jAUs pue n-o_ooo“

w
// 1334 Ot = TYAY3LNI ¥NOINOD

osr oot 0Ss ]
1334 NI 3TVDS

X£0-28-597 ®
{-1pnZ m

O Ze-innz s

N
?:ﬁN " ﬂ/ . X20~Z8~S8Z
X§0-28-59 o!-:..:ﬁv. >
p \\ NN /
\‘)

t-2nnz &)
X, X60-26-S®

p
~8<Tmnzm [ Ao«al

X80-Z6-5S97

8 y-In N2

£-INNT w

LT % ‘97 ‘ST SO0V Pue Jdjempunord [y DOV ¥ BV 1dedui] 3s0g yinos
NOISIDAd 40 00T



9661 0€ KB

admot NMDQBQOM\Q\ZEQEm&m\wﬁmc/QOMI#*

LTDOV I® s_._sam Tio§ Jo uopede] g1 3Ny

ran ud-.c«o&

39N14 3U O3euve
1330 § = WAYIIN SA0INCS JRUSMINIvE
aVOR 03A0NIMIN ' — {731 01 = WPALUM ¥N0INGI HHSVaIOAGL
AN0SNO3 JWLIRAHIVE \ / \ \\\M.\ — \\ # \ 0it ors oz ]
¥I0L40 JIHVEI040 \ .\\ e \.\\.\.\n\\ / yd s M 23S
{svIwv Qo/80) e \.\ —~ \ll\ . (4402 XSo-s6- ’©i 44 J
SNOISSINGI0 ¥INNOI ' \\ . o seo-so-sz ¥ L n
{oxvausa) \ — / N u.onnT:
-
ANTONNCE DMV 1225H P \ o
TIOHINON - e seo-cs-ur® J + j
- - — \»«?2:.: F\
TR - \ o ~ \ J
o = -
o - ° T “ent-ss-ur® T !?2--2\ \/._
-~ el sto-ce-ncr J .. s L S~ A
\. \ \\\ SsTse-T / ! bivese-raA
\ SYO-58-0LT of~ge-ail {4NDI) Rvo-te-aL2
\\\ ¥ \.\
/.,
INTIHOHS 39t -!.«.f
».Euszdnu \ 7 ot
SSI-C6-822 (0D} MIO-T4-WZ ¢ s6z-16-0.2 + / fe-t-uz \\
¥ so-re-act Ssi-te-si2  , f
a.«c».«-h.f w«.n.n.l!«.f o
SPi=-§0-0l ! \
1] s
S +/
SLO~S -Wf/ SIr-t-a0t / / +
SL-56-847 W ST 8482 ) XEO-£e-84T/ \w-.un?ﬂn
spr-te-acr, sov-f-z NOISS 74430 \
.2-—.--2# ¥INNO4 J I9NYY
STi-te-niy | / \ /
_ A ; i T310H
\ $M-8-022 | + \ \ \ h
\.. !.-2:-:# { Sir-re-nz \ \ ___ .”. /
S, o ‘)
/. (ama2) xeoese-azt’ ser-n-eds + / o, ) \ _
! . STI-s4-82 /\4\’- _ l 3
1 / soi-te-act’ + 1 ™ /
SL8~E8-0:T - ) | 1
/ * $T-ge-0(T " \ \ ) ] Y
; . /1y / . \
/ / i |
/ N + srzss-az S A /
i N ! ] \
n.HL

01 - V 2384

LT % *97 ‘ST SDOV PuB 1)BMPUnEd [y DOV » ¥y 1doedu] )sod |nos
NOISIDIA 40 AI0DTA




9661 ‘0€ AeN AdM TTRINOINAOY TYNINWVIISWIAITIQAOY 2 _ddvd

3504 YInog Uj [y DOV Jo Uopedoy [ 3indyy

11 -V 988q LT % ‘97 ‘ST SO0V Pus JsMpunosd) [y DOV » 1y joedul] jsog ynos
NOISIDHA 40 qH4OOT



RECORD OF DECISION
South Post Impact Area and AOC 41 Groundwater and AQOCs 25,26, & 27

RECORD OF DECISION SUMMARY
SOUTH POST IMPACT AREA AND
AREA OF CONTAMINATION 41 GROUNDWATER AND
AREAS OF CONTAMINATION 25, 26, AND 27
FORT DEVENS, MASSACHUSETTS

APPENDIX B

DECLARATION OF STATE CONCURRENCE
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COMMONWEALTH OF MASSACHUSETTS
EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS
DEPARTMENT OF ENVIRONMENTAL PROTECTION
CENTRAL REGIONAL OFFICE

WILLIAM F. WELD TRUDY COXE
Governor Secretary
ARGEO PAUL CELLUCCI DAVID B. STRUHS
Lt. Governor Commissioner

July 2, 1996

Ms. Linda Murphy, Director

Office of Site Remediation and Restoration
U.S. Environmental Protection Agency
Region I-JFK Federal Building

Boston, MA 02203

RE: Record of Decision; South Post Impact Area and Area of
Contamination 41 Groundwater and Areas of Contamination 25,
26, and 27, Fort Devens, Massachusetts

Dear Ms. Murphy,

The Massachusetts Department of Environmental Protection
(MADEP) has reviewed the above-referenced Record of Decision
(SPIA ROD) as recommended by the United States Army and the U.S.
Environmental Protection Agency, Region I (EPA) for the
remediation of the Fort Devens South Post Impact Area (SPIA) of
the former Fort Devens. The MADEP has worked closely with the
Army and EPA in the development of the preferred alternative and
herein concurs with the Army's choice of remedy while expressing
the concerns summarized below.

The SPIA ROD covers a total of 964 acres and includes Area
of Contamination (AOC) 41 groundwater as well as AOCs 25, 26, 27.
The chosen remedy now incorporates MADEP recommended elements and
includes development and implementation of: a Long Term
Groundwater Monitoring Plan and Ecological Management Plan;
refinement of the existing groundwater model; annual sampling and
analysis of well D-1; a prohibition on future development of
drinking water sources in the SPIA monitored area; five year site
review provisions; and final RCRA closure of AOC 25.

75 Grove Street ® Worcester, Massachusetts 01605 @ Telephone (508) 792-7650

Fax (508)792-7621 e Printed on Recycled Paper TTD #(508)767-2788
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Page 2

MADEP's concurrence with this remedy is premised on the
assumption contained in the remedy that contaminants will be
contained by natural barriers within the SPIA. The SPIA ROD
anticipates development of a Long Term Groundwater Monitoring
Plan designed to demonstrate contaminant containment and which
will enhance the Groundwater Model upon which the remedy relies.
Because of MADEP's concern for the potential of continued
contaminant migration, the Army has agreed that the Plan will
require the installation and monitoring of additional sentinel
wells or "early warning" wells to monitor off-site groundwater
flow. 1In addition, due to the presence of contaminants from
prior Army training activities and the future Army use of the
SPIA, MADEP considers the development of an ecological management
plan and an environmentally sound plan for the control releases
from OB/OD to be of considerable importance and key to MADEP's
concurrence in this ROD.

Exposure point concentration of explosive contaminants in
AOC 26 groundwater and non-compliance with the total petroleum .
hydrocarbon MCP Method 1, GW-1 standard as promulgated in 310 CMR
40.0974(2) in four SPIA groundwater monitoring wells continues to
be a cause for concern. Therefore, MADEP intends to be vigilant
in reviewing the future effectiveness of the remedy. Should
future subsurface contaminant migration be observed during the
remedial review process, MADEP will take necessary action to
ensure that the cleanup standard set forth in CERCLA §
121(d) (2) (A) is met.. '

The MADEP would like to thank the US Army, particularly Jim
Chambers, Fort Devens BRAC Environmental Coordinator, Mark
Applebee and Darrel Deleppo of the US Army Corps of Engineers,
and Charles George, US Army Environmental Center for their
efforts to ensure that the people and the environment of the
Commonwealth of Massachusetts are protected in the selection of
the remedy for these complex sites.
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CccC:

We look forward to continuing to work with EPA and the Army
in the implementation of the remedial alternative at the SPIA and
further clean-up activities on the other Devens sites. If you
have any questions, please feel free to contact John Regan at
(508) 767-2840 or Lynne Welsh at

792-7653, ext. 3851.

Sincerely,

o

C . JA{AW\A«A
E. datl Suchman

Regional Director
DEP-CERO

Fort Devens Mailing List (cover letter only)

Informational Repositories
Jim Chambers, Fort Devens BEC
Jim Byrne, EPA

Charles George, AEC

Mark Applebee, ACOE

Ron Ostrowski, Mass Land Bank
Jay Naparstek, MADEP

Rebecca Cutting, MADEP



. ‘ EXECUTIVE SUMMARY

Fort Devens is located in Middlesex and Worcester counties and is within
the towns of Ayer, Harvard, Lancaster, and Shirley, Massachusetts.
Seventy-three study areas (SAs) and areas of contamination (AOCs) at Fort
Devens have been investigated for potential environmental restoration.

This Record of Decision (ROD) addresses AOCs 25 (the Explosive Ordnance
Disposal (EOD) Range), 26 the Zulu Ranges), and 27 (the Hotel Range), and
groundwater within the South Post Impact Area (SPIA) north and west of the
New Cranberry Pond groundwater divide. This area is approximately 964 acres
and is referred to in the ROD as the "SPIA monitored-area" (See Figure 1).
AOC 41 (Unauthorized Landfill) groundwater was added to the ROD subsequent
to the February 21, 1996 public meeting. Additional time for public review
and comment was provided. The logic for including the AOC 41 groundwater in
this ROD is based on the results of the Final Remedial Investigation (RI)
completed for AOC 41 (February 1996). The RI indicates that proposed
actions are the same for the SPIA and AOC 41 groundwater, AOC 41 adjacent
to the SPIA, and AOC 41 is small in area (6 acres). Adding AOC 41 to this
ROD would only increase the total land area covered in this ROD by a small
increment. Therefore, the U.S. Environmental Protection Agency- (USEPA) New
England recommended including AOC 41 groundwater into this ROD.

This ROD presents the selected remedial action for the site, chosen in

tccordance with Comprehensive Environmental Response Compensation and

iability Act (CERCLA), as amended by Superfund Amendments and

Reauthorization Act (SARA), and, to the extent practicable, the National
Contingency Plan (NCP). This decision is based on the Administrative
Record for the site. The Administrative Record is a collection of all the
documents used by the Army in determining the most appropriate action to
take at the SPIA. The Administrative Record is available for public review
at the Fort Devens Base Realignment and Closure (BRAC) Environmental Office
and the Ayer Town Hall, Ayer, Massachusetts.

The entire SPIA, including the 964 acre SPIA monitored-area, is
approximately 1,500 acres and is located within the 4,800-acre South Post
section of Fort Devens. The SPIA is, and will be for the foreseeable
future, an active weapons and ordnance discharge area used by the Army, the
Massachusetts National Guard, and nearby law enforcement agencies for
training purposes. ’

Metals, organic compounds, petroleum hydrocarbons, and explosive chemicals
were detected in soil, sediments, groundwater, and surface water during the
Remedial Investigation (RI) of SPIA groundwater and the EOD, Zulu, and
Hotel Ranges. Using data from the RI, the Army prepared a Baseline Risk
Assessment to determine potential risks to human health and the environment
under reasonable exposure assumptions.



No unacceptable risks to human health and the environment were found to be
associated with the SPIA groundwater, even though levels exceeded Army and
USEPA action levels. No hazardous substances were detected in the one
public drinking water well on the South Post, Well D-1. Well D-1, which is
located near the northeast edge of the SPIA, is used on a limited basis by
military personnel during training activities. Also, no unacceptable
ecological risk to surrounding habitats were found to be associated with
the SPIA groundwater due to the absence of a pathway for any known
ecological receptor to access the groundwater.

Risk assessment results for the EOD, Zulu, and Hotel Ranges show that human
health risks were identified to be within USEPA risk guidelines for
assessed pathways. Risk to on-site ecosystems, in some instances, were
found to be outside of USEPA risk guidance, however, ecological risks
identified on the EOD, Zulu, and Hotel Ranges were deemed by USEPA-New
England to be acceptable due to their low level.

"No action" is the selected remedy for the SPIA groundwater. Under this
alternative, no formal remedial action is taken and the site is considered

to be left "as is," with no additional institutional controls, containment,
removal, treatment, or other mitigating measures. This remedy includes the
development and implementation of an Ecological Management Plan and a
Groundwater Monitoring Plan. The Groundwater Monitoring Plan will include
the installation of sentinel wells to monitor the groundwater. Details of
the monitoring plan will be developed jointly by the Army, USEPA-New

England, and Massachusetts Department of Environmental Protection (MADEP)
within 6 months of ROD signature. .

As part of this remedy, the Army will ensure the following:

® Groundwater monitoring will continue for potential contaminant
migration out of the SPIA. Monitoring wells will be sampled for
explosives, Target Compound List (TCL), and the Target Analyte
List (TAL) metals annually. The Army will rerun the groundwater
model to incorporate data from new sentinel well(s) and ascertain
any potential impacts to MCI Shirley.

® A Groundwater Monitoring Plan for the South Post will be
developed, that will include detailed groundwater monitoring at
discharge points. The plan will include specific information on
additional sentinel wells to monitor potential off-site
groundwater flow. The groundwater monitoring plan will be
completed within 6 months of ROD signature.

® Well D-1 will be sampled annually and analyzed for explosives
and Massachusetts and Federal drinking water requirements
(MMCLs/MCLs) . No new drinking water sources will be developed
within the SPIA.

® An Ecological Management Plan will be developed and implemented
to monitor any impacts to ecosystems in the SPIA.

2 ®




Monitoring reports will include a description of site activities and a
summary of analytical results. Reports will be submitted to MADEP and
.USEPA annually.

"No action" is also the selected remedy for the surface water, sediment,
and soils at the EOD, Zulu, and Hotel Ranges. The Army has submitted a
Closure Report under the Resource Conservation and Recovery Act (RCRA)
Subpart X; formal approval of the closure of EOD Range will occur prior to
ROD signature.

Once the final ROD is approved, the Fort Devens environmental staff will
ensure the development and implementation of a long-term Ecological
Management Plan. The details of this plan will be developed jointly by the
Army, USEPA-New England, U.S. Fish and Wildlife Service, and MADEP within 6
months of the ROD signature.

This site, as required by CERCLA, will be subject to 5 year reviews.

During a 5 year review, an assessment is made as to whether the implemented
remedy is protective of human health and the environment and whether the
implementation of alternative remedial actions are needed to ensure
adequate protection. Should on-site hazardous substances migrate off-site,
the Army will take the necessary and appropriate actions to protect human
health and the environment as required under CERCLA. More frequent reviews
may be conducted if site conditions change. Should the Army close and/or
transfer this property, an Environmental Baseline Survey (EBS) will be
conducted. The EBS will be provided to the USEPA-New England and MADEP for
comment.



COMMONWEALTH OF MASSACHUSETTS
EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS
DEPARTMENT OF ENVIRONMENTAL PROTECTION
CENTRAL REGIONAL OFFICE

WILLIAM F. WELD TRUDY COXE
Governor Secretary
ARGEO PAUL CELLUCCI DAVID B. STRUHS
Lt. Governor Commissioner
MEMORANDUM

TO: Gail Suchman, Regional Director, CERO

FROM: Lynne Welsh, Section Chief, CERO Federal Facilities

DATE: July 2, 1996

SUBJECT: South Post Impact Area and Area of Contamination 41 Groundwater
and Areas of Contamination 25, 26 and 27, Fort Devens,
Massachusetts; Evaluation of Remedial Action Record of Decision
under M.G.L. c. 21E and the Massachusetts Contingency Plan (MCP)

I. INTRODUCTION

he Record of Decision (ROD) addresses AOCs 25 (Explosive Ordnance Disposal
(EOD) Range), 26 (Zulu Ranges), and 27 (Hotel Range and AOC 41
(unauthorized dumping area) groundwater and groundwater within the South
Post Impact Area (SPIA). The site locations are depicted in Figure 1 and
are described below.

SPIA The approximately 1500 acre SPIA is located within the 4800 acre South
Post section of Fort Devens (Figure 1). The SPIA is generally bounded by
0ld Turnpike Road, Firebreak Road, the southern portion of Harvard Road,
Trainfire Road and Dixie Road. The SPIA includes AOCs 25, 26, 27 and 41 as
well as several study areas, and a number of ranges along Dixie Road and
Trainfire Road that are not designated as AOCs. The SPIA area covered in
the ROD encompasses the 964 acres north and west of New Cranberry Pond -
unnamed stream wetland groundwater divide. This area is referred to as the
SPIA monitored-area. The AOCs and the SPIA are detailed in Figure 1.

EOD Range (AOC 25) is located east of Firebreak Road, approximately two
miles south of the main entrance to the South Post. The site is rectangular
and measures approximately 600 feet by 1,500 feet.

Zulu Ranges (AOC 26) are located 2,000 feet north of the EOD range,
approximately 1.6 miles southwest of the main entrance to the South Post.
The Zulu Ranges cover approximately 16 acres and consist of two adjacent
land tracts (Zulu 1 and Zulu 2).

75 Grove Street ® Worcester, Massachusetts 01605 ® Telephone (508) 792-7650
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Hotel Range (AOC 27) is adjacent to Cranberry Pond and is located .
approximately one mile south of the main entrance to the South Post. The
Hotel Range covers approximately 23 acres and is currently used exclusively
for firing small caliber weapons. The area of concern where open
burning/open detonation of explosive materials is located exclusively south
of 01d Turnpike Road.

Unauthorized Landfill (AOC 41) is located immediately north of New
Cranberry Pond, approximately two miles south east of the main entrance to
South Post.

The ROD presents the selected remedial action for the site, chosen in
accordance with CERCLA as amended by the Superfund Amendments and
Reauthorization Act (SARA).

EPA has scheduled the signing of the ROD documenting the selection of the
proposed remedial action for the South Post Impact Area (SPIA) and Area of
Contamination (AOC) 41 groundwater and AOCs 25, 26 and 27 for the end of
June 1996, The ROD will detail the Army's decision to implement a no-action
ROD that addresses the principal known threats at the site through the
design and implementation of a long term Groundwater Monitoring Plan and a
long term Ecological Management Plan.

This memorandum briefly describes the site, the reasons for implementation

of a no-action ROD and a discussion of its effectiveness at controlling

site risks. The alternative is then evaluated with respect to the statuto
requirements of M.G.L c. 21E and the regulatory requirements of the MCP.r‘
The purpose of this memorandum is to outline the Massachusetts Department

of Environmental Protection's (MADEP) reasoning leading to concurrence with
the ROD.

The proposed plan was initially released by the Army for thirty day public
comment on February 1, 1996. This plan described a no-action remedy for the
SPIA and AOCs 25, 26 and 27. These sites are collectively known as
Functional Area (FA) I. Concurrent with the release of the proposed plan,
the Army published a Preliminary Draft Record of Decision for the South
Post Impact Area Groundwater and Areas of Contamination 25, 26 and 27.
Subsequent to the publication of this plan, a decision was made by the Base
Cleanup Team (BCT) to incorporate AOC 41 groundwater into the plan due to
its South Post location and similarities to the FA I sites. The inclusion
of AOC 41 precipitated the publication of a Draft Final Record of Decision
for the South Post Impact Area and Area of Contamination 41 Groundwater and
Areas of Contamination 25, 26 and 27. No proposed plan was published to
reflect this draft ROD. Instead, the final draft served as the vehicle for
a second public comment period which was conducted during the period of May
17 through June 4, 1996.

2 @




.II. PREFERRED REMEDIAL ACTION ALTERNATIVE

The remedial alternative preferred by the Army and described in the ROD
addresses the principal known threats to the AOCs and the SPIA through the
implementation of a no-action ROD. The Army's preferred remedy is presented
in Section VIII and IX of the Final Record of Decision for the South Post
Impact Area and Area of Contamination 41 Groundwater and Areas of
Contamination 25, 26 and 27. No CERCLA Feasibility Study was conducted for
the SPIA sites. However, it was concluded from the results of the Remedial
Investigations (RI) and the human health and ecological risk assessments
that no further action was necessary for the sites. Based on these
conclusions and given that the Army will continue to be active within the
SPIA, no further action or remediation was recommended for the subject
sites and no remedial action objectives were set.

"No Action" is the selected remedy for the SPIA and AOC 41 groundwater as
well as soils and sediments at AOCs 25, 26, 26. Under this alternative, no
formal remedial action is taken and the site is left "as is" with no
additional institutional controls, containment, removal, treatment, or
other mitigating measures. However, the remedy does require the design and
implementation of a Long Term Groundwater Monitoring Plan and Ecological
Management Plan. The ROD does not preclude further remediation of soils,
sediments and solid waste at AOC 41. The Army has submitted a Closure
Report under the RCRA Subpart X. Formal approval of the closure of AOC 25,
the EOD range, will occur prior to ROD signature.

.The groundwater modeling plan will include sentinel wells to monitor the
groundwater. The MADEP, USEPA and the U.S. Army will jointly develop
details of the monitoring plan within six months of ROD signature. As part
of this remedy, Fort Devens will ensure the following:

® Groundwater monitoring for potential contaminant migration from
the SPIA will be implemented. Monitoring wells will be installed
to monitor groundwater from AOCs 25, 26, 27 and 41. The
installation of wells at these locations provides the capacity to
monitor groundwater flow emanating from the SPIA.

® The monitoring wells will be sampled for explosives, target
compound list (TCL) and the target analyte list (TAL) metals
annually in the fall.

® A Groundwater Monitoring Plan for the South Post will be
developed that will include detailed groundwater monitoring at
discharge points. The plan will include specific information on
additional sentinel wells to monitor off site groundwater flow.
The plan will be developed and implemented within six months of
ROD signature. Monitoring reports will include a description of
site activities and a summary of analytical results. Further
assessment and/or remedial action will be implemented if the long
term monitoring plan indicates an increase or transport of
contaminants.




® The South Post groundwater model will be refined with the
inclusion of the new wells. The model will be expanded to reflec
any potential impacts on MCI Shirley. .

® Well D-1, the South Post drinking water well, will be sampled
annually and analyzed for explosives and Massachusetts and
Federal drinking water requirements (MMCLs & MCLs). No new
drinking water supplies will be developed within the SPIA.

@ An Ecological Management Plan will be developed and implemented
within six months of ROD signature.

The remedy selected for the SPIA and AOC 41 Groundwater and AOCs 25, 26,
and 27 are protective of human health and the environment. Risks to human
health were found to be within USEPA guidelines. Risks to ecological
receptors were found to be minimal. Toxicity tests AOC 26 indicate that
metals, explosives, and other organic compounds found on the sites do not
pose unacceptable risks to plants or wildlife.

The Army will maintain control of the South Post for future military

training activities. Public access to the site will continue to be
restricted, and admittance by unauthorized personnel will be prohibited.
Currently the South Post is enclosed by a fence and legal access can only

be gained through gates that are controlled by the Army Range Control

Office. However, if the Army were to surrender control of the South Post

and release the land for other purposes, additional assessments would be
required by the Army. Should the Army close or transfer the property, an
Environmental Baseline Survey (EBS) will be conducted. The EBS will be .
provided to both the USEPA and MADEP for comment.

The SPIA and AOCs will be subject to five year CERCLA reviews. During the
reviews, an assessment will be made as to whether the implemented action
remains protective of human health and the environment and whether
additional remedial actions are necessary.

III. SITE HISTORY AND DESCRIPTION

A. SITE HISTORY

Fort Devens was established as Camp Devens in 1917. It was used as a
temporary training camp for soldiers from the New England area. The camp
became a permanent installation in 1931 and was renamed Fort Devens.
Throughout its history, Fort Devens has served as a training and induction
center for military personnel and as a unit mobilization and demobilization
unit. The installation was used in this capacity, to varying degrees,
during World Wars I and II, the Korean War, the Vietnam Era, and operations
Desert Shield and Desert Storm. The primary mission of Fort Devens is to
command, train, and provide logistical support for nondivisional troop
units and to support and execute Base Realignment and Closure (BRAC)
activities. The installation also supports the Army Readiness Region and
the National Guard units in the New England area.
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The South Post consists mainly of undeveloped land. In the past, some
logging and limited farming have taken place. The ranges on the South Post

.are currently used for mortar, light anti-tank, small arms and grenade .
detonation. No artillery or heavy weapons are fired at Fort Devens. Managed
forest accounts for much of the remainder of the area.

At least some portion of the SPIA has been used for military training since
the inception of Fort Devens as Camp Devens in 1917. At various times,
demolition training and OB/OD have been conducted at the EOD, Zulu, and
Hotel Ranges. A discussion of land-use activities at these ranges follows.

EOD Range (AOC 25) - From 1979 to 1992, approximately 1,200 pounds per year
of explosives and ammunition were disposed of in the disposal area by
OB/OD. The Army has submitted a Closure Report under the Resource
Conservation and Recovery Act (RCRA) Subpart X; formal approval of the
closure of EOD Range will occur prior to ROD signature. Currently, the
range operates under a RCRA emergency permit and is used once or twice a
year. A l-acre disposal area is located along the southeastern boundary of
the range.

Zulu Ranges (AOC 26) - Prior to 1979, the range was used for OB/0OD of waste
explosives and associated waste items. Zulu 1 is primarily used for
demolition training. The demolition training area is located in the center
of Zulu 1. Zulu 2 is used primarily as a practice range for hand grenade
training. The grenade training area is located on the eastern end of Zulu
2 and consists of two concrete bunkers, which are used for cover and
‘zrotection, and two sand pits, which are used for receiving grenades.

otel Range (AOC 27) - Before 1979, the Hotel Range was used for OB/OD of
small arms, smoke grenades, and pyrotechnics. After 1979, the Hotel Range
was modified and extended to the north side of the 01d Turnpike Road and
used for M-16s and small caliber weapons. Prior to 1989, the range was
used as an M-70 range, but after 1989 the range was modified to an M60-SAW
range.
Unauthorized Landfill (ACO 41) - AOC 41 is approximately 6 acres in size
and is located between Harvard Road, New Cranberry Pond, and an eastern
portion of the impact area in the South Post (Figure 11 of Appendix A).

The landfill material occupies and area approximately 75 feet by 75 feet in
the central portion of the site. It appears to have been associated with
an old brick-making kiln that was operated in this area in the 1800s. The
AOC is overgrown with trees and swampy vegetation and no records are
available detailing when the site was used or what type of material was
disposed of in this area. It is believed that this AOC was used until the
1950s for disposal of nonexplosive military and household debris.
Miscellaneous debris is scattered over a small hill located approximately
75 feet north of New Cranberry Pond. The hill slopes down to a low area at
the base of the hill. The ground surface elevation rises to the south,
then slopes again down to New Cranberry Pond.
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In conjunction with the Army's Installation Restoration Program (IRP), Fort
Devens and the U.S. Army Environmental Center (USAEC, formerly the U.S.
Army Toxic and Hazardous Materials Agency) initiated a Master Environmenta
plan (MEP) in 1988. The MEP assesses the environmental status of Study
Areas (SA), specifies necessary investigations, and provides
recommendations for response actions with the objective of identifying
priorities for environmental restoration at Fort Devens. The MEP
recommended that a record search be conducted to better define past and
current activities. It also recommended that the extent of contamination
be determined by collecting soil samples and analyzing the samples for the
United States Environmental Protection Agency (USEPA) hazardous substance
list compounds and total petroleum hydrocarbons (TPHC). The MEP also
suggested installing monitoring wells if hazardous substances were detected
in deeper soils.

On December 21, 1989, Fort Devens was placed on the NPL. Fort Devens was
listed as an NPL site because hazardous substances were detected at two
sites other than the EOD, Zulu, and Hotel Ranges (volatile organic compound
(VOC) contamination in the groundwater at the Shepley's Hill Landfill and
metal contamination in the groundwater at the Cold Spring Brook Landfill).
A Federal Facilities Interagency Agreement (IAG) was developed and signed
by the Army and USEPA-New England (Region I) on May 13, 1991 and finalized
on November 15, 1991. The IAG provides the framework for implementing the
CERCLA/SARA process at Fort Devens.

Under Public Law 101-510, the Defense Base Realignment and Closure Act of
1990, Fort Devens was selected for cessation of operations and closure.
However, the SPIA will be retained by the Army for continued use as a .
training range. An important aspect of BRAC actions is to determine
environmental restoration requirements before property transfer can be
considered. As a result, an Enhanced Preliminary Assessment (PA) was
performed at Fort Devens to address areas not normally included in the
CERCLA process, but that required review prior to base closure. Although
the Enhanced PA covers MEP activities, its main focus is to determine if
additional areas require detailed records review and site investigation.
The Enhanced PA also provides information and procedures to investigate
installation-wide areas requiring environmental evaluation. A final
version of the Enhanced PA report was completed in April 1992.

RIs were prepared for the SPIA Groundwater and EOD, Zulu, and Hotel Ranges.
These were submitted to the USEPA-New England and the Massachusetts
Department of Environmental Protection (MADEP) in August 1994. An RI was
completed for AOC 41 in February 1996. A Proposed Plan and summary Fact
Sheet have been prepared for the SPIA and AOC 41 Groundwater and EOD, Zulu,
and Hotel Ranges. These documents have been placed in the Administrative
Record and are available for public review at the Fort Devens BRAC
Environmental Office and the Ayer Town Hall, Ayer, Massachusetts.
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. B. NATURE AND EXTENT OF CONTAMINATION
R

Is were conduction for the EOD, Zulu, Hotel Ranges and AOC 41 to
characterize the nature and extent of site-related contamination. Samples
from groundwater, surface water, sediments, and soil were taken. Chemical
analyses were performed on the samples taken from the various media, and
the results were compared with screening values previously developed. The
results of the chemical analyses were reviewed to determine whether
hazardous substances detected were related to site activities or were
naturally occurring.

1. GROUNDWATER

Groundwater at Fort Devens occurs largely in the permeable glacial-deltaic
outwash deposits of sand, gravel, and boulders. Groundwater is found under
the South Post at depths of 0 to 60 feet. The flow of groundwater on the
South Post is determined by the bedrock and till topography. A number of
springs can be found around the circumference of SPIA.

Groundwater in the vicinity of the ranges discharges to surface water
before it leaves the South Post. More than 50 percent of the SPIA overlies
a medium yield aquifer that is a potential source of drinking water. MADEP
concurrence with this ROD constitutes MADEP's agreement that the site is
adequately regulated under the provisions of 310 CMR 40,000, the
Massachusetts Contingency Plan. Measurements of hydraulic head in the
groundwater and in streams and ponds within the South Post show that the
treams around the SPIA are gaining streams (i.e., groundwater discharges

.into the streams). Groundwater flow direction is complex in certain areas
of the SPIA. At the EOD Range, overall groundwater discharge is to the east
from the north end of the disposal area. At the Zulu Ranges, groundwater
moves north toward a wetland and Slate Rock Brook. At the Hotel Range,
groundwater flow is east to Cranberry Pond and north. AOC 41 groundwater
generally flows east towards the Nashua River, however, there is some local
flow, south, to New Cranberry Pond. Groundwater models developed in
conjunction with the RI report indicate that there are several groundwater
divides in the area and that most groundwater discharges to surface water
before leaving the SPIA. Inconsistencies in the groundwater models are
expected to be resolved during future modeling efforts which will
incorporate data from the proposed new sentinel wells.

Fort Devens withdraws groundwater from wells on the Main Post and the North
Post. The Fort maintains a transient noncommunity supply well, Well D-1,
on the South Post along Dixie Road at Echo Range (E) near the north end of
Alpha Range (A) (Figure 1 of Appendix A). This well is not used to serve
the general public, but is used to supply troops who train on the South
Post. These troops spend no more than 2 weeks per year at the site. Fort
Devens Range Control Staff do not use this well and there are no plans to
provide connections to the Range Control Offices.
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or metals were detected at concentrations above USEPA guidelines.
Specifically, five samples have been collected from Well D-1 (May 1991,
June 1991, two samples in April 1992, and March 1993) and were analyzed for
USEPA's Target Analyte List (TAL) metals, USEPA's Target Compound List
(TCL), total organic carbon (TOC), and water quality parameters. A summary
of results is presented in Table 1 in Appendix E of the ROD. Only one
chemical, bis(2-ethylhexyl) phthalate, exceeded a screening value (USEPA's
Maximum Contaminant Level (MCL)). As two of the samples show no detectable
concentration of bis(2-ethylhexyl) phthalate, the RI Report attributes the
finding of this chemical to sampling or laboratory error.

Groundwater quality samples collected from Well D-1 show that no chemicals.

Groundwater samples were collected from the SPIA monitoring wells and the
data is presented in Table 8-2 of the final RI.

Groundwater quality samples for the EOD and Zulu Ranges were taken in
November 1992, March 1993, and June 1993 (Figures 2 and 3 of Appendix E
show well locations). Samples were collected from eight monitoring wells
at the EOD Range and seven wells at the Zulu Ranges. At the Hotel Range,
groundwater samples from four wells were taken in September 1992 and
January 1993, and an additional six wells were samples as part of the RI in
August and November 1993.

The samples taken at the EOD Range were analyzed for TAL metals and
explosives, as well as hardness. The samples taken at the Zulu Ranges were
analyzed for TCL organics, TAL metals, explosives, and TPHC, as well as
hardness. Samples taken at the Hotel Range were analyzed for TAL metals, .
TCL pesticides, explosives, TPHC, and water quality parameters.

Two rounds of off-site laboratory analytical samples were collected during
each of the field investigations conducted at AOC 41. The focus was on the
1994 RI sampling results (Rounds Five and Six) because these rounds
included all new and existing monitoring wells. The results of the 1994 RI
sampling analysis are presented in Section 7.0 of the RI Report.

SPIA - Sampling events from the SPIA monitoring wells indicated the
presence of explosives (dinitrobenzene and cyclonite) in three wells.
Although their concentrations were low, no obvious source of the
contamination was found. Additionally, four wells were found to have low
concentrations (below MCP Method 3 UCL, but exceeding Method 1 standard for
GW-1) of total petroleum hydrocarbons and one unfiltered sample was found
to contain lead. The results of the SPIA monitoring are contained in Table
8-2, Volume I of the RI.

EOD Range (AOC 25) - Unfiltered samples from the EOD Range showed levels of
iron, aluminum, and other metals above the concentrations found in local
background samples. Background samples are those collected in a similar
medium (i.e., water, soil, sediment) that are not believed to be
contaminated. Samples that were filtered to eliminate suspended solids
(i.e., soil and sediments to which metals may adhere) and measure only the
metal dissolved in the water, showed concentrations several orders of




magnitude lower than in the unfiltered samples (Tables 2 and 3 of Appendix

of the ROD). Manganese and calcium exceeded background concentrations in
filtered samples. None of the metals in filtered samples, however,
exceeded health-based screening values described in the RI report. Four
explosives or explosive-related organic compounds (Cyclonite (RDX),
cyclotetramethylene tetranitramine (HMX), pentaerythritol tetranitrate
(PETN), and trinitrotoluene (TNT) were also detected in the samples. Only
RDX exceeded the screening value. Organic compound results are shown on
Figure 5 of Appendix A.

Zulu Ranges (AOC 26) - Metals concentrations in the Zulu Ranges groundwater
samples (unfiltered) were higher than concentrations found in local
background samples. As with the samples collected in the EOD, filtered
samples showed lower concentrations than the unfiltered samples in the Zulu

Ranges (Tables 4 and 5 of Appendix E). The maximum concentration of
manganese in filtered samples (62 micrograms per liter, (ug/L)) exceeded
the screening value (50 ug/L). Several explosives or explosive-related

organic compounds (RDX, HMX, and TNT) were also detected in these samples.
RDX at 390 ug/L exceeded its health-based screening value (2 ug/L) . The
monitoring wells showing the most significant concentrations of explosives-
related substances are located where grenade-throwing and demolition are
practiced. The groundwater from the Zulu Ranges discharges to surface
water located within the South Post. Organic compound results are shown on
Figure 6 of Appendix A.

Hotel Range (AOC 27) - Metals concentrations in the EOD Range groundwater
amples (unfiltered) also exceeded concentrations found in local background
amples. Filtered samples showed lower concentrations than the unfiltered

samples (Tables 6 and 7 of Appendix E). The maximum concentration of

manganese in filtered samples (74.1 ug/L) exceeded the screening value of

50 ug/L. In addition, aluminum at concentrations up to 72.3 ug/L exceeded

the screening value (50 pg/L) in some filtered samples. All wells in this

area indicated some level of explosives contamination. RDX (up to 17.9

pg/L) and 1,3-dinitrobenzene (up to 1.82 ug/L) exceeded their sScreening

values (2 ug/L and 1 pg/L, respectively). Organic compound results are

shown on Figure 7 of Appendix A.

Unauthorized Landfill (AOC 41) - Groundwater at AOC 41 is contaminated with
several VOCs. However, three VOCs (1,1,2,2-TCA, PCE and TCE) have been
found to have the widest dispersion and concentrations. 1,1,2,2-TCA was
detected at a maximum concentration of 170 ug/L, PCE was detected at a
maximum concentration of 10 pg/L and TCE at a maximum concentration of 220
pg/L. The groundwater results also indicated that several inorganics
(aluminum, arsenic, beryllium, chromium, cobalt, iron, lead, manganese, and
nickel) were present in unfiltered groundwater samples above the
established Fort Devens background and drinking water standards. However,
a comparison of these results to filtered groundwater samples and TSS
concentrations indicate that the unfiltered concentrations are a likely
result of suspended solids and not dissolved site-related contaminants.
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No obvious source of VOC contamination was precisely located, however, it
was determined that the waste material located at AOC 41 was not the .
source.

2. SURFACE WATERS

The SPIA is drained primarily by two streams, Slate Rock Brook north and
west of the SPIA and an unnamed stream in the southeast portion of the

site.

EOD Range (AOC 25) - No surface water is known to exist within or adjacent
to the EOD. During the RI, one surface water sample was collected from the
emergence of Slate Rock Brook near the EOD Range, although the RI report
notes that the sample is not representative of surface water originating at
the EOD Range. This sample was analyzed for TAL metals, TCL organics,
explosives, and water quality parameters. Several metals in the sample
exceeded USEPA's Ambient Water Quality Criteria (AWQC) for the Protection
of Aquatic Organisms (Freshwater Chronic). Sample analysis results are
presented in Table 8 of Appendix E.

Zulu Ranges (AOC 26) - Thirteen surface water samples were collected for
the RI from wetlands and drainage areas potentially affected by activities
at the Zulu Ranges. Figure 8 of Appendix A shows surface water sampling
locations in the Zulu Ranges. These 13 samples were analyzed for TCL
organics, TAL metals, explosives, TPHC, and water quality parameters.

Sample analysis results are presented in Table 9 of Appendix E. .

Analysis of the Zulu Range samples collected during the RI showed two
metals exceeding USEPA AWQC: arsenic detected at a concentration of 7.18
pug/L (AWQC of 0.018 pg/L) and lead at a maximum concentration of 106 ug/L
(AWQC of 3.2 pg/L). Earlier samples collected as part of a previous
investigation, the Site Inspection (SI), showed higher concentrations than
those found in the RI samples. The differences between the two
investigations may reflect different sampling methods, field conditions, or
laboratory procedures. Explosives (including RDX and HMX), as well as
several organic compounds, were detected in samples from the Zulu Ranges.
Oone of the thirteen samples contained a detectable concentration of DDD
(0.086 ug/L) that exceeded the AWQC (0.00083 ug/L).

Hotel Range (AOC 27) - Nine surface water samples were collected for the RI
within Cranberry Pond, adjacent to the Hotel Range. (Three samples had
been collected earlier during the SI.) The six RI samples were analyzed

for TCL VOCs, pesticides, and polycyclic aromatic hydrocarbons (PAHs); TAL
metals; explosives; TPHC; and water quality parameters. Figure 4 of
Appendix A shows surface water sampling locations in the Hotel Range.
Sample analysis results are presented in Table 10 of Appendix E.
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.Several metals were detected in the surface water samples collected in the
Hotel Range. One metal, lead, was detected at a concentration of 18.2
pg/L, which exceeded the AWQC (3.2 ug/L). Trace levels of explosives or
explosive-related compounds were detected in these samples.

Unauthorized Landfill (AOC 41) - The results of the soil sampling completed
during the three field investigations indicated that some contamination was
present on the surface soil of the waste material. The remediation of the
soil contamination will be completed under Massachusetts Solid Waste
Regulations.

3. SEDIMENTS

Samples of sediments were taken in conjunction with the surface water
samples discussed above. The samples taken at the EOD Range, Zulu Ranges,
and Hotel Range were analyzed for TAL metals, TCL organics, explosives,
TPHC, TOC, and grain size.

SPIA - Three sediment samples collected from the unnamed wetland southwest
of New Cranberry Pond exhibited exceedances of local background. However,
the metal concentrations in sediments appeared to be influenced by sorbed
solids on organic carbon. There is no evidence that the metals present in
the sediments are related to contamination, but may be due to the high
levels of total organic carbon present in the wetlands.

OD Range (AOC 25) - Several metals in the EOD Range sample exceeded the
concentrations detected in a local background sediment sample. Sample
analysis results are presented in Table 11 of Appendix E.

Zulu Ranges (AOC 26) - Most metals in the Zulu Range samples were detected
above background concentrations in at least one sample. Explosives,
pesticides, VOCs, and TPHC were also detected. Sample analysis results are
presented in Table 12 of Appendix E. No screening values were established
in the RI for organic compounds in sediments.

Hotel Range (AOC 27) - Most samples collected in Cranberry Pond contained
some metal concentrations in excess of those naturally occurring in the
sediment. However, the data indicate that only one sample is unequivocally
contaminated with metals. The explosive 4-amino-2,6-dinitro toluene was
detected in one third of the samples. VOCs, pesticides, TPHC, and two
PAHs: benzo (b) fluoranthene and pyrene were also detected. Sample
analysis results are presented in Table 13 of Appendix E. Complete
analytical results are presented in the RI Report.

4. SOIL

The predominant soil in the South Post, including the areas of
investigation, is the Hinkley-Merrimac-Windsor (HMW) Association. This
soil consists of loams or sandy loams, loamy fine sands, and other sands
over sand or sand and gravel. 1In the active ranges, including the EOD,
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Zulu, and Hotel Ranges, the natural soils are disturbed. A soil mapping o
the SPIA found that, almost without exception, the soils are sandy and wel
drained. The exceptions are in wetland areas outside the three ranges.

EOD Range (AOC 25) - Surface and subsurface soil samples collected during
the RI at the EOD Range in November 1993 were analyzed for TAL metals,
explosives, and TPHC. Figure 8 of Appendix A shows soil sampling locations
in the EOD Range. Several metals were detected at levels above background
in at least one sample. Copper and zinc exceeded the background
concentration in three surface samples. Two explosives were also detected
in EOD Range surface soil samples: nitrocellulose (detected in two samples)
and nitroglycerine (detected in one sample). Low levels of TPHC were
detected (maximum concentration of 45.2 ug/g). None of the substances
detected exceeded the health-based soil screening criteria established for
the RI7. Sample analysis results are presented in Table 14 of Appendix E.

Zulu Ranges (AOC 26) - Surface and subsurface soil samples were taken at
the Zulu Ranges as part of the SI and RI. Figure 9 of Appendix A shows
soil sampling locations in the Zulu Ranges. These samples were analyzed
for TCL organics, TAL metals, explosives, and TPHC. Although several
metals exceeded background concentrations in at least one surface and
subsurface sample, none of the metals detected exceeded the health-based
screening values. PAHs were detected in up to three surface and subsurface
samples. One of the PAHs, benzo (b) fluoranthene (0.81 ug/g), exceeded the
screening concentration (0.7 pug/g). RDX and TPHC was also detected. The
maximum concentration of RDX in subsurface soil (38 ug/g) exceeded the
health-based screening level (26 ug/g). Sample analysis results are .
presented in Table 15 and 16 of Appendix E.

Hotel Range (AOC 27) - Subsurface soil samples were collected from
boreholes at the Hotel Range and analyzed for TPHC, TAL metals, explosives,
and TCL organics. Figure 10 of Appendix A shows borehole locations. None
of the metals exceeded the screening values. Low levels of TPHC (maximum
concentration of 75.6 ug/g)., below the screening level of 5,000 ug/g, were
detected in some samples. VOCs and pesticides were also detected at
concentrations just above the detection limit. These levels were well
below screening values.

Unauthorized Landfill (AOC 41) - A March 1995 soil gas survey conducted in
the shallow soils around monitoring wells 41M-93-03X and 41M-94-03B in an
attempt to find the source area for the chlorinated solvent contamination
detected in the groundwater. The soil gas survey indicated two detectible
concentrations of TCE around the two wells. Soil samples collected from the
same TerraProbe points used in the soil gas survey indicated TCE to be
present in soils adjacent to the two wells at the 30 to 37 foot level.

Soil samples collected from five test pits in the area did not indicate the
presence of any target analytes. Soil samples were collected from the
monitoring well borings during their emplacement in October 1994 indicated
the presence of TCE below the 30' BGS level. The versatile distribution of
the TCE contamination coincides with the depth of the water in the boring.
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Therefore, it appears that the TCE contamination is due to the adsorption

f TCE from groundwater to soil particles within the zone of the water
table fluctuation. The area around 41M-93-03X and 41m-94-03B does not
appear to be the source of the groundwater contamination.

IV. REVIEW SUMMARY
A. DOCUMENTS REVIEWED

Numerous documents/reports have been produced by various parties as part of
the remedial investigations on Shepley's Hill Landfill. The reports that
served as a basis for selection of the remedial actions and which have been
reviewed by the USEPA and MADEP are included in the Administrative Record
for this site.-

B. PUBLIC PARTICIPATION

The Army has kept the community and other interested parties apprised of
site activities through regular and frequent informational meetings, fact
sheets, press releases, and public meetings.

The Army has developed and implemented a Community Relations Plan. As part
of this plan, the Army established a Technical Review Committee (TRC) in
March 1991. The TRC includes representatives from the USEPA, U.S. Army
Environmental Center, MADEP, local officials and the community. The
committee provided review and technical comments on work products,

ﬁchedules, work plans and proposed activities at the Fort Devens sites. The

RC met quarterly until January 1994 when it was replaced by the
Restoration Advisory Board (RAB). A RAB is formed when a military
installation closure involves transfer of property to the community. The
RAB consists of 28 members (fifteen original TRC member plus thirteen new
members who are representatives from the Army, USEPA, MADEP, local
governments and citizens of local communities. It meets on a monthly
schedule. Specific responsibilities include addressing cleanup issues such
as land use and cleanup godls, reviewing plans and documents, identifying
proposed requirements and priorities, and conducting regular meetings which
are open to the public.

The proposed plan for the SPIA groundwater and AOCs 25, 26 and 27 was
presented at the February 1, 1996 RAB meeting. During the week of January
29, 1996, the Army published notices in local newspapers concerning the
proposed plan and public hearing and distributed a summary Fact Sheet to
647 interested parties. The proposed plan was made available to the public
at the Fort Devens BRAC Environmental Office and the Ayer Town Hall.

From February 1, 1996 to March 1, 1996, the Army held a thirty day public
comment period to accept public comments regarding the proposed plan and
other SPIA documents. On February 21, 1996 the Army held a formal public
meeting at Fort Devens to discuss the Proposed Plan and to accept any
verbal comments from the public. A transcript of this meeting is included
in the responsiveness summary of the ROD.
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Subsequent to this meeting, a determination was made to expand the ROD to
encompass groundwater within AOC 41, an Unauthorized Landfill. A final .
Proposed Plan describing this change and a final Record of Decision was
published on May 17, 1996. The decision and information regarding AOC 41

was included in this version of the ROD in Section IX, Documentation of
Significant Changes. Concurrent with the publication of the new proposed
plan, the Army initiated a new public comment period. This period, not
required under CERCLA, ran for twenty days and ended on June 4, 1996.

All supporting documentation for the decision regarding SPIA groundwater
and AOCs 25, 26, 27 and 41 has been placed in the administrative record for
review. The administrative record is available for public review at the
Fort Devens BRAC Environmental Office and the Ayer Town Hall.

V. CONCLUSIONS AND RECOMMENDATIONS
A. SPIA

The human health risk assessment found that there are no risks to human
health from the SPIA activities, above the range considered acceptable by
the USEPA under CERCLA and the MADEP under the MCP.

No significant risks to plants or wildlife were identified in SPIA soils,

but potential risks were noted for aquatic life from surface water and
sediments. A moderate impact on macroinvertebrates at one station in Slate
Rock Brook was observed, but toxicity testing, using water from the
contaminated wetlands north and south of Zulu Ranges, did not identify any
site related impacts. Continued observation of wildlife on the SPIA is .
recommended to evaluate the impacts of continuing Army activities.

No further investigation or remedial actions are recommended. For this
reason no site specific remedial action objectives were selected.

B. AOC 25 (EOD Range

Soils at the EOD Range ordnance detonation area significantly exceeded
background in beryllium, cobalt, copper, iron, manganese, mercury, nickel,
selenium, and zinc, although only zinc and copper exceeded background three
times, and only beryllium, manganese, and selenium exceeded background
twice. The remaining four metals exceeded background in only one sample
which was significantly higher in silt and clay than other samples from the
site. Nitrocellulose, nitroglycerine, and TPHC were also found in surface
soils and TPHC and a trace of tetrachloroethene were noted in subsurface
soils. The two RCRA TCLP soil samples showed no levels exceeding soil
toxicity characteristics. Metals in filtered groundwater samples showed
increased concentrations and increased frequency of detection in
downgradient wells when compared to a local background well, but only
manganese exceeded its MCL. Manganese levels are probably natural since
they cannot be correlated to site activities and manganese is above MCL in
many Fort Devens wells. Several explosives were noted in groundwater
within the AOC, but only Cyclonite exceeded its screening value, and then

only in one well.
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Since the EOD will continue to be part of the SPIA under Army control, then
he groundwater will not be available to the public for human consumption
and will not be a completed pathway of exposure. As such, the risk of
groundwater consumption was not estimated. Other pathways of exposure
examined gave reasonable maximum exposures resulting in the assessed rick
being below those deemed acceptable by the USEPA under current Superfund
policy. This human health risk assessment addresses the toxicological
risks from explosives but does not address the far more substantial
physical risks of unexploded ordnance located at EOD and throughout the
SPIA.

The ecological risk assessment concluded that there were potential risks to
small mammals and to plants in the ordnance detonation area, under
reasonable maximum exposures, but not under average exposures. Based on
the marginal exceedences of toxicity reference values, the potential for
adverse ecological toxicological effects are minimal. The ecosystems in
the general vicinity of the site have not been impacted by the EOD range,
and the analytes detected are not ecologically significant. The ecological
risk assessment concluded that no further action is necessary at the EOD
range to further investigate or mitigate ecological risks from soil or
other media in which analytes were detected. The ecological risk
assessment addressed toxicological risks but did not evaluate the much more
substantial physical risks from unexploded ordnance which will continue at
EOD and throughout the SPIA.

From the extensive environmental investigations and ecological and human

&ealth risk assessments conducted on the EOD range, it is concluded that no
urther investigation or remediation is warranted at AOC 25, and no
remedial action objectives will be developed.

C. AOC 26 (Zulu Range)

Soils at AOC 26 were found to be contaminated with a number of chemicals,
the most important of which were explosives, primarily Cyclonite;
pesticides, primarily DDT; some PAHs; and traces of PCBs and volatiles.
TCLP testing for surface soils showed only barium and chloroform present,
both below RCRA toxicity characteristic levels. Lead, zinc, antimony,
arsenic, beryllium, and cadmium exceed background but only lead and zinc
could be related to possible site activities. Groundwater is contaminated
with explosives, mainly Cyclonite (exceeding a Drinking Water Health
Advisory level used as a screening value) and HMX, and by bis(2-ethylhexyl)
phthalate, also at levels exceeding a screening value, and it discharges
both to surface water and sediment in the wetland north of the ranges and
probably to Slate Rock Brook north of the ranges. Unfiltered groundwater
shows several elevated metals, but filtered groundwater shows exceedances
of drinking water standards only for manganese. Surface water showed
explosives, mainly Cyclonite, and methylphenol and traces of VOC.
Contaminants of Potential Concern (COPCs) were found in the wetlands both
south and north of the ranges. Sediments in the wetlands showed
explosives, pesticides, and traces of volatiles. Many metals exceeded
background and were selected as COPCs. Because the ranges will remain
.active as a training facility and under DOD jurisdiction for the

15



foreseeable future, the groundwater pathway is considered incomplete and

was not assessed. Estimated human health risks of exposure under any
probable scenario do not exceed the upper boundary of accept%ble risks use.
by the USEPA under current Superfund guidance. These are 1- lifetime risk
of cancer and a Hazard Index (HI) of one.

The ecological risk assessment found that some soils data exceed reference
values for plants, small mammals, and songbirds, but that those levels are
of such limited extent and the habitat so disturbed at those locations from
ongoing military training activities as to be ecologically insignificant.
Levels of lead in surface water exceed water quality criteria, but toxicity
testing indicated no toxicity attributed to lead for an aquatic
invertebrate and a fish that were tested. Substantial uncertainty exists
in extrapolating from avian toxicity to reptilian toxicity, but, using
avian data, no risks were identified for turtles. The ecosystems at AOC 26
do not appear to be impacted, as indicated by the thriving communities of
penthic invertebrates and wildlife observed during the field surveys.

There are no unacceptable risks to human health or demonstrated impacts on
wildlife at AOC 26, and no further investigation or remedial action is
recommended for this site.

D. AOC 27 (Hotel Range)

The soil and groundwater at AOC 27 are affected by military training
activities, shown primarily by the presence of explosives, pesticides, and
TPHC in soil, groundwater, surface water, and sediment. Lead levels were
also elevated in subsurface soil and in surface water. The pesticides,
mostly DDT and its derivatives DDD and DDE, are below background in soils,
and were not present in groundwater which only showed low levels of delta-
BHC (0.045 pg/L in the one confirmed result). Pesticide levels are likely
due to pest control rather than training activities at the site.
Explosives in the groundwater are by far the most conclusive evidence of
impacts from site operations. All wells showed at least some levels of
explosives related compounds, with Cyclonite, HMX, and 1,3-dinitrobenzene
the most frequently observed compounds. The groundwater affected by the
site is flowing north across Old Turnpike Road, to discharge to a wetland
within the northern part of Hotel Range, or possibly continuing on towards
Slate Rock Pond.

The risk to human health at AOC 27 has been calculated for users, site
workers, and trespassers. All estimated potential risks for carcinogens
and non-carcinogens are below current EPA Superfund policy lower limits for
1ifetime risks. The occurrence of carcinogenic effects is below 10" per
lifetime, and non-carcinogenic health effects are highly unlikely.

No evidence of site related chemical stress to plants or wildlife was
observed during the field surveys. The toxicity testing done at Zulu
Ranges (AOC 26) imply that the level of lead in Cranberry Pond water does
not pose a hazard to aquatic biota. The mean concentrations of
contaminants of potential concern are unlikely to pose a risk to the
selected receptors, mallards and raccoons, with the possible exception of
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the effect of copper on mallards. Potential risks to benthic invertebrates
from several metals in sediments (antimony, copper, lead, mercury, and
nickel), and also from 4-amino-2,6-dinitrotoluene, were noted. These risks
have high levels of uncertainty and do not apply to average levels but only
to reasonable maximum exposure levels. In general, this risk assessment is
more likely to overestimate risks than to underestimate them. The risk
assessments have been conducted for the toxicological risks of analytes
detected at AOC 27, but does not address the more significant physical
risks from unexploded ordnance.

As the Army continues to use the site, efforts should be made to ensure
that no activities further contribute to contamination of Cranberry Pond.
Periodic review of the risk assessment in light of increased toxicological
information of the effects of the existing levels of contamination, should
be used to more accurately assess the risk to the environment. Based on
the results of the environmental investigations and the human health and
ecological risk assessments, no contamination is present in levels which
pose unacceptable risks to human health or the environment. AOC 27 will
continue to be used as a firing range by the Army, and no further
investigation or remedial action is recommended at the Hotel Range.

E. AOC 41 (Unauthorized Landfill)

The following conclusions are based on interpretation of data collected
from each of the previous investigations (SI, SSI and RI) completed at AOC
41.

.I‘he geologic setting at AOC 41 includes an upper sand layer underlain by a
discontinuous clayey silt layer, a lower silty sand layer, and finally and
lower sand layer. Bedrock was not encountered in any of the borings
completed at AOC 41.

The aquifer below AOC 41 can be classified as an unconfined overburden
groundwater aquifer. The aquifer is recharged by surface water
infiltration and percolation, and recharge from surface water from New
Cranberry Pond. This hydraulic condition is caused by a road culvert
located at the eastern end of the pond which artificially raises the
surface water elevation in the pond, thus causing the surface water to
recharge groundwater below AOC 41. The predominant local groundwater flow
at AOC 41 is to the north-northeast, eventually discharging into the Nashua
River.

The results of RI groundwater sampling and field analysis completed during
the RI, indicate that the existing groundwater contaminant plume appears to
be confined to the upper portion (water table) of the aquifer and it is
oriented in a northeast-southwest direction. Based on the chemical
properties of the contaminants, the slow rate of groundwater flow in the
clayey silt, and the existing downgradient groundwater results (41M-94-09A
and B), it appears that the distribution of the groundwater contamination
has been determined, and that contaminant migration to any exposure point
(Well D-1) is minimal.
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Surface water and sediment from New Cranberry Pond were sampled during .
previous investigations. However, data collected during the SSI and the

RI, demonstrate that New Cranberry Pond surface water recharges groundwater
below AOC 41. An assessment of the potential surface soil migration

pathways showed that no migration pathway (i.e., overland transport of
surface soil via surface water) exists between the contaminants detected in
the surface soil on the waste material and New Cranberry Pond surface water
and sediment. Because of these reasons, the previous surface water and
sediment data was not evaluated in the RI.

The base-line human health risk assessment was limited to an evaluation of
the exposure potential to groundwater at AOC 41, and a summary of
guantitative risk evaluation for groundwater from Well D-1. The risk
assessment concluded that there are no unacceptable risked to human health
from the groundwater at Well D-1 for troops that consume the water for
approximately 14 days per year, and that no further action would be

required under CERCLA.

Based on the results and interpretation of the physical and chemical data
and taking into account that the future land and groundwater use of this
AOC will be similar to the present use, it was recommended that the Army
complete a monitoring ROD and Proposed Plan for the groundwater at AOC 41
to include the AOC 41-related contaminants in the analysis of the
groundwater samples from Well D-1.
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Introduction

This document is the Index to the Administrative Record File for the Fort Devens Groups
2 & 7 Sites. Section I of the Index cites site-specific documents and Section II cites guidance
documents used by U.S. Army staff in selecting a response action at the site. Some documents in
this Administrative Record File Index have been cited but not physically included. If a document
has been cross referenced to another Administrative Record File Index, the available
corresponding comments and responses have been cross referenced as well.

The Administrative Record File is available for public review at EPA Region I's Office in
Boston, Massachusetts, at the Fort Devens Environmental Management Office, Fort Devens,
Massachusetts, and at the Ayer Town Hall, 1 Main Street, Ayer, Massachusetts.
Supplemental/Addendum volumes may be added to this Administrative Record File. Questions
concerning the Administrative Record should be addressed to the Fort Devens Base Realignment
and Closure Office (BRAC).

C:\0102\DELIVER\SPIA\FINALROD\INDEX2&7.DOC August, 1996



Section 1

Site-Specific Documents
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1.0

1.2

ADMINISTRATIVE RECORD INDEX FILE
for
Fort Devens Groups 2 & 7 Sites

Compiled: August 8, 1996

Pre-Remedial
Preliminary Assessment

Cross Reference: The following Reports, Comments, and Responses to
Comments (entries 1 through 6) are filed and cited as entries 1 through 6 in minor
break 1.2 Preliminary Assessment of the Fort Devens Group 1A Administrative
Record File Index.

Reports

1. "Final Master Environmental Plan for Fort Devens," Argonne National
Laboratory (April 1992).

2. "Preliminary Zone II Analysis for the Production Wells at Fort Devens,

MA, Draft Report", ETA Inc. (January 1994).
Comments

3. Comments Dated May 1, 1992 from Walter Rolf, Montachusett Regional
Planning Commission on the April 1992 "Final Master Environmental Plan
for Fort Devens," Argonne National Laboratory.

4. Comments Dated May 7, 1992 from James P. Byrne, EPA Region I on the
April 1992 "Final Master Environmental Plan for Fort Devens," Argonne
National Laboratory.

5. Comments Dated May 23, 1994 from D. Lynne Welsh, Commonwealth of
Massachusetts Department of Environmental Protection on the January
1994 "Preliminary Zone II Analysis for the Production Wells at Fort
Devens, MA, Draft Report"”, ETA Inc.

Responses to Comments

6. Response Dated June 29, 1992 from Carrol J. Howard, Fort Devens to the
May 7, 1992 Comments from James P. Byrne, EPA Region I.

C:\0102\DELIVER\SPIAFINALROD\INDEX2&7.DOC July, 1996
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1.3 Site Inspection

Reports

1.

"Final Task Order (Site Investigations) Work Plan," ABB Environmental
Services, Inc. (December 1992).

2. "Final Task Order (Site Investigations) Work Plan - Historic Gas Stations,"
ABB Environmental Services, Inc. (December 1992).

3. "SI Data Packages - Army Environmental Center - Volume 1," ABB
Environmental Services, Inc. (January 1993).

4 "SI Data Packages - Army Environmental Center - Volume IL," ABB
Environmental Services, Inc. (January 1993).

5. "SI Data Package Meeting Notes for Groups 2 & 7 and Historic Gas
Stations," ABB Environmental Services, Inc. (April 1993).

6. "Final SI Report, Groups 2 & 7 and Historic Gas Stations, Volume L"
ABB Environmental Services, Inc. (May 1993).

7. "Final SI Report, Groups 2 & 7 and Historic Gas Stations, Volume IL"
ABB Environmental Services, Inc. (May 1993).

8. "Final SI Report, Groups 2 & 7 and Historic Gas Stations, Volume nr"
ABB Environmental Services, Inc. (May 1993).

9. "Final SI Report, Groups 2 & 7 and Historic Gas Stations, Volume IV.,"
ABB Environmental Services, Inc. (May 1993).

10. "Final Supplemental Site Investigation Work Plan," ABB Environmental
Services, Inc. (August 1993).

11. "Supplemental Site Investigation Data Package Groups 2 & 7 and Historic
Gas Stations," ABB Environmental Services, Inc. (January 1994).

12. "Supplemental Site Investigation Data Package Meeting Notes Groups 2 &
7 and Historic Gas Stations," ABB Environmental Services, Inc. (March
1994).

Missing 13.  "Supplemental Sampling Plan for Study Area 42, Popping Furnace," OHM
Remediation Corporation (October 14, 1994).

14, "Revised Final Site Investigation Report, Groups 2 & 7 and Historic Gas
Stations," Volumes I, II, III and IV, ABB Environmental Services, Inc.
(October 1995).

Comments

15.  Comments Dated January 11, 1993 from D. Lynne Chappell,
Commonwealth of Massachusetts Department of Environmental Protection
on the December 1992 "Final Task Order (Site Investigation) Work Plan,"
ABB Environmental Services, Inc.

16.  Comments Dated January 12, 1993 from James P. Byrne, EPA Region I on

the December 1992 "Final Task Order (Site Investigation) Work Plan,"
ABB Environmental Services, Inc. and the December 1992 "Final Task

C:\0102\DELIVER\SPIA\FINALRODUNDEX2&7.DOC July, 1996
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17.

18.

19.

20.

21.

Order (Site Investigation) Work Plan - Historic Gas Stations," ABB
Environmental Services, Inc.

Comments Dated July 15, 1993 from James P. Byrne, EPA Region I on the
May 1993 "Final SI Report, Groups 2 & 7 and Historic Gas Stations,"
ABB Environmental Services, Inc.

Comments Dated July 9, 1993 and July 19, 1993 from D. Lynne Chappell,
Commonwealth of Massachusetts Department of Environmental Protection
on the May 1993 "Final SI Report, Groups 2 & 7 and Historic Gas
Stations," ABB Environmental Services, Inc.

Comments Dated March 7, 1994 from Molly Elder, Commonwealth of
Massachusetts Department of Environmental Protection on the January
1994 "Supplemental Site Investigation Data Package, Groups 2 & 7 and
Historic Gas Stations," ABB Environmental Services, Inc.

Comments Dated March 23, 1994 from James P. Byrne, EPA Region I on
the January 1994 "Supplemental Site Investigation Data Package, Groups 2
& 7 and Historic Gas Stations," ABB Environmental Services, Inc.
Comments Dated November 2, 1994 from D. Lynne Welsh,
Commonwealth of Massachusetts Department of Environmental Protection
on the October 14, 1994 "Supplement Sampling Plan for Study Area 42,
Popping Furnace,” OHM Remediation Corporation.

Responses to Comments

22.

23.

24.

Responses Dated September 1993 from U. S. Army Environmental Center
on the following document: Final Site Investigation Report, Groups 2 & 7
and Historic Gas Stations, dated May 1993.

Cross Reference: Responses Dated September 1993 from U.S. Army
Environmental Center on the following document: Draft Supplemental Site
Investigation Work Plan, (Appendix M of Final SI Report), dated May
1993. [These Responses are filed and cited as entry number 18 in the
Responses to Comments section of this minor break].

Responses Dated September 1994 from U.S. Army Environmental Center
on the Supplemental Site Investigation Data Package, Fort Devens Groups
2 & 7 and Historic Gas Stations.

Comments to Responses to Comments

25.

26.

Comments Dated September 30, 1993 from D. Lynne Welsh,
Commonwealth of Massachusetts Department of Environmental Protection
on the Responses to Comments Package dated September 1993 from the
U.S. Army Environmental Center.

Comments Dated November 27, 1994 from D. Lynne Welsh,
Commonwealth of Massachusetts Department of Environmental Protection
on the Army Responses to Comments, Supplemental Site Investigation
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Data Package, Groups 2, 7, and Historic Gas Stations, Fort Devens, Ma.
2.0 Removal Response
2.2  Removal Response Reports
Reports

1. "Draft Final Closure Report Study Area 49, Fort Devens, Massachusetts,"
OHM Remediation Services Corporation (October 28, 1994).

2. "Draft Final Closure Report Study Area 43D, Fort Devens,
Massachusetts,” OHM Remediation Services Corporation (November 21, 1994).
3. "Draft Final Closure Report Study Area 56, Fort Devens, Massachusetts,"
OHM Remediation Services Corporation (January 24, 1995).

Comments

4. Comments Dated December 29, 1994 from D. Lynne Welsh,
Commonwealth of Massachusetts Department of Environmental Protection on the
October 28, 1994 "Draft Final Closure Report, Study Area 49, Fort Devens,
Massachusetts," (OHM Remediation Services Corporation).

5. Comments Dated January 6, 1995 from D. Lynne Welsh, Commonwealth
of Massachusetts Department of Environmental Protection on the November 21,
1994 "Draft Final Closure Report, Study Area 43D, Fort Devens, Massachusetts,"
(OHM Remediation Services Corporation).

6. Comments Dated March 17, 1995 from D. Lynne Welsh, Commonwealth
of Massachusetts Department of Environmental Protection on the January 24,
1995 "Draft Final Closure Report, Study Area 56, Fort Devens, Massachusetts,"
OHM Remediation Services Corporation.

29 Action Memoranda
Reports

1. "Final Contract Plans and Specifications Clean Out and Closure, Lake
George Study Area 45 (SA 45)," ABB Environmental Services, Inc.
(January 1994).

2. "Final Contract Design Plans and Specifications Contaminated Soil
Removal, Various Sites, Fort Devens, Massachusetts," ABB
Environmental Services, Inc. (April 1994).

3. "Final Action Memoranda, Various Sites, Fort Devens, Massachusetts,"
ABB Environmental Services, Inc. (June 1994).
4, " Addendum - Revision 2 for Final Contract Design Plans & Specifications

Contaminated Soil Removal, Various Sites, Fort Devens, Massachusetts," -
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ABB Environmental Services, Inc. (September 9, 1994).

" Addendum - Revision 3 for Final Contract Design Plan & Specifications
Contaminated Soil Removal, Various Sites, Fort Devens, Massachusetts,"
ABB Environmental Services, Inc. (September 16, 1994).

"Final Addendum - Revisions 2 and 3 for Final Contract Design Plan &
Specifications Contaminated Soil Removal, Various Sites, Fort Devens,
Massachusetts," ABB Environmental Services, Inc. (October 28, 1994).
"Draft Addendum - Revision 4 for Final Contract Design Plans &
Specifications Contaminated Soil Removal, Various Sites, Fort Devens,
Massachusetts," ABB Environmental Services, Inc. (March 17, 1995).

Comments

8.

10.

11.

12.

13.

14.

Comments Dated February 17, 1994 from D. Lynne Welsh,
Commonwealth of Massachusetts Department of Environmental Protection
on the January 1994 "Draft Contract Design Plans and Specifications
Contaminated Soil Removal, Various Sites, Fort Devens, Massachusetts,"
ABB Environmental Services, Inc.

Comments Dated May 5, 1994 from D. Lynne Welsh, Commonwealth of
Massachusetts Department of Environmental Protection on the April 1994
"Draft Action Memoranda, Various Sites, Fort Devens, Massachusetts,"
ABB Environmental Services, Inc.

Comments Dated May 19, 1994 from James P. Byrne, EPA Region I on
the April 1994 "Draft Action Memoranda, Various Sites, Fort Devens,
Massachusetts," ABB Environmental Services, Inc.

Comments Dated June 10, 1994 from D. Lynne Welsh, Commonwealth of
Massachusetts Department of Environmental Protection on the April 1994
"Final Contract Design Plans and Specifications, Contaminated Soil
Removal, Various Sites, Fort Devens, Massachusetts," ABB
Environmental Services, Inc.

Comments Dated August 11, 1994 from D. Lynne Welsh, Commonwealth
of Massachusetts Department of Environmental Protection on the June
1994 "Final Action Memoranda, Various Sites, Fort Devens,
Massachusetts," ABB Environmental Services,Inc.

Comments Dated August 16, 1994 from D. Lynne Welsh, Commonwealth
of Massachusetts Department of Environmental Protection on the June 10,
1994 "Addendum - Revision 1 for Final Contract Design Plans &
Specifications, Contaminated Soil Removal, Various Sties, Fort Devens,
Massachusetts (ABB Environmental Services, Inc.).

Comments Dated September 28, 1994 from D. Lynne Welsh,
Commonwealth of Massachusetts Department of Environmental Protection
on the September 9, 1994 "Addendum - Revision 2 for Final Contract
Design Plans and Specifications Contaminated Soil Removal Various Sites,
Fort Devens, Massachusetts," (ABB Environmental Services, Inc.).
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15.

Comments Dated December 20, 1994 from D. Lynne Welsh,
Commonwealth of Massachusetts Department of Environmental Protection
on the October 28, 1994 "Final Addendum - Revisions 2 and 3 for Final
Contract Design Plans & Specifications, Contaminated Soil Removal
Various Sites, Fort Devens, Massachusetts," (ABB Environmental
Services, Inc.).

Responses to Comments

16.

17.

18.

19.

20.

Responses Dated March 1994 from U.S. Army Environmental Center on
the following document: Draft Contract Design Plans and Specifications
Contaminated Soil Removal, Various Sites, Fort Devens, Massachusetts
dated January 1994.

Responses Dated June 1994 from U.S. Army Environmental Center on the
following document: Draft Action Memoranda, Various Sites, Fort
Devens, Massachusetts dated April 1994.

Responses Dated January 25, 1994 from U.S. Army Environmental Center
on the following document: "Draft Design Specifications and Plans Lake
George Street Vehicle Wash Area (Study Area 45).

Responses Dated September 9, 1994 from U.S. Army Environmental
Center on the Addendum - Revisions 2 Final Contract Design Plans &
Specifications Contaminated Soil Removal Various Sites, Fort Devens,
Massachusetts.

Response Dated October 28, 1994 from U.S. Army Environmental Center
on the Final Addendum - Revisions 2 and 3 for Final Contract Design Plans
& Specifications, Contaminated Soil Removal, Various Sites, Fort Devens,
Massachusetts.

3.0  Remedial Investigation (RI)

3.1  Correspondence

1.

Letter Dated February 15, 1996 from D. Lynne Welsh, Commonwealth of
Massachusetts Department of Environmental Protection, acknowledging
receipt of: 1. Final Remedial Investigation (RI) Reports, AOCs 41, 43G,
and 43]. 2. Draft Feasibility.

3.2  Sampling and Analysis Data

Reports

1.

Cross Reference: "Method for Determining Background Concentrations -
Inorganic Analytes in Soil and Groundwater - Fort Devens," ABB
Environmental Services, Inc. (January 20, 1993) [Filed and cited as entry
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number 1 in minor break 3.2 Sampling and Analysis Data of the Fort
Devens Group 1A Sites Administrative Record Index].

2. "Data Comparison Report, Group 2 & 7 Sites Through Round 1
Sampling," CDM Federal Programs Corporation (March 1993).
3. "Draft Quality Assurance Project Plan, Remedial Investigations, Groups 2

& 7 and South Post Impact Area, Fort Devens, Massachusetts," Ecology
and Environment, Inc. (June 1993).

3.4  Interim Deliverables
Reports
1. Cross Reference: "Final Ground Water Flow Model at Fort Devens,"
Engineering Technologies Associates, Inc. (May 24, 1993) [Filed and cited

as entry number 1 in minor break 3.4 Interim Deliverables of the Fort
Devens Group 1A Sites Administrative Record Index].

2. "Final Projects Operations Plan - Volume I of IIL," ABB Environmental
Services, Inc. (December 1992).

3. "Final Projects Operations Plan - Volume IT of IIT - Appendix A: Health
and Safety Plan," ABB Environmental Services, Inc. (December 1992).

4. "Final Projects Operations Plan - Volume III of III - Appendix B:

Laboratory QA Plan; Appendix C: USATHAMA-Certified Analytical
Methods," ABB Environmental Services, Inc. (December 1992).

Comments

5. Comments Dated January 12, 1993 from James P. Byrne, EPA Region I on
the December 1992 "Final Projects Operations Plan," ABB Environmental
Services, Inc.

6. Cross Reference: Comments Dated February 1, 1993 from James P.
Byrne, USEPA Region I and D. Lynne Chappell, Commonwealth of
Massachusetts Department of Environmental Protection on the October 30,
1992 "Draft Final Ground Water Flow Model at Fort Devens,"

Engineering Technologies Associates, Inc. [Filed and cited as entry number
2 in minor break 3.4 Interim Deliverables of the Fort Devens Group 1A
Sites Administrative Record File Index].

7. Comments Dated February 17, 1993 from D. Lynne Chappell,
Commonwealth of Massachusetts Department of Environmental Protection
on the December 1992 "Final Project Operations Plan," ABB
Environmental Services, Inc.

3.5  Applicable or Relevant and Appropriate Requirements (ARARs)

Cross Reference: The following report (entries 1 and 2 are filed and cited as

C:\0102\DELIVER\SPIAFFINALRODUNDEX2&7.DOC July, 1996



RECORD OF DECISION
South Post Impact Area & AOC 41 Groundwater and AOCs 25,26, & 27 Page C-8

entries 1 and 2 in minor break 3.5 Applicable or Relevant and Appropriate
Requirements (ARARs) of the Fort Devens Groups 3, 5, & 6 Sites Administrative
Record Index.

Reports

1. "Draft Applicable or Relevant and Appropriate Requirements (ARARsS) for
CERCLA Remedial Actions," U.S. Army Toxic and Hazardous Materials
Agency (June 1992).

2. "Draft Assessment of Location-Specific Applicable or Relevant and
Appropriate Requirements (ARARs) for Fort Devens, Massachusetts," U.
S. Army Toxic and Hazardous Materials Agency (September 1992).

3.6  Remedial Investigation (RI) Reports

Reports

1. "Draft Remedial Investigation Report AOC 41", Volumes I, II and III,
ABB Environmental Services, Inc. (July 1995).

2. "Final Remedial Investigation Report AOC 41", Volumes I and II, ABB

Environmental Services, Inc. (February 1996).

Comments

3. Comments Dated March 15, 1996 from John Regan, Massachusetts
Department of Environmental Protection on the February 1996 "Final
Remedial Investigation Report AOC 41", Volumes I and II, ABB
Environmental Services, Inc.

Response to Comments

4. Response Dated February 1, 1996 from ABB Environmental Services, Inc.
on the following document: Draft Remedial Investigation Report, AOC 41.

3.7  Work Plans and Progress Reports

Reports

1. "Draft Task Order Work Plan Area of Contamination (AOC) 41, AOC
43G and 43, Fort Devens, Draft Remedial Investigation/F easibility Study
Work Plan, Groups 2 & 7 and Historic Gas Stations," ABB Environmental
Services, Inc. (May 1994).

2. "Final Task Order Work Plan Area of Contamination (AOC) 41, AOC
43G, and AOC 431], Fort Devens, Final Remedial Investigations/Feasibility
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Study Work Plan, Groups 2, 7, and Historic Gas Stations," ABB
Environmental Services, Inc. (August 1994).

"Revised Final Task Order Work Plan Area of Contamination (AOC) 41,
AOC 43@G, and AOC 43], Fort Devens, Revised Final Remedial
Investigations/Feasibility Study Work Plan, Groups 2, 7, and Historic Gas
Stations," ABB Environmental Services, Inc. (October 1994).

Comments

4

Comments Dated July 06, 1994 from D. Lynne Welsh, Commonwealth of
Massachusetts Department of Environmental Protection the May 1994
"Draft Task Order Work Plan Area of Contamination (AOC) 41, AOC
43G and 437, Fort Devens, Draft Remedial Investigation/Feasibility Study
Work Plan, Groups 2 & 7 and Historic Gas Stations," ABB Environmental
Services, Inc.

Comments Dated October 19, 1994 from James P. Byrne, USEPA Region
I, on the Final RI/FS Work Plan for AOCs 41, 43G, and 43J and the
Response to Comments for this Document.

Comments Dated October 21, 1994 from D. Lynne Welsh, Commonwealth
of Massachusetts Department of Environmental Protection on the August
1994 "Final Task Order Work Plan, Area of Contamination (AOC) 41,
43G, and AOC 43].

Comments Dated December 15, 1994 from D. Lynne Welsh,
Commonwealth of Massachusetts Department of Environmental Protection
on the Revised Final Remedial Investigation/Feasibility Study, Revised
Final Task Order Work Plans AOC 41, AOC 43G, and AOC 43J.

Response to Comments

8.

Responses Dated September 1994 from U.S. Army Environmental Center
on the following Document: Draft RI/FS Work Plans for Area of
Contamination (AOC) 41, AOC 43G, and AOC 43J.

Response Dated February 1, 1996 from ABB Environmental Services, Inc.
on the following document: Draft Alternative Screening Report, AOC 41.

Comments to Responses to Comments

10.

Cross Reference: Comments Dated October 19, 1994 from D. Lynne
Welsh, Commonwealth of Massachusetts Department of Environmental
Protection on the Final RI/FS Work Plan for AOCs 41, 43G and 43J and
the Response to Comments for this document. [Filed and cited as entry
number 6 in the Comments section of this minor break].
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4.0 Feasibility Study (FS)

47  Work Plans and Progress Reports

Reports

1.

Cross Reference: "Draft Task Order Work Plan Areas of Contamination
(AOC) 41, AOC 43G and 43], Fort Devens, Draft Remedial
Investigation/Feasibility Study Work Plan, Groups 2 & 7 and Historic Gas
Stations," ABB Environmental Services, Inc. (May 1994) [Filed and cited
as entry number 1 in minor break 3.7 Work Plans and Progress Reports]

2. "Draft Work Plan Predesign Field Work and Landfill Study, Fort Devens,
Massachusetts," ABB Environmental Services, Inc. (June 1994).
Comments
3. Cross Reference: Comments Dated July 6, 1994 from D. Lynne Welsﬁ,

Commonwealth of Massachusetts Department of Environmental Protection
the May 1994 "Draft Task Order Work Plan Area of Contamination (AOC)
41, AOC 43G and 437, Fort Devens, Draft Remedial
Investigation/Feasibility Study Work Plan, Groups 2 & 7 and Historic Gas
Stations," ABB Environmental Services, Inc. [Filed and cited as entry
number 2 in the minor break 3.7 Work Plans and Progress Reports].

49  Proposed Plans for Selected Remedial Action

Reports

1.

"Draft Proposed Plan for Groundwater Contamination at AOC 41,
Unauthorized Dumping Area (Site A)," ABB Environmental Services, Inc.
(March 1996).

50 Record of Decision (ROD)

5.1 Correspondence

1.

Cross Reference: Letter Dated April 30, 1996 from James P. Byrne, EPA
Region 1 on the Inclusion of AOC 41 in the South Post Impact Area ROD,
[Filed and cited in minor break 5.1 Correspondence of the Fort Devens
Group 1B Sites Administrative Record Index.]

Cross Reference: Letter Dated July 2, 1996 from E. Gail Suchman,
Commonwealth of Massachusetts Department of Environmental Protection
on the “Record of Decision, South Post Impact Area and AOC 41
Groundwater, and AOCs 25, 26, and 27, Fort Devens, Massachusetts”,
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[Filed and cited in minor break 5.1 Correspondence of the Fort Devens
Group 1B Sites Administrative Record Index.]

54 Record of Decision

Reports

1.

10.

11.

12.

"No Further Action Decision Document Under CERCLA, Fort Devens
Study Area 58, Buildings 2648 and 2650 Fuel Oil Spills," ABB
Environmental Services, Inc. (January 1994).

"No Further Action Decision Document Under CERCLA, Fort Devens
Study Area 43C,E,F.K,L,M,P,Q,R, and S," ABB Environmental Services,
Inc. (January 1994).

"No Further Action Decision Document Under CERCLA, Fort Devens
Study Area 28, Fort Devens Waste Explosives Detonation Range (Training
Area 14)," ABB Environmental Services, Inc. (January 1994).

"No Further Action Decision Document Under CERCLA, Decision
Briefing, Fort Devens Study Area 28, Fort Devens Waste Explosives
Detonation Range (Training Area 14)," ABB Environmental Services, Inc.
(January 1994).

"Draft No Further Action Decision Document Under CERCLA, Study
Area 13, Landfill No. 9, Groups 2 & 7 and Historic Gas Stations, Fort
Devens, Massachusetts," ABB Environmental Services, Inc. (May 1994).
"Draft No Further Action Decision Document Under CERCLA, Study
Area 12, Landfill No. 8, Groups 2 & 7 and Historic Gas Stations, Fort
Devens, Massachusetts," ABB Environmental Services, Inc. (May 1994).
"Draft No Further Action Decision Document Under CERCLA, Study
Area 14, Landfill No. 10, Groups 2 & 7 and Historic Gas Stations, Fort
Devens, Massachusetts,” ABB Environmental Services, Inc. (May 1994).
"Draft No Further Action Decision Document Under CERCLA, Study
Area 43B Historic Gas Station Sites, Groups 2 & 7 and Historic Gas
Stations, Fort Devens, Massachusetts," ABB Environmental Services, Inc.
(May 1994).

"Draft No Further Action Decision Document Under CERCLA, Study
Area 43N, Historic Gas Station Sites, Groups 2 & 7 and Historic Gas
Stations, Fort Devens, Massachusetts," ABB Environmental Services, Inc.
(May 1994).

"No Further Action Decision Under CERCLA, Study Area 43B, Historic
Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 43C, Historic
Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 43E, Historic
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13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental .
Services, Inc. (January 1995). ‘
"No Further Action Decision Under CERCLA, Study Area 43F, Historic
Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 43K, Historic
Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 43L, Historic
Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 43M, Historic
Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 43N, Historic
Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 43P, Historic
Gas Station Sites, Fort Devens, Massachusetts,” ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 43Q, Historic
Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 43R, Historic
Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 43S, Historic
Gas Station Sites, Fort Devens, Massachusetts," ABB Environmental
Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 14, Landfill No.
14, Fort Devens, Massachusetts," ABB Environmental Services, Inc.
(January 1995).

"No Further Action Decision Under CERCLA, Fort Devens Study Area
28, Waste Explosives Detonation Range (Training Area 14)," ABB
Environmental Services, Inc. (January 1995).

"No Further Action Decision Under CERCLA, Study Area 48, Building
202 Leaking Underground Storage Tank Site, Fort Devens,
Massachusetts," ABB Environmental Services, Inc. (January 1995).

Cross Reference: “Draft Final ROD for the South Post Impact Area and
AOC 41 Groundwater and AOCs 25, 26, and 27, Fort Devens,
Massachusetts,” Horne Engineering (April 1996), [Filed and cited in minor
break 5.4 Record of Decision (ROD) of the Fort Devens Group 1B Sites
Administrative Record Index.] .
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Comments
26.  Comments Dated September 30, 1993 from James P. Byrne, EPA Region I

27.

28.

29.

30.

31.

32.

on the August 1993 "Draft Decision Document, Fort Devens Study Area
58, Buildings 2648 and 2650 Fuel Oil Spills," ABB Environmental
Services, Inc.

Comments Dated October 1 1993 from D. Lynne Welsh, Commonwealth
of Massachusetts Department of Environmental Protection on the August
1993 "Draft Decision Document, Fort Devens Study Area 58, Buildings
2648 and 2650 Fuel Oil Spill," ABB Environmental Services, Inc.
Comments Dated September 30, 1994 from James P. Byrne, EPA Region I
on the August 1993 "Draft Decision Document, Fort Devens Study Area
28, Waste Explosives Detonation Range (Training Area 14)," ABB
Environmental Services, Inc.

Comments Dated November 3, 1993 from D. Lynne Welsh,
Commonwealth of Massachusetts Department of Environmental Protection
on the September 1993 "Draft Decision Document Fort Devens Historic
Gas Stations, Study Area 43CE,F, KL, M,P,Q,R, and S," ABB
Environmental Services, Inc.

Comments Dated November 17, 1993 from James P. Byrne on the
September 1993 "Draft Decision Document Fort Devens Historic Gas
Stations, Study Area 43C,E,F,K,L,M,P,Q,R, and S," ABB Environmental
Services, Inc.

Comments Dated June 29, 1994 from D. Lynne Welsh, Commonwealth of
Massachusetts Department of Environmental Protection on the May 1994
"Draft No Further Action Decision Document Under CERCLA, Study
Area 13, Landfill No. 9, Groups 2 & 7 and Historic Gas Stations, Fort
Devens, Massachusetts," ABB Environmental Services, Inc., "Draft No
Further Action Decision Document Under CERCLA, Study Area 12,
Landfill No. 8, Groups 2 & 7 and Historic Gas Stations, Fort Devens,
Massachusetts," ABB Environmental Services, Inc., "Draft No Further
Action Decision Document Under CERCLA, Study Area 14, Landfill No.
10, Groups 2 & 7 and Historic Gas Stations, Fort Devens, Massachusetts,"
ABB Environmental Services, Inc., "Draft No Further Action Decision
Document Under CERCLA, Study Area 43B, Historic Gas Station Sites,
Groups 2 & 7 and Historic Gas Stations, Fort Devens, Massachusetts,"
ABB Environmental Services, Inc., "Draft No Further Action Decision
Document Under CERCLA, Study Area 43N, Historic Gas Station Sites,
Groups 2 & 7 and Historic Gas Stations, Fort Devens, Massachusetts,”
ABB Environmental Services, Inc.

Comments Dated September 30, 1994 from James P. Byrne, EPA Region I
on the August 1993 "Draft Decision Document, Fort Devens Study Area
28, Waste Explosives Detonation Range (Training Area 14)," ABB
Environmental Services, Inc.
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33. Comments Dated June 30, 1994 from James P. Byrne, USEPA Region I on
the No Further Action Decision Under CERCLA Documents for Study
Area 28 and 47.

34. Comments Dated March 17, 1995 from D. Lynne Welsh, Commonwealth
of Massachusetts Department of Environmental

35. Cross Reference: Comments Dated on March 22, 1996 from James P.
Byrne, USEPA Region 1 on “Draft ROD for the South Post Impact Area
and AOCs 25, 26, and 27, Fort Devens, Massachusetts,” Horne
Engineering (February, 1996), [Filed and cited in minor break 5.4 Record
of Decision (ROD) of the Fort Devens Group 1B Sites Administrative
Record Index.]

36 Cross Reference: Comments dated on March 25, 1996 from John Regan
(MADEP) on the “Preliminary Draft ROD for the South Post Impact Area
Groundwater and AOCs 25, 26, and 27, Ft. Devens, Mass." (Horne,
February 1996), [Filed and cited in minor break 5.4 Record of Decision
(ROD) of the Fort Devens Group 1B Sites Administrative Record Index.]

37 Cross Reference: Comments dated on May 10, 1996 from John Regan
(MADEP) on "Draft Final ROD for the South Post Impact Area and AOC
41 Groundwater and AOCs 25, 26, and 27" (Horne, April 1996), [Filed
and cited in minor break 5.4 Record of Decision (ROD) of the Fort Devens
Group 1B Sites Administrative Record Index.]

38 Cross Reference: Comments dated on June 14, 1996 from John Regan .
(MADEP) on "Final ROD for the South Post Impact Area and AOC 41
Groundwater and AOCs 25, 26, and 27, Ft. Devens, Mass." (Horne, April
1996), [Filed and cited in minor break 5.4 Record of Decision (ROD) of
the Fort Devens Group 1B Sites Administrative Record Index ]

Response to Comments

34.  Responses Dated January 1995 from U.S. Army Environmental Center on
the following documents: Draft No Further Action Decision Under
CERCLA SA 14, SA 43B and SA 43N - Groups 2, 7, and Historic Gas
Stations, Fort Devens, Massachusetts.

35.  Responses Dated January 1995 from U.S. Army Environmental Center on
the following documents: Draft No Further Action Decision Under
CERCLA SA 43C,E,F,L M, P,Q,R, S - Groups 2, 7, and Historic Gas
Stations, Fort Devens, Massachusetts.

36.  Responses Dated January 1995 from U.S. Army Environmental Center on
the following documents: Draft No Further Action Decision Under
CERCLA SA 58 - Groups 2, 7, and Historic Gas Stations, Fort Devens,
Massachusetts.
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10.0 Enforcement

10.16 Federal Facility Agreements

1.

Cross Reference: "Final Federal Facility Agreement Under CERCLA
Section 120," EPA Region I and U.S. Department of the Army (November
15, 1991) with attached map [Filed and cited as entry number 1 in minor
break 10.16 Federal Facility Agreements of the Fort Devens Group 1A
Sites Administrative Record Index].

13.0 Community Relations

13.2 Community Relations Plans

Reports

1.

Cross Reference: "Final Community Relations Plan," Ecology and
Environment, Inc. (February 1992) [Filed and cited as entry number 1 in
minor break 13.2 Community Relations Plans of the Fort Devens Group
1A Sites Administrative Record Index].

Comments

2.

Cross Reference: Letter from James P. Byrne, EPA Region 1 to F.
Timothy Prior, Fort Devens (March 19, 1992), concerning approval of the
February 1992 "Final Community Relations Plan," Ecology and
Environment, Inc.

13.11 Technical Review Committee Documents

Cross Reference: The following documents cited below as entries number 1
through 8 are filed and cited as entries number 1 through 8 in minor break 13.11
Technical Review Committee Documents of the Fort Devens Group 1A Sites
Administrative Record.

1.

2.

Technical Review Committee Meeting Agenda and Summary (March 21,
1991).

Technical Review Committee Meeting Agenda and Summary

(June 27,1991).

Technical Review Committee Meeting Agenda and Summary (September
17, 1991).

Technical Review Committee Meeting Agenda and Summary (December
11, 1991).

Technical Review Committee Meeting Agenda and Summary (March 24,
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1992).

6. Technical Review Committee Meeting Agenda and Summary (June 23,
1992).

7. Technical Review Committee Meeting Agenda and Summary (September
29, 1992).

8. Technical Review Committee Meeting Agenda and Summary (January 5,
1993).

17.0  Site Management Records
17.6  Site Management Plans

Cross Reference: The following Reports, Comments, and Responses to
Comments (entries 1 through 9) are filed and cited in minor break 17.6 Site
Management Records of the Groups 3, 5, & 6 Administrative Record Index unless
otherwise noted below.

Reports

1. "Final Quality Assurance Project Plan," Ecology and Environment, Inc.
(November 1991).

2. "General Management Procedures, Excavated Waste Site Soils, Fort
Devens, Massachusetts," ABB Environmental Services, Inc. (January
1994).

Comments

3. Cross Reference: Comments from James P. Byrne, EPA Region I on the

November 1991 "Final Quality Assurance Project Plan," Ecology and
Environment, Inc. [These Comments are filed and cited as a part of entry
number 8 in the Responses to Comments section of this minor break].

4. Comments Dated December 16, 1993 from Molly J. Elder, Commonwealth
of Massachusetts Department of Environmental Protection on the
November 1993 "Draft General Management Procedures, Excavated
Waste Site Soils, Fort Devens, Massachusetts," ABB Environmental
Services, Inc.

5. Comments Dated December 27, 1993 from James P. Byrne, EPA Region I
on the November 1993 "Draft General Management Procedures,
Excavated Waste Site Soils, Fort Devens, Massachusetts," ABB
Environmental Services, Inc. [Filed and cited as entry number 4 in minor
break 4.4 Interim Deliverables of the AOCs 44/52 Administrative Record
Index.] '

6. Comments Dated March 11, 1994 from D. Lynne Welsh, Commonwealth
of Massachusetts Department of Environmental Protection on the January
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17.9

1994 "General Management Procedures, Excavated Waste Site Soils, Fort
Devens, Massachusetts," ABB Environmental Services, Inc.

Responses to Comments

7.

Cross Reference: U. S. Army Environmental Center Responses to
Comments on the following documents: Feasibility Study Report;
Biological Treatability Study Report; Feasibility Study Report - New
Alternative 9; Draft General Management Procedures Excavated Waste
Site Soils; and Draft Siting Study Report, dated January 25, 1994. [These
Responses to Comments are filed and cited as a part of entry number 7 in
the Responses to Comments section of minor break 4.4 Interim
Deliverables of the AOCs 44/52 Administrative Record Index.]

Response from Fort Devens to Comments from James P. Byrne, EPA
Region I on the November 1991 "Final Quality Assurance Project Plan,"
Ecology and Environment, Inc.

Cross Reference: U.S. Army Environmental Center Responses to
Comments for the following documents: Final Feasibility Study Report;
Draft Proposed Plan; Revised Draft Proposed Plan; Draft Excavated Soils
Management Plan; Final General Management Procedures Excavated
Waste Site Soils; and Biological Treatability Study Report, dated May
1994. [These Responses to Comments are filed and cited as entry number 8
in the Responses to Comments section of minor break 4.4 Interim
Deliverables of the AOCs 44/52 Administrative Record Index.]

Site Safety Plans

Cross Reference: The following documents (entries 1 through 3) are filed and
cited in minor break 17.9 Site Safety Plans of the Fort Devens Group 1A
Administrative Record File Index unless otherwise noted below.

Reports

1.

"Final Health and Safety Plan," Ecology and Environment, Inc. (November
1991).

Comments

2.

Cross Reference: Comments from James P. Byrne, EPA Region I on the
November 1991 "Final Health and Safety Plan," Ecology and Environment,
Inc. [These Comments are filed and cited as a part of entry number 8 in
minor break 17.6 Site Management Plans of the Group 1A Sites
Administrative Record File Index].
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Responses to Comments

3. Response from Fort Devens to Comments from James P. Byrne, EPA
Region I on the November 1991 "Final Health and Safety Plan," Ecology
and Environment, Inc.
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GUIDANCE DOCUMENTS

The following guidance documents were relied upon during the Fort Devens cleanup. These
documents may be reviewed, by appointment only, at the Environmental Management Office
at Fort Devens, Massachusetts.

L. Occupational Safety and Health Administration (OSHA). Hazardous Waste Qperation
and Emergency Response (Final Rule, 29 CFR Part 1910, Federal Register. Volume
54, Number 42) March 6, 1989.

2. USATHAMA. Geotechnical Requirements for Drilling Monitoring Well, Data
Acquisition, and Reports, March 1987.

3. USATHAMA. IRDMIS User's Manual, Version 4.2, April 1991.
4. USATHAMA. USATHAMA Quality Assurance Program: PAM-41, January 1990.

5. USATHAMA. Draft Underground Storage Tank Removal Protocol - Fort Devens,
Massachusetts, December 4, 1992.

6. U.S. Environmental Protection Agency. Guidance for Preparation of Combined

Work/Ouality Assurance Project Plans for Environmental Monitoring: S QA-1,
May 1984.
7. U.S. Environmental Protection Agency. Office of Research and Development Interim
idelines and Specifications for Preparin lity Assurance Project Plans: OAMS-
005/80, 1983.
8. U.S. Environmental Protection Agency. Office of Emergency and Remedial Response. .

Interim Final Guidance for Conducting Remedial Investigations and Feasibility Studies
Under CERCLA, (OSWER Directive 9355.3-01, EPA/540/3-89/004, 1986.

9. U.S. Environmental Protection Agency. Test Methods for Evaluatin
EPA SW-846 Third Edition, September 1986.

10.  U.S. Environmental Protection Agency. Office of Emergency and Remedial Response.
Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation
Manual (Part A), (EPA/540/1-89/002), 1989.

11.  U.S. Environmental Protection Agency. Hazardous Waste Management System;
Identification and Listing of Hazardous Waste; Toxicity Characteristic Revisions,
(Final Rule, 40 CFR Part 261 et al., Federal Register Part V), June 29, 1990.
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PROCETEDTINGS

CHAIRMAN CHAMBERS: We’'re going to get
started. Welcome everybody. This is a Public
Hearing on the Proposed Plan for the South Post
Impact Area. My name 1is James C. Chambers; I’'m the
BRAC Environmental Coordinator here for the U.S.
Army at Fort Devens. This evening we’'re meeting
here; my offices are upstairs. This is now space
operated by the Massachusetts Government Land Bank,
so we thank them for providing us the space for this
evening’s meeting.

Tonight we’re going to have Mr. Hussein
Aldis ftom Ecology and Environment who is a
consultant with the Army Environmental Center out of
Aberdeen, Maryland. He’s going to discuss the
studies that were done at South Post and what our
proposed plan is for the actions necessary for the
environment down there. There was a study done, a
remedial investigation done of the South Post Impact
Area and how it affects the groundwater, and that'’s
what he’ll be discussing tonight.

Now, he’s going to give his presentation.

You've welcome to ask questions at any time, but I

must remind you that this is a public hearing. I

DORIS O. WONG ASSOCIATES
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would ask everybody who's in attendance to sign the
attendance sheet, because this is a matter of public
record, so we want to know who is at the meeting
this evening. If you choose to speak, please
announce your name and what town or organization you
are from.

So I’'ll start by asking if there are any
questions right now before we start the
presentation.

I would also like to thank you all for
coming out tonight. I know the weather ié guite
horrible out there, we’ve had a number of public
meetings, and I must say that this is one of the
more attended ones that we’ve had. So I do thank
you all for coming out this evening.

MR. CHRISTOPH: Actually, we came to check
the water contamination; that’s why we’re all here.
Never mind.

CHAIRMAN CHAMBERS: Mr. Hussein Aldis from
Ecology and Environment.

MR. ALDIS: First Qf all, I would like to
explain that all of this material which I am
presenting is taken directly from the remedial

investigation reports that are available in the

DORIS O. WONG ASSOCIATES
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public repositories in various towns or in the area,
so you can check the details in those remedial
investigation reports. All of thé material that I’'m
presenting tonight is also displayed on the boards
at the back of the room. These will remain here and
will be available from the BRAC office.

If you find that I am going too fast, by
all means, stop me. But of course in trying to
explain the results of, say, three years of work at
essentially five different sites, I am going to be
touching on a large amount of work very lightly,
just trying to hit the highlights and give you a
feeling for the conclusions and the results and, as
a result of the investigation, what it is that the
Army is likely to do with the Soﬁth Post area.

First .of all, I would like to start off by
defining --

MRS. vom EIGEN: Excuse me, I have a
guestion. You said the information was on file in
the town library, and I understand there is no file
at the Lancaster Library, soO that we could check it
with regard to the reports that were done.

CHAIRMAN CHAMBERS: Could you state your

name, please.

DORIS O. WONG ASSOCIATES
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MRS. vom EIGEN: Florence vom Eigen of
Lancaster.

CHAIRMAN CHAMBERS: Well, we do maintain
repositories of information at public libraries, and
Lancaster is one of them. If this particular
information is not there, I'm not aware of that.

MRS. vom EIGEN: Well, I was told by
someone that it was not in the Lancaster Library,
and I’ll have to check that out.

MR. LIDSTONE: Is there some way that
people should refer to this body of documentation
when they talk to the library? Maybe the librarian
didn’t understand what they’re looking. I'm Bob
Lidstone, Lancaster Conversation Commission.

CHAIRMAN CHAMBERS: Some of you know, but
because this is a public hearing, it’s part of the
process that you must announce your name.

Again, we make regular distributions to the
four towns: Ayer, Harvard, Shirley and Lancaster,
as well as the Davis Library here on Post. And
there’s an administrative record maintained in the
Town Hall in Ayer. So what they should do is ask
for -- we refer to it as the "information

repository." And we make a periodic notification in

»
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the newspapers of what documents are available at
the repositories, as well as we do a mass mailing to
a certain mailing list to announce that these
documents are available.

So I will make a note and then check to see
if these documents are there. But I can assure you,
there are volumes of documents relating to the
environmental restoration at Fort Devens maintained
at the Lancaster Library.

MRS. vom EIGEN: It was Mr. Lidstone who.
told me that there weren’t any.

MR. LIDSTONE: Oh, yeah?

MRS. vom EIGEN: This afternoon. Sorry, I
didn’t recognize you.

MR. ALDIS: I would 1like to explain the
limitations of what I'm going to talk about tonight,
because we didn’t investigate the entire South
Post. What we did was, we investigated thoseksites
that had been identified, as a result of their
history and use, as being areas of potential
concern; and they were primarily within what is
known as the South Post Impact Area.

This diagram shows part of the South Post.

The boundary of the South Post goes close to or
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along the Nashua River, as you probably are aware,
and across to the North Nashua to the west. But
this area outlined with the red dashed line 1is
what’s known as the South Post Impact Area, and it’'s
the impact area for weapons firing in the South
Post. They have fired antitank weaponsj; they have
fired shells from the Main Post across Route 2 into
this area; they have fired bazookas and mortars and
small arms of all kinds. This has been the area
which has received the impacts of those weapons.

The four ranges that we specifically
investigated were, from the south to the north, the
Explosives Ordnance Disposal, the EOD range, AOC 25
as it’s known, which is the area of contamination or
area of concern.. Then the Zulu Ranges on the west
side of the impact area; one of them is a grenade
range, and one is a demolitions practice area. The
Hotel Range is now a small arms firing range, but it
was formerly used for the disposal of explosives and
munitions. And Cranberry Pond, right next to Hotel
Range, it was discovered during the course of the RI
had been used to dispose of explosives by detonating
them on the surface of the pond when it was frozen

in winter. So that area was expanded to include
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Cranberry Pond as well as Hotel Range.

Other sites around the impact area have
included a small landfill at SA 12, a burn pit up
here at SA 15, a small what was known as the beer
can landfill at SA 41. Those have been the subject
of other previous investigations or even subsequent
investigations and are reported separately.

We looked at the overall impact not 6nly of
the individual ranges within the South Post Impact
Area but the whole impact area itself. And I'd like
to explain that it’s really divided physically into
two portions. On the north and west side is Slate
Rock Brook which receives the groundwater discharge
from the west side of the range -- of the impact
area. On the other side there is this unnamed
stream, Heron Pond, another unnamed stream leading
to New Cranberry Pond, that runs through the middle
of the impact area.

So that, basically, the area is divided
into three sections: that which drains to Slate
Rock Brook; that which drains to the unnamed streams
here; and that which drains to the unnamed streams
from the southeast side. Almost no groundwater

which is generated by rainfall or snow melt on the
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South Post Impact Area leaves the South Post without
first discharging to surface water. The only
possible impact area are a few acres along the very
southeast side, and this is not the impact area of
the ranges here but the firing point of the ranges
down here.

Now, what I’'d like to do is run briefly
through this slide show, and I really will make it
brief.

(Whereupon, there-was a slide presentatidn)

MR. ALDIS: I think most people who are
members of the public around here have not probably
been on South Post. It is open for fishing and for
hunting under certain conditions with certain
permissions and certain times, but most people
probably aren’t aware of what the South Post Impact
Area looks like. Let me see if I can show you
something.

This is what most people see, the public, I
mean. That’'s the entrance, and if you’re going in
there to hunt or fish with specific permission at
specific times, you’'re not going to see anything
much else of the South Post Impact Area except‘by

looking through the fencing that otherwise surrounds
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the site. It is controlled access. This is the
range control at the main gate.

I've already discussed the fact that the
area was the target of a large variety of weapons
over a long period of time. One of the points that
needs to be made is that its future use will
continue to be military training, and as far as we
know, the Army is going to retain it for the
foreseeable future.

The scope of our study was to look at the
overall impact of the SPIA on the groundwater, the
sediments and surface water around it, as well as
the specific ranges within it.

This is the same map that I was discussing
at the introduction showing the topography and
drainage. The blue arrows are the direction of the
groundwater flows, as far as we can deduce them,
from the wells that we install.

Some parts of the South Post Impact Area
are quite open; they are burned off fairly regularly-
to help explode any munitions which didn’t explode
on impact. This is one of the ranges used for
antitank weapons. The dark shadows in the midd;e

ground are some target vehicles that you use for
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mortar and antitank fire.

This is another area which is kept in a
mowed and controlled state; it’'s used as a sniper
range.

Other areas are wetlands. As you saw,
there are streams on either side and in the middle
of the South Post Impact Area.

And some parts of it are quite forested.

This is a beaver pond on Slate Rock Brook.

One of the things that’s rather obvious tb
people who visit the South Post is it’s really a
nice, natural area, and it’'s become almost a
wildlife refuge. The scope of our investigation 1is
outlined in these slides where we have the writing,
but I don’t want to go into it in great detail. You
can read up on that yourself.

What we found as a result of the studies
that we had done on the groundwater was that the
major control for groundwater flow is not the
sﬁrface topography, which consists of glacial sands
and gravels, but the underlying bedrock. You may
not be able to see this very well, but the bedrock
contours show a ridge of phyllite or slate that runs

underneath here, underneath the area colored green,

@
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which is the impact area, and the groundwater flows
off that ridge to either side to discharge to the
surface water.

None of the groundwater that'’s generated by
the South Post Impact Area leaves the South Post
without first entering surface water, either this
unnamed stream or Slate Rock Brook directly to the
Nashua River, with the sole exception of a very
small area down here on the southeast corner, as I
mentioned before.

MR. LIDSTONE: Question. Bob Lidstone.
Does that mean that the significant aquifer that
runs under the Main Post does not get any recharge
from the South Post or at least from the impact
area --

MR. ALDIS: That’'s correct.

MR. LIDSTONE: -- without going off the
South Post first?

MR. ALDIS: That’'s correct. The
groundwater that’s generated within the South Post
Impact Area enters surface water before it can ever
reach the Main Post.

MR. LIDSTONE: But from the surface water,

it doesn’t then go down into an aquifer recharge
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without going off the Post?

MR. ALDIS: The Nashua River is a gaining
stfeam, which means groundwater is discharging to
the river, not the river to the groundwater, at any
point along its course. Fortunately, the only place
that can possibly happen is where there is a pump
well, and the only instance I know of that is the
McPherson well in North Post, which is near the
river. If the McPherson well is pumped at high
volume for a long period of time, it did induce some
flow from the Nashua River into the well.

MR. LIDSTONE: But the only way for this
water to get into the aquifer of the Main Post would
be through the river?

MR. ALDIS: Through the river, that is
correct.

MR. LIDSTONE: Good.

MR. ALDIS: Going backwards agéin. The
nature and extent of contamination that we found on
investigation was in the wells that were placed
around the SPIA and within ;he SPIA; that is, not
specifically at an individual range. It was very
low levels of explosives, low levels of pesticides,

like DDT and its derivatives primarily, which are

o
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almost certainly the result of spraying from
mosquito control, et cetera.

There are two places -- let me show
you -- on the east side. This well is slightly
contaminated with explosives. This well directly
downgradient from it is completely clean. This well
is slightly contaminated with explosives, and so is
this well. This is three out of the 13 wells which
are placed around the SPIA. And this well, which is
the only water supply well on the South Post, has'
also been tested and found to be clean. So these
wells between impacted areas of the South Post where
there are slight levels of explosives in the
groundwater are in fact between them and the
discharge points in the river, aﬁd they’'re found to
be clean.

We have found some slight traces of
explosives getting into surface water and sediment,
and I'll cover that later.

DR. CRAMER:’i;r. Cramer, David Cramer. I
have a question. Contaminated with explosives?

MR. ALDIS: Yes.

DR. CRAMER: Excuse my ignorance. What's

an "explosive"?
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MR. ALDIS: They’'re usually oxygen and
nitrogen organic compounds. They contain their own
oxygen, and, consequently, when they react
violently, the explosive basically decomposes very
rapidly burning the oxygen within the molecule of
the explosive. It’s the rapidity of reaction which
distinguishes them from other compounds.

DR. CRAMER: So what'’s left over?

MR. ALDIS: Nitrous oxide, carbon dioxide,
oxygen; just simple molecules usually. What we ha&e
found is actual molecules of the explosive, HRX,
RDX, these are fairly complex molecules, with
nitrate groups attached, which provide the oxygen
result which causes them to be reactive. They’'re
relatively unstable; that’s their distinguishing
mark. They could be set off by other explosives or
by simple heat or friction or impact.

DR. CRAMER: Okay. Now, when you say that
one well is contaminated -- two wells are
contaminated with the explosives, so these are
unspent chemical‘compounds ;hat are in there? Let’s
say, for example, stuff that’s leached out of shells
or éompounds that have not exploded, nbt reacted; is

that what I hear you saying?

»
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MR. ALDIS: That’s the assumption, that
these were explosives that were in part of the
munitions, and they just didn’t react at the time
that they were fired. Either they never exploded at
all, or they were not completely destroyed in the
explosion. We are talking about micrograms per
liter; that’s parts per billion, low-level parts per
billion. Nothing more than 6 parts per billion of
any explosive was found in any groundwater well.

DR. CRAMER: Okay. So you could drink that
water, and you wouldn’t get sick?

MR. ALDIS: Oh, yes. The fact is that not
a great deal is known about the long-term medical or
health impacts of drinking water contaminated with
explosives, because there’s very little data on it.
But as far as risks are concerned, they’re extremely
low, even if they were being drawn.

DR. CRAMER: The next question for my own
education. You have wells in that area, and certain
wells are contaminated with low volumes -- low
concentrations of the pollu;ants, or whatever you
want to call it. Now, how come the other wells in
the same area are not contaminated? My concept is

that there’s like an underground aquifer and the
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wells all tap into the same agquifer. This is where
my education leaves me. And if one‘well is
contaminated, aren’t they drawing from the same
underground lake or river or aquifer?

MR. ALDIS: What I would say about
groundwater is that it’s all generated by rainfall
and snow melt, that it sinks into the ground. It
initiates from the point where the rainfall and .-the
snow melts start. And it depends entirely on
whether the soils, which have rain and snow melt,
passing through have been contaminated.

Now, the impact area has been subject to a
large number of explosions, but very erratically
distributed. And clearly, it’s a matter of chance
or happenstance if one well happéns to be directly
downgradient from an explosion that left some
unexploded material there.

DR. CRAMER: So those areas, thoée
underground pockets of water don’t necessarily
communicate with each other?

MR. ALDIS: They're all‘interconnected; but
groundwater flow is so slow that it’s not turbulent,
so it doesn’t mix. And if you followed the path of

a single dfop of rain that fell on the surface, it

»
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would go down to the water table, and it would
travel in a single-flow path that would not cross
any other until it reached surface water and
discharge.

So each individual area of the aquifer can
be considered to be unmixed, except for those parts
of the aquifer directly upgradient of it. It’s like
a series of streams that run side by side but don’'t
mix. It’'s only if you disturb them in some way. If
you place a well in them and you pump the water,
then it will draw water from around it.

DR. CRAMER: So would you at some time
later give me a reading list? I'm interested about
the aquifers and which way the -- what you just
explained to me --

MR. CHRISTOPH: The flow.

DR. CRAMER: The flow, I'd like to read
about that, for somebody that’s a beginner like me.

MR. ALDIS: I think the best thing you
could do is probably look at the references in the.
back of the remédial investigation reports for the
South Post Impact Area --

DR. CRAMER: Okay, thank vyou.

MR. ALDIS: -- as a start.
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DR. CRAMER: Thank you.

MR. ALDIS: This is repeating what I just
said about the three wells being slightly
contaminated with explosives, and yet there don’t
appear to be any explosives leaving the South Post
in the groundwater, because at least two wells
between those that are contaminated and the rivers
are in fact themselves uncontaminated. |

There is one water supply well on South
Post that’s used by troops who exercise there, and
it was analyzed several times, and it does not
contain anything above drinking water standards.

There are no risks to human health from the
groundwater as a result of existing use, and because
the Army is going to retain the area and no new
wells will be installed, there cannot be any new
wells which will have risks. The existing water
supply well will continue to be evaluated and
analyzed on a regular basis to make sure that no
change occurs which will not be detected.

MRS. BIRTWELL: Anpe Birtwell, Lancaster.
How deep are the wells you’re using to test?

MR. ALDIS: The D-1 well is 65 feet; it'’s

quite shallow.
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MRS. BIRTWELL: That'’s a drinking water
well?

MR. ALDIS: Yes.

MRS. BIRTWELL: And that’s qguite shallow.

MR. ALDIS: This was quite shallow. There
was no need for them to go deeper to get the volume
of flow that they needed.

MRS. BIRTWELL: To get water.

MR. ALDIS: Incidentally, it’s almost the
same depth as the well which is contaminated
directly offgradient of -- no, I take that back.
It’'s almost the same depth as the contaminated well
on the South Post near it, so it’s clear that the
explosives can reach that depth.

MRS. BIRTWELL: You don’t know how far down
they go.

MR. ALDIS: They travel in the groundwater,
they’'re dissolving in the groundwater, and it
depends on the flow patterns of the groundwater.
They’'re not going to go to any great depth before
they resurface at the river, because they discharge
to the river.

MRS. vom EIGEN: I have a question about

how long has the contaminated well been in use over
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and above the uncontaminated ones, so that is there
a pattern of migration of the contamination?

MR. ALDIS: The drinking water well I am

not sure of the age of. I think it was 1939 or
something similar. Can anyone tell me that? 1It’s
been there a fairly long time. The monitoring well,

which was found to be contaminated, was I believe
installed in ’‘93; and you can tell by looking at the
name of the well. It’s not marked, but I believe it
was ‘93, and certainly it'’s about that time. So
this was installed considerably after the drinking
water well.

MR. CHRISTOPH: This is not what you would
really consider a contaminated well, except as it
showed up in the test.

CHAIRMAN CHAMBERS: Again, sir, this is a
public hearing.

MR. CHRISTOPH: Eugene Christoph,
Lancaster.

MR. ALDIS: What we call "contaminated" is
a well which has a detectab;e level of a foreign
SubstanceAwhich is clearly not naturally derived.
And, as I said, these wells have less than six.parts

per billion of detectable explosive in them. So
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it’s at an extremely low level.

One of the factors that we also looked at
on the South Post was, since the groundwater
discharges to surface water, is the surface water
and the sediment associated with it also impacted?
So we did look at the ecological impact, and some
potential risks were identified. The odd thing is
that they were not from things which you would
expect to be from the ranges, lead and zinc,
possibly lead, could come from the ranges. Lead,
zinc and DDT were identified as being potential
risks to some aquatic invertebrates; but these were
regarded as being very marginal. They might have
detectable effects, but they were definitely
marginal. In fact, the wildlife was found to be
flourishing generally in South Post.

MR. LIDSTONE: Are aquatic invertebrates
more sensitive to lead, zinc and DDT than humans; is
that why it’s an ecological and not human health
risk?

MR. ALDIS: No. The reason they're
selected is because they are the most widespread and
common biological organisms that are used to assess

the health of an aguatic system.
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MR. LIDSTONE: So the lead, zinc and DDT
could be a,hazard to human health if someone were to
drink the water, but nobody is planning on drinking

the water?

MR. ALDIS: No. This was an effect in the
sediments, and as far as humans were concerned,
there was no significant impact at all from exposure
to sediments.

MR. LIDSTONE: Because nobody plans to eat

the sediment.
MR. ALDIS: Well, not so much that, but
even trespassers who splash through the mud and in

marshy areas might get some on the skin and could

presumably absorb a tiny amount. This was

considered, and there was no health effect from

that.

MR. LIDSTONE: That's sediment not in the
water itself.

MR. ALDIS: That’s right.

In fact, one of the interesting things. was
to see some of the rarer_animals you find on South
Post. This is a beaver lodge along Slate Rock_

Brook.

And this was a Blanding'’s turtie which was
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found at Zulu Ranges.

Now, the individual explosives that were
looked at in the Explosive Ordnance Disposal Range,
EOD Range, this is a picture of it taken from the’
air looking southeast. The actual disposal area was
this closed depression which you can see here. You
may be able to detect faintly a track which runs
around it. This was the area that explosives were
disposed of by open burning or other detonation.
Three sides have banks of sand around it that
contain the force of any explosion.

And if you look across the rest of the
South Post Impact Area across to here, this is the
stream and wetland which divides the SPIA into two.
These are the ranges on the other side, and the
trees beyond the wetland along the Nashua River. So
this is looking southeast across the range, juét to
give you a feel for it.

There are no boundaries on the South Post
Impact Area, very few fences; this is just an
arbitrary line today drawn around the area where
they disposed of explosives. We put several wells
in here; one, two, three, four, five, six, seven,

eight, nine and ten wells were dotted around the

DORIS O. WONG ASSOCIATES




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

26

area. Quite a number of soil samples were taken,
bore holes were placed to sample the soils, and in
effect what we found was almost nothing.

The groundwater discharges through the
disposal area and turns to the east and discharges
to the unnamed stream and New Crahberry Pond. The
only well which showed any contamination at all at
the end of the RI was this one, which had minuscule
amounts -- again talking parts per billion here --
it had the nearly 7 parts per billion of RDX and |
just 1 part per billion of HRX, which are two
explosives that were disposed of on the site.

MR. CHRISTOPH: The area that you just
described there, is that perhaps an old course of
the Nashua River?

MR. ALDIS: No. This is an area of a
glacial delta into a glacial lake; and the reason
there is this depression in the ground is probably
because a lot of ice was stranded there, surrounded
with sand and melted, and where the ice melted, it
left a depression.

This shows the effects of the explosive
disposal and the surface; it blew holes in it,

basically.

DORIS O. WONG ASSOCIATES




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

27

What we did was we tried to determine the
depth of bedrock, to choose the locations to put the
monitoring wells, since we believed the bedrock
determined the flow of groundwater, as it appeared
to do. We installed bore holes, took surface soil
samples and subsurface soil samples. And we did
take one surface water and sediment sample, but‘it
turned out to be in an area that could not possibly
be impacted by the site.

This gives you an idea of the actual site
itself. The only real impact has been the removal
of the natural vegetation to a large extent.

There were no human health risks found from
exposure to the soils. There was no potential for
exposure to the groundwater and therefore no risks.

And small areas of the soil were obviously
affected, but they were so small that the ecological
effects were minimal, and the surface water and
sediment is not affected by this site, period.

Zulu Range consists of two side-by-side
ranges. This is the spur oﬁ a hill seen from the
east; from an aerial view looking west towards the
wetlands along Slate Rock Brook, the forested

wetlands. There’'s a wetland to the north, a wetland
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to the south. This spur was modified with a berm
and a couple of amphitheaters of sand here, and
there are a couple of positions here, concrete boxes
that you could throw grenades from safely. This is
the range control.

Here is Zulu I, which is the demolition
practice area. They have a bunker here where they
hide when they’re letting off explosives; but
basically, they construct things and then demolish
them to show people how to practice demolitions. |

What we found on investigating this, we
installed about seven wells, one here, two, three, a
pair here at different depths, and two here. All
the downgradient wells were contaminated with
explosives. So the groundwaterbflow is from the
south to the north. Here’'s a SPIA well over here,
and it appears to indicate the flow is going north
to Slate Rock Brook. But these .wells that monitor
the groundwater on the range are all contaminated on
the north side, which shows that the groundwater is
contaminated on the range apd is discharging to this
wetland on the north side. The soil effects are

less.

This is a wetland which receives the flow
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of contaminated groundwater. This is a wetland on
the south side which appears to be less affected.

This is a view of the grenade range with
the berm and the two grenade-throwing positions.

This is a shot of the mock bridge that was
erected for demolition as a practice exercise on
Zulu I. These are just to give you a feeling of the
nature of the country. It’s been largely open, and
of course there’s been disturbance where the
explosives and the construction modifications have
taken place.

We did a seismic survey to determine the
depths of bedrock and where to put in monitoring
wells. We took a number of surface soil samples, we
did a number of test pits, and we took a lot of
surface water and sediment samples around the two
ranges.

One well showed manganese slightly
elevated, and this seems to be pretty certainly of
natural origin. We found high manganese in a number
of wells around Fort Devens which are clearly not
affected by any site activities.

The soils have shown some polynuclearv

aromatic hydrocarbons, PAHs, soot, you might call
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it, probably as a result of their burning on-site.
They did dispose of some explosives by burning; One
soil sample showed Cyclonite (RDX), as well as DDT
and its derivatives, and some TPH, total petroleum
hydrocarbons, and toluene.

MR. BIRTWELL: Toluene?

MR. ALDIS: Yes, from fuels. Gasoline
contains benzene-toluene-xylene, BTX.

MR. BIRTWELL: That’s highly --

MR. ALDIS: Not highly; we deal with it
every day. We breathe it in every time we gas up
our cars.

MR. BIRTWELL: We had toluene and they shut
our plant down.

MR. ALDIS: Because of the exposure of the
workers to toluene?

MR. BIRTWELL: Air. We moved it and then
put in a recovery system.

MR. ALDIS: However, it’s not particularly
toxic in comparison to many other compounds; it just
depends on the concentration.

We did f£ind some explosives in the soil,
and this was particularly during the RI, but there

were none we discovered during the SI aside. from
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that slight trace of Cyclonite.

There were impacts on_sediments but not on
surface water. There were low level hits of
explosives, particularly in the northern wetlands;
again, some other compounds you might or might not
recognize. Where these came from, it'’s not clear.
Some of them might be breakdowns of explosives; some
might be originating in phenolic herbicides; the
trichloroethylene might have come from some solvent,
perhaps used for cleaning something. But we have no
reason to suppose that these are widely used there.

There were lead levels in the sediment that
were above background, but these did not seem to
come from range activities, and they may be of
natural origin.

When we looked at the risks for that lead,
just to continue with the same thought, the elevated
lead levels in the sediment were tested with agquatic
organisms, and they were found to have no
discernible impact. So they’re not biocavailable,
and they’'re not toxic to the aquatic invertebrates
that were living in the sediment.

The ecosystems around the ranges appear to

be in good shape; in fact, the turtles may benefit
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from the disturbance of the soil and the creation of
open sandy areas, because they like to bury their
eggs in sand, even though they live themselves in
wetlands. The wildlife risks as a whole were
minimal. There is no human health impact of any

discernible level, because the groundwater is not

"being used and will not be used as long as the Army

has the area. And the soils levels are well below
those that would affect people working on the ranges
or visiting the ranges or trespassers Or sportsmen.
Hotel Range, as I said, was an impact area
for small arms. Right now they use it for machine
gun firing; but prior to its extensive modification
and creation for its present use, it was the site of
disposal of explosives by open burning and open
detonation.
The Cranberry Pond, which is right next to
it -- this is a map showing their relationship.
This is an embankment in ﬁhe hill with banks of
gravel, natural banks of gravel surrounding it.
This is used as a target area for Hotel Range. And
formerly at the foot of these gravels banks there
was an area where they disposed of explosives by

open burning or open detonation, but they also

°
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apparently took explosives out onto the ice in
winter in Cranberry Pond and detqnated there. So
once this was discovered during the course of the
RI, the Army asked us to take sediments and surface
water samples within Cranberry Pond to investigate
those possible impacts also.

This is a view of the southwest corner of
Cranberry Pond. You can see it’s really a lovely
place.

North of the range there is a small stream
beginning in a wetland. This area is kept cleared
of vegetation, because it’s part of the area over
where the machine guns were fired; but you can see
the stream which starts in this wetlands, and this
is the point where the groundwaﬁér appears to
discharge.

The range of our investigation is much the
same as the others. We did a seismic survey to try
and determine depth of bedrock, to select locations
for installing monitoring wells. We did do a
geophysical survey looking for scrap metal that had
been dumped in Cranberry Pond, and we found guite a
bit, primarily steel drums. We did a large number

of borings and took a large number of soil samples

DORIS O. WONG ASSOCIATES




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

| - |

34

over the former disposal and burning area. We
installed several monitoring wells. There were
already four from the site investigation.

MR. CHRISTOPH: The drums that you found in
Cranberry Pond, where are they now?

MR. ALDIS: They are mostly rotted out and
still lying right there.

MR. CHRISTOPH: In the pond?

MR. ALDIS: In the pond.

DR. CRAMER: What’s in the drums?

MR. ALDIS: Nothing.

DR. CRAMER: What was in them?

MR. ALDIS: What was in them, we have no
idea. I mean, there are several of them that I have
seen photographs of. I didn’'t take part in this,
but several photographs are just rotted steel
drums. Mainly you just have the hoops and a few
bits of rusted metal between them. I have no idea
how they got there or what they contained, but they
certainly have not had, as you’ll see, an impact on
the pond that we can discern. We did collect the
surface water and sediment within the pond, and that
was the basis for our conclusions.

There were no impacts from metals on the
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groundwater, but all the wells within the Hotel
Range itself, all of them heve some level of
explosives in them.

Because of the location of the disposal
area right at the foot of the steep slope we could
not put any wells upgradient of them within the
range, but we did have a well here which was part of
the South Post Impact Area well monitoring system,
and this is completely uncontaminated. So all of
these wells in this area are either within or
downgradient of the disposal area, and they did show
low levels of explosives.

The same sort of thing, RDX and HMX, as we
saw elsewhere. The sediment samples from the bottom
of Cranberry Pond did show elevated metals, but they
also had a much higher level of organic carbon than
the sediments to which we compared them around the
South Post. There was no contamination in the
surface water, and I’1ll discuss the risk from the
sediments in the next slide.

The soils themselves had no trace beyond
the very lowest levels of any of the disposal
activities. So evidently significant accumulaeions

of either the fuels that we use for burning or the
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explosives from South Post were not found in the
soil.

MRS. wvom EIGEN: Florence vom Eigen,
Lancaster. Could you please explain the difference
between "sediment" and "soil."

MR. ALDIS: Well, sediment is found
underwater, basically. And the thing that we found
around the South Post Impact Area is that most of
the sediments have high organic carbon, they have a
lot of plant material, rotting plant material in
them, leaves and agquatic plants, stems and twigs,
and so on. These have an impact on the way in which
metals or organics can accumulate in them, because
organic carbon tends to absorb materials, and the
difference is simply where they’re found.

MRS. vom EIGEN: Okay. Essentially --

MR. ALDIS: In the bottoms of ponds or
streams, they’re sediment; elsewhere they’re soils.

MRS. vom EIGEN: Thanks.

MR. ALDIS: The human. health risk was found
to be negligible as far as ;he soils were
concerned. The groundwater exposure doesn’t exist
and will not exist as long as the Army retains-the

base.
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The ecological risks were found to be
poSsible,»certainly several of the metals were high
enough and certainly one sediment sample from
Cranberry Pond. They weren’t uniformly high,  and
there was 4-amino-2,6-dinitrotoluene, which I think
is a derivative from explosives, which was found in
the sediment. The only metal that was found to be
of concern in the sediment was the copper was high
enough it might have some effect on mallards,
although we did find mallards nesting around
Cranberry Pond.

And this is a clutch of mallard eggs
photographed by the biologist.

The whole point around our investigation
was we spent a great deal of time, effort and money;
and we did a very intensive investigation of the
entire area, particularly the ranges, and the levelé
of contamination that we found were very slight.
Particularly the explosives, which were disposed of
and have been disposed of and are being used there
in large quantities, we found minuscule amounts of
them in the groundwater, in the soils, in the
sediment. And certainly they do not appear to have

a significant impact, they can’t have on human
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health at present usage. They don’t appear to have
a significant impact on the wildlife. Some other
slight impacts were noted, but on the whole the
ecological situation in South Post is excellent, and
the wildlife are flourishing.

MR. LIDSTONE: The Cranberry Pond made me
think, because of a finding of drums in there, that
opens up the point that we don’t know what it was
that was in those drums. But were there tests done
of a wide range of potential contaminants, or were
tests only done for the things that we were
expecting, like explosives and heavy metals?

MR. ALDIS: A wide range of analyses were
done. And you see that we took -- these were taken
during the site investigation; the other samples
were taken during the RI. We did both surface water
and sediment samples. Considering the area of the
pond, which is only 12 acres, we took a fairly
intensive series of samples there. And this sample
showed high levels of metals, and that was basi;ally
it.

MR. LIDSTONE: But you tested for a wide
range of potential contaminants?

MR. ALDIS: We did, yes, we did.
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MR. LIDSTONE: Good.

MR. ALDIS: The wells, as you see, the
groundwater enters the pond from the south and exits
from the north; it’s basically an outcrop of the
water table, you might say. 1It’s another kettle
pond; that is to say, it’s the result of a block of
ice being stranded there and then melting. And this
is in effect an outcrop of the water table. This
flows out on the west side and discharges through
Hotel Range, so these wells are in fact measuring
the water quality coming out of Cranberry Pond.

They’'re also measuring the water gquality of
the groundwater which is affected by the soils in
the area of the disposal. And yes, they do show
contamination. But most of it is discharging to
this wetland and stream north of here, and whatever
is not is going to end up in Slate Rock Pond. §So
all of it is going to enter the surface water before
it exits South Post.

MR. LIDSTONE: And that stream flows into
Slate Rock Pond also.

MR. ALDIS: This also flows into Slate Rock
Brook and then to Slate Rock Pond. And as I said,

the biological surveys that we did seem to suggest
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that the ecology in South Post is flourishing. It's
really a wildlife refuge in many ways.

MR. CHRISTOPH: In the report that I have
read -- and I'm in the process of rereading a second
or third time to make sure I can get on top of it --
I keep hearing repeatedly that the Army is going to

stay here, the Reserves, for the foreseeable

future.

MR. ALDIS: Yes

MR. CHRISTOPH: I doubt that anybody in the
room, or perhaps in Northern Worcester County, would
have guessed five years ago that Fort Devens would
have been closing, since at that time the Congress
had voted to enlarge the Intelligence School by
bringing facilities here; and all of a sudden, bang,
we’re on the hit list and Main Post and North Post
are vacated.

Now, if in fact the Reserves left here in
the next five years, for whatever reason,
unforeseeable tonight, obviously, what shape would
South Post be in? For example, Lancaster’s
willingness to tap into the big agquifer on South
Post related to the Nashua River, so that we could

sell that 3 1/2 million gallons a day to Main Post
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for industrial purposes or to Boston, as has been
discussed with the Fish & Wildlife Service. Could
you enlighten me at all.

MR. ALDIS: As far as the groundwater is’
concerned, I think I’'d be the one to answer that.
The Army may want to respond to other issues.

MR. CHRISTOPH: That’s what I'm after, your
response.

MR. ALDIS: As far as the groundwater is
concerned, as I mentioned in the course of
describing this work, there is not a very good basis
for estimating the toxicity of explosives in
drinking water sources. Because of the EPA’'s
methodology in estimating risks, they always tend to
overestimate them, because they take conservative
values at every stage of the risk investigation.
These levels that have been found in the groundwater
may conceivably have some effect on someone drinking
them for a lifetime; but the issue is, are these
just the declining residual amounts that are there
as a result of past activities?

In this case of EOD Range, for example, it
was very clear during the course of our

investigation the explosives levels in the
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groundwater were declining.

MR. CHRISTOPH: That'’'s good.

MR. ALDIS: Yes. In the case of Hotel
Range, there were only samples taken twice, and it’s
not clear that they are declining, but they are at,
such low levels it’s extremely unlikely they would
see any human health impact.

The other issue is, of course, the Army
maintains responsibility for this no matter what
happens to the land in the future, and I think
really the Army needs to sort of address the issue
of land use.

MR. CHRISTOPH: I’'m more concerned with
water quality, because the Army is less predictable
than the water is, I think.

MR. ALDIS: ©None of the water in the South
Post is contaminated to a level that I would think
is significant. As I said, there may be excedences
of no detectable effect levels as derived from
certain approaches used by the EPA in estimating
risks; but these are very cqnservative approaches,
and they tend to overestimate risk.

MR. CHRISTOPH: I'm glad to hear it’s a

conservative approach, because you mentioned in one
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of the wells there have been two tests. Over how
long a period of time was that? |

MR. ALDIS: In the case of Hotel Range, EPA
took the samples during the SI, and we took samples
during the RI, and I think they were separated by
about a year and a half.

MR. CHRISTOPH: In your customary area of
expertise, would that year and a half two samplings
be sufficient to give you satisfaction that the
water there is not contaminated?

MR. ALDIS: But it is contaminated. And
it’s because very similar levels were found in both
samplings that we are satisfied that we have a good
understanding of what the levels are based on.

MR. CHRISTOPH: And the§ are not
increasing?

MR. ALDIS: They'’'re not increasing, and
there are no additional sources. The results that
we found are consistent with the historical disposal
of explosives there, not with the current use.

MR. CHRISTOPH: That current use doesn’t
concern me; it’s the future use at some point in
time when the Department of Defense vacates South

Post. Now, the foreseeable future, as I said, it
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may be five years, it may be ten, it may be fifty;
but I’'m concerned, will we be able to market that
water for drinking purposes, whenever it is
vacated?

MR. ALDIS: I would refer you to Mr.
Byrne.

MR. BYRNE: My name is from James Byrne
from the EPA Regional Office in Boston. Basically,
right now the reason we’re making this decision to
basically leave things be is because it’s under the
current foreseeable future use as we discussed.
When and if the property changes hands, what we
would require under law is that another assessment
take pléce on the status of the water at that point
in time, whether it be tomorrow or ten years from
now. And at that time we would look at those
contaminants, and in fact the record of
contaminants.

I'm kind of jumping the gun here, but part
of this record of decision we’re signing here is to
sign a long-term monitoring plan to measure those
contaminants from the Army explosives ordnance
disposal. What we plan to do is look at that data

and make sure, number one, it is staying on South
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Post. If it were to migrate off Post during the
next fiye years, say, when the Army still owns the
land, the Army again would be obligated to do
something about that.

So there were basically two trigger points
here. Point one, for the foreseeable future the
Army is using the land, and we'’'re instituting a type
of long-term groundwater monitoring plan to take a
look at this to make sure that none of these
contaminants migrate off Post and cause any harm in
the drinking water supplies.

Point two would be if sometime in the near
future the Army leaves this area, and the property
is going to be transferred or sent to another agency
or back into private hands. We would take a look at
that library of groundwater data, we would take a
look at groundwater data at the current situation
and make an assessment at that point as to whether
this water is safe for Lancaster, for instance, to
tap into and start marketing, or is additional
clean-up or something needed before you could
undertake that activity.

MR. CHRISTOPH: Okay. You can understand

my concermn.
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MR. BYRNE: Yes, I can.

MR. CHRISTOPH: With decreasing
availability of good water, especially in this area,
our understanding, at least verbally, is that it 'is
the Fish & Wildlife Service on a federal basis who
would probably be assuming the property. It is
obviously to our advantage and interest to ascertain
that enough will be done in the way of monitoring to
make sure that we do have in fact a marketable

source.

MR. BYRNE: What we would do is similar to
what we did now. We would look at the situation at
the point, what you people intend or something like
that, and run these risk numbers, exposure numbers
based on the contamination we séé. And what would
come out of that is, in a sense, a yes, go ahead and
use it with no problem; or a maybe, let’s hold on,
this water might need some additional treatment
before you can use it; or worst case, no, forget
about it.

MR. CHRISTOPH: Well, if worst case ever
occurred, who do we sue?

MR. BYRNE: The Army would come back;

they'd be obligated to do something. The worst case

»
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is if the Federal Government goes broke.

MR. CHRISTOPH: You wouldn’t sue.

DR. CRAMER: Two questions. Actually,
three questions. Number one, if, let’s say, the
water is to be sold today to Boston or tomorrow,
given the information you have, would they buy it?
Could they drink it?

MR. BYRNE: That'’s a tough question,
because we really didn’t look at that. Basically,
we’d have to look at that scenario. That’s one we
did not look at.

MS. WELSH: I can answer that question.
Lynne Welsh from the Massachusetts Department of
Environmental Protection. I've worked with Jim and
Jim on evaluating the results of testing that
they’'ve done. We're three different agencies; we
have three slightly different ways of evaluating the
data that came in.

We have concurred with the EPA and the Army
that, for right now, this is the best way to handle
the situation at Fort Devens. A lot of study has
been done, but because the activities are going to
continue on at the Post, they’'re going to somehow

slightly alter ﬁhe results that we have from today

DORIS O. WONG ASSOCIATES




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

48

to year one and year two on out. And the Army is
going to be here, and they have to have training
facilities. But we did some calculations of our own
on the water -- the risk from the contamination
levels at the worst case that the Army found in
their investigations and found that they did exceed
our 1-in-100,000 cancer risk factors.

So to answer your question, yes. But also
the good news is, you can treat this water, these
chemicals can be treated. So that if you did need
to use the water today, which is not likely and is
not going to happen, you could treat it to make it
safe.

MR. LIDSTONE: I think I'm missing
something here. There are no suggestions that
there’s a substantial aguifer that this water is
involved with, correct?

MS. WELSH: No, there are.

MR. LIDSTONE: We’'re talking about water on
top of slate here.

MS. WELSH: No.

MR. LIDSTONE: This wéter could contaminate
significant aquifers?

MR. ALDIS: May I answer that. For the
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most part the South Post Impact Area has only a thin
and not very productive aquifer, but there is a
fairly productive aquifer under the Nashua River,
and part of this is under the eastern margin and on
the northern side of the South Post Impact Area. So
there’s a similar --

MR. LIDSTONE: So while the contamination
would likely get into this aquifer through the
river -- or could’'it get in there -- I guess my
question is, can the aquifer be contaminated without
this water leaving the South Post?

MR. ALDIS: The answer to that is an
aquifer that could be usable and is used in the
South Post water point well could be impacted by
some of the water off the South Post Impact Area,
yes.

MR. LIDSTONE: So there is some significant
aquifer that is at risk.

MS. WELSH: There is glacial outwash sand
and gravel, what we call an aquifer, running through
the South Post, and it does.have samples indicating
conﬁamination. One of the things that we have
worked on with the EPA, and we’fe discussing with

the Army, is to tighten up the monitoring that'’s
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going on, so that we have assurances that that
contamination is not moving off Post and is not
going to impact either private wells in the.area, or
we have other wells besides Fort Devens, we have
MCI-Shirley that is a significant water supply for
this area. So that while there is contamination,

the monitoring is going to ensure that it’s not

going to affect people.

MR. LIDSTONE: That it could be getting
worse, that it could be spreading. |

MS. WELSH: That’s correct.

MR. LIDSTONE: Not to push everyone aside,
but are there, I guess, some procedures to be
changed, so that this contamination would be reduced
in the future compared to what’s happened so far, or
should we expect this aquifer to remain contaminated
for the foreseeable future and we’ll simply have to
watch it closely as it spreads?

MS. WELSH: That is what we hope long-term
monitoring will tell us. There is contamination
because of training, but there’s also, we think,
contamination because of concentrated disposal in
the areas that Hussein identified for you. And we

have asked and are working with the Army to change
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those concentrated disposal activities so that they
are more environmentally -- happen in a more
environmentally sound way and those are concentrated
areas of emissions disposal. And the Army staff --
and Jim should speak to this -- 1is looking at the
way they do training, so that it has less
environmental impact than past activities. So this
long-term monitoring plan, again with Army
procedures and with the change of the concentrated
munitions disposal, hopefully doesn’t make the
matter worse.

MR. LIDSTONE: And those procedural changes
will be documented in the near future?

MS. WELSH: They will be in some cases.

CHAIRMAN CHAMBERS: I'm not sure I
understand "procedural changes."

MR. LIDSTONE: In the disposal of
munitions. Since there appears to have been some
contamination from past practices, will there be any
attempt to change .future practices so that we reduce
the contamination going intQ the aquifers?

CHAIRMAN CHAMBERS: Okay. Well, first of
all, yes, past practices is that there were disposal

of munitions. Current practice is there is only

DORIS O. WONG ASSOCIATES




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

52

disposal in the event of an emergency or something.
Typically, waste munitions are not disposed of.

MR. LIDSTONE: Oh, is that right? That’s a
big change. I have to admit, I haven'’t heard any
bangs lately.

CHAIRMAN CHAMBERS: Another thing to be
aware of is that there has been a change of activity
on the South Post. It continues to be a training
area and will continue to be a training area, but we
don’'t have the same type of military units training
there. So that a majority of the type of training
that involves munitions is small arms training now,
rifles and handgun-type training, not so much of
explosive munitions.

MR. LIDSTONE: Less total explosives to be
disposed of?

CHAIRMAN CHAMBERS: Yes. The other thing
is, you said spreading. There is no evidence of
this spreading. That’s one of the reasons that
we’'re proposing the groundwater monitoring, to
ensure that there is no spreading. But if that had
been the case -- and that will probably be not what
we would be proposing -- there will probably be some

more proactive action being taken.
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water, I can’'t really speak to that. But I can say,
from my experience, that the locating of the wells,
we’'re talking about the impact aréa here, and where
the location of the well is, whoever does that type
of hydrogeological study that needs to be done to
locate a well probably wouid have to take into
account Massachusetts regulations as far as where to
locate it --.not probably but we’d certainly have

to -- and where. They would seek the point where
they could get the most production out of that well
but would have to be at a certain distance away and
probably would be minimally impacted by the activity
that’s here.

DR. CRAMER: Question 1-B. Or A, because
you made a statement. You say the water as is can
be made fit to drink. In Pennsylvania I had a home
with a water purification system, supposedly we
didn’t need it, but for the money I spent, it was
peace of mind. So basically, it was an activated
charcoal system for organics and halogens, and then
there was a three-way system for heavy metals and a
polishing filter and stuff for bacteria, whatever.

So I can relate to that. But on a commercial basis,
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how does that water -- let’s say, for example,
you’ve got organic pollutants, for lack of a better
word. How does that get taken care of?

MS. WELSH: Lynne Welsh from the
Massachusetts DEP. The same things you did on your
individual home, activated carbon; there’s alsc air

stripping, because these are volatile compounds,

which can be done on a commercial basis. In fact,
several towns also already do that. Acton, for one,
has --

DR. CRAMER: Really.

MS. WELSH: They have air strippers on
their water supply, because there has been past
contamination. I'm sorry, I can’t speak to the cost
of that, but they are available commercially.

The statement I was trying to make is that
these chemicals, while they are explosive and
exotic, have chemical reactions that can be dealt
with under present technology.

DR. CRAMER: Okay.

MR. ALDIS: May I point out that these
compounds also ﬁaturally biodegrade as a result of

bacterial action in the groundwater and in surface

water.
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DR. CRAMER: Question number two.
Fantasyland. I'm President of the United
States -- okay, we’'re all laughing, okay -- and I
say to you folks, "I'm the boss, executive order,
clean it up. I don’t want to take anything -- I
won’t take no for an answer, just do it." Okay.
What do you do to change it? What are the
alternatives to leaving this the way it is? What'’s
the opposite?

CHAIRMAN CHAMBERS: Well, first of all,
then, as the --

DR. CRAMER: I'm not running, by the way.

CHAIRMAN CHAMBERS: -- as I guess the
supreme commander, he would have to say he’s not
going to have military training here any longer,
because in order for there not to be this problem,
we would not be able to use the ranges at all down
there.

Now, once that happened, then if that were
to happen, then we would go through it. We would
probably have a good sense of history here, with all
the studies that we’ve done so far, but now we would
have to go into a process that we call a remediation

investigation feasibility study. The intent of that
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is to look at the technology that’s available and
see how it may be applied to the situation that we
have.

So that if it involves monitoring, if it
involves air stripping, we will evaluate all those
alternatives. We would look to evaluating a variety
of things, cost being one of them, and not a primary
but a parameter to evaluate. We would evaluate risk
to human health, risk to ecology, community
acceptance. We would be going through the same
process that we'’re doing here this evening,
eventually to select a particular remedial action
that would allow us to clean the wéter, if it was
deemed necessary.

But it would have to be.éhowh that there is
a certain level of risk, that there is a certain
benefit to having this water available, and then we
would choose a remedy. And then we would have to
present it to the public and say, "This is how we’'ve
chosen to clean this up, this is how much we intend
to spend, this is what the :esults will be." And we
would come up with a record of decision then that
the Army would be bound by that record of decision

to implement that action.
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DR. CRAMER: It would be something like
strip-mining for coal; you just bulldoze the whole
area and take the stuff away?

CHAIRMAN CHAMBERS: Hypothetically, it
would probably involve -- if it was deemed
necessary, it might involve a pump-and-treat system
where we would pump the water out of the ground,
treat it, and then discharge it back to the ground.
And then the ground is nature’s best filter, and by
the time the water was redrawn out for consumption
purposes, it would probably be tested again, but it
would prove suitable for human consumption.

MR. CHRISTOPH: I won't play President, but
I would like to play Speaker of the House for a
minute. How comfortable are you that the EPA budget
will not be sliced to ribbons so that your function
will cease to exist? Any assﬁrances at allz

MR. BYRNE: Call your. Congressman.

MS. WELSH: I think what you have are three
agencies, the Army, the EPA and the State; we all
have individual budgets, and we’'re all working on
this. If EPA, Jim, were to go away tomorrow, I
would still be here. BAnd if the Army were to go

away tomorrow, we’'d still be here. I mean, we are
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public servants for the Comménwealth of
Massachusetts, not the Federal Government or the
Army.

MR. CHRISTOPH: Gotcha. And you’re fairly
comfortable?

MS. WELSH: I'm fairly comfortable that
Governor Weld is not going to do anything
problematic.

MR. BIRTWELL: Again, first of all, let me
preface my remark by saying most of us over the
years from the Spec Pond area have been comfortable
with Fort Devens and hated very much to see them
go. We test our pond every year. I have given
copies of that to the Commandant when he was here;
the last onevwent to a ranger. Does anybody know
who controls the acéess to South Post now for
fishing or whatever?

CHAIRMAN CHAMBERS: Well, there’s range
control. We also have the natural resources
manager; his name is Tom Poole.

MR. BIRTWELL: It was this year, I know,
limited to the Fort Devens personnel. Prior to that
other people would come in, which is fine, and we

haven’t had any problems; we have handouts on file

DORIS O. WONG ASSOCIATES




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

59

or whatever. The thing that kind of surprises me is
that South Post does border Spec Pond. Apparently
no testing has been done on Spec Pond.

MR. ALDIS: The flow is from Spectacle Pond
to South Post, not the other way around.

MR. BIRTWELL: I understand the aquifer
goes east to west.

MR. ALDIS: The flow is --

MR. BIRTWELL: We have that little stream
going through, if that’s what you mean.

MR. ALDIS: Spectacle Pond is an outcrop of
the water table, but it overflows as a small steam,
as you say. But even so, the water at Spectacle
Pond is from rainfall and snow melt right there, and
the discharge is going away from the pond.

MRS. BIRTWELL: And springs.

MR. ALDIS: Well, the springs, of course,
themselves are generated from rainfall.

MR. ALDIS: Infiltrating through the soil.

MR. BIRTWELL: You have a well 65 feet
deep.

MR. ALDIS: The water circulates; depending
on where it falls, it goes deeper or shallower into

the ground. The point 1is, though, that South Post
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cannot contaminate Spectacle Pond; Spectacle Pond
can contaminate South Post.

MR. BIRTWELL: How about the wells in the
people’s homes? There must be 100 homes in the
general Spec Pond area.

MR. ALDIS: Only if they pump an enormous
amount of water could they possibly draw anything
out from under the South Post. The volume of water

that falls on the average acre around here and

infiltrates into the ground I think is of the order

of 500,000 gallons per acre per year.

MR. BIRTWELL: So what you’re saying is,
there’s absolutely no problem relative to drinking
water in the wells surrounding the Spec Pond area.

MR. ALDIS: As for being impacted by South
Post, yes, there is no problem at all.

CHAIRMAN CHAMBERS: Sir.

DR. vom EIGEN: I'm thinking about the list
of chemicals and contaminants that you mentioned.
It seems to me that there are by-products of
explosives, and since they are rapidly oxidized
chemicals to cause the explosion, they are also
probably oxidized in the soil, maybe at a slower

rate, but they certainly are.
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MR. ALDIS: They are affected by bacterial
decay, yes, they are acted on by organisms.

DR. vom EIGEN: This is completely
different if you have contamination with lead or
zinc or heavy metal, right, they cannot be
destroyed.

DR. vom EIGEN: So I think any idea of
digging this up or treating it chemically or
anything else would be foolish, because it would
probably improve itself in time, unless you’re going
to start shooting a lot of heavy stuff in there
again.

MR. ALDIS: That'’s correct. The points we
investigated with the greatest detail were all areas
which in the past had been used for open burning or
open detonation. Either they bought explosives or
munitions there, and they covered them with wood and
saturated them with kerosene or something similar
and set fire to them, or they detonated them, and
those were the areas that were most suspect and the
ones that were most intensely evaluated. The
additional work that we did around the South Post
Impact Area was really because the Army just raised

the gquestion that perhaps the overall impact of
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firing weapons produces a detectable level of
contamination, not frpm concentrated disposal, but
just general impact areas on the ranges. And we did
find that there were detectable levels, but they’
were simply not significant. There is certainly no
smoking gun, no public health or ecological concern.

DR. vom EIGEN: They would be more likely
to be at the point of firing than at the point of
impact of the bullet or shell.

MR. ALDIS: That I don’t know; it depends
if they’re explosive shells or just projectiles.

DR. vom EIGEN: I don’t think if they used
explosive shells here, perhaps they did, or like
bazookas. But I think that the results I’ve heard
sound very encouraging that this is going to be a
contained area with minor contamination and will
improve in time. But are you going to be able to,
or do you feel that you should, retest all these
areas over periods of time, in a year or two years?

MR. ALDIS: That is the in;ention.

CHAIRMAN CHAMBERS: Yes, sir. That is what
we’ve proposed to do, that we will have a long-term
monitoring plan. We're going to test these wells.

And I just want to make the point clear that these
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like what we think of as wells at our home where
we're constantly pumping water out of them. These
wells pretty much have no activity at all until we
test them, so the water that’s there, it’s not 1like
we’'re cleansing this water by getting fresh water
out of it all the time, these are wells that are
actually -- we’re grabbing samples of what'’s
actually there at that particular time.

DR. vom EIGEN: Will there be reports put
in these places in cities and towns that you
described of these results when they’re done?

CHAIRMAN CHAMBERS: Yes, sir.

DR. vom EIGEN: So it will be available,
and if they show improvement, everything goes well.
If they start showing things are getting worse, then
we have to find out why, I guess.

CHAIRMAN CHAMBERS: Any other?

MR. JANELL: John Janell, Lancaster. You
talked a lot about groundwater. I guess I'm
concerned about what hasn’t_gotten in. Has anyone
looked at the landfills? I know it wasn’t that many
years ago we thought lead paint was safe, PCBs,

people would just take transformers and throw them
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away. Today you have to drain out the PCBs. Has
anyone ever looked what’s in the landfills?

CHAIRMAN CHAMBERS: Yes, sir, there have
been studies done, that’s another action that we -
plan to take. Some of the landfills, there’s about
half a dozen landfills or so that we’ve identified
on the South Post. Most of them are from
homesteaders or people that lived there prior to the
Army taking over the land. We found old farm dumps,
things like that, where we found the pots and pans
from whoever lived there were thrown out the back
forty, and there they are. But there are a couple
of sites from Army activity as well, and we have
identified those. The Army is working with US EPA
and the Massachusetts Department of Environmental
Protection right now to develop a plan on what we're
going to do about those landfills, and it could
involve excavating those landfills, or we’re looking

at what other alternatives there are. But that'’'s

‘one of the ones we're considering right now.

MRS. vom EIGEN: Florence vom Eigen,
Spectacle Pond. I have a couple incidental-type
questions, I think. You haven’t mentioned deer, and

I've seen deer in the area. I mean, you allow
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hunters to go into the area. Have any studies been
done on them to know whether they’re contaminated in
any way, and should and can peopie who hunt take
them home and butcher them and eat them?

MR. ALDIS: I think you have to ask someone
else about that, because I'm not familiar with that.

MR. BYRNE: As part of my former life I did
some wildlife biology work; basically, we performed
ecological assessments. Basically what we did, the
short answer is, no, we didn’t take any deer and cut
them up and analyze their tissues. What we did is
more or less start at the bottom of the food chain,
stuff deer might be eating. And what we found
there, as you have seen mentioned in the summary,
was minimal impacts to the wildlife populations here
at Fort Devens. I mean, there are some contaminants
in the soils but not at high enough levels that it
would make it all the way to a deer and perhaps make
a deer unsafe to eat.

MRS. vom EIGEN: It’s my understanding that
they eat leaves and twigs.

MS. McCARTNEY: I'm Sheila McCartney with
the Army Environmental Cenﬁer. I'm from Aberdeen,

Maryland, and our agency works with many
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installations like Fort Devens. And work has been
done at the Aberdeen and Jefferson Proving Grounds
with the deer, specifically during hunting season.
And we’ll have hunters give us some of their deer,
and they’ve done studies on them at those

installations, which have similar contamination as
South Post here, and they haven’t found any risks.

MS. vom EIGEN: Another thing that concerns
me is that you think nothing of disposing or
detonating on ice, which then goes into the water,
and you say you tested the sediment.

MR. ALDIS: This was a former practice,
remember. This was a practice that was discontinued
maybe 20 years ago; I don’t know.

CHAIRMAN CHAMBERS: I can’t speak to that.

MR. ALDIS: The whole point about these
areas that we investigated was that they were areas
of heavy disposal of explosives and ordnance of
various kinds, and the Army has completely stopped
doing this, with the solid exception of emergencies
like, for example, a bomb squad wishes to dispose of
something suspicious and things like that. The Army
is not disposing of explosives; they’re simply using

them as firing ranges now.

g
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MRS. vom EIGEN: All right. Then are there
geodetic maps available showing which way the
aquifers flow in this area, and do those arrows
indicate surface water?

MR. ALDIS: I tried to simplify this to
show you the directions of flow, but the individual
remedial investigation reports show specific
groundwater contours. Now, in a sand and gravel
aquifer, the water flows at right angles to the
contours, and we indicate on our maps the
groundwater with arrows showing the direction flow
down the contours; and you can have a look at those
in detail. I know that this is true in general. If
you were to point to any one particular arrow and
say, What’s the basis for the evidence, I would
simply have to say that it’s higher on the left, and
it’s lower on the right, and it flows from left to
right.

MRS. vom EIGEN: That’s not the underwater
aquifer that you'’re. talking about?

MR. ALDIS: No, I'm talking about the
aquifer. This is groundwater. All of the
groundwater in South Post definitely goes into the

Nashua River or over here into the North Nashua
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River. Now, before it gets to the Nashua River,
most of it discharges to smaller streams which
themselves discharge to the Nashua. And that we
know as just a matter of physical behavior of water
in the kind of environment. There’s no question
about it, in my mind. That'’s where it goes, it goes
into the surface water on South Post, and that
drains into the Nashua River.

MRS. vom EIGEN: And Spec Pond is a
different entity.

MR. ALDIS: Spec Pond is up here.

MRS. vom EIGEN: And you described that as
a different type of water.

MR. ALDIS: No, I'm not saying that, I'm
saying that Spectacle Pond is full of water which is
generated at and immediately around Spectacle Pond,
and it is not coming off South Post, it isvgoing on
to South Post. As I said, Spectacle Pond could
contaminate South Post, but South Post could not
contaminate Spectacle Pond.

MRS. vom EIGEN: I'm thinking of Spectacle
Pond wells and wondering if there’s an underwater
flow direction that’s different.

MR. ALDIS: No. The water around Spectacle
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Pond is flowing into Spectacle Pond, so it’s the
area immed;ately adjacent to the pond and the pond
itself whicﬁ is supplying those wells.

MRS. vom EIGEN: My last question has to do
with your terminology of "no action." ©Now, I
understand from reading these that the Army is going
to recommend no action, which puts on hold --

MR. ALDIS: What they’re doing is
recommending no clean-up action. What they are
recommending is continued monitoring, which is an
action, if you like, but it’s not a clean-up
action. It’s simply observation.

MRS. vom EIGEN: When you say "no action,"
it doesn’t mean a closure of the whole thing.

MR. ALDIS: It doesn’t mean that nothing is
going to happen in the future; it means that only
monitoring, no clean-up.

MRS. vom EIGEN: My understanding in
perusing the fact sheets was that‘no action might
mean - -

MR. ALDIS: Literally that.

MRS. vom EIGEN: -- literally that, right,
exactly.

MR. ALDIS: That is a little misleading,

DORIS O. WONG ASSOCIATES




10
11
12
13
14
15
16
17
18
19
- 20
21
22
23

24

70

but what it means is that no clean-up action will be
taken, just monitoring.

MRS. vom EIGEN: Thank you very much; it’s
been very informative.

CHAIRMAN CHAMBERS: Okay. I'd like to
close this public hearing. Then I guéss you have
the poster session down here; we could spend a few
more minutes there. If anyone else would like to
say anything for the record, please do.

MR. CHRISTOPH: I would like to thank the
Department of Defense and the other organizations
fbr what I consider to be an openness, a willingness
to talk to us. I appreciate that.

CHAIRMAN CHAMBERS: You’'re welcome.

DR. CRAMER: He stole my thunder.

CHAIRMAN CHAMBERS: One more thing, if I
might add, please. The public comment period is
open to March 1st, so if you would like to submit
any comments in written form, the address is on the
fact sheet and the proposed plan; you have until
March 1st to submit it in writing.

(Whereupon, at 8:40 p.m.

the hearing was concluded)

o

DORIS O. WONG ASSOCIATES




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

I,

71

CERTTITFIOC CATE

Anne H. Bohan, RegisterediDiplomaté

Reporter, do hereby certify that the foregoing

transcript,

Volume I, is a true and accurate

transcription of my stenographic notes taken on

February 21,

19%86.

MKM

An e H Bohan

Registered Diplomate Reporter

DORIS O. WONG ASSOCIATES




RECORD OF DECISION
South Post Impact Area and AOC 41 Groundwater and AOCs 25, 26, & 27

RECORD OF DECISION SUMMARY
SOUTH POST IMPACT AREA AND
AREA OF CONTAMINATION 41 GROUNDWATER AND
AREAS OF CONTAMINATION 25, 26, AND 27
FORT DEVENS, MASSACHUSETTS

APPENDIX E

TABLES

C:\PP_& ROD\DELIVER\SPIA\FINALROD\FROD30.WPD May 30, 1996



9661 ‘0€ A¥y

AdM STTEVIAOWTVNINVIISHIAITIQAOY ¥ ddv:d

¥/0 J0TT - VYN 900°0 - ¥/l g ‘susjnsopuy
$/0 +0TT - VN 0970 - ¥ dejjns uvjinsopuy
SIPPRSIY
¥/0 4000°11 ¥/1 ' 19114 - ¥/l oz
- N b€ $01°Z 0¥9'T oLy'z Vi€ waipos
- UN v/0 SLS'1 08€° 89¢ vy unisseiog
v/0 1081 /0 989 0 8I'E v/E asuvduey
- N vy ¥16 09L° 095°1 vy wnissudepy
/0 1 it $8'1 €Ty L1'T vz pea]
- AN ¥/0 0r9T 881 €11 iy uoJ]
v/0 Qo' /0 608> £L'9 - ¥/l Jaddo
- IN 1214 SHL'T 00Z°9 08b's 1 Zi4 wnpE)y
v/0 009 /0 Tel (AR - ¥/l wngreg
it oLEO
¥/0 ol 224 14X %4 119 4 08¢t ¥/t JMuIsIY
SN
punoadyoeg Jemde] 10) punoadyosg XS0-Z6-NST wnuxe wnujug Kduanbaayg Nspeuy ﬂ.
pu® DOA O€N II1 uotday JO UEPIIXY punoadyoeg uopRRQ
10 32UBPIDXY Jo Aduanbaay e20] aduey
Jo Aouanbaay
(3/30)
I-d'TTIM VIdS d0d
SLINSTA TYOILLATVNY 40 AYVINNNS
131q.L
I -3 938g LT % ‘9T ‘ST OOV PuE 1)BMpuncss [y DOV ¥ By peduy sod yinog

NOISIOAd 40 @I0OT



9661 ‘0t AV

AdM'STTIV.INAOW TVNIAVIISHIAITIAAOY ¥ ddvO

120

$1°0

VN

“IB[TUIIS S8 JJBJINS UBJJNSOPUD JO SINIOIXO], "PISN SBM UBJINSOPUD 3O DN p
¢-01 JO S 130UB3 B INIM P3)BI00SSE DHY -

1 JO Xopul pIezeY J20UBOUOU B }IM PIJBIOOSSE DY 4

191eMm Sun{uLIp Ul pBS] J0J [9AJ] UONOY ,

‘ponodarjoN = YN PozABue JoN = VN Ao

$661 "ou[ Wowuonaug pue A3ojoog :90mog
. ¥/l

uuejolo/M)y

udiQ AMEOA

N

VN

06

sAp0ip

- ¥/l PIo% JlotpIuRXSH

¥z

8

VN

0'ts

)| #/T wepeqyd(jAxayjAyR-7)sig

N

VN

001

. ¥/ JounXoY-[-AE-T __

punoxdyoeg
[l e l: b |
Jo duepRdIY
Jo Louanbaay

Jueade], 10y
DY 111 uojday

punoadyoeg
JO DUEBPIIXY
Jo Kouanbaay

XS0-T6-NST
puncadyoeg

18207]

wnwxey wnwjupy

ey _

Ksuanbasyg uo%_-=<

uopapRQ

(/)
1-a TTIM VIdS ¥0d
SLTINSTH TVOLLATVNY 40 AYVINIAS

19q=L

7 -4 38ug

LT ¥ ‘92 ‘ST SO0V PuB J3)sMpunocld [y DOV % 81y Pedu] jsog ynog

NOISIDAd 40 qHOOTA




RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 PageE-3
Table 2
SUMMARY OF GROUNDWATER ANALYTICAL RESULTS (FILTERED)
AOC 25 -EOD RANGE
(ng/L)
Local Background Concentration Downgradient Wells
Range Range
Detection Detection
;—E—-_Eemicah =Frequency Mini:um Maximum Frequency Minimum Maximum
Metals
Aluminum 0/1 - - 2/9 316 36
Barium 0/1 - - 29 15.3 16.8
Calcium 1 1,850 1,850 9/9 2,280 4,020
Lead 0/1 - - 19 1.41 1.41
Magnesium o1 - - 89 537 71
Manganese 1/1 12.4 124 6/9 V 5.1 35.8
Potassium o1 - . 49 1,190 1,370
Silver 01 - - 19 2.4 244
Sodium 01 - - 4/9 1,950 2,510
Zinc 0/1 - - 1/9 129 129
Source: Ecology and Environment, Inc. 1994.
C:\PP_&_ ROD\DELIVER\SPIA\FINALROD\TABLES.WPD May 30, 1996



RECORD OF DECISION
South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E - 4
- Table 3 .
SUMMARY OF GROUNDWATER ANALYTICAL RESULTS (UNFILTERED)
AOC 25 - EOD RANGE
(ng/L)
Local Background Concentration Downgradient Wells
Range Range
Chemical Detection Detection
Frequency Minimum Maximum Frequency Minimum Maxmimum

Metals -
Aluminium® 33 830 1,690 19/19 390 920,000
Antimony* 073 - - 4/19 3.04 8.12
Arsenic* 03 - - 1119 295 87
Barium* 33 767 13.2* 18/19 5.64 2,440
Beryllium* 03 - - 219 6.27 9.27
Calcium' 33 2.170* 2,750° 18/19 2,780 119,000
Chromium® o3 - . 14119 7.48 1,200
Cobalt* 03 - . 10719 11.4 610
Copper* 03 - - 13119 162 1,200
Iron* n 1,300 2,640° 19119 1,060 1,300,000
Lead" 213 179" 185 15/19 1.52 400
Magnesium' n 693 914 19/19 596 230,000
Manganese* 33 338 68.6* 19/19 153 24,000
Nickel* 03 - - 10/19 25.1 1,900
Pottasium' 213 go1® 1,580% 1719 1,570 104,000
Selenium 13 2.41° 2.41° 0/19 - -
Sodium* 23 1,990 2,110° 16119 1,950 11,100
Vanadium' 013 - - 12119 12.5 1,100
Zinc 03 . - 14119 22.1 3,000
Explosives
2,4,6- o3 - - 1119 1.62 1.62
Trinitrotoluene®
Cyclonite (RDX)" o3 . - 419 0.67 7.88
HMX o3 - - 1119 1.01 1.01
PETN* 073 - - 1/19 89.5 89.5

Source: Ecology and Environment, Inc. 1994

* Selected as a COPC

® Average of field duplicate samples

May 30, 1996
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South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 PageE-§
Table 4
SUMMARY OF GROUNDWATER RESULTS (FILTERED)
AOC 26 - ZULA RANGE
(ng/L)
Local Background Concentration Downgradient Wells
Range Range
Detection Detection
Chemical Frequency Minimum Maximum Frequency Minimum Maximum
Metals
Aluminum 0/1 - - 18 358 358
Arsenic - o/t - - 1/8 5.07 5.07
Barium o/l - - 2/8 5.92 16.4
Calcium 01 1,260 1,260 8/8 656 7,920
Iron o/t - - 2/8 482 65.6
Lead 0/1 - - 1/8 1.74 1.74
Magnesium on - . 38 589 1,080
Manganese 0/1 - - 778 587 62
Potassium o1 - - 2/8 704 1,010
Selenium o/t - . 2/8 1.65° 3.56
Sodium 0/t - - 78 2,070 3,850
Zinc 0/ - . 313 203 76.7
Source: Ecology and Environment, Inc. 1994
* Average of field duplicate samples
CA\PP_&_ROD\DELIVER\SPIAFINALROD\TABLES.WPD May 30, 1996



RECORD OF DECISION
South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E - 6
Table §
SUMMARY OF GROUNDWATER RESULTS (UNFILTERED)
AOC-26 - ZULU RANGE
(ng/L)
Background Well 26M-92-01X Downgradient Well
Range Range
Detection Detection
Chemical Frequency | Minimum Maximum | Frequency Minimum | Maximum

Metals T
Aluminum® n 6,600 6,600 18/18 116* 24,200
Arsenic* 1”1 2.86 2.86 1218 2.88 100
Barium* 11 14 14 16/18 5.56* 95.8
Calcium* 11 1,810 1,810 1818 1,240 18,100
Chromium* 01 - - 6/18 49 26.6
Cobalt* 0/1 - - 2/18 424 448
Copper* 0/1 - - 3/18 772 32
Iron* " 1,600 1,600 18/18 236* 31,300
Lead* 11 14.9 149 12118 1.41 27
Magnesium' 1)1 591 591 18/18 530 4,830
Manganese® 111 429 427 1818 17.8 1,210
Nicke!* 0/1 - - 218 10.7 57.6
Potassium" o - - 1418 1,173 5,470
Selenium® 11 2.11 2.11 118 2.05 2.05
Sodium* o/l - . 16/18 1,900 6,010
Vanadium® o/l - - 2/18 15 249
Zinc* 0/1 - - 1018 993
Explosives
1,3-Dinotrobenzene® 01 - - 2/18 0326 1.65
2,6-Ditrotoluenc* 0/1 . - 318 0.9 5.42
2-Nitrotoluenc* 1 6.02° 6.02° 2/6 10 27
3-Nitrotoluenc® 0/1 - - 1/6 1.86 1.86
4-Amino-2,6- o/t . - 1/6 0.501° 0.501*
dinitrotoluene®
Cyclonite (RDX)* on - . 1018 3.53 390
HMX" 0/1 . - 9/18 235 23

| Nitroglycin® on | - - 1/18 36.7 36.7

May 30, 1996
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RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E-7
Table 5
SUMMARY OF GROUNDWATER RESULTS (UNFILTERED)
AOC-26 - ZULU RANGE
(ug/L)
Background Well 26M-92-01X Downgradient Well
Range Range
Detection : Detection
Chemical Frequency | Minimum | Maximum | Frequency | Minimum | Maximum

PETN® o/t - - 1118 17.4° 17.4*
Semivolatile Organics
Bis(2-ethylexyl)phthalate® . - . 112 5.55° 5.5
Dimethyl phthalate® - - - 112 72 72
Volatile Organics
Acetone i1 18 18 0/12 - -
Carbon disulfide* 0/1 - - 2/12 4.5 22
Carbon tetrachloride’ 0/1 - - 1712 1 1
Other Organics
Buty! Carbiol* - - - 11 8 8
2-Ethyl-1-hexanol* - - - n 20 20
Benzothiazole* - - - 11 4 4
Tetracosane* - - - 171 4 4
Total Petroleum* - - - 2/12 143* 730"
Hydrocarbons -

Source: Ecology and Environment, Inc. 1994

* Selected as a COPC

® Average of field duplicate samples

¢ Attributed to sampling or laboratory error

U Results not confirmed in a second column

C:\PP_&_ROD\DELIVER\SPIAFINALROD\TABLES.WPD May 30, 1996



RECORD OF DECISION
South Post Impact Area & AOC 41 Groundwater and AOC:s 25, 26, & 27 PageE - 8
Table 6
SUMMARY OF GROUNDWATER ANALYTICAL RESULTS (FILTERED)
AOC 27 - HOTEL RANGE
(ng/L)
Background Well
SPM-93-13X Downgradient Wells
Frequency of
Frequency Range Exceedance of
of Frequency Background
Chemical Detection Concentration | of Detection | Minimum | Maximum | Concentration
Metals
Aluminum 11 90.1 517 9.30 723 077
Arsenic 01 - 17 496 4.96 17
Barium on - 17 5.76 6.10 217
Beryllium on - 57 0.087 0.315 51
Calcium in 3,560 " 4,530° 11,400 "
Copper o - 17 3.040 3.045° 17
Iron n 379 47 216 37.35 o7
Magnesium 1 856 mn 1,170 2,580 Y}
Manganese 1n 45.4 " 1.46 74.1 217
Potassium 1n 1,080 67 1,020 2,330 57
Sodium ”n 1,950 " 2,290 10,900 "
Zinc o1 | - 6/7 754 | 112 67
Source: Ecology and Environment, Inc. 1994
* Average of field duplicate samples
May 30, 1996
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RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E-9
Table 7
SUMMARY OF GROUNDWATER ANALYTICAL RESULTS (UNFILTERED)
AOC 27 -HOTEL RANGE
(ug/L)
Background Well
SPM-93-13X Downgradient Wells
Frequency of
Frequency Range Excgedancye of
of Frequency Background
Chemical Detection | Concentration | of Detection | Minimum | Maximum | Concentration I
Metals
Aluminum® ”n 34,000 14/14 148 164,000 3/14
Antimony* i 3.06 3/14 6.92 129 3/14
Arsenic* i 250 11/14 33 300 1/14
Barium* mn 272 14/14 2.62 806 3/14
Beryllium* 1 1.68 6/14 0.123 73 2/14
Calcium* 171 7,820 14/14 4,250° 22,500 9/14
Chromium*® 1 7.7 11114 5.44* 288 3/14
Cobalt* n 106 5/14 5.53* 282 2/14
Copper* i 147 12/14 1.62 553 2/14
Iron* m 66,000 14/14 175 305,000 2/14
Lead* n 88.3 11/14 295 270 3/14
Magnesium* 1 10,300 14/14 1,240 48,300 3/14
Manganese* 1 2,400 14/14 29.6 6,540 314
Nickel* 1 154 8/14 T 522 2/14
Potassium® 171 6,860 14/14 1,050 26,300 6/14
Silver® 0/1 - 1714 1.49 1.49 114
Sodium*® 1/1 2,860 14/14 2,220 11,100 12/14
Vanadium* 1/1 53.7 9/14 3.89* 264 3/14
Zinc' 1 272 14/14 15.1 795 2/14
Explosives
Cyclonite* 0/1 - 12/14 0.967 17.9 12/14
1,3- 0/1 - 2/14 0.288 1.82 2/14
Dinitrobenzene®
_H_=_h_rD{‘ 0/1 - 5/14 0.699 4.74 5/14 Jj
C:\PP__&_ROD\DELIVER\SPIA\FINALROD\TABLES.WPD . May 30, 1996



RECORD OF DECISION
South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 PageE-10
Table 7
SUMMARY OF GROUNDWATER ANALYTICAL RESULTS (UNFILTERED)
AOC 27 -HOTEL RANGE
(ng/L)
Background Well
SPM-93-13X Downgradient Wells
Frequency of
Frequency Range Exceedance of
of Frequency Background
Chemical Detection | Concentration | of Detection | Minimum | Maximum Concentration
Pesticides
detta-BHC* 01 2/6 0.16 0.26 2/6
Other Organic Chemicals
Total Peroleum 01 3/6 350° 3,790 3/6
Hydrocarbons*
Source: Ecology and Environment, Inc. 1994
* Selected as COPC
* Average of duplicate samples
May 30, 1996
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RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25,26, & 27 Page E - 11
Table 8
CHEMICAL SUMMARY REPORT FOR SURFACE WATERS
AOC 25-EOD RANGE
_ wp)

Site ID 25D-92-01X
Field Sample ID WX2501X1
Sample Date 10/26/92

Test Parameter Screening Values
TAL METAL Aluminum N/A 19,600
Arsenic 0.018 ugl 19.4
Barium N/A 40.1
Calcium N/A 2,240
Chromium (total) 1 249
Copper 12 29.7
Iron N/A 27,000
Lead 32 18.8
Magnesium N/A 4350
Manganese N/A 417
Potassium N/A 2,430
Sodium N/A 2,880
Vanadium N/A 247
Zinc 110 65.6
wQP Hardness N/A 10,400
Nitrogen, Kjeldahl Method N/A 2,000
Nitrogen, NO3/NO2 N/A 39.5
Phosphate N/A 590
Total solids N/A 996,000

— T ————
Source: USAEC IRDMIS Level 3/E & E, 1994 - Codes following values indicate data useability. (See key above)

C:\PP_& ROD\DELIVER\SPIA\FINALROD\TABLES.WPD
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RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E - 15
Table 10
SUMMARY OF SURFACE WATER ANALYTICAL RESULTS
AOC 27 - CRANBERRY POND
(ng/L)
Range Local Frequency of
Detection Background Exceedance
Chemical Frequency Minimum Maximum Concentration | of Background |

Metals
Aluminum 89 10.5 274 773 0/9
Barium _ 6 3.1 479 40.1 0/9
Beryllium 29 0.105 0.110 5 0/9
Calcium 99 760 931 20,600 019
Copper 69 121 2.85 8.1 0/9
Iron 99 482 819 1,630 09
Lead* 99 531 182 8.68 219
Magnesium 6" 249 280 3,340 (%]
Mangancse 9/9 721 11.5 357 0/9
Potassium 69 579 797 3,150 0/9
Silver 1 234 234 46 om
Sodium M 854 1,230 36,300 0
Zinc 69 6.02 24.5 33.4 019

Source: Ecology and Environment, Inc. 1994

* Selected as a COPC

C:\PP_& ROD\DELIVER\SPIA\FINALROD\TABLES.WPD May 30, 1996



RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 PageE - 16
i Table 11
CHEMICAL SUMMARY REPORT FOR SURFACE WATERS
AOC 25 - EOD RANGE
— (ugfp)
Site ID | 25D-9201X
Field Sample ID | DX2501X1
Sample Date | 10/26/92

Test Parameter Screening Values

TAL METAL Aluminum 1,000,000 10,500
Arsenic 30 200
Barium 72,000 15.6
Beryllium 3.0 1.89
Calcium N/A 556
Chromium (total) 5,000 159
Cobalt N/A 464
Copper 38,000 143
Iron N/A 24,100
Lead 500 11.0
Magnesium N/A 3,100
Manganese 5,100 291
Nickel 700 186
Potassium N/A 240
Selenium 2,500 0.990
Sodium N/A 171
Vanadium 7,200 133
Zinc 5,000 s5.5

TCL Pest DDT 9.0 0.013

TOC Total Organic Carbon N/A 15,800

[TOC______ ] Total Orpani N— T RIS ALY
Source: USAEC IRDMIS Level 3/E & E, 1994 - Codes following values indicate data useability. (See key above)
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RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 PageE - 23
Table 14
SUMMARY OF SURFICIAL SOIL ANALYTICAL RESULTS
AOC 25 - EOD RANGE (ug/g)
Range Local Frequency of
Detection Background Exceedance of
Chemical Frequency Minimum Maximum Concentration Background

Metals ]
Aluminum* 1/11 5,170° 32,000 18,000 1/11
Antinomy* 1711 274 274 0.5 711
Arsenic 1 5.39 124 19 0/11
Barium® 11/11 10.9 65.4 54 8
Beryllium* /1 0.602 1.85 0.81 2/11
Calcium 4/11 123 301 810 0/11
Chromium® 10/11 5.49 25.6 33 1711
Cobalt* /11 1.87 6.62 4.69 111
Copper* 1111 3.55 54.8 13.5 3/11
Iron* 1/11 5,550 24,200 18,000 1711
Lead® 11/11 3.26 54 48 /11
Magnesium 11/11 476 2,360 5,500 0/11
Manganese* 11/11 93.5 809 380 2711
Mercury* 711 0.082 0.397 0.108 1/11
Nickel* 11/11 5.00 203 14.6 Vi1
Potassium 8/11 194 669 2,400 0/11
Selenium* 117111 0.412 1.74 0.992 2/11
Sodium® 11/11 138 252 234 1711
Vanadium 11/11 5.12 29.1 323 0/11
Zinc' 11111 16.1 92.9 439 3/11
Explosives
Nitrocellulose* 2711 25.8 5550 - -
Nitroglycerin® 111 7.18 7.18 . .
Organics
Total Petroleum -7 31.1 45.2 - -
Hydrocarbons*

* Selected as COPC

Source: Ecology and Environment, Inc. 1994

* Single exeedance is less than 25% greater than the background value. This probably reflects natural variability in soil
and not site related contamination.
¢ Average of field duplicate samples
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—
Table 15
SUMMARY OF RI SURFICIAL SOIL RESULTS
AOC 26 - ZULU RANGE (nug/g)
Range Local Soil Frequency of
Detection Background Exceedance of
Chemical Frequency Minimum Maximum Concentration Background
Metals -
Aluminum 99 5,830 7,780 18,000 09
Antimony* 19 1.19* 119* 0.5 19
Arsenic® 9/9 7.03 20* 19 19
Barium 9/9 13 355 54 0/9
Beryllium* 7 0.588 0.945 0.81 29
Cadmium® 29 1.44 1.99 1.28 2/9
Calcium® 99 146 2520 810 29
Chromium 99 5.95 10.9 33 09
Cobalt ”m 212 425 4.69 09
Copper* 99 532 30.1 12.5 219
Iron 99 5,780 10,600 18,000 0/9
Lead® 99 53 89.5* 48 1/9
Magnesium 9/9 474 1,400 5,500 0/9
Manganese 9/9 55.7 167 380 09
Nickel 9/9 4.25 9.86 14.6 09
Potassium 4/9 348 482 2,400 09
Selenium 9/9 0.421 0.778 0.992 0/9
Sodium 99 164 227 234 09
| Vanadium 99 641 109 323 09
Zinc* 99 18.5 143 439 29
Explosives
Cyclonite* 3ns 0.654 1.1 - -
=HMX‘ 1/15¢ 1.2 1.2 - -
May 30, 1996
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RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E - 25
Table 15
SUMMARY OF RI SURFICIAL SOIL RESULTS
AOC 26 - ZULU RANGE (ug/g)
Range Local Soil Frequency of
Detection Background Exceedance of
Chemical Frequency Minimum Maximum Concentration Background
PCBs
PCB-1254 m;m 0.161* 0.161° - -
Pesticides
p.p-DDE 19 0.032 0.032 . .
{ pp-DDT 3, 0.006* 0.037 . .
Acenaphthylenc® 19 0.064 0.064 . .
Semivolatile Organics
Anthracene* 2 0.055* 0.065 - -
Benzo(a)anthracene* 19 0.29 0.29 . .
Benzo(a)pyrene* 1% 038 0.38 - -
|| Benzo(®)fluoranthene* 1”9 0.31 0.81 - -
Il Benzo(k)fluoranthene® 29 0.15 0.18 . -
“ Chrysenc* 29 0.24 0.5 . .
[ Di-n-butyl-phthalate* 3n 0.085 0.145% - -
Fluoranthene® 29 0.24 0.29 - -
Phenanthrene® 19 0.1 0.1 - -
Pyrenc* 29 0.13 0.26 . .
Volatile Organics
Acetone’ i 0.029 0.029 - .
{| Totuene » 0.001 0.001 - .
l Other Organics
|| Total Petroleum 49 25.1* 342 - -

Source: Ecology and Environment, Inc. 1994

* Selected as a COPC

® Average of field duplicate samples

¢ Single exceedance is less than 25% greater than the background value. This probably reflects natural variability in the
soil and not site-related contamination.

4 Includes six surface soil samples from the SI that were analyzed for explosives only

* Attributed to sampling or laboratory contamination

C:\PP_& ROD\DELIVER\SPIA\FINALROD\TABLES.WPD May 30, 1996
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Table 16 .
SUMMARY OF SI SUBSURFACE SOIL SAMPLES
AOC 26 - ZULU RANGE (ng/g)
Range Local Soil Frequency of
Detection Background Exceedance of
Chemical Frequency Minimum Maximum Concentration Background
Metals B
Aluminum 65/66 3,900 18,000 18,000 0/66
Arsenic® 64/66 43 23 19 1/66
Barium . 64l66 469 27 54 0/66
Beryllium 36/66 0.097 0.269 0.81 0/66
Cadmium 1/66 0.715 0.715 1.28 0/66
Calcium* 64/66 130 1,800 810 10/66
Chromium 48/66 45 29.5 33 0/66
Copper* 64/66 231 41 13.5 7/66
Iron 66/66 260 | 18,000 18,000 0/66
Lead® 58/66 3.14 190 48 4/66
Magnesium® 66/66 940 5,900 5,500 1/66
Manganese 66/66 66 370 380 0/66
Mercury 2/66 0.037 0.046 0.108 0/66
Nickel /66 3.25 103 14.6 0/66
Potassium 66/66 248 1,400 2,400 0/66
Silver* 4/66 0.124 0.61 0.086 /66 ||
Sodium 60/66 55.8 195 234 0/66
Vanadium 66/66 232 263 323 0/66
Zinc* 42/66 10.7 220 439 3/66
Explosives
Cyclonite (RDX)" 6/66 139 38 . -
HMX 2/66 1.29 311 . -
Tetryl* 1/66 2.54 2.54 - .
@
May 30, 1996
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Table 16
SUMMARY OF SI SUBSURFACE SOIL SAMPLES
AOC 26 - ZULU RANGE (ug/p)
Range Local Soil Frequency of
Detection Background Exceedance of
Chemical Frequency Minimum Maximum Concentration Background
k — = S = =

Alpha chlordane* 1/66 0.005 0.005 - -
aipha- 1/66 0.05 0.05 . -
Benzenchexachloride*
beta-Benzenehexachioride* 1/66 0.015 0.015 - -
Heptachlor* 1/66 0.001 0.001 . -
pp-DDT 3/66 0.023 0.173 - -
Semivolatile Organics
2,4-Dimethylphenol® 1/66 1.06 1.06 - -
4-Methyliphenol* 1/66 1.12 1.12 - .
Anthracenc* 1/66 0353 0.353 - .
Bis(2-ethylhexyl)phthalate® 3/66 0.186 0.465 . -
Di-n-butyl phthalate® 2/66 0.495 138 - -
Fluoranthene® 2/66 0.251 0351 - -
Pyrenc* 3/66 0.135 0.239 - -
Volatile Organics
Toluene* 2/66 0.014 0.027 - -

* Selected as a COPC

Source: Ecology and Environment, Inc. 1994

® Single exceedance is less than 25% greater than the background value. This probably reflects natural variability in the
soil and not site-related contamination.
© Attributed to sampling or laboratory contamination

C:\PP_& ROD\DELIVER\SPIAFFINALROD\TABLES.WPD
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; = — L

T 7 Table 17

SUMMARY OF SOIL BORING ANALYTICAL RESULTS
AOC 27 - HOTEL RANGE
(rg/g)
Range Local Frequency of
Detection Background Exceedance of
Chemical Frequency Minimum ‘Maximum Concentration Background

I — =
Aluminum® 22122 1,350° 20,000 18,000 1722
Antinomy* 1122 2.84 2.84 0.5 122
Arsenict 22/22 333 24.0 19 2/22
Barium' 22122 7.04* 106 54 1122
Beryllium® 922 0.584 1.78 0.81 3122
Calcium* 12722 201 1,770 810 a2
Chromium® 2222 299 384 33 2122
Cobalt* 22122 207 60 4.69 15122
Copper® 1222 12,0 314 13.5 10722
Iron* 22/22 2,800 29,600 18,000 2122
Lead 22122 1.59* 24 48 0/22
Magnesium® 20122 791 6,930 5,500 122
Manganese® 22122 5s.6* 525 380 5122
Mercury* 222 0.073 0.163 0.108 122
Nickel* 22122 9.69 29.9 14.6 10122
Potassium" 22122 3.69 5,080 2,400 122
Selenium 722 0.402 0.956 0.992 022
Sodium* 1122 161 360.0 234 2122
Vanadium* 22122 34 41.1 323 1722
Zinc* 22122 7.51 782 439 5122
Volatile Organics

C:\PP_& ROD\DELIVER\SPIAFFINALROD\TABLES.WPD May 30, 1996




RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E - 29
Table 17
SUMMARY OF SOIL BORING ANALYTICAL RESULTS
AOC 27 - HOTEL RANGE
(rg/p)
Range Local Frequency of
Detection Background Exceedance of
Frequency Minimum Maximum Concentration Background
Toluene' - B - - . -
Semivolatile Organics
Di-n-butylphthalate* 1722 14 14 - -
Trichloroflouromethane® 3.22 0.008 0.01 - -
Pesticides
Endosulfanc A* 1722 0.006 0.006 - -
p,p’-DDD* 1722 0.003 0.003 - -
p.p-DDT* 122 0.007 0.007 - .
Other Organic Chemicals
Total Petroleum 822 29.3 75.6 - -
Hydrocarbons*

Source: Ecology and Environment, Inc. 1994

* Selected as COPC

* Single exeedance is less than 30% greater than the background value. This probably reflects natural variability in soil
and not site related contamination.

¢ Average of field duplicate samples

C:\PP_&_ROD\DELIVER\SPIAFINALROD\TABLES.WPD May 30, 1996
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Table 18

CHEMICALS OF POTENTIAL CONCERN
AOC 25 -EOD RANGE

Chemical Surface Soils Subsurface Soils Groundwater

Metals

Aluminum

Magnesium

LR R A R A R R E R R

Manganese

Mercury

Nickel X X

Potassium

Selenium X

Sodium

Vanadium

Zinc X X

Explosives

Nitrocellulose

Nitroglycerin

2,4,6-Trinitrotoluene

Cyclonite (RDX)
PETN

Sl B N

HMX

C:\PP_&_ROD\DELIVER\SPIA\FINALROD\TABLES.WPD May 30, 1996
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Table 18
CHEMICALS OF POTENTIAL CONCERN
AOC25-EOD RANGE
Chemical Surface Soils Subsurface Soils Groundwater

Volatile Organics )

Tetrachioroethene X X

Other Organics

Total petreoluem hydrocarbons X X

— e ——_— — — —
Source: Ecology and Environment, Inc. 1994
Note:  Groundwater COPC selection is based on unfiltered groundwater data.
Key: X = Selected as a COPC for the human health risk assessment
C:\PP_& ROD\DELIVER\SPIAFFINALROD\TABLES.WPD May 30, 1996
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e
—

Table 19

CHEMICALS OF POTENTIAL CONCERN
AOC 26 - ZULU RANGE

Surface Subsurface Surface
Chemical Soil Soil Sediment Water Groundwater
———, .t

Metals :

Aluminum X X X

Antimony X

Barium
Beryllium X
Cadmium

I I I I I I B I I

Magnesium

Manganese

Mercury

Nickel -

Potassium

Y lm X |m

Selenium

Silver X

£
-

Vanadium

Explosives

4-Amino-2,6-
dinitrotuluene

1,3-Dinitrotoluene

2,6-Dinitrotooluene

2-Nitrotoluene

X
3.Nitrotoluene o . .

May 30, 1996
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CHEMICALS OF POTENTIAL CONCERN
AOC 26 - ZULU RANGE

Table 19

Chemical

=

Surface
Seil

2,4,6 Trinitrotoluene

Subsurface
Soil

Sediment

Surface
Water

X

Nitroglycerin

X

Cyclonite (RDX)

X

HMX

Tetryl

PETN

Pesticides/PCBs

PCB 1254

p.p’-DDD

p.p™-DDE

p.p’-DDT

Heptachlor

alpha-Benzene
hexachloride

beta-Benzene
hexachloride

Semivolatile Organics

2,4-Dimethylphenol

4-Methylphenol

Acenaphthylene

Anthracene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Fluoranthene

Phenanthrene

Pyrene

E I I T B - B -

Volatile Organics

C:\PP_&_ROD\DELIVER\SPIA\FINALROD\TABLES.WPD
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Table 19
CHEMICALS OF POTENTIAL CONCERN
AOC 26 - ZULU RANGE
Surface Subsurface Surface
Chemical Soil Soil Sediment Water Groundwater
e N
Ethylbenzene X
1,1,2-Trichloroethane X
Toluene X X
Trichlorofluoromethane
Carbon disulfide
Carbon tetrachloride
Other Organics
Total petroleum X X X
hydrocarbons
Butyl-carbitol X
2-Ethyl-1-hexanol X
Benzothiazole X
Tetracosane — X
Source: Ecology and Environment, Inc., 1994.
Note:  Groundwater COPC selection is based on unfiltered groundwater data.
Key:  E =Elevated above sediment background levels but not soil background levels
X = Selected as a COPC for the human health risk assessment.
May 30, 1996
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Page E - 35

Table 20

CHEMICALS OF POTENTIAL CONCERN
AOC 27 - HOTEL RANGE

Soils

Sediment

Surface
Water

Groundwater

mIX I | X m

b o O O I Y

HAim [ XX [m

Magnesium

Manganese

N Kol I B R O BV [EVR FVRN VIR EVIR BV RV

Mercury

Nickel

B

Potassium

R EREE L

Selenium

Xpm

Silver

Sodium

Vanadium

Zinc

b BE I B

Explosives

Cyclonite (RDX)

>

1,3-Dinitrobenzene

HMX
——

C:\PP_& ROD\DELIVER\SPIA\FINALROD\TABLES.WPD
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Table 20

CHEMICALS OF POTENTIAL CONCERN
AOC 27 - HOTEL RANGE

Surface
Chemical Soils Sediment Water Groundwater

Volatile Organics
Acetone

2-Butanone

Tetrachloroethene

Toluene

Semivolatile Organics
Benzo(b)fluoranthene

Pyrene
Trichlorofluoromethane X

Pesticides

delta-BHC

Endosulfan A X

Methoxychior

p.p"-DDE

p.p’-DDT

E R R R L

p.p’-DDD

Other Organic Chemicals _ i

>
]

Total petroleum X
fLhydrocarbons |
Source: Ecology and Environemnt, Inc. 1994

Note:  Groundwater COPC selection is based on unfiltered groundwater data

Key:  E=Elevated above sediment background levels but not soil background levels.
X = Selected as a COPC for the human health risk assessment.

C:\PP_& ROD\DELIVER\SPIAFINALROD\TABLES.WPD May 30, 1996




RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E - 37
Table 21
RISK FROM USE OF WELL D-1 GROUNDWATER
AOC 41 - UNAUTHORIZED DUMPING SITE (SITE A)
Maximum Carcinogenic Risks
Concentration | Non-carcinogenic
Detected Risks 10 Year Exposure 2 Year Exposure
Analyte (ug/L) | HD Duration | Duration
Arsenic 4.56 1.7x10? 1.3x 10,4 26x107
Barium 212 33x10° - -
Copper 6.73 20x10* - -
Manganese 4.02 8.8x10* - -
Zinc 40.5 1.5x10% - -
Bis(2- 53.0 29x10? 1.2x 107 23x10%
ethylhexyl)phthalate!
Endosulfane Sulfate 0.26 48x10° -
Endosulfane, B 0.006 1.1 x10° -
Chloroform 17 1.9x10* 1.6 x 10° 3.2x 10"
Source: ABB 1996.
' Bis(2-ethylhexyl)phthalate is thought to result from sampling or laboratory error.
May 30, 1996
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Table 22

SUMMARY OF EXCESS CANCER RISKS ASSOCIATED WITH
AOC 25 - EOD RANGE

Receptor
Risk Contribution by
Pathway Case Adult Adolescent Exposure Route*
| — S ——
Worker Soil Contact RME 1.2 x 107 - Soil Ingestion - 76%
Dermal Contact - 24%
Average 33x10" - Particle Inhalation - <1%
Trespasser Soil Contact RME 1.7x10* 4.2x10* Soil Ingestion - 77%
Dermal Contact - 22%
Average 4.8x10° 1.2x10? Particle Inhalation - <1%

Source: Ecology and Environment, Inc. 1994

*RME case for receptor showing greatest risk

Table 23
SUMMARY OF ESTIMATED HAZARD INDICES FOR NONCARCINOGENIC
EFFECTS ASSOCIATED WITH
AOC 25 - EOD RANGE .
Receptor
Risk Contribution by
|l Pathway Case Adult Adolescent Exposure Route*
= — e — ==
Worker Soil Contact® RME 1.1x10° - Soil Ingestion - 71%
Dermal Contact - 28%
Average 3.6x10* - Particle Inhalation - 1%
Trespasser Soil Contact* RME 13x10* 13x10° Soil Ingestion - 74%
Dermal Contact - 23%
Al 4.2 x10* 4.3 x 10* Particle Inhalation - 3%

Source: Ecology and Environment, Inc. 1994

* RME case for receptor showing greatest risk
® Hazard indices for the site worker and adolescent trespasser were calculated using subchronic RfDs.

C:\PP_&_ROD\DELIVER\SPIA\FINALROD\TABLESZ2.WPD May 30, 1996
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Table 24
SUMMARY OF EXCESS CANCER RISKS ASSOCIATED WITH
AOC 26 - ZULU RANGE
Receptor
Risk Contribution by
L Pathway Case Adult | Adolescent Exposure Route®
f Worker Soil Contact RME s3x10* - Soil Ingestion - 78%
Dermal Contact - 21%
Average 1.5x10* - Particle Inhalation - <1%
Trespasser Soil Contact RME 52x10* 1.3x10* Soil Ingestion - 80%
Dermal Contact - 19%
Average 1.4x10* 3.5x10? Particle Inhalation - <1%
Trespasser Sediment RME 13x107 3.1x10°* Sediment Ingestion - 77%
Contact Dermal Contact - 23%
Average 29x10* 7.0x10”
Recreational Fisherman, RME 89x10°* 2.010° ) Fish Consumption - 100%
Fish Consumption
Average 2.1x10* $2x10”

Source: Ecology and Environment, Inc. 1994

*RME case for receptor showing greatest risk

Table 25

SUMMARY OF ESTIMATED HAZARD INDICES FOR
NONCARCINOGENIC EFFECTS ASSOCIATED WITH

AOC 26 - ZULU RANGE
Receptor .
Risk Contribution by
i Pathway Case Adult Adolescent® Exposure Route*
— e ——
Worker Soil Contact RME 32x10° - Soil Ingestion - 38%
Dermal Contact - 62%
Average 7.5x10* - Particle Inhalation - <1%
Trespasser Soil Contact RME 1.0x 10? 1.1x10° Soil Ingestion - 46% I
- Dermal Contact - 54%
Average 23x10* 2.5x10" Particle Inhalation - <1%
Trespasser Sediment RME 1.2x10° 1.4x10° Sediment Ingestion - 70%
Contact Dermal Contact - 30%
Average 34x10* 40x10"
Recreational Fisherman, RME 23x10° 2910° Fish Consumption - 100%
Fish Consumption
Average $.9x10* 7.3 x10*

Source: Ecology and Environment, Inc, 1994

*RME case for receptor showing greatest risk
* Hazard indices for the adolescent trespasser were calculated using subchronic RfDs
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Table 26
SUMMARY OF EXCESS CANCER RISKS ASSOCIATED WITH
AOC 27 - HOTEL RANGE
Receptor
Risk Contribution by
Pathway Case Adult Adolescent Exposure Route’
— — —
Worker Soil Contact RME 29x10* - Soil Ingestion - 71%
Dermal Contact - 22%
Average 2.1x10°* . Particle Inhalation - 7%
Trespasser Soil Contact RME 1.7x10* 4.1x10* Soil Ingestion - 76%
Dermal Contact - 22%
Average 1.2x10* 3.0x10* Particie Inhalation - 2%
Trespasser Sediment RME 1.2x107 2.8x10* Sediment Ingestion - 78%
Contact Dermal Contact - 22%
Average 7.7 x 10° 1.9 x 10”*
Source: Ecology and Environment, Inc. 1994
*RME case for receptor showing greatest risk
II Table 27
SUMMARY OF ESTIMATED HAZARD INDICES FOR
NONCARCINOGENIC EFFECTS ASSOCIATED WITH
AOC 27 - HOTEL RANGE
Receptor
Risk Contribution by
Pathway Case Adult Adolescent Exposure Route*
P e __________ —
Worker Soil Contact® RME 1.9x10? - Soil Ingestion - 63%
Dermal Contact - 19%
Average 1.0x10° - Particle Inhalation - 18%
Trespasser Soil Contact® RME 7.7x10* 7.9 x 10* Soil Ingestion - 76%
Dermal Contact - 19%
Average 4.2 x10* 44x10* Particle Inhalation - 5%
. Trespasser Sediment RME so0x10? 5.9x10° Sediment Ingestion - 59%
Contact® Dermal Contact - 41%
Avergge== 7.9 x 10* 93x10*

Source: Ecology and Environment, Inc. 1994

*RME case for receptor showing greatest risk
» Hazard indices for the site worker and adolescent trespasser were calculated using subchronic RfDs

C:\PP_&_ROD\DELIVER\SPlA\FlNALROD\TABLESZZ.WPD May 30, 1996




9661 ‘0€ AN

AdM TTSTTEVINAOY TVNIAVIISWHIAITAAAOT @ dd\:D

3[qe[ieAB JON = YN  (Aep-83/3wi) oanjea owiafo1 (ool = AYL Iuenonb preze = OH * (Aep-3y/Bw) amsodxo poyeumsg = g A9

$661 ou] “yusuruonaus pue 430j0o7 :90Mmog

01X 811 OIXEY +OI X 90°¢ VN VN 0T XSHT £0°E wi 1T uLSoK[EonIN __
FOLXpST 01X0 101X Z0'] OUX Y] 01X 60'1 81 01 X 65°€ 01x3 01X L8T surz __
01X €9°€ O1X0¢ FOI X T3] WOIX$TE 01X 91 OIXTS (44 OIX0L 01 X 58 Lnasspy _
OH AYL aa OH AdL Ckl OH AdL | s[eopuay)
04 p3y 133pNRy INOIN PIJOOJ-PYA
JONVY dO1 - ST OO0V
ISVD TN
SAIDAAS INIOJANT Y04 SINTLLONO MIVZVH 40 AYVININNS
67398 L
—

9]qe[IeAB JON = YN  (Aup-83/3uw) onjea sowajo1 o0, = AYL Iuononb prezey = O (ep-3xy/Bw) amsodxs pojeumsy = gg Aoy
$661 ou] “usuruonaug pue £30[0oF :90mog
FOIX 40 WOIXEY YOI X bL VN VN O XEYL $0'l Wi 6Ll ULOABONIN _

01X 1878 01X 0P OIXZSE 01X 20§ 01%60°1 OIXLYS OIXPTT 01x8 $6'6 74

01X 98°¢ 01X 0§ SOl X €67 01X 4TS O1X9] +OI X 8€'8 01X L6 01X0L +01 X 8E'] Lnosp

o —
oH AdL | oH AdL 13 OH AdL a3 speaqmay)
xo4 py 19 N0 PAOOF-NYM
JONVE 40T - ST D0V
ISVD NANSOIXT IDOVHIAY
STIDAJS INIOJANT Y04 SINTLLONO QUVZVH 40 AAVININNS
8TiqEL

¥ - Hﬂwah LT .WN .WN SO0V pus 13jeMpunoln) |y DOV ¥ vaay uoan:—_ 3504 yino§

NOISIDId 40 AI0DTA



9661 ‘0€ A¥ QdM TZSTTIVLAOY TVNIAWVIISHIAITAQAOY ¥ ddvO
POIEINOIBD 10U 2I9M SAN[BA ‘AI0Jo1) ‘DJOD BION = DN d]qe[1eAB 10N = VN
(Aep-8>/3ur) on[ea 20wdfa1 QIoIX0] = AYL Wwenonb prezeH = OH (£ep-8y/Bw) amsodxo poypumsg = 4 A5y
$661 "ou] “uawuosaug pue £30j0oF :20mog
O X$8E 01X $TT 01X 08'p »OI X €0'1 w01 X09°1 +OI X 6E°1 ON ON ON 1aq-dd __
0IX0LT V0L XETT VOIXLEE +OI X 08'F WOIX09'1 +01X89°L VOl X €8 +01X00'9 | 01X00° aaag-.dd __
01X EL'S Ol X 0Ly 01X SL'E VN VN O X TV 1484 01 %X09'8 01 X95°¢ uu0ABomN
01 X698 01X$T1 «01X60°1 VN VN 01X 69°¢ ON ON ON XWH
i
xay)
«01X95'¥ 00's 01X 82T VN VN +01X0L'6 ST OIX65T | OIXPED NuoAD
101 X $6'1 00't 01X 6'1 YN VN | O0IXp61 1137 01X00% | (01X081 JVIN[OIORWIN 9T __
+01X89'8 01X 00 we <01 X89°€ 01X 60'1 WOIX10P ON ON ON anz
01 X381 $T9 OIXLTT 01 X I$°T 05’1 01X LLE FeEl 898 01 X91°1 pe]
— e —
OH AdL a3 OH AYL i OH AdL [eury)
NI Juny s 3ujpusig $3)vaqapaA] dpenby
JONVE N'1INZ - 9T D0V
ISVD UNSOIXT TOVHIAVY

SAIDAdS INIOdANT DILVNAOV Y04 SINALLONO GUVZVH 40 AAVININNAS

0€ 3qeL

v - 4 9384

LT ¥ ‘9T ‘ST SO0V Pus .RIEMpunos) fy JOV % By 1edur] )soq ypnos

NOISIDAA 40 AA0DTA




9661 ‘0€ A AdM TTSTTAVLAOYTVNIAWVIASWIIAITIQAOT ¥ dd\v:D

PAIBINOJBD 10U JIIM SIN|BA ‘DI0JAIY ‘DJOD B ION = DN 3[qB[iBAB JON = YN
(£Bp-3>y/3ur) anea S0WJAI AHIOIXOL = AYL Iuanonb preze = DN (£ep-8y/Bw) amsodxs poumsg =g £

¥661 "ou] uowonaug pue £30[00y :30mog

LOLXPST | OUXST1 |  OIXE61 | ,OIXET | OIX06C | c01XL99 OIXO0ET | O1%X06T | ,OIX9LE | ,OIXIlP | 01%X0§T | ,OIXe0l VN VN | 01%$0T 1qa-dd
»ouxses | o01xsz1 | (01XEL9 VN vN | co1xvze VN VN | woixoet | cotxae | oixosT | 01x691 VN vN | o1xisv XNH
oxaqw __
»O1 X961 o5z | ,0lXe68¥ VN vN | orxeez VN VN 14| 131 811 74| VN VN Wl aopAd
LOUXIgs | orxor | 01xzez | L01XUE | .01%601 e O1xssT | 01x60t | o1xzt | 01x961 | 01x008 | o1xsst | o1xtL | 01%00L | 01%XL0€ wz
O1X9T'S sT9 | ,OIX6TE | 01X89 ost | o1xz01 01X E0F os1 | 01xp09 | 01x%g19 o6 | o1xorz | o1xe8z | O1%001 | 01%8T pe]
—
OH A¥L ad OH AdL il OH AML k| OH AML il OH AdL il it o
x0§ Py SEETI) | mosredg soddoysseis) ISNOJ\] P3I00J-NYM uopu)IBaA SN0
HONVH N'INZ - 9T D0V
ASVD NANSOdXT IDVIIAY
STIDAAS INIOdANT TVIILSTIYAL ¥OA SINTILONO QUVZVH 40 ANVININS
[ CLAN
— —
£y - 4 338g LT ¥ ‘97 ‘ST DOV Pus Jdjempunocld [y DOV ¥ 834y edui] )sog yinog

NOISIDAd 40 MA0OTH




9661 ‘0€ A2 AdM ZISTTEVLAOY TVNIAVIISHIAITIAAOY ¥ dd\O
P2IB[NOIBO 10U AI9M SIN[BA DI0JOIO) ‘DJOD BION =IN  2]qe[IBAB 10N = VN
(Asp-B>y/8ur) anjeA 20WIdJI ANOIXO], = AL Iuononb prezey = OH (Aep-8y/Bur) amsodxs payeumsg =g Aoy
$661 "ou] yusuruonauyg pus £30[ooF :20mog
+OUXPTE 01 XSTT 0L XS0F LOLX898 | L0l%X091 YOI X6E 1 ON ON oN 1dq-dd
H01%X98' W01 XSTL OIXEET OLXZEE 01 %091 FOLXIES YOI XEES 01 X009 5001 X 00§ aag-4dd
+OLX0S°E Ol X0EY L1 X0§° VN VN 01 X0L1 01%99°7 01098 OLXErl w04 BaniN
AL %55 O1XSTT OLXP69 VN VN Ol X9ET ON oN ON XWH
XD
01 X0 00°s OLXEST VN VN 601 01X 68t DI%65T 01 %68 WuojoAD
XS 00l OLXSPL VN VN 01X9L1 01 XSE°E 01X00% OUXSEL suanjoronmuLn 9T
01 XLLE 01X00% OIX1§T +01X091 DUX60'1 LA oN oN oN anz
| WOLXEPT §T9 0IX$6'8 0L X061 o5l 01X 68T 01Xzl ] DLX901 aid|
[ OH AYL CE] oH[  AuL ad OH AYL ad ZTR)
U qung s dutpuelg sajeaqaiasu] oppenby
FONVE N1INZ - 9T D0V
ISVO TN
SAIDAdS INIOdANE DILVNOV HO0d SINTILONO QU VZVH 40 AYVIWIAS
€AqelL
by - A 93ed

LT 97 ‘ST SDOV PUB JjeMpunoin [y DOV ¥ 81y )eduw] )sod yinos
NOISIDAQ 40 AI0DTA




9661 ‘0€ Aey

AdM ZZSTTEVLAOYTVNIAVIISWAAITIQAOE ¥ ddvO

PAIB[NOJBD J0U 2UOM SIN[BA DI0JOIAP ‘DJOD BION =N 9[qe|ieAe 10N = VN
(Aep-8y/3w) anjeA 20UI5ja1 )IOIXO] = AYL uononb prezeH = OH (Aep-33/Bw) amsodxa pajeumsy = g4

Aoy

$661 ou] quauwuonaug pus £3ojooyg ”oﬁ,zom

OIX0ET [ ©O1XSTL | ,0lX€91 OUXPET [ 01%X06Z | ,01X€95 | cOIX601 OIX06T [ (OIXLIE | OIXibE | OI%0ST | ,01X§98 VN VN | OIXeLl 1aq-dd
solxeve | orxszr | ,o1xoev VN vN | o1xe0t VN VN | oixzey | 01x057T 801 VN VN e XNH
xXaw

01 X607 0T | 01X20°1 VN VN vy VN VN | o1xs97 | 01xezT sUL | 01x€9T VN VN | Otxos€ auopiy
Olxzsz | 01xo0r | 01X101 oLxLet | oixeol |o01xert | 01xp89 O1x60t | otxsyr | ,o1xos8 | ot1x008 | ,01%089 vie | otxooL | o1x0zZ onz
LOIX6b'E sT9 | o1x1T OLXTSY os1 | .orxae 19t sl 00y | O1xe0t 06E 09l 061 | ©ix001 ] H1%061 vl
OH AdL k| OH AllL 1 OH AL 13 OH AdL k| OH AdL i L g 1O

X0 pay IRPINI moszedg saddoyssean ISNOIA] P3I0OJ-NYM Uo}¥3IT A SN0EGIIY
IONVH N'INZ - 9T D0V
ASVO I
SAIDAAS INIOJANT TVIILLSTHHAL Y04 SINTLLONO QUVZVH 40 AMVININNS
£€-9IqeL
Sy - A 938q LT % ‘9T ‘ST SOV Pus 13)8Mpuncts [y DOV ¥ vy deduy )soq yynog

NOISIDAd 40 MI0OTA



9661 ‘0€ A6\

QdM ZZSTIEVLAOA TVNIIVIISWIAITIQAOY ¥ ddvO

PAIBINO[BO 10U 2I0M SINJBA 2I0J21Y) ‘DJOD BION =N  9]qB[1BAB 10N = VN
(Avp-33/3ur) onjsA 20uIaja1 AIOTXO] = AYL Iuanonb prezel = OH  (Aep-8yBwr) amsodxo pajpumsg =gg 4oy

$661 "ou] quowonAug pue £30]ooy :30mog

1 | am ]

OIX 148 06'9 vOIX 18§ VN VN 01 X 69 $0'2 01X 00y 0IX078 UIN|OIONIUIP-9'T-OUTIE-

0IXTEL %'l 01X LT »01 X 891 01 X9€E 01X $9°g W01 X €8°S 0IX0SE W0IX$0T _s__u_z

O1X8LL 01X 001 FOTX8LL 01X 156 01X 0p9 01 X 609 101 X 98'Z +01 X069 WOIXL6'T Aol

ON ON ON ON ON ON 01 X566 (1/8v) 898 (1831) 93 (3919m Jegans) peay

OIXEL] $T9 01X $0L 01XZ8L 00'9 01 X 69 01 X €0'L D1 X0I'E DIX8I'T (512 unpas) pear]

OEX LS 01 X 00°E 01X 0L 1z 01 X0T'1 W1 X$p'l (i 01X 00L Q1X$0° 1sddo)

YOI X 179 09T O X 19] VN VN W01 X96L WOIXLEE 00°€ 101 . Avownury
OH TANL T OH AUL T ad | ey |

uooney ong prefie Al suiqapidau] oppenby
HONVYH TALOH - LT DOV
HSYD TANSO4XT ADVHIAYV
SAIDALS INIOJANT DLLVNAOYV 04 SINTLLONO UAVZVH 40 AYVININNS
peNqeL
9% - A 9384

LT % ‘9T ‘ST SDOV PuE J3smpunoly) Iy DOV % 8y jdedui] )sog yinog
NOISIDId 40 MI0OOM




9661 ‘0€ A\

AdMTISTTEVMAOY TYNIAVIASWHIAITIQAOT ¥ ddvD

PIIBINO[ED 10U 21aM SAN[BA ‘210J3101) ‘DJOD BION = ON  |GE|IBAB 10N = VN

(Aep-8>/3ur) anfea oowIo)e1 AIoTXO], = AL woanonb pezeH =D  (Asp-8/3ur) amsodxo parewnsy = 99 H.C) |
$661 'ou] Jusurionauy pus £30[0d7 :90mog
—CUED) (1)
~O1X85'] 08’9 D1 XL0°1 VN VN Wi xoL 744 101 X00'p DLX69'1 UIN[CRORIUTP-9'Z-OUmR-
01 X501 %'l 01X49] »O1 X 0ZP 01 X9E'E 01X 1p'] o'l 101%0§°E 01 X60's PRIN
01 X¢8'§ +01% 0071 P01 XSBS 01X 2TS <01 X0p'9 Ol XPEE s 101 X06'9 801 Amouapy
(18n) (18v)
ON ON ON ON ON ON oIz 101 X898 0178 (131 20wpns) pra
01 X189 $T9 01X 8T 101 X£0'S 009 01 X20°€ 1434 OLX01'E OUx0p'1 (suaunpas) pea
OIxug 01 %00°€ 01X €97 996 01 X0z o'l 01%0Z1 01 X00'L Ol X6€8 nddop
YOI XSEB 097 OIXL1T VN VN Ol XopY ol 00€ 65s Auoumury
e ————— "% E - ———
OH AdL i OH AdL i | OH AdL k| [=juRy)
uooddBy Nonq preje N §3jv1qaraAu] opjenby
JONVY TALOH - LT OOV
asvO I
SAIDA4S INIOJANT DILVNOV 04 SINILLOND AUVZVH 10 AUVHNNS
SEdqeL
Ly - 33eq LT ® 97 ‘ST SDOV PuE 12j8Mpunoisy Iy HOvV % BAIY Joedui] 3s0g Yinog

NOISIDHEa 40 QMOU%




9661 ‘0€ Aey

AdMIETTEV.IVY

e ——
X[ x X X |XIxTx 3 XI10-Z6-WIp Jampunoln FET ISS
X x |x]x|x Xil-g6-dip Iaep d0u)Ing oM IsS
X X x| x|x Xol-¢6-aiv JJep 9ovpNg TN Iss
X X |X| x|x Xi1-g6-Qiy Wwoulpag itos Iss
X X Ix]x|[x X01-€6-Qlp Wwawpag jtos Iss
X X Ix]x|x X60-€6- 1 wawIpsg lios Iss |
X X x| x|x X80-€6-1p WIWIPIg Jiog Iss
X X Ix|x{x XL0-€6-A1¥ Wouwpag jlos ISS
X X X [xIx1x X90-26-aiy Jiog 23vping lios IS
X X X |x]x|x XS0-26-alp Jlos sovjng jtos Is
X X X Ix]x|x Xv0-16-dit llos 308jung lios Is
X X X x| x|x X£0-26-d ¥ lios sovpng jlos IS
X X X x| x|x X90-26-S1¥ Jtos 9oepng llos IS
X X X x| x|x X$0-26-S1# Jiog 2ovjIng ltos IS
X X X Ix]x|x Xp0-26-STp Jiog 93vjing ltos IS
X X X IxX]x|x X£0-26-Sip jlog s2uing ltos IS
X X X x| x|x X20-26-Stp llog 9ouping Jtos Is
X X X |x]x|x X10-26-S1¥ Jios 20vjing Jlos Is
X 8792 X10-26-WI¥ Jios lios Is
X|x|x X X X x| x|x 4 X10-26-NIp Jopmpunoln LT is
XIx|x X X |x]x}|x 1 X10-T6-Wib Jopmpunaip em Is
x| x X X |Ix X 1 X90-76-d1¥ e dwng M IS
X|x X X |x X i X$0-26-alp Jaep dwng oM IS
X|x X x |x X 1 Xp0-z6-alp Joep dung EELITY IS
x| x X x |x X | X£0-26-Q1p I dwng REILYTY I
X|x X X |x X X20-26-Alp wawpag jios IS
X{x X X |x X X10-z6-aly wawipag jtos Is
X X X X |x X X20-26-Qly Iep sowng Jomm Is
L Pl Ix] | x X X |x X X10-26-Aip Iayep 90u)Ing ELTY IS i
4 |4 [ X [VISI4d DT T4 d 8 -TV-dTVYIVT annou HLddd dl NOLLVYO1dXd WNIGIN XINLVIN INIAT |
1 Oo| 3 |/|six]|of va H|1[|sd]eoex|/]lo}0O atad
! 1|1 Plajali] nu d|lo2]jro]|] 10 ld]laAlaA
J H| g ov lL]L|PN N S
H o] M 1 |
d .
1L
TYIILATYNY aTaLd SASATYNY ‘TIVd -AHOLVIOHY'1 ALIS-440
SUALINVIVI
(v ALIS) YA¥V HNIJNNG GIZROHLNAVND - IF D0V
NVHUD0Ud TYIILATYNY 4O AMVINIANS
9¢ IqeL
8y - 4 38 LT ¥ ‘97 ‘ST OOV pus RPrMpunotd) [y HOV ¥ saly )edulj 3sog yInog

NOISIDId 40 @I0JOTA




9661 ‘0f A AdM 9 TaV.INY
X1 X T ] T =T TeYs | 9y s o ™
x | x 1$-9¢ 1IpVS 398ny"s nem N
X | x $T-61 o11pVS niny§ oem N
X | x 1£-9¢ 601pVS n3y’s M 2|
X | x ¥T-61 801PVS 18ay’s 0IM 1§
X | x ot-S¢ LOIPYS 380y § em N
X | x i a 9I$VS 18y M N
X | X St-0F SOIFYS 1n8ay’§ M N
X | x wLE POIPVS 18ny"g RO It
X|x wLe £0IPVS 18ny"s wem )t
X | X 9%-iv W0IPYS ninys oM b |
X | X £r-8¢ 101$VS 18ny"s eM N
X LS XS0-€6-WI1¥ 3 ylos Iss __
x| x X X x| x|x 2 XS0-€6- 1Y JEMpUNCIn ELTT Iss
x|x X X x| x]x £ XS0-€6-WI¥ InEmpuncin M ISS
X LS XPO-£6-WIiv Ios Jtos ISS
X|x X X x| x|[x ¥ XPO-£6-Wiv Ioempunoln Iem Iss
X|x X x |x] x|x € XP0-€6-Wiv Impuncin M Iss
x|x X x| x|x Ly-sb X£0-£6-WIp Jos jios ISS
X|x X x |x] x |x 4 X£0-€6-WIv Jojempunaip ELL TN ISS
xX|x X X IxX]x|x £ X€0-€6-Wip Ianempunoin Jnem ISS
X|x X |x] x|x TE-0¢ 420-€6-NIY ltos Jiog < ISS
X X |x]x|x 9 420-€6-NIY Itos llos ISS
X X x| x|x T 420-€6-NI¥ Ttos jlos ISS
X|x X X Ixix|x 2 470-£6-NIY Iempunoin E2LJY ISS
Xix X x |xlx|{x € 420-€6-NIp J3eMpUnoIn ey - IsS
x| x X X Jx| x|x 4 VI0-€6-NIp Jempuncin e Iss
x| x X X x| x|x € Y0-€6-Nip Jaempunoln mem IsS
L LIxix] ] X X x| x Ix 12 X10-26-Wiv 13iMpuncIn 3eM ISS
¥ [d[XV[S[L[D] TH D[Jd][S - [T-[d]V[VY] aNnOH HLd3d a1 NOILVYO1dX3d WNIGAN XMLV INJIAT
1 o|al|/|s|x]|o] va H]1]|sy|joed}j/{o]oO _ a1au
1 1|11 |ojlajale] na d|lo]ro]ro ldlAlfa
) H| g ov L{l]|]PN N S
H 2 M 1 1
d
1
TYILLATYNY Q1314 SISA'TYNY TVd -A40LVHO4Y'1 JLIS-440
SYALIANVHEVd
(V ALIS) VAYV ONIJANG GAZTHOHLNVNA - TF JOV
WVED0Ud TYIILATYNY 4O AYVIWINNS
9¢ Aq8L
6¥ - 4 93eq LT % ‘97 ‘ST SDOV PUB JJBMPUNOLS) [ DOV ¥ BAIY Jdedul] )0 yInos

NOISIDId 40 MI0OM




9661 ‘O¢ AsW AdM eI TV IV
X X X X [x 6 X90-b6-A1¥ Jios lios L]
X X X X | x £ X90-6-A1¥ ftos Jios |
X X | x X x| x X X | x ol XSO-v6-F1¥ fos llos It
X X | x X X | x X X |x S Xs0-v6-a1¥ llos {los ]
X X | x X XX X X X £ XS0-v6-31¥ Jios Jios it|
X X | x X X | x X X |x £ Xp0-v6-31¥ jios Hos It
X X | x X x| x X X |x I X+0-6-31¥ liog Jios it
X X | X X X! x X X | X 1 XE0-+6-21¥ lios jlos i
X x | x X X | x X X Ix 4 Xeo-v6-A1¥ jtos Jios N
X X | x X x{x X X X 6 Xt0-v6-A1¥ Jios lios It
X X | x X X | x X X |x r4 Xi0+v6-31¥ . ltos Jios it |
X X | x X X {Xx X X |x ol X10-v6-31¥ llog Hos N
X X | X X X | x X X | x 4 XI10-v6-31¥ ltos Jos N
X X | x X x| x X X |x 4 X10-v6-31¥ Jios Jios it
X X | x SLoL £TIPVS »iny’s EELTEN It |
x| x oL-$9 €TIPYS 180y mem It
X | X $9-09 £LIPVS ndnys FETLTN It]
X | X 09-S§ €TIPVS 198ny’S ELLT 10|
X | X §5-0§ £TIPYS 198ny"§ e it
X | x 8I-€1 TIPVS iy’ oem It
X | X ¥T-61 121pVS 13y § ELLT™ n
X | X €8¢ oTIPYS 18y’ em ¢
X | x 0S-S¥ 61IpVS 180y S ELTYY It]
X | X 6THT s1IbVS 18ny§ wem N
X | x 0s-s¥ LIIPYS 380y e it
X | x Srof 91IpVS 180y em It
X | x 0£-5¢ SLIpVYS 38ny”s INEM it
X | x 6ty PiIPVS 13y LT it |
x Ix P11 ] | _ _ 114 E11pYs 398ny”s 32 L}
¥ XX VISIdID] TY [D[d]°f [TV - d[V[V] annod | Higaa a1 NOILYHO'1dXd WNIGIN XLV | IN3AZ
| (1] 4 j/iSiX|o va H|T|s¥d4]|°Y4}/{1]01]0 aid
/ 1] 41 joJlrjajir] nua dlo]Jrvojrold]laAla
"] H|g ov Llir]pN N S
H o) M 1 1
d
1
TYDILATYNY ATd1d SASATYNY TVd -AH0LVIOEVT ALIS-440
SUALTNVIVd
(v 31IS) vadV ONIJWNA GIZINOHLAVNA - I¥ D0V
WVE90Ud TVILLATYNY 40 AYVINNNS
9¢ 31q8,
0s-1 omam LT ® 97 ‘ST SDOV PuB J_djsMpunoln [y HOV ¥ By sdui] )sod yinos

NOISIODId 40 MI0OT




9661 ‘0€ A8

AdM 9t TaVINY
X X X X X | X 9 ~ VS0-v6-NIb Jumpunoln | SOM ™
X X X X X |x s V80+6-WIi¥ 3empunoIn M T
X X X X X | x 9 XLO-b6-WIY 3mempunoin FELIY Nl
X X X X X | x s XLO-b6-WIY 3empuncin ey 1
X X X X x | x 9 X90-¥6- Wi 13empunoin PRI N
X X X X X | x § X90-b6-WI¥ Jompuncin FELIY vl
X X X X X | x 9 aE0v6-WI 39empunoin em I~
X X X X X|X S ac0-#6-WN1¥ JRMpUNCID oem It
X X X p'e X |x 9 XS0-£6-Wip 39jempunoIn Jem N
X X X X XX S XS0-€6- Wit 19)BMpUNCID FETTTYN e
X X X X X |x 9 Xp0-£6- WP apempunoin FELTY bl
X p'e X X x | x s XPO-£6- NIt 3apempuncin SR bl
X X X X X | x 9 XE0-£6-WI¥ a9jempunoin m R~
X X X p'e X |x s XEO-E6-WIY 39)wmpunoin PN N
X X X p'e x | x 9 L6 WIP 3EmpuncIn FELTY T
X X X p'e X |x s OT0-¢6- NI aaempunoin FELIY r|
X X X X x | x 9 70-€6- NI 3nempunon wm N
X X X X x | x $ 420-€6-Wi¥p 39Empuncin M ™
X X X p'e x |x 9 VI0-£6- NIV 39Empuncin FELIY N
X X X p'e x | x s Y0-£6- WY 39EmpunoIn FELIN N
X X X X x |x 9 X1026-WI¥ 3mpunon em ~
X X X X x | x s X10-26-WI¥ 39pempuncip mm N
X X X x | x 6 X60-¥6-H1p j1os ltos n
X X X x | x b X60-b6-A1p 10§ llos n
X X X X |x u X80-v6-A1¥ 1tos los |
X X X X |x ol X80-v6-d1¥ jtos jtos N
X X X X |x b X80+6-d1¥ 1os los n
X X X x | x o1 XLO-$6-T1p 110§ jlos N
2d X X x | x b XLO-b6-31p 110§ flos N
Y Y XIVISId D] EARER T - VY] annod | Hidad a1 NOILVYO'1dXd WNIGIN XIMLVWN | INdAd
1 o|a ol va [u|1|sulou|/]o]o a1
! 1| 4 1l na |d]o]|ro]ro0 AlA
) H| g ov |1}|1]|PN N S
H o) M 1 I
d
1
TYJILATTYNY @' 1d1d SASATYNV ‘1vd -AYOLVEOHV'T ALIS-410
SUALANVEVI
(V A11S) vauv ONIJINNG GIZROHLAVNA - 1¥ D0V
AYED0Ud ‘TYIILATYNY 40 ANYIWIANS
9¢ 2JqeL
IS - 3 938q LT ® ‘97 ‘ST OOV Pus J13)mMpuncis [y HOV % b1y jedu jsod yinos

NOISIDAd 40 40D




9661 ‘0€ Aey

AdM 9ETTAV.IVY
oX | =3 20-SL 3qoig L 0T ]
X 1Z7-61 10-SL sqoud L LLD) b
X SI-€l 10-SL 9qoud L e N
28 £l-11 10-SL aqoig L e It |
»X 11-6 10-SL aqoid L, svp It |
X 6L 10-S1L %qoid L 80 It |
*X LS 10-SL aqoy"L 11> it'|
X X1 X XSO-v6-Wiv IBEMpUn0In e N
X XX Xp0b6- Wi Jaempunoln aepm It
X XX XEO¥6-WIP BpmpunIn EULTIY vl
X XX 220-46- Wiy 3pempuncan EELIY It
X X 1X VIO WIY 13pmpuncIn EULT'Y b}
X X|x X10v6-WI¥ 19jempuncipn aem It
X X X X X | x 9 Xb1-v6-Wip Jaempunain EULIYY it}
X X X X X |x s Xpl-+6-WIY Jempuncsn M It
X X X X X |x 9 XEI¥6-WIF Jsempuncin FULTYY it |
X X X X X | x S XEI+6-WIF JaiempunoIn EOLTYY n
X X X X X |x 9 XTI46-WI¥ 3aempunolp EULIYY It}
X X X X X |x s XTI+6-WIp JBMPUNOID EULITY It |
X X X X X |x 9 X11-b6-WIy IRmpunaln EULIYY it
X X X X X |x s X1-¥6-WIy 3sEmpunaln e It
X X X X X |X 9 X0I-b6-NI¥ Jarmpunaln e b |
X X X X X |Xx S X01-¥6-NIip Jpmpunoln FEITVN b ]
X X X X X |x 9 460-v6- NIt Jempunoln EULIYY N
x| X X X X | x S d460¥6- Wiy IeMpUNOIn wem It
X X X X X |X 9 Y60-¥6-Nip Jempunoln M d
X X X X X1X s Y60-+6-NI1p Jaempunoln FEILTYY It
X X X X X | x 9 430-r6-Nip JPMpUncIn M N
1 x X X X | x § 480-v6-N1p 33_MpUNOIn M it
— d |9 X [V[S[d D[ T¥ [D[d[° [T [d[V]|V| annow [ nidaa aI NOLLYY¥O1dX3 WNIGIN XIHLYW INIAY
1 o|a sixfjo] va H]|T1|sd|od}|/]l0]o0 : ligicit]
/ 1|1 Ljaji]| n1 djo]ro}ro|d]lala
") H | g Ov |12 |PN N S
H ) M 1 1
d
L
TYILLATYNY Q1311 SISATVNY ‘IVd -AYO1LVHO4AVT ALIS-410
SUALINVUVd
(v JLIS) VAUY ONIJANG GIZNMOHLAVNA - 1¥ D0V
WVED0Ud TYILLATVNY 40 AMVININNS
9¢ diqel,
1S - 4 33eq LT % ‘97 ‘ST SO0V Pus 1)8Mpunoss [y JOV » a1y pedu 1sod yinos

NOISIDHd 40 @I0DOTd




9661 ‘0€ Ay AdM 9ETTAVINY

e —

»X T T ~ . S0-SL oqoag I, Jios T
X 43113 S0-SL aqoid L Jtos N
X LE-SE $0-S.L sqoud L jios i} |
X T€-0¢ #0-SL sqoud L llos It
X $T-€C $0-SL oqoud L ltos It'|
X 0Z-81 #0-SL sqoud L Hos N
X LE-SE £0-SL oqoiy L lios n
X 7€-0¢ £0-SL 9qoud L lios 1’
X LE-SE 20-SL oqoid L liog It
X 43113 0-SL sqoid L liog b
X LE-SE . 10SL sqod L Jtos N
X T£-0¢ 10-SL oqoug L los bt
X STET 10-SL 9qod L ltos N
X 0z-81 10-SL %qoid L Jos b |
X LS £I-SL aqoid L 17) It
X LS £1-SL sqoi4" L 11D N
X LS Ti-sL 9qoag L LL0) n
X LS 11-SL %qoid L sen D'
X LS 01-sL aqoid L 1) 2
X LS 60-S1L sqoug L L00)) b
X Ls 80-S1L aqoid L LL0) ¢
X LS L0-SL sqoid L 3] It|
X LS 90-SL aqoug "L LL0)) 1|
X Ls SO-SL oqoud L e It |
X (42114 $0-SL 9qoid "L se N
X Li-§1 $0-S1 oL, 110) It
X T1-ol $0-SL %qoud g, 3] n
X LS ¥0-SL oqoid L LL0)) 1]
X | ] Ls £0-SL aqoyd L 8D L

¥ [T [X[V TH [D[d]F: "IV V] annow | Hidad | aiNoLveoaxa | rmga XIULVN | IN3Ad ]|

I ojal/slsix|o] va Hi1]sd]oud]|/]lo]o a1aud

/ T{ 1 {olrjaljr] na1 did|ro] rola|lala

o) H |4 Ov L]Il}|PN N S

H o) M | |

d

1

TYOLLATYNY Q1314 SESATYNY '1Ivd -A40LVHOEV 4115440
SYALINVUVd
(V 4LIS) vAuY ONIJWNa G3AZIYOHLAVNN - Iy DOV
WYVID0Ud TVILLATYNY 4O AMVIWIANS
9¢ 91qe] _
€ -1 omam LT ® ‘9T ‘ST OOV pue dBMpunosn) 1y OV » b1y eduy Jsoq yynog

NOISIDAQ 40 GﬁOUﬁ




9661 ‘0 ABI

AdM9edTdV IV
| X | X = o T qcOv6 NIy . | Susoas fios ™
| X1 X T q4£0-v6-NiY Suuog's jlos n
| x | x (A g4e0v6-NIY Buyog's Jtos It

x| x (o de0v6- NI 8uueg's ltos 1]
X | x T ag£0-v6-Niv 8uuog's ltos it |
X | x T 4e£0-b6- Wi 8uuog's ltos |
X | x T 4£0-v6-WIb 8upog's ltog N
x| x T 4£0-v6- Wi 8uuog's lios N
X | X T ae0-v6- Wiy 8uuog-s jlos N
X | x T de0-v6-NIY Zuuog's llos | .|
X | X T a4£0-v6- NIy Suuog's Jios N
X | x (e ae0+6-Nip 8uuog's jtos b
X | x T ae0v6-NIY 8uuog-'s fios N
X T 91-SL sqod "L Jios o'
X T 9I-SL ’qoid L Jtos N
X (A SI-SL sqoiy L Jios N
X (4 Si-sL sqoid" L j1os 1|
X Al p1-SL °qoid L Jtos b
«X (4 ¥1-SL 9qoud L Jtos b
X T TI-SL aqoid L lios o'
X T TI-SL 9qoud L Jios It
X T 11-sL 9qoiy L Jos ot |
X T 11-sL sqoid "L 1o jt|
X T 01-SL aqoyd L flos It'|
X T 01-SL sqoug L Jios It
X [ LO-SL aqoig L flo§ It |
X T LO-SL aqoig L jlog It
X T 90-SL aqoid L Jtos It
ox 1 111 | | L e _T 90-SL 3q0id L os bl
¥ U [ XVR[d[D] T¥ [D[dF [T - VIV auos 1 nidaa aI NOLLYHO'1dX3 WNIGIN XLV | INFAd

I ola}/ls|xjo] va H|T]|su]ou|/]Oo}]O . anau

/ 1714 jojelali] na d|o2]ro] r0]d] A A

) H| 4 ov LlLl]|PN N S

H o) M I 1

d

1

TYILLATVNY Q1311 SASATVNY ‘TVd -A4OLVIOHY1 ALIS-LI0
SYILINVEVI
(V 4LIS) VIIV ONIJWNG GIZROHLAYNN - 1y D0V
AVEO0Ud TVIILATYNY 40 AUVINNNS
9¢ dqeL
¥s-d owam LT ¥ ‘97 ‘ST SDOV PUs J1)Mpunols) iy DOV % sa1y Jeduij 3504 ynos

NOISIDId 10 @IO0DTA



9661 ‘0€ AV AdM T TV NAOY TVNIDVIISWYIAITIAAOT ¥ dd\:D

Ajuo FOL ‘VOA-T'1-2 ‘VOQ-T'1-) SOOA PIIBULIOND YL =y X

£nawojoydonseds persju] £q suoqreoospAH winijondd [810L=YI/OHdL

2INP3a201g ABYOBIT SONSLIORIBY) KIIXOL =dTOL

$D0A PAIBULOD =YOTHO

souaAX-0/d/ N ‘uazusqApe‘susnio |, ‘ouozuag = X Lg

uodonIN [eyplafy w101 ueSoniN se SN ‘oreydsoyq ‘Anureiy ‘oreyms =TvND YALVM
su0qied0IpAH WnijoxRd [}I0L=DHdL

SPHOS PRA[OSSI(] [B10L = SAL

spljos papuadsng [B0L = SSI,
saalsojdxg = X3
uoqte) druedIQ 810, = DOL
sonuediou] = *Siou]
$40d/epiolised = d/d
siskjpuy  o1medIQ S[NBJOANUISS = VOAS
sisA[euy o1e3iQ S[NBIOA = VOA

:S9JON

9661 “OU] ‘590IAISS [BUSIUOIIAUZ GgY :0In0§

X T XvI-v6-WIb Buuog's Jios ™
X I- XEI-+6-NIp Suuog's jlos i
X Al XT1-¥6-NI¥ 3uuog's Jlos Rt
X T XI1-46-WIp Buuog's ftos T
X (A X0I+6-Nip 8uuog's Tios bl
X T 460-+6-NIp 8uuog's jlos N
X A V60-v6-NIY Buog's Jtos It
X T a80-¥6-W1p Buuog's jlos n
X A . V8Ob6-WIY Buuog's jtos It
] 11X (4 _ XLO+6-NIb 3uuog's llog L
T ¥ [T [ XV[dD] T8 [ T[T - T VIv aNNOY | HIJ3d | aINOILVNO1dX3 WNIGIW XIULYW | IN3IAZ |
I O |alj/is|ix]o|] va |Juf{1|suloul/lol]o . figiciki
/ T|L jojejaje|] ni Ja|2)ro] r0lalala
o) H| g Ov |1|1]PN N S
H ) M 1 1
d
L
TYOLLATVNY Q'TdId SASX’IVNY ‘TVd -AHOLVHOAVT ALIS-140
SHALINVUVd
(v ALIS) VANV ONIJWNA GIZROHLAVNN - 1¥ 20V
WVHED0Ud TYIILATYNY 40 AMVINIANS
_ _ 9¢ AqeL
SS - @ 95%g LT ® 9T ‘ST SO0V Puk RIeMpunoln jp HOV » Baay jueduiy 3sog yinog
NOISIOId 40 MI0OTA




RECORD OF DECISION
South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E - 56
Table 37
SOIL GAS FIELD ANALYTICAL RESULTS
AOC 41 - UNAUTHORIZED DUMPING AREA (SITE A)
Location Sample RL t-1,2-DCE | ¢-1,2-DCE TCE Date

| __ID | Depth | (ppb) | (ppb) | ) (ppb) Comments
TS-01 5 1 <1.0 <1.0 3.9 03/30/95 Soil Vapor
TS-01 7 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-01 9 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-01 11 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-01 13 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-01 19 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-02 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor |
Ts-03 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor |
TS-04 5 1 <1.0 <1.0 3.6 03/30/95 Soil Vapor
TS-04 10 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-04 15 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-04 20 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-05 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-06 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor |
TS-07 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-08 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-09 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor

l TS-10 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-11 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-12 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor
TS-13 5 1 <1.0 <1.0 <1.0 03/30/95 Soil Vapor "
TS-13 5 1 _|<0 <1.0 <1.0 03/31/95 Soil Vapor "

Source: ABB Environmental Services, Inc. 1996

Note:

All samples analyzed with a dilution factor of one.

Volatiles analyzed by Modified USEPA Method 8015, Solids Extraction Direct Injection (PID).

RL = Reporting limit.

ppb = parts per billion.

May 30, 1996
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RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E - 57
Table 38
TERRAPROBE SOIL FIELD ANALYTICAL RESULTS
AOC 41 - UNAUTHORIZED DUMPING AREA (SITE A)
Location Sample RL t-1,2-DCE | ¢-1,2-DCE TCE Date
L__ID Depth (pph) (ppb) _(ppb) (ppb) Analyzed | Comments
T5-01 18 <1.4 <1.4 <1.4 04/03/95 Soil
T5-01 23 <13 <1.3 <13 04/03/95 Soil
Ts-01 30 <13 <13 51 03/30/95 Soil
TS-01 35 <13 <13 67 03/30/95 Soil
TS-02 30 <12 <12 6.4 03/31/95 Soil
TS-02 35 <1.2 <1.2 1.7 03/31/95 Soil
TS-03 30 2.2 <1.3 1.4 04/04/95 Soil
Ts-03 35 <13 <13 <13 04/04/95 Soil
TS-04 18 <1.4 <14 <1.4 04/03/95 Soil
TS-04 23 <12 <12 <1.2 04/03/95 Soil
TS-04 30 <13 <1.3 180 03/30/95 Soil
TS-04 35 <13 <13 64 03/30/95 Soil
Ts-05 30 2.2 <12 49 03/31/95 Soil
TS-05 35 <12 <12 23 03/31/95 Soil
TS-06 30 <1.4 <14 <1.4 03/31/95 Soil
TS-06 35 <1.2 <12 <1.2 03/31/95 Soil
TS-07 30 <1.0 <1.0 <1.0 03/31/95 Soil
TS-07 35 <12 <1.2 yx) 03/31/95 Soil
TS-10 30 <13 <13 <13 04/04/95 Soil
Ts-10 35 <13 <13 <13 04/04/95 Soil
TS-11 30 <1.4 <1.4 <1.4 04/04/95 Soil
Ts-11 35 43 <1.6 4.2 04/04/95 Soil
Ts-12 30 2.6 <13 22 03/31/95 Soil
Ts-12 35 <12 <12 78 03/31/95 Soil
Ts-14 30 <1.4 <14 <14 04/03/95 Soil
TS-14 35 <12 <12 1.5 04/03/95 Soil
Ts-15 30 9.1 <12 110 04/03/95 Soil
IS5 as 14 | <13 77 W 1 V4 71+ S S 7 E—

C:\PP_&_ ROD\DELIVER\SPIA\FINALROD\TABLE36.WPD
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RECORD OF DECISION

South Post Impact Area & AOC 41 Groundwater and AOCs 25, 26, & 27 Page E - 58
Table 38
TERRAPROBE SOIL FIELD ANALYTICAL RESULTS
AOC 41 - UNAUTHORIZED DUMPING AREA (SITE A)
Location Sample RL t-1,2-DCE | ¢-1,2-DCE TCE Date
ID Depth (_Ppb) (pr) (_Ppb) (Qpb) Analyzed | Comments
TS-16 30 1 4.5 <1.3 34 04/04/95 Soil
TS-16 30 1 1.5 <1.0= 46 — 04/04/95 Soil
Source: ABB Environmental Services, Inc. 1996
Note:
All samples analyzed with a dilution factor of one.
Volatiles analyzed by Modified USEPA Method 8015, Solids Extraction Direct Injection (PID).
RL = Reporting limit.
ppb = parts per billion.
May 30, 1996

C:\PP_& ROD\DELIVER\SPIA\FINALROD\TABLE36.WPD




9661 ‘0€ Asy AdM 9T TEVLAOY TVNIAVIISWIAITIQAOY @ dd\:D

s> Te> ve> TZ> 0t> 6> s> ve> | e | Lo V> TT> %
0's> > 6v> €y> 19> L's> s> 95> ve> rs> 8> rr> N EAANI
5> 77> V> 77> 7> 67> $T> V> 77> TT> V> T
05> v 5> > 5> 75> Ts> 95> Vv Vs> > Vo>
§I> 1> | A3 1> 0t> O.'NV‘ §T> $T> > L'T> > >
§$'T> 1'e> > 1'Z> 0't> 6'T> §T> $T> > L'e> > >
§T> 1'e> Yo 1'e> 0e> 6C> §T> $C> > L'e> ri> >
§T> | A P> 12> 0tE> 6'T> §T> 87> > L'e> P> >
5> > V> 7> oS> 50> 523 ¥ T T3> V> T
§T> | -4 > 12> 0e> 6T> §'T> 8> > L'T> e >
ST 25 > 75 0t> 50> 575> V> T T3> V> TS
0's> <r> 6r> t£y> 1'9> L's> 1's> 9°¢> r> re> $r> Py>

OIS0l | ds0s0vdL | Je0sobdl | ACONORAL | dTovovdl | Avicorar | azoceral | deotonii | smermrii | nnoi T nien IT010pdL

Liol s i€ i€ 'Y FEE) i 160 PTE) Lio1 Lir Li70
Xsovsdir | Xsovedly | Xsovediy | xroved@ir | Xvovedir | xeovedry | Xeovemwr | xzovemir | xzovear | xioveay | xwoveay | xioveui

(V ALIS) VIV DNIJNNA AAZIYOHLAVNA - I¥ DOV
SLINSTA TVOALTVNY dTHId A'TdNVS LId LSHL

6€ 31981
65 - @ 938 LT ‘9T ‘ST SDOV PuB RIEMPUNOID [y HOV ¥ vady edui] 504 YInog
NOISIDAA 40 QI0D T




9661 ‘0€ ABW QdM 9 TEVLAOY TYNINVIISHIAT IGO0 ¥ dd\O
9> $T> Te> | 8e> — 1> T | TT> USZUIGOIOTAP-T T
75> 05> 769> 95> Tr> Tv> Tr> VoLTTTl
97> ST> I'e> w.NV, ) I'e> I'e> 1'e> QUI[AX-O
s> 0's> 769> 96> > I't> > usjAx-d/w
97> $T> Te> 8> 1> 7> TT> ek g
97> s> Te> $i> 7> > 17> SUSIP0I0 ORI L
57> $T> Te> 8> > 7> TT> SUIOL

oy $T> Te> 8> > > Ti> SUSYIR0IO[IRL
97> $T> Te> 8> 7> 1> 7> uszuog
9> s> Te> > > > 17> ERGEAR
97> 57> Te> 8> 17> 17> TT> ER AT __
75> 05> 769> 95> Tr> Tv> Tr> SpuOIYd 1AGIA

I~ dzccoras | dcceovas | Aczeovas ALIE0PES auswas | ALotovas | dcocovds

1A e LA LT LA TT JA LY NI 4l LA L L4 70
q4£0-v6- N1y a4c0v6- N1y a4¢0v6-N1y a4c0v6-Niy ae0v6-NIy ac0v6-NIp ae0voN1Y
(V ALIS) VIV ONIJWNA GIZRIOHLAVNN - T¥ DOV
SLTINST TVOALTVNY ATH14d ONIOA TIOS
0¥ 31qe L
09 - J 3384

LT % *9T ‘ST SDOV Pus J)empuncid) [y DOV ¥ 1Y pedu] 1sod yinos
NOISIODId 40 AI0OTd




9661 ‘0€ Av I\

QdM 9ETTEV.LNAOU TYNIAVIASHAAITIQAOY ¥ ddvD

97> 97> s> s> Le> $T> $T> SUIZUIQOIOJYIIP-T']
1's> 1's> s> 1's> P> 1I's> s> YOL-TT'11
97> 97> s> $T> Le> $T> $T> I[AX-0
I's> 1'$> 0s> 1's> PS> s> 0s> JusjAX-d/w 1
9'T> 97> s> $T> Le> $T> $T> sudzuIqAYy
97> 97> $T> $T> L'e> $T> $T> SUYIFIO[YIRIL
97> 9> $T> $T> Lre> $T> $T> UIN[OL
97> 97> $T> $T> Le> 9’8 €S SudyIR0IOYOL ],
97> 97> $T> $T> Le> $T> $T> audzuyg
97> 97> $T> s> Le> (523 §T> 4040-7°1-°
97> 97> s> $T> Lre> $T> $T> EREAR]
I's> 1's> 0> I's> p's> 1's> 0's> SpHOIYS JAUIA
— — e ——— —— 1
JL9L0PES J79¢0v4S JALSEOPES JTSE0rdS ALye0rdS d¢Teords JLECOYES 1
LA L9 LA 79 LA LS 1A TS LA Ly 1A T LA LE Afpuy
a4c0v6-NIp ae0+v6-NIp ae0v6-NI1y ae0v6- NIy ae0-y6NIy a4e0v6-NIy a4c0-96-Niy
(V ALIS) VIV ONIJANA AAZROHLAVNQ - I¥ DOV
SLINSTA TVOALTVNY 1311 ONRO4 TIOS
(panunuod) gp 3jqe],
19 - J 958g LT % ‘97 ‘ST DOV Pus JABMpUnNoL [y DOV % €31y )edu] )sog yjnos

NOISIOId 40 qHO0DTA



9661 ‘0€ AW AdM 9ETTEV.INAOY TVNINVIISWAAITIAAOY ¥ dd\vO
—— ——

N VN _ 182> VN 182> VN A 1A SUOQINI0IPAY] umatodag 3..&

YN ¥N QELE ¥N (11 ¥N 8z uoquis) Jprediq) w10
(33)
VN VN ++800°0 VN +L10°0 VN +910°0 JUNY)IWOIONOIOMYPIHM Ly
VN VN 8L000> VN 8L000> VN 8L000°> auan(o
VN VN 10> VN Tio> VN T10> IPHORY) WIKYR N
VN VN L10> VN L10> VN L10> W0V,
YN YN $200°> YN ¥700°> YN $200°> AUNPICIOYIRNN-T' T[]
@pns
VN VN ££0°> VN ££07> VN £€0> . auazdy
VN VN £€0> VN ££0°> VN £€0> uUwUIY
VN VN 890> VN 890> VN 890> JuduwIon]y
VN VN 190> VN 190> VN 190> NEPYIYJ KINQ-u-i(d,
VN VN 4 5 VN 4 VN u> Juaks
VN VN 79> VN 9> VN 9> nvpPyd (Kxagidypa-7) sig.
VN VN 990> VN 990> VN 990> auapusaonpjfnjozusg
VN VN 17> VN 17> VN 1> asayjunrongj[qjozuag
YN YN ££0°> ¥N ££0> YN ££0°> awlyyydwuas
(3/34) <

VN VN Tos VN Lyl VN ¥'Ll 6'€y aurz
VN VN 6T VN $9 VN 8L £I¢ umjpsus
VN VN £ls VN 00¢ VN vig yET , umjpos
VN VN 0€8T VN 1193 VN 15€ 00vT umjsswjog

N VN 992 VN 619 VN £0'6 9pl PN

N VN uy VN 01 VN 118 08¢ sauduspy

N VN 0€9s VN 0sZl : VN 06€1 00§$ umysaudepy

‘81> 981> 1l 9'81> 88 981> Ty 12 pe]

N VN 005€2 VN or8s VN 066L 00081 uoay

N VN 61 VN 18§ VN 69 Sl Jaddo,

N VN ¥ol VN 1€ VN Lo'g Ly Meqo,
709> 109> $'8L 10'9> 38's 09> £'8 €€ umpuos

N VN 1443 VN 991 VN 65 018 umppe,

N VN £56°0 VN > VN $> 18°0 umpliag

4 1429 £oL z0¢ it $¥T Y6'L v umpieg
ST 145> St 1¥5T> 743 145> £8'8 6l Jquass
N YN ——100EA] N Qe YN 0690 100081 um
10Z01¥XA 60101PXH 60101P XA £0101rXa £0105PXH 10508rXH 10101p XA SNOILVHINAINOD |:13qumy ajdursg pjajf
'R 4 voI vol ur ur 'R 4 ¥z aANNOUNMOVH ‘HLdAa
XT0-+6-q1p _ X10ve-diy Xi0+6-dly X10+6-A1p _X10v6-dl¥ X10-v6-A1p XI10-46-A1Y SNIAAA LYOA :al ALIS

(v AL1S) VAU Y ONIJWNA GIZIIOHLAVNA - I¥ DOV
S1INSEE TVIILATVNY AUOLVEOEV'T A LIS-110 ONNOH 1108

raqelL

79 - 4 9889 LT ‘9T 'ST DOV PUE J2JEMPUN0ID [p DOV ¥ ¥aay 1oedu] 1504 Yynog
NOISIDAd 40 IO Y




9661 ‘0€ ABI\

AdM 9T TEV LAY TVNIAVIISWHIAITAQAOY @ dd\v:O

Ly £37> VN 1'80> VN €8> $'82> $U0qII0pA} UM3L0IIIg .sem
w@ I 070f YN 0zLE YN 0461 0£€1 uogus)) >prediQ w0
L (3;37) ¥31Ll
00> +H €100 VN +6500°0 VN ) +110°0 +6500°0 UTY)ILOIONYOIO[YIH Ly
L000"> +2100° VN 8L000"> VN 8L000°> 8L000°> aunjo
z10'> 14 {1 VN 10> VN T10> Tio> IPHOPYD AIKYP N
10> L10> VN L10> VN L10> L10> auojpY,
> $700°> YN $200'> ¥N 200> ¥200'>
(33d)
0 ££0°> VN £€0°> VN ££0°> £€0>
£0 £€0°> VN £€0> VN £€0°> ££0™>
0 890> VN 890> VN 890> 890> sudypuwionyy
190> 190> VN 190> VN 190> 190> avEPYg Knq-u-id.
> u> VN 145 VN > > Juasks
19> 9> VN 9> VN 9> 9> Asppyg (xadya-7) sig
> 990> VN 990"> VN 990"> 990> uueionyynjozusg
17> 17> VN 17> VN 17> 1z> auaussoniifqlozusg
> ££0> YN ££0°> YN ££0°> ££0°> auadyiydeuar
(3;3n)
806 VN 6’59 VN 6vE £0'8> (X34
$'9¢ VN ¥'8y VN s1 6> €€
169 VN 433 VN 0 4 €T
0L99 VN olvd VN 00€1 €€ 00vZ
8'8¢ VN Lst VN 61 L6 ¥l
14] VN 08T VN 9LT coL 08¢
0zL8 VN 0199 VN 06b€ £€9 00s$
€11 981> 11 981> $'9 60T sy
00£5€ VN 00v0€ VN 001s1 oLLE 00081
st VN v'oT VN syl 243 $El
6T VN £E'6 VN $9 96'1 Ly
€8 09> v'sE 209> 1'81 SO'P> €€
oioz VN (134 VN o€6l i€ 018
89°1 VN 9Ll VN §> §> 18°0
4| 90§ TT6 LY Log st's> ¥
Ll 14§ 6Tl 121§ s1 89 6l SquIsIY]
{098Z% YN 00v1f YN OEPR 97 00081 LY
00r0IPXd orcoirXa oI£0IPXH 10€01P XA 60Z019XA 60701PXA 10201pX3A SNOLLVHINIONOD |:43qumy apdurss piaid
'R | oan 'R 41 vz '3 ¥é 184 aNNoYNNOve ‘H143d
Xrov6-Alry X£0b6-A1y XE0v6 ALY Xeo b6 Al X70-v6-ATY Xt0v6-Aly XI0v6- ALY SNIATd LHO. a1 4LIS
(V 4LIS) VANV ONIJWNNG AIZRIOHLAVNA - IF DOV .
SLINSTY TVOLLATVNY AYOLVIOEV A11S-410 ONIYOd ‘T10S
. Iy 39sL
€9 - 238 LT 7 ‘97 ‘ST SO0V PUB J)BMPUNIn) [y DOV » By Joedul] )sod yynog

NOISIDId 40 AA0DTA



9661 ‘0€ Aepy

AdM 9ETTEV.NAOYTVNENVIISWAAITAQAOY ¥ ddvD

SuoqII0IPAY umajas)d (%19 “u
uoqis) JprediQ) [510,
VN azw 6500"> VN 6500°> VN a 6s00>
VN +a €20° +L100°0 VN 8L000"> VN a 8L000>
VN «a 50 710> VN 710> VN a zio>
VN art L10> VN L10> VN a Lio>
YN q £90° ¥200°> YN $T00> YN q £700>
VN aosv 870 VN £€0™> VN da LEo
VN a vo 990'0 VN ££0°> VN accio uamuwuayg
VN a 6t 97’0 VN 890> VN d 8£0 uayyusaonyy
VN d 190> 190> VN 190> VN a 190> APy 1ang-u-id.
VN a o 74} VN 4 3 VN az>
VN a > 9> VN 9> VN a > APy (KK Y-7) s e
VN azr 70 VN 990> VN Y la 990> suapusiony[njozuag
VN a > €0 VN 17> VN aies auagyustongijqjozuag
VN d ££0> 8400 ££0> YN d ££0>
VN a vor 856 VN 8'€l VN VN 6'Eh
VN a vTé e VN 959 VN VN €€
VN a ol ¥rE VN 144 VN VN pET
VN a LLy 08¢ VN e VN VN 00vT
VN a9y £6'€ VN 6’9 VN VN 91 '
VN a 06 £SsL VN 98 VN VN 08¢
919 VN 0911 VN VN 005§
134 981> 181 a 9si> 981> sy
oLLY VN 0sL9 VN VN 00081
68 VN L8 VN VN Sl
wi> VN 444 VN VN . Ly
s0'S 09> 9 a 209> 109> €€
14 VN €92 VN VN i1
$> VN §> VN VN 18°0
(24! LLT 88'L a 8t 092 4]
$'s P> £€'9 sVT> 15T 6l
00PE V4 Fq VN N {00081
20501pXd 0r017Q3 70S01pXH 00019Xd 0r01¥Xd 00r0IPad 0001¥Xd SNOILLVHINAINOD |{:4equmy adures p3tg
ue vE ve ve ve DR | 'R | ANNOUONOVE ‘HLdAd
XS0-v6-A1b XS0-¥6-A1Y XS0-¥6 A1y Xvo-v6-aiy Xro-+6-aly Xro-p6-aty Xvro-ps-ALY SNAAAC LHO4 a1 3LIS

(V 41IS) VUV ONIJWNA AAZRROHLAVNA - I¥ DOV
SLINSTY TVOILATYNY AHOLVHOEV'T ALIS-440 ONIHO4 1108

v 3qel

9 - @ 338g LT ¥ ‘97 ‘ST SO0V pus Rjsmpunoctd Jy JOV ¥ 81y Pedurf 3504 yinos

NOISIOId 40 I0OTA




9661 ‘0€ A¥N

AdM 9eTTHV.\AOYTVNIAVIISIIAITIAAOY ¥ dd\v:D

—
VN €8> VN VN a s8> $'8T> _<z SUOGIRIOIPAH UMa|oaj34 3..““_
YN 0001 ¥N ¥N q £19 169 YN uogin)) spredi() [wj0
@39 JIHL
VN 6500"> VN VN d 6500> 6500> VN UNY)IWOIONYOIONYIH L
VN 8L000°> VN VN ad 8L000> 8L000°> VN auInjo
VN T10> VN VN a o> T VN IPHONY) IKYPIW
VN L10> VN VN a Lio> L10> VYN U0)IY,
YN $200°> ¥N ¥N a $700°> ¥200'> YN uwmiaotoneNN-TTT
@ad) s
VN ££0> VN VN a ££0> £€0°> VN uauky
VN ££0> VN VN a €£0> £€0> VN uanpusuIYJ
VN 890> VN VN a 890> 890> VN uapuionty
VN 190> VN VN d 190> 190> VN ASPYPYJ LNq-u-i
VN Ti> VN VN azu> 1494 VN u
VN 9> VN VN d 9> 9> VN aspyyd (IKxay1Ags-7) sid o
VN 990> VN VN d 990> 990> VN auayyuwsonpfnjozuag
VN 17> VN VN aies> 1iz> VN uapustonyyfgjozuag
YN £50> YN YN qa.£0> ££0> YN ausjlyyydwuas
(3/3v) S
VN £0'8> VN VN d L€l €sl VN 6'ch auyz,
VN 127 VN VN a9y 96 VN £I€ umjpsus,
VN 9s¢€ VN VN d e $0€ VN veT umjpos
VN 10§ VN VN a 6ts £9F VN 00pZ wnssejo
VN e VN VN acr 224 VN 9opl "IN
VN 685 VN VN a 6.9 $'79 VN 08¢ musduspy
VN LSL VN VN a il $L8 VN 00ss umysaudepy
9'81> LEE a Tse 981> a 961 vz aTse ¥ ps]
VN 068¢€ VN VN a og6s 0L8¢ VN 00081 uos]
VN LbE VN VN a e 16'¢ VN $€l Jaddo
VN wi> VN VN a 99l wi> VN Ly Heqo
209> SOr> a 9> 109> a sov> SO'p> a 109> €€ umpuiol
N £02 VN VN a 991 $91 VN 018 umpy,
N §> VN VN as> §> VN 18°0 umypiiog
10¢ 81's> a oz 61¢ a LEL HTA) a 89t ¥ umpsg
SrT> 8t s> SYT> azvs $'€ SHT> 61 quwIsd
60S01rX3 60S0TPXH rosoiral FOSOIPXH $0501rad $0S0IPXd 0s01paad SNOLLVHLNIONOD |[:13qumy 3jdurss ppajg
vol vol vs S us us ue aNAoUOIOVE ‘HLd3a
XS0+6-3 1y XSOp6- ALY XS0-+6-A1p Xso+6-Aly _XSo-+6-dIp XSo+6-A1¥ XS0-+6-Aly SNAATA L0 :dl 4LIS
(V ALIS) VAUV ONIJWNA GAZROHLAVNA - Iy DOV
SLINSTH TVOILATVNY AYOLVHOEVT ALIS-110 HNIHOE T10S
el
S9 - 4 938g LT % *9T ‘ST SOV PuB 1)BMpuUnoln [y HOV » valy pedu] jsog yynos

NOISIDIA 40 AI0DTA



9661 ‘0€ Aepy AdM 9T TEV.INAOATVNIAVIISHIAITIAAOY B ddv:D
‘l "E - -
‘1> 8> _a.:v 8L 8L> 8> 8> _ FU0QINI0IPLH umajor)dg 3..““_
99 08L BEL 00Z1 £0L 0997 0LIZ ‘ uoque)) Q) 30
(334 yIH 1O
$00> 6500"> 6500> 6500™> 6500"> 6500> 6500"> INYJIWOIONYOIO[PIH Ly
L000"> 8L000> 8L000> 8L000™> 8L000™> 3L000"> 8L000> : audnjo
T10> Tio> o> z10> o> o> T10> IPHONY) AP
10> L10> L10> L1o> L10> L1o> L1o> W0V,
> ¥200°> $200°> ¥700°> $200°> $200°> $200°> . JUNY)ooIoIRIN-T' T
(@3/3v) SOINVRIQ " 1OA IV
€€0°> ££0> ££0> £€0°> ££0> ££0> £€0> sy
€€0> €€0™> £€0™> £€0> £€0™> ££0> £€0> AuaspuRuIYg
90> 890> 890> 390> 890> 890> 890> uAjusLONgy
190> 190> 190> 190> 190> 190> 190> NVEYIYY KInq-u-j
> > > > > > 145 @
9> 9> 9> | 9> 9> 9> Nvwmpyq (Kxoyifipa-7) sig
> 990> 990> 990> 990> 990">. 990> wguwonyffjozusg
1> 17> 17> 17> 17> 17> 12> awyusionyy[qlozusg
£0> £60> ££0> ££0°> ££0> ££0> ££0> : awldyyydeuaay;
(3;37) SOINVONQ F1QALIA pd
601 9°01 L96 1M €0l 801 1ol 6ty auyz,
{195 $9F 6Ly 134 66°€ vLY 6TY €€ umjpeus
, 14| 001> 69¢ 001> 001> 001> 1 _ umjpos
; 8Ly 1433 (%4 (432 Lis (1447 00rT umjssejog
Bov'y v 687 ¥8'€E 9Ty ¥8'€ 1434 9Pl PN
€19 L9 L's9 £19 19 $'€9 851 08¢ sawmduwpy
fos 11 $s8 LoL z08 o6L 068 61L 00ss umjsaudepy
o' ¥9'T sT'e T6'1 66’1 96’1 Tt 3y ps]
ossy - oIy 056€ oLTY obby oLyy 00081 uosj
l1y'e I't €37 98°'c L9T ¥8'7 e $'€l daddo,
Izo'z wi> wi> 6L1 W 8’1 61 Ly Heqo
o SO'¥> soy> $Oy> SOP> SO'P> SO'P> €€ umpuos
LT 9P 61 8LT 16T rLE 867 ols umppe
5> $> > §> > $'> > 18°0 umpiiag
511 808 ¥6'9 188 L 8’6 80t 3 umpeg
14 69°€ L6E Ls'€ 96'€ 61 Squasay
s == rﬁ‘ 0297 [— L-LL Y]
TI801PXA 0I801rXd rOS0TFXA orLoIPXa $0LOIPXA 01901rXd £0901PXa SNOLLVHINAINOD }:a3qumy apdursg ppajg
uu yvol vy vol vy v v aNNOYNIOVE ‘H1d3d |
X80-+6-A1p X80-+6-A 1y __ X80 b6AIp XLOb6-HIP XLOb6-ALY X90-+6-A 1Y X90-+6- A1y SNAATA LHOA a1 ALIS
(V ALIS) VUV ONIJWNA GIZIMOHLAVNN - IF DOV
SLINSAY TVOLLATYNY A4OLVHOMVT ALIS-440 ONIHO4 'TI0S
17 3qeL
———— —— ]
99 - H\owam LT ® 9T ST SO0V pus 1)jgmpunols) |y HOV ¥ BA1Y Josdul] )soq yInog

NOISIOId 10 A0



9661 ‘0€ ASN

Adm 9£3 19V LAY TVNINVIISWHIAITIQAOT ® ddvd

— —— - ———— —=
W VN VN VN a s> 3L LY _ suoq.IedoupA}] umajossag 3..Lu“=
g YN YN 661 a 8b6 s yoL uoqIs) JpuediQ w10
(/3v)) YAHLO;
$00"> 6500™> 6500> d 6500> 6500™> 6500"> JUNYYIOIONPOIONYIH Ly
L000™> 3L000> 8L000> 8L000"> 8L000"> 8L000> auanpo
710> 710> 710> a o> 710> 710> PHON) NRKPIN
10> L10> L10> a L10> L10> L10> WOV,
> $700°> ¥Z00> ¥700°> $700> ¥700°> aunpRolopPRNN-T'T'T*
(3/37) SOINVOUQ y10A TV
££0™> €€0™> £€0> a €£0> £€0> ££0°> unky
€€0°> £€0™> £€0°> a €£0> £€0> ££0™> uINPURUIYY
90'> 890> 890> a 890> 890> 890> auaypusonyy
9 190> 190> a 190> 190> 190> APy KInG-U-Id.
> 145 > au> > > .
79> 9> 9> a 9> 9> 79> weepyg (KxayiAya-7) nid.
> 990> 990> d 990> 990> 990> suajuwionjnjozusg
17> 17> 17> aies > 17> auaypumsonpgfqlozuag
£0> ££0> ££0°> q ££0°> ££0°> ££0> aualyyyduuay
(3/37) SHINVOUQ " IOALI g
¥l £99 d 866 zol £zl 6er uyz|
L'L8 6'€E a Lty &y £'s 43 umjpsus
699 6bF a 001> 001> 001> pET umjpog
00s11 oriv d €Ly 99 vi9 00rT umjs¥ejog
1313 $'61 a Ly L9y 6T's 9yl FPIN
1v5 T6€ a1o9 L £08 08€ asueduspy
00LZ1 005§ a zos 6L8 0011 00s§ ) umjsaudspy
(44 $'6 asri €€ ¥$'T 8t pe]
00£0s 001¥T a osiy OEEY 08 00081 uoa]
oy 1’91 ad +9¢ £€'E LSE $El aaddo
L1 8L'6 a Ll vi'T 9TT Ly Heqe,
oL $HT a sov> $0'b> L8'S £€ umjuo
0872 oLEl d 662 9€E¢ 61T 018 umppe
$6'1 > a s> $> $> 180 umg
1244 08 a 8L vs'L vol s umgieg
(44 12 d £Le 18°€ 9L'E 61 ? .
009LE __ _ __ 100Zb] EHFFHHE. um Vi
T€0TrXd 90701rX4d rozoIrXe 9zI0IPXd ot60Irad 01601¥X3 Y0601 XA SNOLLVIINZONOD |:aequmy djdures payi
¥ -0 oy Ui VBT 'Y3 yve ¥y ANNOUONOVE ‘HLdAA
| gIofe Wiy 470-£6- Wi A10°£6-WIp XI0-T6- WY X60-+6-1p X60-¥67AIY X60-v6-A1y SNAAAA LH0d @l LIS
(v 211S) VANV ONIdNNA GIZRIOHLAVNA - I¥ DOV
SLINSTE TVOLLATYNY AHOLVIOEYT ALIS-440 ONRIOE 1108
1P IqsL
L9 - J ¥3eq LT % ‘97 ‘ST SOOV Pus J2)BMpunols) 1y HOV % valy jedul] 3sog yinog

NOISIOAd 40 @I0OIA



9661 ‘0€ Avy ddM 9 TEV.IAOY TYNIAVIISHIAITIAAOY ¥ dd\:D
N VN VN SUOQIBIOIPA} UMIj0Ijad [%)0
44 108SY 006€ uoqie) JpediQ) [$10
(33 YAHLO
VN VN VN VN VN 6500> 6500"> JUNYIHUOIONYOIOPYIH Iy
VN VN VN VN VN 8L000> 8L000> auanjo
VN VN VN VN VN 710> zio> apHORY) WP
VN VN VN VN VN L10> L10> w0V,
VN YN YN YN YN $200°> $700°> auwysosopyrenN-T* 'L
(3/3) SHOINVOUQ " 10A IV
VN VN VN VN VN £€0™> £€0> kg
VN VN VN VN VN ££0°> £€0> suanpuwuN|g
VN VN VN VN VN 890> 890> udguesonyy
VN VN VN VN VN la o 4 ot AsEPYJ KInq-u-id .
VN VN VN VN VN s > u
VN VN VN VN VN 9> 9> aepIyd (Kxayidga-7) i
VN VN VN VN VN 990> 990> auapusaonyjjozusg
VN VN VN VN VN 17> 12> suapunronyi|qjozusg
YN YN YN YN YN ££0°> ££0°> udyiydsuady]
(3/34) SOINYONQ "IOALN [V
VN VN VN VN VN v aeve 6'€y vz
VN VN VN VN VN 878 avi €€ umjpsus
VN VN VN VN VN 8¢ a Lev pET umjpo
VN VN VN VN VN 658 a oLsi 00vT umjsssiog
VN VN VN VN VN I'el a 691 9pl "IN
VN VN VN VN VN 17| d 881 08¢ wuvduspy
VN VN VN VN VN 0507 a 0067 00s§ umjsoudspy
VN VN VN VN VN 13 dae6L 8t ps]
VN VN VN VN VN 006L a oovzi 00081 uouj
VN VN VN VN VN 6€L aru $El aaddo
VN VN VN VN VN 8T a vv'9 Ly weqo,
VN VN VN VN VN L actl €€ umpuios
VN VN VN VN VN 00T1 a 080T 08 umpp,
N VN VN VN VN > a s> 18°0 umpiiag
ﬁﬁ\z VN VN VN VN ¥'ET ace b umpeg
VN VN VN VN VN €l a st 61 _
) YN V40 YN N 080 100099 100081 -1 ]
STVSIrXd SOLOTYXE 6LITIYXd S0S01PXe SoroIrXd ShEoIrXd ceo1rXd SNOLLVYINFONOD |:43qumy ajdureg ppajd
V9T yLS Y IE-6T us us uirse v E-0C ANNOYDNIVE ‘H1d3a
V80+6-NIP XLO-+6-NIP DI0-¥6-INIY XS0-£6-WIP __ Xro-g6-WIP X£0-€6- NI HI0°£6-NIF SNAATA LHOA Q1 ALIS
(V 3LIS) VAUV ONIJINNA GIZRIOHLAVNQ - I¥ DOV
SLINSTY TVOILATYNY AHOLVHOEVT ALIS-440 ONINOd TI0S
P aqeL
89 - | Id8g

LT % ‘9T ‘ST DOV PUB 13)EMPUNOID [y DOV » 8oy g_oan:.- ¥5oq yinos
NOISIDHd 40 @I0DT




9661 ‘0€ e

AdM 9T TV LNAOA TVNIAVIISWIAITIQAOY ¥ ddv:D

e ——
_Wm VN VN VN _<z VN VN FUOQIBI0IPAF] UMIOI)IJ [$10
I 0651 QL01 0fs1 0838 0061 oFsz uoqiu,) JuediQ) [¥10
: (334)
VN VN VN VN VN VN VN UNY)IUICIONYOIONILL L
VN VN VN VN VN VN VN auanio
VN VN VN VN VN VN VN IPHOND SUWIUYIN «
VN VN VN VN VN VN VN w0V,
VN YN YN YN YN YN YN usyRosoppRuN-Z' [
(3/an)
VN VN VN VN VN VN VN uakyg
VN VN VN VN VN VN VN JuyusuIYy g
VN VN VN VN VN VN VN suayjussonyy
VN VN VN VN VN VN VN APy HIng-u-K.|
VN VN VN VN VN VN VN u
VN VN VN VN VN VN VN avapyd (Kxagipe-7) sid
VN VN VN VN VN VN VN auaussony prlozuag
VN VN VN VN VN VN VN suayjunsong{qjozuag
YN YN ¥N YN YN YN YN auniyydeuad
DT *
VN VN VN VN VN VN VN 6'ch auyz| 7
VN VN VN VN VN VN VN £Ie umjpsus
VN VN VN VN VN VN VN ¥ET umy |
VN VN VN VN VN VN VN 00¥T umisse)og
VN VN VN VN VN VN VN oyl FIN
VN VN VN VN VN VN VN 08€ mauvduspy
VN VN VN VN VN VN VN 00s'$ umjsaudepy|
VN VN VN VN VN VN VN 8 pe]
VN VN VN VN VN VN VN 00081 uoa]
VN VN VN VN VN VN VN Sl addo,
VN VN VN VN VN VN VN Ly weqo,
kvn VN VN VN VN VN VN €€ umpuos
VN VN VN VN VN VN VN ois umpape
VN VN VN VN VN VN VN 180 umpilsag
VN VN VN VN VN VN VN 23 wmpsg
VN VN VN VN VN VN VN 6l st
M& <M YN tm YN YN MR mmbm L uwm!
ozeIIYXd orzrIvXd SEIIPXe ororiPXd ordeiyxd sEveIrXd orasirxd SNOILVUINAINOD |:equmy sjdureg ppajg
yvIiz6l ¥ oy u9EPE v oy N oy ¥ LESE ¥ Ir6e aNnoyOIove ‘HLdAA
| XEIP6NIY XZIP6-NIp XII+6-WIP X0I-b6- NI 460+6- NIy V60+6-NIF g480-v6-WIY SNIATA LHO4 @1 LIS
(v 211S) VAUV ONIJINNA GIZRIOHLAVNN - IF DOV
SLINST TVOLLATYNV AHOLVIO08VT ALIS-140 ONROM TI0S
IPaIqeL
69 - 1 338g LT ¥ ‘9T ‘ST SDOV Pus J2j8Mpunoss) [y OV » €1y peduyj 3sod yinos

NOISIDAd 40 I0DTA



9661 ‘0F A3

AdM 9£T1aV.LAOYTVNIAVIASWUIAITIAAOY B ddvO

—_— Rt LY
roriirxd SNOILVHINIONOD |:49qumy ajduns ppyj
v ANNOYOINIVE ‘H1ddda
Xri-v6-NIP SNAATA LHOA Al dLIS

143
61

UOGIIOIPAY] UMIOIII] [#10, M_
uoqre)) JyuediQ [¥10
(DR R
VN ANYHUOIONPOIOYIH L,
VN
VN
VN
YN
(3/3r))
VN
VN
VN Iudyusaonyy
VN
VN
VN
VN awpuesonyyyjozueg
VN sunpuwiony|qjozusg
YN
(D)

(13

€€

yET

00¥T

9p1

08¢

00s$

1

00081

Sl

Ly .

£€

ois

180

(V 4L1S) VRV ONIdWNA AIZROHLAVNN - I DOV
SLTNSTH TYOLLATVNY AHOLVIOAVT ALIS-110 ONINOH 1108

IP3qel

—

0L - 4 338g

LT % ‘97 ‘ST SDOV Pus 1)8Mpuno1s 1y JOV » a1y jaedui] 504 yinos

NOISIOAd 40 @00




9661 ‘0€ A

QdM THITEVLAOY TVNIAVIdSHIAITIAAOT ® dd\D

0T> 0> 0> 0s> o'v> 0> 0> | SuSIIGaIOIIIP-T | __
or> 0r> or> 001> 08> 7] £l VOLTTT1 __
0> 0> 0> 0$> ov> 07> 0T> WS[AX-0
or> 0r> 0> 001> 08> ov> or> SuafAx-dyui
0> 0> 07> 0S> ov> 0> 0> wszmaqhyig
0> 0> 07> 05> 0r> 07> 0> ETEERT RN )
07> 0> 0T> 05> or> 0> 0> USNOL
0> 0> 0T> oSy £C 8T 91 FUIYI0IO[YIH L
0> 0> 07> 05> 0¥> 0> 0> IZUSY
07> 0> 07> 05> oY> 07> 0> EREAE)
0T> 0> 07> 05> ov> 0> 0> ER AR
0v> or> oy> 001> 08> 0y> or> SPHOINYD JAUIA
MSEIOPVS | MXXSOPMIN | MXXPOPMIN | MOOSOPAIN | MTGZOVMIN | MXVIOPMIN | MIXIOPMIN | (AD |
LA 8¢ XS0t6-N1¥ Xro-£6- N1y Xe0-€6-WIp 470t WIY VIU-t6-NIP X10-T6-N1¥ Npuy
101PVS
(V 4LIS) VIV ONIJWNA GIZROHLAVNA - 1¥ DOV
SLTISTA TTIM DNRHOLINOW ONLLSIXA ANV 339NV AIANITAIS
W aAqelL
1L - 4 998g LT % ‘97 ‘ST SDOV pus JRjempunoin) Jy DOV » Baay pedu] jsod ynos

NOISIDIA 40 MI0O™M



@

9661 ‘0€ Avpy AdM VATV LAOYTVNLIVIASWHIAITIA\A0Y & dd\:D
0T> 01> 0T> (1] 4 0s> 0T> 0> FUIZULIQOIOIYIIP-T ]
L7 . 0T> ov> 0> 001> o'y> o> VOL-T'T11
07> 01> 0> or> 05> 0T> 0> UIAX-0
oy> 0T> o'y> 0> 001> oy> or> SuIjAX-d/w
0> 01> 0> 01> 0s> 0> 0> UIZUIGAYRT
0T> 01> 0'z> o> 0s> 0T> o> UIYIAIOYORII ],
0> 01> 0> |- (1] 4 0s> 0T> 07> [udnjo],
LE 91 €9 i 4 96 [1]% L8 uIpIIofyYoOu ],
0'T> . 01> 0> (1} 4 0s> 0> 0> [udzug
§T 01> 0T> 01> 0$> 0T> 0t> FOq-T'1-°
0T> (1] -4 0'T> [1] -4 0s> 0> 0> F0a-T'19
oy> 0> op> 0> 001> oy> o> SpHOJYd JAUIA
[~ M6180P¥S | MSCLOPVS MGEANPVS MOPSOPYS | MLEPODVS | MLCEOPYS MITPYS | s |
L4 61 LA € AR 1A 0F L LE Ld L€ LA 19 Nheuy
80IPVS LOTPVS 90IPVS SOIPVS POIPVS £0IPVS 01PVS
(V 4LIS) VIV ONIJNNA GIZIMOHINVNA - 17 DOV
SLINSTY TTAM SNIIOLINOW ONLISIXE ANV ¥EONV GANTTIOS
(Ponunuod) 7y aqu)
IL -7 936

LT ® ‘9T ‘ST SO0V Pus 1djempuncad [y JQV % valy ypsdu] js0g ynos
NOISIDId 40 @I0OT




9661 ‘0€ A8

AddM TP T1aV.LAOYTVNIAVIISWHIAITIQAOY ® dd\v:O

0> 0> 0> 0> 0> 0> 0> SUSZUIGUIOIYINP-T' |
0v> 0p> 0y> 0> o'y> [33 or> VoI TTy
0> 0> 0> 0t> 0> o> 0> SUIAX-0
0'b> oy> o'b> 0y> or> or> or> SudjAX-d/w
0> 0> 07> 0> 07> 0> o> uIZuUIQAYY
0'T> 0> 0'T> 0T> 0T> 0T> o> SUIYIR0IOJYIRNIL,
0> 0> 0> 0> 0> o> 0> suanjo],
07> 0> 0> 0> 07> [Z3 T2 sudRoIoIYOL |,
0> 0> 0> 0> 0> o> 0> JuIzZuUSg
0> 0> 0> 0> 0T> 0> 0> 404-T°1-°
0> 07> 0> 0> 07> 0> 0> ERGEAR]
or> ov> oy> 0y> o> ov> ov> SpHOIYd JAUIA
——— —
MSTSTPVS MEPIPVS MOFEIPVS MSETIPVS MILTTFVS MOI0TPVS MIT6OPVS S\muw
A K £ 4 AR g, LA 0 L4 8¢ LA 9¢ LA 61 LI 97 Adeuy
STIPVS PIIPVS tIIPVS Vs TIIPVS 01IPVS 601PVS
(V ALIS) VIV HONIJWNA AIZROHLAVNN - 1¥ D0V
SLTNSH TTAM ONRIOLINOW ONLLSIXE ANV dI9NV AANITADS
(panunuod) zp qel,
£L - A 3384 LT ¥ 97 ‘ST SO0V PUB J3)eMpunols [y HOV ¥ By 3dedu] )s04 yppnog

NOISIDAd 40 AI0D0Td



9661 ‘0€ Aoy

QdM TYATEVLAOYTVNIAVIISHIAITIQAON ¥ ddvd

0T> 0> 0°T> 0> 01> - 0> 07> ocoﬂcoao._o_zo_v.NJA_
oy> or> 0y> ov> € ov> 0y> YOI-TUIl __
0> 0T> 0T> 0> 01> 0> 0> SUsjAX-0 __
ov> or> ov> ovy> 0> oy> oy> QUIJAX-d/w __
0> 0> 0> 0'T> 01> 0> 0'T> uszZUIQAT __
0> 0> 0'c> 0T> 01> 0T> 0> SUIRICIOJYIRNP ], =
0T> 0> 0> 0> 01> 0'T> 0> suanjol
0> 114 0T> 0'T> (14 0T> 0> uYROIOYou ], __
0T> 0> 0T> 0> 01> O..NV 0T> [udzZUYg =
0T> 0t> 0T> 0T> 1T 0'T> 0T> F0a-T'1-° =
0> 0> 0T> 0> o> 0T> 0> F0a-T'1 __
ov> or> 0v> (18 24 0T> or> ov> SpUOJYD [AUIA
MEITIPVS | MGIITHVS | MSEOTPVS MSPGIPVS | MPZBIPVS | MSPPIPVS | MOPOIPVS
LA ST LA 61 LA 8€ LA S LT L4 Sp 14 0
TTIPVS 1ZIPVS 0ZIPVS 6TIPVS STIPVS LTIPVS 9TIPVS
(V_4LIS) VAuV DNIJNNA GIZIMOHLNVNN - 1F D0V
SLINSTA TTAM DNRIOLINOW HNLISIXT ANV YOOV GANITUIS
(Panunuod) 7y AqeL,
vL - 1 93eq

LT ® ‘9T ‘ST SDOV Pus Jjempuncid) [p DOV ¥ sary edury )soq ynog
NOISIDId 40 MA0DTA




9661 ‘0€ AvN

AdM TTEV LAOY TYNIAVIISHIAITIAAOE 2 dd\v:O

0> 0> — 0> B 0> = 01> SIS GOIONOIP-T 1

0v> 0r> 0> ov> or> YOLTTI1

0> 0> 0> 0> , 0> SusjAxX-0

o> ovy> oy> 0> ov> SudAX-dw

0> 0> 0> 0> 0> FoTusqA g

0> 0> 0> 0> 0> USICIONYORIPL

__ 07> 0> 0> 07> 0T> susnjoL
__ 0> 0> 0T> 0> 0> SUIP0IOIYIB L,
__ 0> 0> 07> 0> 0> sudzuog
__ 0Z> 0> 0> 0> 0> FOa-T'1-°
0> 0> 0> 0> F04-T 1

or> or> 0> 0v> 9pHOJYS [AUIA

MOLETIVS | MSOETVVS | MOETPYS | MSSEIPVS MOSETHVS
L4 0L L4 §9 L4 09 L4 §§ 14 0§ Afeuy
£TIPVS €TIPVS £TIPVS €TIPVS ETIPVS

(V 3ALIS) VIV DNIJNNA GIZROHLNAVNA - IF D0V
SLINST T1AM ONRIOLINOW DNLLSIXE ANV ¥IDNV AANITAOS

(panunuod) 7p Hqe],

SL - 1 938g

LT ® 97 ‘ST SO0V pus 1)8Mpunoess) jy DOV ¥ 831y Pedui] Jsog [nos
NOISIDIA 40 00T




9661 ‘0¢ AZI AdM TYATEV.NAOY TVNIIWVIISWHIAITIATOY ¥ dd\vO
N 00000 VN WOOAT VN Co00CH VN oo0eLT 500081 [T C000L0 VDT pApesamg (o
N YN VN VN VN vN VN 000k 0026 ool 000558 mepmy| OL
N 000011 vN YN N vN VN VN VN VN VN WPIPS ppruq (o)
YN N VN YN ¥N VN N oist o [ 1 (1 POYHIN Mwpit ig sl
N VN VN YN VN v 00011 oot > 00l > ovl > 13 @pedg wou - TN WRAN
VYN VYN VN VN VYN 00066 000 00018 00001 0000} 000881 sal.—qa—(.
. SUALENVEVE AIFIVAD VALVA
VN ) . VN 1) . VN [ 3] (TH 90> 09> o> FHIepRRNU-9YT
N u vN o VN vy o 50> s> 59> s> 2Iq0IONAAL [ Sesiqoton AL
WN 3] . VN 1] . vN 1] » 1] . 134 $0> $9> §9> seirneg
¥N 50 . N 59 . VN 3] > 1] . s> fo> 59> 50> suanpy,
VN ” . VN " N ”l » o "> ”i> "> "> qHORNNAIL [ iqIOR AL
VN ” . VN " . YN ” > (2 ] . e (X b4 14 24 [ 24 -1/ mouy Y ey

N (3 . VN 31 . VN [ ’ $T . $T> T> T> sT> PRRD WHipp,
VN 3] . N 1] v YN 50 . 1] s> s> [} $0> sspor),.
VN v . N 1] . vN 3] . 1] . s0> (324 s> §9> PONNAIL R4
YN sv . VN 1] . VN $9 » 1] . 59> 50> §0> §9> PRy W)
VN ] VN (] N 1" ot 59> (134 59> 50> 200g)I0RIRA-TT'1'T
¥N "o . VN "o . VN ”"o . "o D ”o> ”o> 7o> ”"o> wes
VN 50 . VN 1] . VN 1] . 1] . §9> §0> s> $9> | {spospsugpey ) wasfyonnap-1'y
o I SIINVOUO TILLVIOA TVd
v [1] ] __wN In | YN I [X} Q| 13 v [ o e [ wes T T nipead Rk -1l oe,
T FuM EINVONO HILLVIOAINES TV
7 T | (1] <] TWN [o 31 VN I o V] o1 (3 N TENRN T | 01> o> o | wnkSonN
© TUNI SHAISO14XE IV
VN [ _#wwo [ VN [ %0 T VN I 15000 | =71 T vaao> | vwe> ] ywv> | nov> I L]
- ] U] saaISLsad 1Vd
PR T v 23 4~ it -] ool 3 (K13 v 11120 W > Tit> 0% (1 (R 7
4 n . w 4 ] of vo 4 " . wi o 01> o> o re " |npeasy
1 o ofee 4 o [ 1] 3 o orces ore oot [} 134 owx [ 1 0030} mnpug
4 ”” . ” R F] ”r ol *|d ” 3 " . B ) ] ”> ”> ”> "> ” anpg
£l 0091 [ ERN Y (3] 4 o1 0088 - ooy [ 0vses ovelf oot ot LLUL

1 {0 . [ 4 s | Yu 3 (L1 . [{] "] s> > > i {3 .1
FI {7 3 T 122 TS TR 13 N (.23 JENEEY * S {73 "o - (23] o o> (3424 ono> o> o Lansopy
1 s ozt 4 sos 1 £ ris s ] - o on o5t (Y3 oosts 1] wsneiueyy
4 ol 00N8T 1 ol 00%51 4 o oolel oK owsit 0wt (1219 ooosst  |ums maiebopy
1 " . ”o P Y ' f] [ 3] v 300 1 "y uy (3] Y Ty pery
4 [ 000011 4 ve [ d 6 [ 7] " 000018 0°0000¢ 90062 00057 ooony  |oure »oi)
4 Tt ot ERN" Y BENES BT 4 [ . (1 1] 0> ws> 2] (3 we saddoy
1 Y4 . o 3 " o 1 4 3 . " ”% o> ost> o> o5t > 2 el
4 w0 . o 4 w0} 0 4 wy . " [ 0> 0> 55t Ve on wumoN)
£ o 00246 4 ole (12 4] d [ 143 [ )18 [0 (120 ]14 00012 0008§ 0'ovrer oxrl -alye)
4 3 . 3 14 s ol ] $ . $ . [ 1) 0§ > s> 06> 05> . iy
is . " £] 3 of M f] 3 . 4] ” X3 " oy “ ves |nisy
IR TS { S " 3wt .| sm F] " ves [ ] sop o ”e i y0! anany
4 € . "o 4 e @'c ela 0 . ' of 0 2y ©0s> ©0eE> 06> e [7)3 hsomiiey
t L . oonts 3 .| oolvg 12 s oms [ ouser owrs 0'o0est oooes  |oewr  § e mwmany
R _ T i) Fivian va
¥N VN TTWNT VN VN 00001 » 00001 *| 000008 > 000001 > 00000 > 001zt ZUTH
N ¥N VN N VN VN - VN [ (1] o [N} seqdwogy
L D B 7. D .. VN VN ] o » o - VN YN VN YN_ R S Arany)
: - " CUM) SNOINVISNOLLY.) IVd
INIOIPX | TXI000N | EXioieXiW | sXToIrXiN TXTOIP XN TXI0IPXA TXI0IPX0N | 00R0IYXG | 00S010XA | OCOMOIPXQG | 00F0IXT |ssorivneaoncy [lisqminN s@@sippid

[ ot [ 3 L3 1 14 I} 4 (] ° (] ° peacibyy  |iqudag
a0 rirtite se/sijol Wil s§/Lo/10 sialio R e L] twol/so oln te/ot/n teolin snanaq pog |iieq dpdmeg
Xi0-z6-miv_| x10-z6-miv Ixio-ze-miv | x10-ze-vis | X10-z6-miv | xio-ze-wiv | Xio-té~1ip c0-26~air | Xro-zé-atr Pxso-te-aty iapans
v aNnow ¢ annou Tannow 1 ONNOW

(V ALIS) VIV 37._—&)50 QIZRMOHLAVNA - Iy DOV
SLINST TVILLATYNV AUOLVIOEVT ALIS- 140 dALVMANNOYD

£F AqBL

9L - 9deq LT % ‘97 ‘ST DOV PuUB JJBMPUNOID) [ DOV » BV dedury 3504 yInos
NOISIDAd 10 MI0DTH




9661 ‘0€ Ay Adm TYATEVIAOYTVNLAVIASWIAITIAAOY ¥ ddvO

S0 s — VN (173 N 00000EE VN 00088 VN N Wi Papesdent (0] |

VN d
vN ja VN vN VN N YN VN N VN N sy (0L
vN a VN YN wN N 000%¢ VN VN WN vN W1Ps pavprRq (04
YN 4] ¥N ¥N WN vN wN ¥N ¥R WN ¥N VN (ppie Ag sibomy
v a VN VN N VN VN VN N \L] YN Ap2dg 008 - semN N .
¥N 3] YN N VN wN N VN VN VN VN Aympengy
L (UM SNLLaNVNVE ALTIVOD VALYA
VN D) ST e 90 v VN 2] D VN 0o - 3] v 0 . NIpPNRIL-9YT
N [ YN o0z N L VYN ve 3] . £9 . hass il RITRRLE L 20 EITY
VN 3] . N 3] . 7] 3] > VN 50 . st 1] . susrnig
YN ' . N [ . N 1] 4 vN 3] . 5o . " 20spy, |
| ¥N ' . YN l . N ” . YN " . ” . ”i . Ll L TR T TE L ITY |
N o . vN o . wN [A T N LA » . 1] : oumaq-7 / 20000 KKK |
ﬁ ¥N (2] . N " . VN 13 . YN 5T . T . (3 . MORD WHigp, |
VN ] . VN I . N o > N 5] . 1] . 1] . sopon,
ﬁ vN [ . N ' . N [1] . vN ¥ . 1] . £9 . OReR2L sOge)
| VN ] . ¥N ] . N 1] . VN §0 . £9 . 1] . dpmeg wen)
YN | . vN ] . VN (1 VN 31 3] . 50 . Ll LD B LS B
YN "o . vN "o . N ()] > YN 1] . ”no . ”o . e
YN 1 . VN ] . vN 1] VN ] . §9 . 1) . (ssafmos sweyy puy 013) e sfiqiompyamp -2
SJOINVOWO FIUVIOA TVd
VN Io v > 1 VN | S I VN I ] ] VN I " 3| VN | VN I
—— UM iNvVDY0 -..F<.o>__:.u..-w|<m .
VN [T ] o1 v VN of v YN I [ v ] VN | VN | A 1 sndiomN
T B 1 L L T TN saAI8014X3 TV
"N ) I s 7] [ wwo ¢ VN [__smoo > VN [ wov ] VN I VN | 1 .y
T MY saqisiised ivi
id [N13 . 33 4 . 1333 £ (X3 . L7 f] [§]] 0 (333 VN VN (13 7
1a " . 1 F] " . L ] n . [} " " » i VN vN " Ll 2 LIXN
lia oty 0909 4 ook o0y 4 ome [ 111} ors 00001 VN VN ousol mapog
l4a ” - ” B " . ”» old ” . ” > ” . ” . * YN YN ” g
40 oftt on 4 (1] 65T 4 oot ol [’ 2 11 VN N (114 sy
40 (3 SR [0 |2 (3 . (3 > la 303 . 3] (323 . (L1 . N VN (£ 12N
1a o . oo 4 o (3] old oo - muw . (123 T 121 T VN N o
1 1% . [ 4 ot wuh d yis (134} 4 st n YN N Y]
44 osrt osis 4 [0 [0 4 oot oot 4 (12 [ ¥N WN one
10 1.4 . ue Fl (4} . 113 4 34 3] 4 (3]} . L] VN N T
1 (13 . [T 4 et (2] 4 ”t 00T8L m 00trt YN YN oute
1 Y] i 1] un 4 @ . 7] 4 w0t . IS/ ] (3] . 34 VN vN L]
14 A . 2 |4 T . -3 «la 3 . " f] 14 . 2 . VN N [+4
40 oy . e 4 w0y . sol £ we . sy 4 wy » PR VN vN [
1a ors 0629 4 o 00ty 4 ot oovel 4 ouls 1 VN N 000l
4G s . s AP s . $ r] § . 1 , s . 3 . VN N v
1a s . [ 4 [ . [ £] 3 . e 3 . (31 N VN ree
1a (13 . £ 8] ] (73] . »e d ut “w 4 (3 137 VN N so)
i 0's . 0t |4 (3] w0 7] w's . st A ¢ .60 . ¥N N we
a__ . (1) 4 » . 00¢9 13 [12] . 05w 4 i . ooyl VN VN L Sname gty
] R W) sIvian‘ivi
N VN N VN VN VN VN VN VN VN hjing
N VN VN vN N YN VN N VN N Audeogy
. VN N vN N VN YN N N YN N - g
o T (U] SNOINVISNOLLVD ‘Ivd
IXI0IP AN IXsorran TX5019 308 TXcairian (LI TVIDTFION IVI0IraW | e0iiNA93380]) [ ‘FaquAN sllweg piotd
o [ o o w & i3 wdagq
se/vi/ol (7] seriioy swetios [T (2710 [T ioivq spdoney
X$0-§6=~Ptp X50~ 6 ~M1y X50-c6-mir | Xoo-ge-niv S0-s6~11> | vio-cé-miv | vio-se-miv - :qf oug
£ INITOY £ ANNOM ¥ GNNON € (IN(LOM —

(V ALIS) VIV ONIJANA AAZRROHLNVYNN - I DOV
SLTNISTA TVILLATVNY AUOLVIOEVT ALIS-A40 YALVMANNOYD

£y AqEelL

LL - A 3deg LT *9T ‘ST SDOV Pus Jjempunocsd jy DOV %» 81y edul] 3sog yynog

: NOISIDId 40 MA0D
o o



9661 ‘0¢ As AdM Ty TEV.LAOYTVNIAVIASWHIAITIAAOY ® dd\vD
VN " 60000¢ VN [575 N [T \ 2 [ VN 000006 "PS Popesamg .
vN VN N VN N VN N VN \Z] N waepny) MOL
VN VN vN 00052 N 00051 N VN VN 00000 WIS ppmQ PRL
VN \ ¥N YN’ VN vN YN vN N ¥N PO MPPiN 4§ naboaN
VN VN VN VN, N wN N VN VN VN apadg 08 - RN ‘AN
vN VYN N YN YN YN VYN vN YN YN ) Aympypy |

i o SYLLARVEVE ALTVAD ¥E1VA
N ) . VN 90 B VN ) B VN ) . VN (3] *] WpPNRIL-PVT
VN 59 . VN 1 B YN 1] . N £ . N [N} 2020108 AL | S8 aiqolonRIL
vN 50 . VN o . N 1] . VN 3] . N 1] . g
vN 1] . VN ”w . N ” . VN ” . N il mnpy,
VN [ . vN ” . vN "l » vN ” . VN " . oD RLL] | 2ediqROnINAIL
vN 1 . VN ) . N 3] » N »" . vN [ . smoamaq-T / 300 KARHEIN
[} . VN 13 . vN 5T . vN 3 . N 13 . WORD eigpp,
N 50 . VN 3] . YN 59 . 1] . N 1] . supoR),
0 . ) 59 . vN 1] » VN 1] . VN 1] . pBENRLL wen)
3] . vN §0 . VN 3] . VN 3] . N 1) . IPIPRG Boge)
VN 50 - VN 5o . N 5o ’ N 1) . YN 3] » miqony RN -2 T1')
wo - VN no . N ”o . N "o . N "o . weals
N 3] » YN 1] . ¥N 1] » YN 1] . YN 50 . (s23{mor) sasa) puy 313) e aig oy 2p-T'L
T U $OINVONO HILLVIOA TVd
v | L -1 VN I (1] | VN I ] VN I [1] T wN | [ D . mpRaiRi-Tieg,
T o . - TTUNHINVONO0 TULVIOAINES V4
v | T ‘T | ol -] VN I ol [ wN I o8 3| VN | M | 1 L el
) - /™) sRAITOTiXE Tvd
VN | VN | 1) [ ¥N T wWo__ *] VN | I VN [ wwo ] 7 | wge3
/NI sEdiDLIsSAd 1V
4 X3 313 d (K3 . IV F] (373 [ 2 TR (X3 . e - w1 (K3 ™7
1 " . ] 4, 0 . o d W 1] ola ] . " vla 1 . ””" " mmpeasy
4 o ot 4 o [ 4 o 1] 2 owl ot ey ol 00808 ®ypog
4 ” . " v|a ” . ”» . |a ”» . ” vla ” . ” Q1] ” . ” sl nps
b o oS 4 sl (13 4 o [T 4 om o9se oWt orse (34 -mreng
4 o . s+ |d R0 . v ela s - (3 Y " I L | S 6 . 13 S (14 o N
"R 3 T ©Wio el oo . (23] sla oo . (73] sla oo (113 ola et [Z1) «|erzo Lam 2oy
f] «t [ d s [ . | ” n 4 L1 s6t 4 17 2 e Y wssednyy
f] 1" (53 3 [ . oris & 00§ . 1 4 [ . 00§ . [ [ ons sty
H " . Los 3 n 1. wy £} "l . (L ZN " 3 B L3 . " . o ST (224
4 o [T 4 o © o ousse d ol 0669 o6 05T i [N wie w0}
] w?e . [yt 4 w? . [y 3 73 ©? > ©e » )] . w?e . ” 1] saddo )
g h . 2 |4 3 . 3 .|4 1 . 4 . [+ . 13 ole -] . s on ed
fl w0y - vis 4wy . "l d ws - e wy > w0 4wy - (X3 o sumon)
1 ot olss 3 ot (1 3 omt (14 T oIt 4 o8l 00058 ool saae)
4 s . s 13 § . s >id s . $ » s v 5 .| $ . $ 1 waylog
4 L (] 4 [1£1] . e F] so1 " 4 T 1] s . (] [
4 31 sy d sl m 4 "t o - [ 3 M sl 2 S e yol
4 fos - 0'¢ o4 sos . ws o|d (77 S ws ol ews o], 0% la ws - ¢ ot
f] i »| _ooszt 4 " . 0062} 14 i . [3 fl w . " 3] " . ot an anamnry
UM FIviam 1vd
N VN VN VN VN VN VN VN (7] VN AN
vN vN VN VN N VN vN N N VN aegdmgy
___W¥N vN VN VN N vN VN VN YN VN e ] . L\ * )
T UM SNOINV/SNOLLYD ‘IVd
TXI0ON | EXINXH X170 TX0 YIS TXra 1PN TXHIPXN 1001930¢ TXOIVXA TXE01900 INGOIPION | 99aNeRe3med [iagman Ipweg Ppd -
5 [§) 3] 5 %] 1) 3] 1] “® “ peasstyeg |:yMaq
/U0 renyio swsifol festiot »irtite rirvie seritoy st eoute wotie e yog |2 dpdmeg
X60~58~M1p |x50-s6~miv | Xso-co-vir | Xoo-ge-nmiv | vo-sa-miv | xvo-ge-2u1r | xr0~s6~mir | Xro-g6-11p | Xco-¢6-Miv | X6o-£6-Wiv Q) aug
¥ GRAGY [ tannow ¥ GNAGY £ aNnow [ van Fz:lal..

(V ALIS) VIV ONIdWNA AAZROHLAVNN - T¥ D0V
SLINSTY TYILLATVNY AYOLVIOEVT ALIS-410 YLLVMANNOYD

£ AL

8L - 4 93eq LT ‘9T 'ST OOV PUB 1)eMpunod) Iy DOV % 831y jdedu 3sog ynog
NOISIDAd 40 0O




9661 ‘0€ As AdM TPITEVIAOYTYNIAVIISWHIAITIAAOY ¥ ddvD

[=="00000s 17 VN "S0055L¢ -V SR ~VN [T \Z C00000CT APt PR (oL |
oree VN (] VN oons VN 00509 N [ mepRyg oL
VN N, VN VN N N YN VN VN WIPS paprQ MOL
o YN [ N " vN (4 N 06 PoYPN NPt 4g erlomN
(22} VN o1 . N o1 » VN [y 1] N 23 agdg e - NemN “WBN
000TY N 000ST VN 0006 VN 0003% VN 000t Kampryiy
UM SNALERAVEVE ALTVAD ¥RLVA
0o . VN (1) . VN 1) v VN (1] . VN [
ol VN 1] . VN 1] . VN ” VN ” ¥
1) . N 1] . VN 1] . N 59 . vN 3] .
17 VN o . ¥N T VN 1] . VN 3]
”i . vN ” . VN " . VYN i . N 111 qRompy;
(3] . YN "» . vN ” ’ VN 2] . YN ” .

(34 . YN 5T . YN T . N 1 . YN (11 . PR waigen,
§0 . ¥N ] . VN 1] . VN 1] . V¥N "o . mopoN).
$9 . N 1] . vN 1] . VN 1] . VN 1] . PO ANL 04D
1) . VN 1] . VN 1] . VN 3] . N 1] . JpEnQ o)

.._ VN 150 . VN 13 . VN L VN " wgironNRIA-LT1l

[ YN no . VN "o v VN "o . VN ”no . neayls
)] YN 3] . ¥N 1] > YN 1] . ¥N 1] . (10fpos) sena) pey 013) mesfqio NI -1’}

TUS $INVONO FILLVIOA 1V

(153 | T | " i VN I [ v] VN I [ 0| VN I 1] o] . .

T - T SOINVOUO FHLVIOAINES TV

VN T 7w T VN | VN 1 VN | VN 1 VN I VN I 2 | " RAHN
B N WY sEAIS0TdXH Vi

VN T W T VN I VN I VN | VN I VN T VN I VN [ | wpe3
U] sEa10LISEd 1V

» Fl (K13 . T o4 v 3 [§13 v (i £ o 3] (K] =7
ocb 4 " . " old " . " T v (L) 3 " . (13 n LAY

[ 4 oros 059 ] o 008l om o568 4 ooy oozti oos01 ®ayog
” |2 ” . ” o ld ” . ”» ” . ” ols ” . ” olov singg

(11174 4 " 596 d s o858 19 0008 1 oM oot wst @m0y
13 F] £ . 303 o la o . [ 3 3 (1] 3 (3.2 S "e (33 13aN

(2] |4 wio . ©wo r] (331] . (4] 23 I (23] 4 o . 23] vjenty Lmxspy
oz 4 we 1321 4 ”ny T 1} [ 4 " ols (4 msnshunyy

v es ] ) orlt 4 o 3 2 orst 00161 3 o [ ons mwnaedopy

i ] " . wi d (4} . [ 3] " . o 3 "'t . 1773 1) pen

00028 4 [0 . osvt d 1) {1 (3] ooy f] L J 000N5T 001 sos

o 4 ©s . ©? o{d ()] . 0 (3] » (3} 4 "’ 44 w? daddo))

e F] I8 . 3 ] ] . ] ] . re 4 [*] . [ n Wewd
1] 4 w0y . wy 7] w . wy w0y . (1] 4 wy - 00¢ o wamon)

conrg Fl 0059 005§ ] oy 0906 otss [ 1] 4 oas [ oncel LLE )
§ 3 . . s [3F] § . s H . 3 ola [ . us s =wglog

(L3 F] o eel 4 “n " [ . {14 f] o s ves LURT ]

A ] 4 "t . "t I F] (3 . "t ”i . 153 f] (1] (1. vol anmy

% 3 o€ . ©0's o la 06 . 0'c s » ©'s o4 0 . ot .| s06 . dsomnay

900704 El i . [} la wi . [ wi » o] )7} ur 0001t [ R il 14

||||| T W sivianvi
00001 . N 00001 o VN [03 VN 00001 VN o000l - A%jing
oot VN 08 VN 10 VN 00091 N 00008 nendwyy

o . VN o156 vN oty » VN o » VN o oy . Ao

- UM SNGINVISNOLLYD WVd
SETO1YI0N YYTalY X PVIRIFON svaaIrxn SYIINON | SXI01IN0N 333 X010 I0N PXIOINION | #e0nsReasec) [:meuny sPwsE pId
a ] ] ] ] R [ [ [ penoilyng  |:qidag
1.7 ] sWolico WD [ ) NS [ [ LY (7] roamaq iy |:aieq spimey
L0~ S6-N Iy VZ0-§4-Mir Ve -E6=~ M1y g6+ NIV vzo-c6-mier | Xi0~26~-miv | X10-Z6~Miy | Xto~Ts-Wiv | Xie-Té-Niv iaieug
"t Pu:o..l $ ANNOW kld P.z. nou IlJlPF.I:no....III L GNNOW

(V ALIS) VIV ONIJWNA dIZROHLNVNA - I¥ D0V
SLINSTA TVILLATVNV A4OLVYOaVT ALIS-140 YALYMANNOYD

£p AqEL

6L - 4 99%g LT % ‘97 'ST SO0V PUS 19j8MpUNcis [y DOV ¥ a1y jo8dui] 1504 yynog
NOISIDAd 40 QYOI T




9661 ‘0€ AvN

AdM Ty 18V LAOYTVNIAVIISUIAITIAAOY ¥ dd\:D

VN VN 274 N ok VN 03000 L2 W% Popaidong (WRL |
VN ooreT VN oon vN ool VN 00958 N saspay L
VN VN VN YN YN VN VN VN N W1PS pwpwg FRL
¥N [} . ¥N 08 N (14 . N (1] VN POUR I NPy g sslomN
YN oot ¥N o . N st VN o . VN agads sos - neaN BMN
YN o N 000§ VN [ondd N 008§ VN - Anmv
UM SNALENVEVE ALTTVND NILVA
YN 90 . WN 2] D YN (1) . YN e . VN WapPasIL-9YT
VN o VN st VN ” VYN 1 N 38aquoIe YL | sexigu0I0n AL
N 1 . VN 50 . ¥N 5o . N 1] . VN warng
vN | . YN 59 . N 3] . VN 3] . VN wmpy,
VN 3 . N "t . N ” . VN ” . YN QRO R8N L | 363HiqI0 N INIL
VN ot . N ” . VYN ”» . VN » . VN Q=T 4 2001 Yniapians
VN 3 . YN (13 . YN 113 . ¥N (11 . YN WORD 23RN,
N 1 . YN £ . VN 1] . VN 3] . VN mopOR),
YN ' . VN 1] . N 1] . VN [ . YN WDEAAIL 04N
YN 1 . N 1] . VN te VN 1] . VN 2ppuq o4
VN 1 . N 131 . N 13 . N v N NIpOONNRR-TTT
VN t . N no . N "o . YN "o . vN wenl
YN [ . YN ) 3 YN 59 . YN ” VN ___ supon ey pay uo) meafgponmap-1)
TI/NTE5INVOUO WILLVIOA 1Vd
VN I [ ] YN 1 [{] | VN |3 [} 1 YN 1 [13 2| VN 1 - WepTNd (Kanpvi -l na,
"W $5INVOWO RILLVIOAINES V4
VN )| VN I VN I VN I VN I VN | VN I VN 1 VN | A waARomMN
T TV SHATSONdXA Vi
W I VN I VN I VN 1 VN I VN I VN I VN | AT R ¢ L ]
A UM taaiboLisud v
+ [¥H (33 4 [ e v[a [ v i ] ™ . 32 * e E T
4 " . o 4 1} . " vla " . " 7] " , (L. 4 ] ojn |npessy
1 olvg oz0y 4 otel oors 4 [T [ 4 (2] (1] 4 (1) 0001 smpog
1 ” . ”» + |3 ” » ” ] ” . ” ] ” . ” . ”» oo samgg
§ ("] 065 4 oy 0 4 o 1] 4 st ol oset st LIl Y]
4 1 . s 3t 6 . (3 e ja (1] . o 3" (13 . (3. ola (1,3 v| e [RE]
1 0o . [0} ola (23] » (123 . la (23] . mo e ld ©to . [13] ola (13 T4 ) Ao 2apy '
1 [ A 4 (%] 15 4 we ”e 4 3] ({9 (10 '3 msshmpy
1 (™) (54 ] 00§ . [ d [ 7] oL 4 (1 0w U m ons wuisseby
1 [{] . (4] ] LA} 3 L] -2 3]} . [ 4] ola [ 4] . (Y] 4 " o] sty pery
[l e . ol 4 [T " It (3 . " v la v [ ] 4 [ ] o0te w04
4 w? . L |4 [ ] 3 (] sla [} ] . ()] '] [} ] . (33 4 ©? oo sodio )
[ 3 . I ] 2 . n Q] 84 . s ols 3 . 4 ar 2 | L)
4 w0 . sot 4 09 . w0 o la we . w0y ] vy s wy lem ®mmon)
4 oy o0y 4 o5t ors 4 065t (114 4 ons [ 1]] ] oy oot =)
2] 1 . $ QN F] $ 3 s o14 s . 5 +12 $ . $ ola 5 ol wmplg
1 3 . 111 4 (31} 3 ol 3 . 1 (] f . X 4 § L "mng
Fl e (131 F] "t . s 4 (73 . " E] (31 . (3] f nr sl ammy
1 Y3 (L3 |2 Y3 . 0% .la "t 0's ola ot . (.13 . () L dsomney
1w . [711] 3 " . 3] - la ] . [11 £] (1] > ouost 4 I o jom L mremsry
e T fivian v
7 00001 . VN 00001 . VN 00001 . VN 00001 . VN Hong
YN 01 VN n VN X1 . YN 001t VN Hegdeogy
vN 135 VN oziz 3 VN 113 . VN ot . VN aie)
U] SNOINVISNOLLYD IVd
CXO19I07 EXF01730% [(E715] IW0IN0T €501 W08 PEDTHION YEWINN CATDIr XN TRONIRTING] [CPeuEN SRS P
“ [ o (2 o (1. [} [*4 u pescilyreg |iqudeg
el (2%, 1] se/piice [ {3170 [ ] L ] suolise [ 0TI maaq) g |iajeg spdmeg
X60-€6- M1y X60-€6= iV Dt~ re-NiY D10 -v6-Wiy 220 -vé-N1y 220+ v6- M1V 610~ £~ NIY 920~ - M1V H10-C6- NIy a1 s
——<tannow 1 sa m||.z=J||... — 1 :...Inllao.. e a nn:..o:.ll:u.ﬁ:a...

(V ALIS) VIV HNIJANG GAZRIOHLAVNN - I¥ D0V
SLINSTA TVIOLLATVNY AYOLVIOEVT ALIS-440 YALVMANNOYD

£y AqUL

08 - 4 938g

LT ® ‘9T ‘ST SDOV PUs RjEMpuUnoLd) [y DOV % By 3edu] )sog yinog

NOISIDId 40 @0OT




9661 ‘0€ Av AdM TYIT1EV.LAOUTVNINVIISHIAI IO ¥ ddvD

000 VN g L 001t VN Q06T VN 00006 WAPS PAve ot (el

N vN 00962 VN 00091 vN [ VN VN wospny 0y
VN vN vN vN N VN VN VN 000r? WIPS pnpsaq (0}
¥N VN "e VN ] . VN s . VN VN POIPN [ty 4g ssbonuy
VN VN 001 vN st N (1] vN VN Agaudg wou - NMN SN
YN VN 0003T VN 00081 VN Q0o YN VN Lympry
/] SUELENVEVA ALTTVAD YE1iVA
2) . v o . VN 90 . VN (3] . VN o . WRpPNEIL-)YT
1{] VN 159 N 9 . VN ot N 4 2034100 31 / 2eaiga0son AL
1] . wN 50 . YN 1] . WN 1) . vN 59 . ey
©o N 3 . vN ” YN 1 . VN 3 smpL,
"t . N ” . VN ”t . N s . VN ”l . M HODNNRIL | dediqRODN AL
2] . VN ! 3] . vN 3] . VN o1 . wN ” . 4~/ 2002 Hiqy
(1 . VN (£ . VYN T . VN £ . VN 33 . MR WLN,
111 VN ] . N 1] . ¥N [l . VN 1] . sopor),
1] . vN 30 . vN §9 . vN 1] . VN 1) . MoANL sogie)
1) . N 50 . VN 1] . YN 1} . VN 3] . sprnq ey
wo . VN no . ¥N wo . YN [ . N (3] v Eas LI I RIS SN
"o . YN "o . YN "o . VN T . YN no . wena
50 . ¥N 1) . YN £0 . YN 1 . YN [1] . {s32jm09] 1n4) pey 81) Be g pOOMAP-T'|
SOINVDWO TILLV10A IVd
[12 «f VN [ 13 o] YN I VN 1 VN I [{] | VN m [ I L tL]] ~giug.
[§ $DINVONO NILLVIOATHAS 1Vd
VN I VN ) T I YN | VN I WN 1 VN 1 YN I VYN I 1 - N
/NI TaAII0TaXE IVd
VN I v T VN I VN I VN I VN I VN I VN | VN I I wpe3
VWY saaioiisad ‘ivd
Tie |3 ™ . (L3 d [§13 3 (1] [) 1§13 . [1:3 40 it 0 i ({13 . -7
1" ol4 " . " oja " . " ola 1" . " » |40 " , " 1] magpenrp
out 4 ooty 06§ 4 oLss otse a ons ons 3G o ole 00%01 . @magog
” |2 [ . ” o4 ” . ” Q] ” . ” -lsa ” . ” vlov anpg
orst d 0091 006 4 (1] ol 4 ol 0601 4a s ons (Y13 sanog
o ofd o . (3 ol [ . (3 Qr 3 . (33 S ET] e . o 1 an
(23] ol oo . (23] ol oo . (23] ar ote . (23 T ] (24 . (23] »| 20 Amaspy
561 4 o0 [ 4 [ . %4 ar 13 [ 4a nt . o " FRVTYY Y™
00§ |4 out olor d oset [ 4 o oy aa ol ot one < emsmeduy
(3] ] wi . sLE rl L . 4} Q] " . ”®l » |40 L 4] . (1] T peny
(113 4 " . 00401 d (Y " Qr ol o 4a (114 [ cote so1)
“? o|a Y] . (2]} 4 3] . C)) o |12 (] . (3] *{3a “e . ” w? axidoy
T '] 1] . It +la ] . 3 ola g . [ +j4a ] . 2 a4 (L5
w0y ] w . "o £l w0 . w09 ola wy . w0y » |40 w0y . (XS] on . ®wmoiy)
L1134 3 [ o 4 0665 (1111 d 0066 (11 EL] [ 00051 ool =)
§ vla 5 . 3 -8 [ . € .la s . [ +{4a 3 . we 3 swihny
(x4l 4 3 . I 4 5 . $ Qr (9] (3] EL 3 . [} i€ anung
‘ |4 (137 st 4 [} 4 we 4 134 (3] 40 s | 13 sot . vy
0 . la ['Y3 . w0 ola o . ' vla w0 . ("} «lia [']3 . 0 B bscmney
i -l "t . [ la i . w -{a orst [%1] l2a [11] . [T1) o smen gy
——— e e g e e e e = W™ sIvian v
00001 . VN T T eoo0r v VN 00001 . VN 000§ . VN 00001 . nejing
sl VN oS VN 13 VN ol vN s sHegdwyy
ot . N onee VN ot . VN o5t N (131 Aruge)
VUM SNOINVISNOLLVD TVd
FXroTe XN »RL0IPIN YECOIVXIN SECOIPION SECHIPION PXGRUNN | PXE0INA §X601rON TXOIFON  [Peoiisnesmo) | Nq@aN SEEE P1id
§ ” 1 ” B ) “® “ “ “ puscifyeg |iqdag
reoe [T [ 7] */00/T8 ot oot soUoN i (1 namIq g [eeg spimey
Xr0-S6~-Mir BEO-96-N1H V€0 96-IS10 SE0- 04 ~N1Y [ [{Rd 5L 113 p Sl (ldalid X00-£6-Mir X50~€C6-Miv p{{ R {iedalld “E hill ]
[t annow | YaNOY ] GNNOW 9 ANNOYW (===t GNnow
— —— ——— — N

(V 4LIS) YUV ONIJANNA AAZROHLNAVNN - Iy DOV
SLINSTY ‘TVILLATVNY AHOLVIOEVT ALIS-410 YALYMANNOYD

£y JqBL

18 - 4 938g LT % ‘9T ‘ST $DOV Pus 1)smMpunosd [y JOV ¥ 81V Pedu] )s0d yinog
NOISIDIA 40 AIO00TA




9661 ‘0t A8 AdM THITEV INAOYTYNINVIISWHIAITIAAOY ¥ dd\v:D
UN [7500) VN [0 VN ST 2 (17 4 VN WAPE popesdong WOl |
N VN VN T YN costl VN oot VN wospal (oL
VN 00052 VN N vN N VN YN N PP pAEmQ WL
¥N VN YN 1 vN we vN 065 YN PO Nwppiy ig solomy
N VN YN ({1 VN o . ¥N o . N agaudg os - nemN peN
YN VN VYN 00003 VYN 00081 YN 0004 VN hympy vy
T UM tNELENVEVE ALITVNO WRLVA |
VN 60 3 VN 1) . VN 3] . VN e . VR [ WmppaniL-$YT
YN 1] . N 3] . ¥N 3] v YN 1] . ¥R saquoson Ry | sedpiqologaiy
VN 3] . vN 5o . VN 3] . VN 1] . VN ' searnig
N 1] . vN 3] . VN 5o . vN 3] . VN smpy,
VN [X] . VN ” . YN (4] . VN " . N VRORNARL | 3rpiquonyans)
N 3] . VN " . N (3] . VN 3] , N 2e0amag- | 0y KRKIRN
VN 5T . VN [31 . N T . VN (34 . VN PORD N,
VN 3] . vN 3] . vN 1] . N 1] . vN "opoRd,
VN 1] . N 1] . N 3] . VN 1] . ¥N oL soye)
VN 1] . vN 3] . YN 3] . N 1] . VN g oY)
YN 13] . N (3] . vN 150 . N’ (3] . VN I oRRRN-TT
VN "o . YN "o . VN (3] . VN "o . WN nea
N 59 . VN $0 . YN 59 . N 1] . VYN (312ppov) raeay pay 113) e agiqroDRIR~T')
TN SINVONO TILLVI0A TVd
B VN 1 ] I VN I [3) 1 VN [ I VN )| v | ¥N I PO ~tied,
TUW $OINVOUO TILLVIOAINES TVd
VN I VN | VN I VN | VN VN | YN I VN I VN 1 I WHAACMN
. /M) saAisoNaxE vd
VN I VN T VN I VN | VN VN I VN I VN I VN | I - w3
-- U saqioLisad 1vd
4 X 1303 4 (K13 . (4] 4a Ty e *T4 3 o 4 [§13 oJvie g
3 1 3 v F] n . (1.4 4a " . " v |a 0" . " vl4 n olu LTIV
4 out ozt £] []] ot £ oset ot 4 ot ot okl ousal |ayog
£l ” . ” A F] ” . ” » |4a ” . ” e ” > ” . ”» ol snpg
4 o o E] ot . o 4a oult oIl o8t [ 1] []] [ ®wraog
4 s . 35 3 13 . v + l4a 3 . 133 v |a (1] » (3, . (3.9 sfem [E]
1 0o . (31 |4 (23] . oo * |4a 0o . (3] ola (313] » [121] ol4 [3) L1 Am 2y
4 6t w 4 (1 - o8 4a (] H]] 4 [ " 4 L] I3 wesluepy
l4 1 (12 4 00§ . oris £ 008 . 00§ . 00 . i 4 00§ » | oms wanatp
£l " . L3 3 "l . "'t » 4@ L] . [ 3] . L3} » e 4 [ 4] sfae ey
4 odsL 00L5% E] 0529 oassz 4a ont 10 rl 060t 069 4 oS 0016 oy
4 w3 . e E] LY . Yy 4a w? . ) o la ()] » s vla [} +|ws nddoy
4 It . 1] o4 4 . 4 » |4a T . ] ola [+ 4 . ] . [ Qb wed
4 wy . s £] wy . 311 a we . wy vla wy » uy 4 0 olem ®wmony
g 9] (113 d oz orts 3a oz ot f] ot (11 4 o o0cel .y
4 y . s -l 5 . [ - l4a 5 . s ofd 5 > 5 . s o5 saghng
4 " (1{] 4 1331 ves 4a [} " 4 3] (11 4 (3] (XT3 waing
4 Rd e 4 "t . w0 4a (] ” a (13 . e 3 3 olsal asay
4 Y3 . 0 .4 w0t . 0t *l3a '€ . w's . 0 . Y 4 '3 o | soc hsomiiay
1 " . 0062 4 it . L] 40 1] . i ol wi . o 4 [{]] sloey wmamny |-
T UM SIViRn TV
YN 00001 . VN 0000% . VN 0000F . VN 00001 . VN nepng
VN n YN ) . N {3 . YN T VN sieqdwny
____Wn otie L VN on VN oSt VN ot wW_ | o)
. o /%) SNOINVISNOLLVD ivd
¥X5019301 PAOIYXN EXS0IYXR EXRIT XN *Xr0Iran YXRIPXH SXWINXIN | ssctisnesees [Taqean sPaes pind
£ (1 11 [y %) 1] (3] pororlyng |:qag
SWrL/50 [ [T WIS [T [ ) L) manaq) oy |:aieq pdmeg
X500~ 5611 X50=§6~M1y 50 66~ 1y X50-S6~M1y AP0~ 6~ Wiy X0~ C6-M1r X00-E6- W1y Q1 ang
9 ANNOM m ANNOW w—..l&-b‘

(V ALIS) VIV ONIJWNA AIZRIOHLNVNA - Iy DOV
SLINST TYDLLATVNY AUOLVHOEVT ALIS-410 YALVMANNOYD

£y AL

78 - @ 9988 LT % ‘9T ‘ST SO0V PUE JJEMPUN0ID [p DOV ¥ ¥a1y Joedul] 150 pnog
NOISIDId A0 CIODTY




9661 ‘0O AR ddM TYATIVIAOYTVNIAVIISWIAI IO ¥ dd\v:D

won VN 000Nl v [ VN Tooot N [ = WP Papeskent 0] |
" N oL vN 1] VN 0009 VN ” nepry poy
VN N N VN N vN VN N N WHPS P (0L
3] . VN oS VN 91 . VN oo VN £ . POTPN NPy ig salomy
ot . N of . wN (1] VN o . N [} agdg sou-nemN SpMN
000§ YN o008 . N 000§ . VYN 000§ > YN 0004 Koy |
(1% VN - (3] > VN ) . VN 2] . VN 2] . WRpEERIL-§Y
“ N 1] ’ ¥N 1] . YN 1] . YN 1] . 2030)s0s0N 311 | suaigporon AL
] . vN 50 » VN 3] . VN 1] . N 3] . smarnrg
o N £0 . VN 1] . VN 1) . VN "o wmpy,
| " . ¥N "l . VN ” . VN ” . N i . NRORNRPL | Meapiqronmens)
| 44 . VN 4] . N (3] . VN vy » N ” . 200N~ T/ 200 HaHpaL N
5T . VN (31 . wN (3 . vN (14 . N [ . MORD WPy,
] . VN 1] » VN 3] . vN 3] . vN 1] . 5RO,
”5o . ¥N 1] > vN 3] . VN 1] . N 1] . WONRRL 0D
| 50 . YN 1] » VN 3] . VN 59 . N 1] . appaqg e
| 1 VN "o . N 1o . N 150 . vN 159 . s onmRAR-LT1T
"o . N "o > WN 1] . VN "o . YN ”e . sl
1] YN 1] » VN 1) . VYN 59 . VYN 3] . (s33]mos) sensy poy 113) ey ROmE AP -2’1
- TUNT $OINVOUO TILLVIOA V3
1] I N - 1) I YN | 13 VN | " 1 VN I 16 RPN MALTH
- - — (UM ESINVOMO FTLLVIOAINGS 1Vd
vN I VN I VN | VN I VN VN I VN I VN I VN I wnddonN
- - - BN SATiO XA 1vd
VN I VN | VN I VN I VN VN I VN I VN T VN I eyl
voed _ TUWTsRaidlisadiva
- (5T 2 I N7 Sy i ©72 v[d 1573 (Y[ Q] (§13 v (K13 ] [33] L3 frie w7
" .o la n . n >l " . n ar] n . u 7 " . " ofne ®apenep
o5t ] ("33 ont f] oIst one F] orst osst 4 -4 o9t 00801 @upog
” ] [ [ »la ” . ” o la ” . ” 7 ” . ” 3 [ gy
ose 4 sie . s vld [ s |4 us 13 vl4 [ 1» wst sunaoy
o ar cr . o vla o . (3] vja (3 . 3] o ls s . 133 3 133 PN
(34] ar (23] . oo »ld (23] . (323 v|e 23] . 23] vla (23] . "o +Jorto Larayy
o 4 Tn s f] ] (3] ] (3] [ 4 ] Lot " masiuepy
(1L 4 00§ . 008 vla 008 . 008 ola 00 . 00§ v l4 00§ . 008 »Joms musedepy
LA o l4 "t . [ 3] vla " . 3] 4 " . [ 1] 3] [ 3] . "t g a3} por)
(-] F] (13 . o8 [] 13 . 121 4 ”"s . L) 4 (33 . " »Jooie o1y
(3] |4 w03 . ()] »la 3] . [ ole (] . ()] o4 (3] . (2] 3 L3 seddoy
4 Qr] ] . 2 »a 1 . 1] o4 ] . T vla [ . [+ g ¢4 e
wy o4 w0 . wy »|a w0y . we - |a wy . w0y o{s wy . w0 B AL snmon)
0004 4 06T ot f] o6 [73°1 4 060t o1z 4 [ 13 wst onrt wae)
f |4 s . § ol 1 . 5 -l s . $ 4 s . [ 3 aupisng
i f] 3 . 133 4 w0 5 +la § . 3 o4 [ S s Jre LU
"t Qr "t . 733 ola "t . "t ola (131 . "3 7] 23 . "t ofsos sy
w0 4 ' - 0'c v la ©0's . 0% old 0% . «w'¢ 7] '3 . 13 B 1 dsomyey
ool d w . nl 14 [ . 56 F "l . " 7] wi . i jan _mmeaty
N VLN Vi
00001 . VN 00001 . VN 00001 . VN 00001 v VN 00001 . dejing
§3 VN o5y VN [x1] . YN L3 VN (Y]] . degdwgg
=11 . VN ot » VN one VN [ YN T3] mopEd
- CUNT sNOINV/SNOLLYD 1vd
EVIOIrXaN PXI01930% ¥XI0TYI0N TSXZATN0N SXI01P 30N 3] *X90T530% XN IYION $X5019)01 #9011VAVIN0D [ Mqmay Viweg pioa
n ] ] 1] ] n 0 Y]] n peacifyoeg |:qudag
relLoits [T SHEI/S0 Lol oL ssiso sWshso s (74 eamaq 1o |:31eq spdmeg
|_yn-ve-niy | x0-vé-neir XL0-v6- NIy X20-46-Wiv XL0-46-MIY X906~ NIy AP0~ v6- M1y X90=06=~Mip X90-¥6=~MIy Q1 wug
faNnow 1 yaNnow —taNnov ] R ~TaNnow
L1 Ll Al AL

(V ALIS) VIIV ONIJWNNA GIZROHLAVNA - TP D0V
SLINST TVOLLATVNY AYOLVIOSVT ALIS-410 YALVMANNOUD

tp 3AqEL

€8 - 4 33 LT % ‘97 °ST DOV Pus 19)smpunoss) [y DOV ¥ 81y pedury jsog yinog
NOISIOIA 40 I0OTH



9661 ‘0 Avpy AdM THATEV LAOYTYNINVIISWIAITIAAOT ¥ dd\::O
VN - ooosT LT [ e \L] (707 VN Toort =N 0% VN VP PPttt (] |
VN (] vN ” vN oorzs ¥N 0095T VN 00ns VN wepny 0L
VN N VN ' VN vN vN N vN VN N YN W1Ps papm( (oL
VN ] . VN o . VN (1 vN L ]] . VN o . YN PO [V b ssbomy
VN Vsl VYN ('3 VN ot . VN ol . YN o 4 YN Apedg 008 - ey maN
VN OL0J VYN 00013 YN 0000 VN [ VN 0009 YN Aympeypy
— SURLERVEVI ALNVAD YALVA
VN o . VN ) . VN (1) . VN 1] . VN (1) . VN RRPONEIL-SYT
VN 3] . VN 1} . vN 5o . YN 0 . N 143 VN WIgRoIN AL / 2eapiquoson il
VN (1] . YN 0 . VN 0 . VN " . YN (3] . YN wirnig
N ' . VN 1] . N ] . N 1) . N 1] » YN swnpy,
YN [X] . ¥N ”t . ¥N ”t . YN 1] . VN ol . VYN QEORNNRIL / deriqionuny
vN " . ¥N 3] . vN ” . vN 3] . vN (4] . VN 4-1 /2000y Hpalqp
YN T . N 113 . N (1 . VN (1] . WN (4 . VYN WORD deigapt,
VN ¥ . VN 3] . N 3] . YN 3] . VN [y} VN S0P,
VN 10 . VYN 0 . VN £0 . vN 1) . VYN 13 VN WP OMRA] s0R)
N 50 . VN $0 . vN (3] . VN 59 . N 1] . N WppuQ voam)
vN no . vN (3] . N [13] . VN "o . VN " VN QoD RAN-TT']
YN "o . vN "o . YN [ 1] . YN "o . VN ”o . . VN Ll
VN 0 . YN 1] . VN 1] . YN 1] . VN 1) . VN (vsaporny sees) pay 013) me g somig 2p - 1)
- . $3INVONO TILLVIOA TVd
YN 1 [%3 I YN I 1] | VN 1 [13 31 YN [13 3| VN I (13 o VN 1 ] NP -] ea. ]
B TUW] $5INVDNO WILLYIOAINES TVd
YN | ¥N I VN I VN | YN I YN )| VR VN ] VN I YN 1 YN | i aniloyy
T BT ssATEONdXR Ve
YN T N I VN T VN 1 VN ]| VN I VN VN L VN I VN I VN | IO | ____ "y
T o /W) sadidiiziad vd
4 (K3 3 I KT 2Ry ey ™1} (K3 T4 ({13 g [ . (13 Tit O F] 3 . [ 3] [ Wz
f] " . " |2 " . " . la u . n . n . n . n . u . n in |mpeuny
f] o ot 4 00T ont 3 osté (3 4 0040} [T'7] 7] os (7] (117 00501 anypog
4 ” . ” 3’ ” . ” ola ”» 3 ”» |4 ” . ”» o la ” . ” , ” ol sangsg
4 [ oon d (] o0 4 o - Qo (114 ~0008 |3 (74 [ ous (1114 ' mmeaog
1] (13 . (G o1 s . 33 ola (1] ’ o . 3 . [ . (1 . (13 ol (143 oo PYIN
4 (23] . oo o4 (03] . ©wto ola 1113 » 73] . (23] . (73] ol (23] . (23] e (23] | orto Aom oy
3 ws 133 4 o e £] ¥4 5ty V3 4 . [} 4 »t 13 f] "w " sty
4 00§ » 008 ol [* . 005 ] (114 006t 4 ot on ] oI (104 (23 ons snnnlop
] " . st o|a (1] . 3] .l " ’ n1 'l [ 3] . ()1 " . 1] 4 L] o| sy pony
4 [ . v ] (3 . "o |4 3 ’ “w 4 ’e . o6t 4 ] os0g o *} oots won
4 w? . w0 an “©Y . «© 7] "] . 1 £] w0? . 3] . )] . “? . (] sjeos saddor)
4 [+ . 34 » |3 st 3 [+4 . {4 [~ 4 > 4 I3 [~ 4 - [ . 4 L4 4 . ] i Ll ]
g wy . w0 T w0 . wy o4 wy . wy |4 w0 . wy . wy . wy . [(}] jem muwon)
] oo ofus £] oy oS 4 [117) 0008 4 ons osip 3 1] ous 4 0 [ 1] _-atye)
4 § . N .4 $ . 3 o ld § > 3 . s . 5 3 [ . s .l [3 ols suplug
4 $ . v o4 5 . 3 (3] 3 » we s . " sot o (3] (X3 mung
4 (13 B "t |4 (3 . "t 3] o - R 7 B 31 ) R ] ”l . 114 . " sfs0 anmy
4 @ . 0 la )3 . ¢ . [a 3 . ws . (") . [ . 13 . @' . ”» [1)3 dsawmisy
14 n e i ] T "l > 114} -r i [d 173 4 wi L4 olfl wi bl [, {1} £ [11] o "amimary
M sAivianiva
VN 00001 . VN 00007 v VN 00001 . VN 00001 . VN 0000¢ v VN EU
YN il YN (411 . ¥N i VN (4.4 YN Ty VN seydogg
o'l..mﬂxll. | o 2L VN 0L06 ¥N otz - YN oLt i3 VN [ 414 4 YN —_— i S o 1,54
o - e (UM ENOINVISNOLLYD TVa
PV INION VO IYION 713 SV 300 FENIVION YERIYION SE01730% SERIFIN WRIPIN VIV SVIOINXIN ™ | sedtisnessnsd [imgaay slavi prja
o “ « “ ™ w 1 17 -~ (3 o pueeityng |igMag
sWivee S51/60 "LH reits (5271 T rtice [ 4 L] 27 R [ Wi/ Lot maag yog |isieq spdmeg
knlvhlx_v Yol -vé-Niy Y ~ré-NIV Y63~ y6~-KIy U0 -rE-NIY A0-v6-NIy W90~ ré- NIy A0~ r6-M1IVy Y0-ré-Mir Y0-bé=N1y YI0-0é-N1y ai g
$ GNNOM § ANNOM vﬁﬁom m GNNON 9 ANNON u GNNOM 1

(V 3LIS) VIV ONIJWNA IZROHLNVNA - TF DOV
SLINSTA TYILLATYNY AYOLVIOEVT ALIS-410 YALVMANNOYD

£y AL

v8 - 4 938q LT %® ‘9T 'ST SDOV Pus JsMpunosd [y DOV % ey pedui] )s04 yinos
NOISIDAd 40 MI0O™




P08 POpUSdang (o) |

VN 0001Y VN 00015¢ VN 0000011 VN 0006 VN [
VN 81 VN 09i¢ VN 000991 VN o008 VN o . wupN] Moy
N N VN N N VN VN VN VN VN . SPI0S pealoRIK] pAOH
VN ol . VN " VN 174 VN 1] . VN 1] » PORON yepral g udlonju
VN o1 . VN ot . VN o1 VN 513 VN . ooy . agpads wos -~ MualN ‘niaf
VN 0ol - VN 00ty VN 008§ VN w011 VN [ Lpjeyp
1AV SWHIARVEVA ALTTVND VALIVA TVd
VN 90 . VN 90 . VN wo - VN o VN w0 - RINIOATIAL-9'YT
VN 5 . VN 1" VN 1] VN ] . VN 50 . PrODIPHL / 80K GoonjIPUL
VN £0 . VN 50 . YN 50 > VN 50 . A\ 50 . ouemog
vN k o VN 5o . VN w VN 90 » VN 90 > emnpl,
VN 91 . VN (1] . VN 4] » WN L4 . VN [ . e0[PEReL / eusipsanpens)
N o . VN ve . VN 1) » VN "9 . wN vy . snowming -7 / owcex KpoKipon
VN €t . VN [y . VN (1 » VN 1 » VN 114 . PO weKk g,
vN 5 . VN 5 . VN 5 > VN 5 . VN 5 . SLIOJOIOTED .
vN [y . VN [y . wN s » VN (13 » VN 11y ’ SPHROTPIRRL RN
VN 50 . VN 50 . VN 50 » vN 50 » VN 50 , opYInsx] WqND
N 150 . VN 150 . VN 150 » VN 150 . VN 150 . SR A[PIAN-T'T'1')
VN wo VN wo - N wo - - WN wo N woe ssals
VN 50 . VN 50 . VN 50 > VN 50 > VN 50 . [15wos] sue1] puv sp) muaKnearrpp-1'l
1A $OINVOMO HILLVIOA ‘TVd
VN B [T I VN I s I VN %] VN I [13 I VN I T ] T nn o (K qkpa-Z) id,
(A9 SOINVDEO HTILLVICADNGS TVY
VN VN VN I VN I VN VN VN I VN | VN | VN I [ Gl @oRIN
. 1] saAs oD@ Tvd
VN VN VN I VN | VN VN VN I VN I VN 1 VN I | wupud
V] saOU/saaDLLsad TVd
o Tés o ] {13 D (13 “H Tty TR Tit 3 T [ (13 . 13 i ELl7
H n . I ' n . W 'l W e oest ] > " 2t u . " ol umips A
1 osss 00§§ 4 sl wigt 4 oossf w9l 714 orit 4 osis [ 00801 wnipos
1 oy . 9y 'l oy . [ e r » ”r » 9y > ”r "] 9 . "y oo g
1 066l o6l 4 osip ot6L 3 00lf 00667 ”6 ozs 4 oos o5t 0ueT wnjpsraog
1 £re o ¢ (Y73 . 303 o4 {3 > sy (13 » sl (Y] . 133 2 (1] PPN
1 oo . ore 4 w0 | oc0 3 ote (24 T ore o oo o0z -|ovto Lo sapy
h we ris 4 10t 141 £ oS st (%41 e 4 sos (33 16t ssawaloepy
1l ozt otel 4 otes otor 1 osey ¢ © o090y 00§ > 00§ 3t [ . 005 » |osrs wapaulepy
1 el . %01 4 141 . e f] 73] > yor (14} > (14} o4 [14] . (191 sty wry
H o oLy & yis Qs0¢ 4 51 ocoryl (£ » ree 'l ] %01 0016 voij
i e . 609 4 03 - 6% -3 0t » 1] 60’8 > 60t 4 08 » @3 + jeon saddo)
H 1] . 5T 4 [14 . [11 ol st . Iy ] 14 » 14 *H st . 13 o |t 19300
1l 09 . Ny 4 109 . w09 o4 w9 » [ w9 > wy -H 09 g we e wn|woyy
H oroe 009 f] oz6L oL 4 009l ey 098¢ orss £] oLss 0596 ooLrl wnppd
H 3 . 3 ok 5 . 3 ol 3 » 3 » s . s vl 3 ’ $ els wryliog
H 5 . " 4 117} [t £ 169 <3 i 95s £ s (4] 96 wnjny
H 651 oL 4] e e £ 50y ©Wes "t ’ 71 'H we ' 501 suansy
H ¢ , (Y3 ol s0'¢ . w0 o4 0’6 » e 0's ’ $0'¢ ol '€ . §0'¢ s |co¢ kvouiguy
b i > oros f n . olet 4 i » 0£96 wi » i 'l ot [{]1 o9 wauquiny
VA sIvian ivd
VN ool » VN 00057 VN 00057 VN [~ T VN 00001 - nyging
wN 1411 VN 0082 VN 005§ VN 501 VN ot nsydioyy
VN i - VvN 1141 . VN ozt VN 0§t VN oret PO
(W) SNOINV/SNOLLVD 'IvVd
XTI XN XTI PXDITVXN YXOTIPXN X0TTRNON CXOUVXN Y601V XN HRQIXN CTIG ] CTIE [ D [Fequny splamg prod
ser ey Y13 Y Y s [ 13 s [} " pewsdpey |:mdeq
romORT [V 4] $6/L1/%0 S6/LIND renILY reRoze SEXIND sas1K0 rexaTl resont meoq) g | e opdwng
Xl —-r6—Mib X11-v6—~Miy Xo1~yé~M1ip X0I—06-NIp X01—~v6— NIy XoI~-r6—~N1IV¥ 260-r6— NIV 46006~ NIy d60-v6-MIv V60—-96—- NIy ‘Ul s
s QNNOY 9 ANNOY saNnow. | 9 GNNOY s ANNOYW
et
(V 4L1IS) VIIV SNIJANA dAZROHLNVNN - IF DOV
SLINST TVOLLATVNY AYOLVEOEVT ALIS-A10 YALVMANNOYD
£p SlqeL
S8 - | 338g LT ® ‘97 ‘ST SDOV PUE 1)BMpuUnoLs [p DOV ¥ bAIY Jedu] )sod yinog

NOISIDAd 40 A0DTH




—

0a0%6 1 VN 000691 VN 00009¢ 00058 VN 00095 PIPS mo
VN 08t VN wore VN 9ss 00ros vN woLe SWUPNH o
wN VN VN VN VN VN VN N VN SPROS Peajonsl CH
N {93 VN [{]] . VN 13 [ 113 VN 14 POBOp VRN Ag adloap
VN ol . VN ot , WN ot ’ (1] » vN ot . agpeds wu-nsa ‘nae
VN 00051 ] VN Q00ts VN 000sY 00019 VR aoz§ Lpnpeyre
T (1A¥) SYA1aNVEVE AITTVAD ¥HLVA TV
VN 90 . VN 90 . VN 96 - VN wo - VN 90 SUINPOIORIL-9'Y'T
VN 60 VN 50 . VN 5o > VN 50 . VN 5 . PO D|PUL/ BIUPOAOIPUL
N 50 » 50 . VN 50 , VN 50 , VN 5o > suamiag
VN 50 . VN 50 . VN 50 , VN 113 VN 50 , wmnpg,
VN 91 . VN []] . VN 4 > VN 91 . VN 91 . \peciofpeas] /eusiipeaniipeae]
VN v , VN 9 . VN v » VN 1] . ¥N 2] . ruownnq -2 / encredl KpeKpen
VN [} . VN I3 . VN 44 > N 6t , VN 14 . PO WK,
WN s . VN 5 B VN 5 . vN 5 . VN 'y ’ wU0JOIOILD,
VN 850 . VN [Ty ’ VN 13 » VN 1y . VN [y , *ppojPuReL D0Q M)
VN 50 . VN 50 . VN 50 » VN 50 . VN 5o . opginsiq voqnD)
VN s VN I3 VN 150 > VN 150 VN 50 sevpeapean-1'7'1'l
VN "wo . VN o ’ vN "wo ’ VN wo - N ”wo saueikx
VN 0 . VN 50 > VN 50 » VN 50 > VN 50 ’ swos] swesg, pEV SP) musipeaonpip-1'y
o VN “TUNT5INVDNO RILVIOA Tvd |
VN | wr 1 VN I [0 o1 VN [ Ve 1 VN [ 33 VN I [1] I neEnLd (Keukpe-T) ol
3 CiA¥) SOINVONO R ILV IOADNAS TVd
VN VN VN | VN I VN I VN T VN 1 VN VN | VN Hl: Tk PoaN
~ o S!N.»HQEB..E
W | TTw VN I VN I VN I VN I VN | VN VN [ W _. T i ]
T LT T (W) seoarsadionLsad ‘v
i T3 . T H {13 "l [§H3 "l ({13 > S 233 1 [§13 > 6 vit it g (313 Uz
1 u . i ol " h " vla u ’ A £ 1" > yst 1 1 In LT L7
1 06L9 173 £] (784 H (1143 4 all - i GOsTd 4 o8kl g (1 s [0 wnjpos
1 9y . 9y -l ”r ] 9 ol (13 » vy » i3 9y > r . gy sy lov 1ai1s
H cts o8tz L ocLl 4 oz 4 0566 - - 0569 4 00se [ 1Y} 06 - oris oLt wnpmog
1 o {3 9 03 sl (433 4 o s 4 cr o 13 Y3 cre PPIN
TR 1% 4 T oo H oo M4 oo *H s&T0 > oo 4 ote » 124 T ore (I 14 Lrosap
H 501 ol 4 1213 4 s £] {114 oy 4 s £9'S yel 162 esandlngy
B o (11914 4 ooll 1 oss1 4 09T 0l89 4 ont [31] ot o8ve wapadiupy
n Tt . wor 4 14 o 4 114 »l (14} > 1Y £ (14 [T9] Tt o]sty Pl
13 . 1121 £ T 1 oont £ S5 - 00éSt £ st o [21] 0016 uos}
] 60'¢ . 608 ‘14 (1] 'l 608 3¢ '8 » AL 4 60} 09 60’9 +160'8 1ddoD
H 144 . st +H 41 Bt 11 'l 5T » T 4 st . st 1 st e
H 109 . i 4 09 M 09 3 wy o rot 4 w9 w09 wy fen | unpeosy)
0095 090L o oo 4 oIse 4 on : oie ' 005 0008 el wapp)
1 s . s -l s Bt $ sl 5 » § 'l [ , [ H o1s wnypliag
1 s . §9t 5] $ 'l Y 4 (1] Lo 4 sre s Tol (T3 weyrg
H " . ve 4 734 'k " vl ”wr - 141 4 09 "L 166 so1 sy
s €0¢ . ¢ ol T3 ol 0's o3 s > 0§ 4 (1] ’ 0§ 0  +fso¢ kuowpuy
1 111 . 00f§ H 12 3] 196 £} wi > - (000Y 4 i wi 196 oLy wnupwnY
T ~ A sTvianvd
VN 7177 oot VN [ T VN 00001 VN 00091 VN 0000} nyjing
VN ] VN (Y1 VN [ VN o . VN 901 srsydsoyy
VN 1414 . VN 1414 , VN oy » VN ot ¢ VN o . PHO)
(1A9) SNOINV/SNOLLVD “IVd
YXSTINKN YXSTIPXN EXCTIPXI CXCTIVXN YXTITPX PATUIPXON XTI |  SATIINXN XTI WXIINOR | =opsasxec) [iequuy spimeg potg
3 [y 4 34 [3 4 3 1 13 L3 S ser ser peswofipey  |:qdag
SaMIK0 S6IK0 4] yonoTl (737 T (77377 em0s el SEVIND SN0 g ing |neg sdems
xsi-ve-miv | xsi-v6-miv | Xet~ve~miv | Xcv-ré—miv | dxi-sé~miy | Xri-ve-miv | Xti-vé—rar | XZi~-pé-mir | XiI-b-WIy | XUI-vé-PEIY g s
9 aANNOY S GNNOY 9 ANNOY .III.I&IlIIBﬁ.. 9 NNOY
(V ALIS) VIV HNIJANA GIZIRIOHLAVNN - TF D0V
SLINSH TVILLATYNY AdOLVIO0aVT TLIS-440 HALVMANNOYD
13 AU LA
98 - J 33eq LT % 97 ‘ST DOV Pus J3jempunotd [y DOV ¥ 61y 3edui] 3504 yinos

NOISIODAd 10 QIOOTH




VN 0009T5 VN VN T G [~ TPI0S POPUSdIng fa01
VN 91t VN VN a '] e wups}| Moy
VN : VN VN VN VN N SPIIOS PRaossx] RO
VN (3] vN VN a 11} . [{1] . PORON [Yepiaf g walonju
VN ot » " N a «n T agpeds vou- MURIN ‘NAR .
‘N 0008 VN VN 0006 Q0004 Lo
A) suBLENVEVd ALNIVNAD MALVA TVd
VN o . VN VN vl 0 » 9o - SEINPOIOAHAL-9 1T
wN 50 > VN wN a re T DOD[PHL / e8skp0sNpY
VN 50 . VN ¥N a 5o . 50 » ssazag
N 50 . wN VN a 50 . 50 . smnpl,
VN 7 . VN VN K 91 . [ . Peoso[pena] / susipean|peas)
VN r9 . wN VN a ye . re C suoumng -7 / oucr o) KpaKpen
VN (11 » vN VN a 1 . (1 » SpHOIR) IUDON,
VN 50 , VN VN ka 50 . w . WL0JeI0 D,
VN 950 » VN VN a 850 . wo - sppofpeae] BqRD
VN 50 . VN VN a 5o . 50 . PGS QA
VN 15 . VN YN a 15 . 15 » smeqeappean -1l
VN wo . VN vN a wo . "wo . sagels
VN 50 . VN VN 50 » 50 . [snwos| swuy] puv sp) muarmeaKPp-T'
(1] $5INVDUO HILLV10A TV
VN | [ » I VN | VN a ot I [13 . | ne N (KRG - ) Slle
() OINVOUO FILLV IOAINGS TVd
VN VN VN VN VN VN I —_spekRoAN
AN SBASOIDAE ‘TVd !
VN VN VN VN VN T VN | i
(W] sada/saaoilsad Tvd
1 T v [§13 “[aa it v]d Tit -d Tit ’ 313 e Wz
H 1 , " s l4a " o1d " o 1" ’ " »u A pNA
TR 7244 17344 4a 001z 4 (131 a o5z o050z 00908 wnjpos
1 oy . ' - {4a oy s{d oy 3 4 r . ”r slov amps
H ste . T3 s laa 32 4 su a  osu (173 st wnEsaod
1 e o 3q o 4 Y3 a., ¢ 1 183 PPN
H oo oro efda  oro »|d oo cf@ oo} . sro  cloTo dmoiepy
H "wr "we Eu st d 1ot a 111 1 6ts 133 sondueyy
1 00§ > 00§ » [da 00§ vl d 00§ 3 ¢ 00§ . 00§ s Josrs anpaden
1 [14]1 . ol »lsa 73] ari 14} vla (141 . 3] 3 [143 (141
il (313 . vie - 14a 31 4 181 a res . {3 »Joole vosj
i] 609 . 60’9 . laa 08 vla (51 ] 3 ¢ '8 . 60’8 oo 12ddo)
1 24 . 14 . |4a st *3 14 £ 5T . 5T 3 11 1.2 e)
i 209 , 09 laa 09 s|d w09 3 < w09 , w sfent o)
H  onis ouzs 3a 0656 4 o a  osss ozss ooLrs woppd
1 5 . 5 »[4a s vla 5 Q3 5 . [ 2 1 wnjjkaag
H 3 . $ » [aa 59 4 s vl 1} ws 966 g
1 " . " . l4a "t +]a ”e 'k "t . 731 sfsol ey
1 50°¢ . 0§ » laa 50’6 ar! e ] 0'¢ » '€ »{c0¢ Luowpuy
H 13} . il - l4a 1wl ar i a i . i »Jouse wnujwny
1A sTVian Tvd
VN ¢t ool » VN VN 7 ool ¢ o001 * uging
VN 066 VN VN a £l . 13 . negdioyy
VN L e - VN VN a ont . oret PO
{1/49) SNOINV/SNOLLVD TVd
X UITXN IR SXYITPaN T OOUINXK EXriTan QIR p D [requy epfang proyd
] . [ ) L} ] ] puodpeg |imdeg
sex1xa SEEIAD re/Lory © o selLons »e/LOTY re/tonct sonse( 1og |ineq opdemy
Xri-v6~Wiv | Xvi-vé-miv Xrs-pé~MVr | Xvi-pe-waiv | Xvi-vé-Wiy ]| Xvi-re_BUIY ‘g e
== aNnod___ s GNROY .
(V ALIS) VIIV ONIANNA GAZROHLAVNN - 1F DOV
SLINSTY TVILLATYNY AYOLVIOEVT ALIS- 440 ¥ALVMANNOYD
£F AqEL
- 3
L8 - 1 238 LT ® 97 ‘ST SOV PUB 1)BMPUNOL) [p DOV ¥ 831V sdw] )sod ynog

NOISIDEd 40 @ O0OTd




RECORD OF DECISION
South Post Impact Area and AOC 41 Groundwater and AOCs 25, 26, & 27

RECORD OF DECISION SUMMARY
SOUTH POST IMPACT AREA AND
AREA OF CONTAMINATION 41 GROUNDWATER AND
AREAS OF CONTAMINATION 25, 26, AND 27
FORT DEVENS, MASSACHUSETTS

APPENDIX F

GLOSSARY OF ACRONYMS AND ABBREVIATIONS
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LIST OF ACRONYMS

AOCs arcas of contamination

AOC2S The Explosive Ordnance Disposal Range

AOC26 The Zulu Ranges

AO0C27 The Hotel Range

AWQC Ambient Water Quality Criteria

BRAC Base Realignment and Closure

CAC Citizens Advisory Committee

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
COPCs contaminants of potential concen

DCE Dichloroethylene

EBS Environmental Baseline Survey

EOD Explosive Ordnance Disposal

FS Feasibility Study

HI hazard index

HMW Hinkley-Merrimac-Windsor

HMX cyclotetramethylene tetranitramine

IAG Federal Facilities Interagency Agreement
IRP Installation Restoration Program
MADEP  Massachusetts Department of Environmental Protection
MCL Maximum Contaminant Level

MEP Master Environmental Plan

MMCLs  Massachusetts Maximum Contaminant Level
MUSEPA Massachusetts Environmental Policy Act

NCP National Contingency Plan

NPL National Priorities List

OB/OD Open burn/open detonation

OSWER  Office of Solid Waste and Emergency Response

PA Preliminary Assessment

PAH polycyclic aromatic hydrocarbons
PCE Tetrachloroethylene

PETN pentaerythritol tetranitrate

ppb parts per billion

QC Quality Control

RAB Restoration Advisory Board
RCRA Resource Conservation and Recovery Act
RDX cyclonite

RfD reference dose

RI Remedial Investigation

RME Reasonable maximum exposure
ROD Record of Decision

SARA Superfund Amendments and Reathorization Act
SAs study areas

SI Site Investigation

SsI Supplementary Site Investigation
SPIA South Post Impact Area

SvocC Semivolatile organic compounds
TAL Target Analyte List

TCA Trichloroethane

TCE Trichloroethylene

TCL - Target Compound List

TCLP Toxicity characteristic leaching procedure
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TNT trinitrotoluene

TOC total organic carbon

TPHC total petroleum hydrocarbons
TRC Technical Review Committee

USAEC U.S. Army Environmental Center
USEPA  U.S. Environmental Protection Agency
vocC volatile organic compounds

pg/L micrograms per liter

————— T ———————-
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