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I am adding this to show that Sgt.
Foster is a "Creditable Witness".
This medical record shows that Sgt.
Foster was being treated for
herbicide exposure while on Guam.
He was never in Vietnam.
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| am adding this performance report record to show Sgt.
Foster duties and that he is a "Creditable Witness".
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| am presenting this record
to show that Sgt Foster is a
"Creditable Witness".
The VA has approved his
agent orange exposure
case for his disabilities
caused by his exposure
on Guam.
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s

Service Connected, Vietnam Era, Incurred
0% from 12/01/1987
10% from 07/11/2001

7828-7800 RESIDUAL SCARRING FROM ACNE VULGARIS, CLAIMED AS
CHLORACNE DUE TO EXPOSURE TO AGENT ORANGE
Service Connected, Peacetime, Agg;avated
Static Disability
10% from 09/22/2009

5227 RESIDUALS, FRACTURE RIGHT RING FINGER
Service Connected, Peacetime, Incurred
0% from 12/01/1987

7805 SCAR, RIGHT LEG, CORONARY ARTERY BYPASS DONOR SITE
Service Connected, Peacetime, Incurred
0% from 09/27/1995

COMBINED EVALUATION FOR COMPENSATION :

0% from 12/01/1987

10% from 08/12/1992

100% from 08/14/1995

100% from 09/25/1995 (38 CFR 4.30)

100% from 09/27/1995

50% from 12/01/1996

60% from 07/11/2001

70% from 11/05/2004

100% from 09/22/2009

Individual Unemployability Granted from November 5, 2004

SPECIAL MONTHLY COMPENSATION :

5-1 Entitled to special monthly compensation under 38 U.S.C. 1114, subsection (s) and 38 CFR
3.350(i) on account of arteriosclerotic heart disease, s/p coronary artery bypass, claimed as ischemic
heart disease due to exposure to Agent Orange rated 100 percent and additional service-connected
disabilities of degenerative changes of the lumbar spine, degenerative disc disease at C5-C6.and C6-
C7, mdependently ratable at 60 percent or more from 09/22/2009.

S-1 Entitled to special monthly compensation under 38 U.S.C. 1114, subsection (s) and 38 CFR
3.350(1) on account of arteriosclerotic heart disease, s/p coronary artery bypass, claimed as ischemic
heart disease due to exposure to Agent Orange rated 100 percent and additional service-connected
disabilities of degenerative changes of the lumbar spine, degenerative disc disease at C3-C6 and C6-
€7, residual scarring from acne vulgaris, claimed as chloracne due to exposure to agent orange,
residuals, fracture right wrist, scar, chest area, coronary artery bypass donor site, independently
ratable at 60 percent or more from 09/22/2009.
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imposed on offerors, contractors, or
members of the public.

Gregory D. Showalter,

Army Federal Register Liaison Officer.
[FR Doc. 01-6056 Filed 3—9-01; 8:45 am]
BILLING CODE 3710-08-U

DEPARTMENT OF DEFENSE
Department of the Navy

Record of Decision for the Disposal
and Reuse of Surplus Navy Property
Identified in the Guam Land Use Plan
Update (GLUP '94)

SUMMARY: The Department of the Navy
(Navy), pursuant to section 102(2)(C) of
the National Environmental Policy Act
of 1969 (NEPA), 42 U.S.C. 4332(2)(C)
(1994), and the regulations of the
Council on Environmental Quality that
implement NEPA procedures, 40 CFR
parts 1500-1508, hereby announces its
decision to dispose of surplus Navy
property identified in the GLUP 94,
Guam Land Use Plan Update (A Plan for
Department of Defense Real Estate on
Guam), dated April 1995 (GLUP '94).
This surplus property is located in the
United States Territory of Guam.

Navy analyzed the impacts of the
disposal and reuse of GLUP "94 surplus
Navy property in an Environmental
Impact Statement (EIS) as required by
NEPA. The EIS analyzed three reuse
alternatives and identified the Reuse
Plan for GLUP ’94 Navy Properties,
dated October 1996 (Reuse Plan),
prepared by the GLUP '94 Reuse
Planning Committee and the Guam
Economic Development Authority
(GEDA), as the GEDA Recommended
Alternative. The Government of Guam is
the Local Redevelopment Authority for
these surplus properties, as defined in
the Department of Defense Rule on
Revitalizing Base Closure Communities
and Community Assistance, 32 CFR
§176.20(a).

The alternative chosen will use the
GLUP ’94 Navy properties for parks and
recreation, historic and natural resource
conservation, residential, commercial,
resort, industrial, and agricultural land
uses, and extensive regional roadway
improvements. These land uses will
meet the Navy goals of achieving local
economic redevelopment, creating new
jobs, and providing additional housing,
while limiting adverse environmental
impacts and ensuring land uses that are
compatible with adjacent property.
Selection of the specific means to
achieve the proposed redevelopment is
in the hands of the acquiring entities
and the local zoning authorities.

Background

In 1993, the Commander in Chief,
United States Pacific Command
assigned Navy to lead a review of all
military land requirements on the island
of Guam and develop a master plan for
future DoD land use. Navy and the
Department of the Air Force (Air Force)
established the Guam Land Use
Working Group to do a comprehensive
review of military mission related land
requirements on Guam.

Navy prepared and distributed a
resulting master plan, known as the
GLUP ’94. The GLUP '94 recommended
consolidation of military activities in
the northern and southern parts of the
island and it identified more than 8,000
acres of releasable Air Force and Navy
properties.

Under the authority of the Defense
Base Closure and Realignment Act of
1990, Public Law 101-510, 10 U.S.C.
2687 note (1994), the 1995 Base
Realignment and Closure (BRAC)
Commission recommended that Navy
dispose of the property declared
releasable under the GLUP ’94, with
appropriate restrictions. These
recommendations were approved by
President Clinton and accepted by the
One Hundred Fourth Congress in 1995.

Description of the Property

The EIS analyzed the disposal and
reuse of 2,798 acres of the 8,081 acres
identified in the GLUP ’94. The analysis
excluded the GLUP 94 property owned
by Air Force, Naval Air Station (NAS)
Agana property covered under separate
environmental documentation, 50 acres
at Barrigada that will be transferred to
the National Guard Bureau, 24 acres
consisting of the Agana, Piti and
Tanguisson Power Plants that Navy
plans to convey by special legislation
and agreement, and 23 acres at New
Apra Heights which was conveyed by
the Secretary of Health and Human
Services to the Government of Guam for
the construction of the Agat-Santa Rita
Wastewater Treatment Plant. In addition
to the GLUP ’94 properties, the EIS
analyzed the 92-acre NAS Agana
Officers Housing property that was
recommended for closure by the 1995
BRAC Commission.

During the Federal screening process,
the National Guard Bureau requested an
interagency transfer of base closure
property on Guam. Navy plans to
transfer about 50 acres located in
Barrigada to the National Guard Bureau
for use in training activities and
construction of additional facilities to
support the Guam Army National
Guard. This property consists of about
24 acres currently leased to the Guam
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Army National Guard and an additional
26 acres contiguous to the 24-acre site.

The 20 GLUP 94 surplus Navy
properties considered in the present
NEPA study range in size from 2 acres
to 698 acres and are found in the
northern, Barrigada, central, and
southern regions of Guam. Navy
currently has no operations at any of the
20 properties slated for disposal.
Combined, the 20 properties contain
about 320 residential units and 17
structures that were formerly used for
operations, training, printing,
communications, storage, commercial,
recreation, agriculture, infrastructure,
and support activities. The open space
and undeveloped areas contain vacant
fields, closed landfills, a beach park,
wetlands, ravine forests and forests with
limestone soils, savanna grassland, and
steeply sloped, heavily vegetated areas.
There is a commercial quarry operation
located on one property. There are also
archaeological sites eligible for listing
on the National Register of Historic
Places on nine of the properties.

Navy designated, in GLUP ’94, the
names and location numbers for each
property. The northern region contains
five properties totaling 824 acres: The
Federal Aviation Administration (FAA)
Housing (N2) property; the Harmon
Annex (N3) property; the Marine Drive
Utility (N4b) property; the Tamuning
Telephone Exchange (N4c) property;
and the NAS Officers Housing property
(a non-GLUP ’94 property) located at
former NAS Agana.

The Barrigada region contains four
GLUP properties totaling 773 acres: The
Barrigada Route 16 (N5a) property; the
Barrigada Route 15 (N5b) property; the
Barrigada Hawaiian Rock (N5c)
property; and the Barrigada Antenna
Site (N5d) property.

The central region contains five GLUP
properties totaling 953 acres: The
Nimitz Hill Enlisted Housing (N10a)
property; Nimitz Hill Vacant Lands
(N10b) property; the Sasa Valley (N12a)
property; the Tenjo Vista (N12b)
property; and the Polaris Point (N14)
property.

The southern region contains six
GLUP properties totaling 271 acres: The
New Apra Heights (N15) property; the
Route 2A (N16) property; the Aflleje/
Rizal Beach (N17) property; the Old
Apra Heights (N18) property; the Navy
Ordnance Annex North (West Parcel)
(N19a) property; and the Navy
Ordnance Annex North (East Parcel)
(N19b) property.

The Environmental Analysis Process

Navy published a Notice Of Intent in
the Federal Register on April 10, 1998,
announcing that Navy would prepare an
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EIS for the disposal and reuse of surplus
Navy property on Guam. On May 7,
1998, Navy held a public scoping
workshop at the Chamorro Village in
Agana, Guam; The scoping period
concluded on May 26, 1998.

Navy distributed the Draft EIS on May
14, 1999, and commenced a 45-day
public review and comment period that
was extended until September 15, 1999.
Both oral and written comments were
received. On August 26, 1999, Navy
held a public hearing at the Guam
Hilton hotel in Agana.

Navy’s responses to the public
comments concerning the Draft EIS
were incorporated in the Final EIS
(FEIS), which was distributed to the
public on September 27, 2000, for a
review period that concluded on
October 23, 2000. Navy received one
letter commenting on the FEIS.

Alternatives

In the FEIS, Navy analyzed the
environmental impacts of three reuse
alternatives. Navy also evaluated a “No
Action” alternative that considered
leaving the property in caretaker status
with Navy maintaining the physical
condition of the property, providing a
security force, and making repairs
essential to safety.

In Guam Executive Order No. 96-19,
dated July 9, 1996, the Governor of
Guam, Carl T.C. Gutierrez, assigned the
requirement to develop and implement
a reuse plan for the GLUP ’94 properties
to Guam Economic Development
Authority (GEDA). Also in this order,
the Governor created the GLUP '94
Reuse Planning Committee to assist
GEDA in this task. In October 1996, the
Reuse Planning Committee and GEDA
prepared the Reuse Plan for GLUP 94
Navy Properties. The Reuse Plan was
approved by the Guam Legislature on
December 23, 1996, and signed by the
Governor of Guam on January 2, 1997.

The Reuse Plan provides general land
use descriptions and estimated acreage.
The Reuse Plan does not quantify
development densities, such as number
of and sizes of buildings and structures.
The Reuse Plan also does not provide
details of the infrastructure and
roadway improvements required to
support its proposed redevelopment of
the properties.

In order to analyze potential impacts
on the environment, such as
infrastructure, traffic, population
change, and socioeconomic conditions,
Navy made projections of the future
development to estimate the number
and size of the buildings and structures
at each property that would be
consistent with the Reuse Plan. Navy
considered roadway expansion,

easements, site constraints and used the
then-applicable I Tano-ta Land Use Plan
to estimate development densities.

The I Tano-ta provided a framework
to manage growth and land
development on Guam. The plan
provided guidelines for development
intensities and zoning code performance
standards. The I Tano-ta was passed by
the Guam Legislature on April 17, 1998,
as Guam Public Law 24-171, and went
into effect on May 1, 1999. However, the
Guam Legislature repealed the law
within a few days. Currently, the
Governor of Guam has responsibility to
act on the future of the I Tano-ta. GEDA
has indicated that regardless of the
status of the I Tano-ta, the proposed
land uses under the Reuse Plan remain
valid.

The Alternative Selected

The selected alternative, identified in
the FEIS as the GEDA Recommended
Alternative, proposes a mix of land uses
for the 20 properties including
development of parks, recreational
areas, historical and natural resource
conservation projects, residential,
commercial, resort, industrial, and
agricultural land uses, as well as
extensive regional roadway
improvements.

The FAA Housing (N2) property
covers about 698 acres along the coast
of the Philippine Sea less than one mile
south of Anderson Air Force Base.
There were 89 residential units on this
property that provided housing for FAA
and Navy personnel, and these units
were demolished due to irreparable
damage from Typhoon Paka in 1997.
The remainder of the land contains
undeveloped forests with limestone
soils. The selected alternative will
develop a 128-room resort hotel, a 225-
acre 18-hole golf course, and 390 single-
family residential units. Conservation
and recreational areas will be set aside
to protect the natural and cultural
resources located on the cliff line.

The Harmon Annex (N3) property,
covering seven acres in an undeveloped
area south of the FAA Housing property,
contains a two-story building (Building
50) and a storage shed. The structures
are surrounded by grass fields and
paved areas. The selected alternative
will develop Building 50 as a
community center.

The Marine Drive Utility (N4b)
property, covering 25 acres north of
Marine Drive (Route 1) and west of
Route 3, contains Building 169, a former
Stars and Stripes facility. This grassy
property is divided by an electric
substation and is constrained by utility
easements. The selected alternative will
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develop 150,000 square-feet of space for
commercial activities.

The two-acre Tamuning Telephone
Exchange (N4c) property is found below
the cliff line of Tiyan (NAS Agana) on
the south side of Marine Drive. The
exchange contains two buildings
surrounded by paved areas. The
selected alternative plans demolition of
the two buildings an development of
about 27,000 square feet of space of
commercial activities.

The NAS Officers Housing property at
Tiyan covers 92 acres on top of a steep
bluff. The selected alternative plans
demolition of the existing 136
residential units. This alternative will
also develop the Navy Post Exchange
building as a neighborhood commercial
center. The Government of Guam plans
to build the Laderan Tiyan Parkway
along the property’s perimeter, which
will provide an alternate access across
the Tiyan plateau for the A.B. Won Pat
Guam International Airport.

The Barrigada Route 16 (N5a)
property, covering 345 acres, is found
about one half mile southwest of Tiyan,
south of the Naval Communication
Areas Master Station Western Pacific
Barrigada, and east of the National
Guard Armory and P.C. Lujon School.
Most of the property is open area for
agriculture, athletic fields, and closed
landfills. The selected alternative will
develop a 42-acre recreational park, a
20-acres sports complex, and 100,000
square feet of space for industrial
activities and warehouses. The
remainder of the property will support
agriculture.

The Barrigada Route 15 (N5b)
property, located east of the Barrigada
Route 16 parcel and the Navy’s Admiral
Nimitz Golf Course, covers 358 acres.
Most of the land is undeveloped except
for a vacant FAA Communications
Building used most recently for golf
course maintenance equipment storage.
This property also contains closed
landfills. The selected alternative will
build about 1,500 affordable single-
family residential units here.

The Barrigada Hawaiian Rock (N5c)
property, covering 15 acres, is found
east of Route 15 and adjacent to the
southeastern corner of the Barrigada
Route 15 (N5b) property. Hawaiian Rock
Products Corporation operates a quarry
facility of 10 acres of the property. The
selected alternative will allow the
quarry operations to continue. This
alternative will also permit
development of about 3,000 square feet
of space for industrial facilities and
warehouses.

The Barrigada Antenna Site (N5d)
parcel is found east of Route 15 and
covers 55 acres that formerly supported
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a Navy transmitter antenna. One
building and four homes built by
trespassers are located on the property’s
north end. The selected alternative will
demolish these buildings; it will allow
for construction of about 220 affordable
single-family residential units and
10,000 square feet of space for
commercial activities.

The Nimitz Hill Enlisted Housing
(N10a) property covers 120 acres in the
central region in the municipality of
Asan. This property contains 78
residential units, recreational facilities,
and a Quonset hut. The enlisted housing
was part of the larger United States
Naval Station, Nimitz Hill Annex that
extended to the southeast. The
Department of Defense Education
Activity High School and Navy’s Flag
Circle housing are located to the
southwest. The selected alternative will
use the existing residential units for
affordable and social service housing
and it will allow for construction of an
additional 80 single- and multi-family
residential units here. This alternative
will use the recreational facilities and it
will preserve the property’s steep slopes
and dense vegetation.

The Nimitz Hill Vacant Lands (N10b)
parcel covers 183 acres south of Route
6 and the Nimitz Hill Enlisted Housing
(N10a) property. A Navy Public works
Center sewage pumping station is
located in the northern part of the
property. The selected alternative will
develop about 100,000 square feet of
space in the northern part of the
property for commercial and cultural
facilities, such as hotels, shopping
centers, theaters, museums and art
galleries. In the southern part of the
property, this alternative will build
about 200 affordable residential
townhouses along Mount Alutom Road.
The remaining undeveloped forests will
be set aside for hiking trails and
conservation.

The nine-acre Sasa Valley (N12a)
property, found in the central region
municipality of Piti, was part of a
former Navy tank farm. There are no
structures on the property and it is
steeply sloped and heavily vegetated.
The selected alternative will allow for
possible expansion of the Guam
Veterans Cemetery located to the north
and set aside the remainder of the
proEerty for conservation.

The Tenjo Vista (N12b) parcel,
covering 559 acres, contains steeply
sloped forests and wetlands. The
property is located to the east of Route
1 (Marine Drive), the Polaris Point (N14)
property, and both Inner and Outer
Apra Harbor. There are active and
inactive petroleum lines that lie beneath
the property; the center of the property

was a tank farm. The selected
alternative will develop about 3,000
square feet of space for commercial
activities along Marine Drive and it will
set aside about 480 acres for
conservation.

The Polaris Point (N14) property
covers 82 acres and is found west of
Marine Drive across from the Tenjo
Vista (N12b) property. Polaris Point
Access Road crosses the property from
east to west and provides access to the
retained Polaris Point Navy facilities.
Outer Apra Harbor lies northeast of the
property and Inner Apra Harbor lies
southwest. There are wetlands on the
northern part of the property. The
southern part of the property contains
one building and concrete berms
remaining from the former Naval
Supply Depot drum storage and waste
facility. The selected alternative will
develop about 50,000 square feet of
space for industrial activities and
warehouses and it will also preserve the
wetlands.

The New Apra Heights (N15)
property, covering 102 acres of
undeveloped land, is found in the
southern region municipality of Santa
Rita. Steep slopes and swamp forest
wetlands characterize the site. The
selected alternative will support the
development of a Government of Guam
wastewater treatment plant, the
widening of Routes 2A and 5, and set
aside the remainder of the property for
conservation.

The Route 2A (N16) property,
covering 15 acres, is found in the
southern region in the municipality of
Sanata Rita and west of the New Apra
Heights (N15) property. The property
contains foundations from a demolished
building. The selected alternative plans
development of about 32,000 square feet
of space for commercial and office uses.

The Aflleje/Rizal Beach (N17)
property covers 16 acres and is found in
the southern region in the municipality
of Santa Rita. The property is bounded
on the north by the Apra Harbor Naval
Complex; on the east by Shoreline Drive
(Route 2) and the Public Works Center
Guam landfill; on the south by The War
in the Pacific National Historical Park;
and on the west by Agat Bay. The
selected alternative will continue use of
the property as a beach park and for
conservation.

The Old Apra Heights (N18) property,
a linear strip of undeveloped land
located east of Cross Island Road (Route
17) in the municipality of Santa Rita,
covers 13 acres. The property is
traversed by access roads (driveways)
that lead to private residence found
further to the east. There is a Guam
Power Authority electrical substation
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adjacent to the southern part of the
property. The selected alternative will
develop industrial activities on about
4.5 acres to support the Guam Power
Authority’s activities. This alternative
will also develop 5,000 square feet of
space for small neighborhood
businesses on the remaining 8.5 acres.

The Navy Ordnance Annex North
(west) (N19a) property covers 50 acres
and it consists of undeveloped land
with steep slopes and dense vegetation.
It is found in the municipality of Santa
Rita along Route 5 and surrounds the
Tupo Reservoir. The selected alternative
uses the property for parks and
recreational activities.

The Navy Ordnance Annex North
(east) (N19b) property, covering 52
acres, is found directly east of the Navy
Ordnance Annex North (west) property
on the other side of Route 5. Seventeen
vacant residential units are in the
southern part of the property, while the
northern part of the property is
undeveloped. The selected alternative
will use the existing residential units
and allow for development of about
11,000 square feet of space to support
development of a youth camp.

Other Alternatives

Navy analyzed a second “action”
alternative, described in the FEIS as the
Lower Intensity Alternative. This
alternative considers development of
the GLUP ’94 properties with more open
space and less construction. Under this
scheme, some existing facilities will be
renovated rather than expanded, and
fewer new buildings will be built.

In general, the Lower Intensity
Alternative reduces the build-out
proposed by the selected alternative by
one-half. It proposes a smaller resort at
the FAA Housing parcel, and would not
develop a golf course. Residential
development is reduced, with most of
the residential units to be located in the
northern and Barrigada regions. There
would be less commercial development
in residential neighborhoods. The
Lower Intensity Alternative develops
about half of the square footage
proposed by the selected alternative for
commercial facilities and warehouses.
This alternative develops no industrial
facilities at the Polaris Point (N14)
property. Finally, the Guam Veterans
Cemetery, the barrigada Sports
Complex, and agricultural activities in
Barrigada are not expanded.

Navy analyzed a third“‘action”
alternative, described in the FEIS as the
Higher Intensity Alternative. Reuse
would be similar to that proposed under
the selected alternative, but with an
increase in development densities
approaching the maximum allowed
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under Guam'’s then-applicable I Tano-ta
land use and zoning guidelines. The
Higher Intensity Alternative would
allow for more new construction and
development than that proposed under
the selected alternative.

The Higher Intensity Alternative
develops a larger resort in the northern
region and it builds a 27-hole golf
course at the FAA Housing (N2)
property. This alternative builds a larger
building at the Harmon Annex (N3)
property for educational, office or
community center activities. The Higher
Intensity Alternative also develops
larger residential subdivisions on all the
properties where housing was proposed
under the selected alternative.
Compared to the selected alternative,
the Higher Intensity Alternative would
double the amount of proposed square
footage of commercial and industrial
facilities on several properties. This
alternative also allows the Guam Power
Authority to build a base load-
generating power plant on the Rizal/
Aflleje Beach (N17) property.

Environmental Impacts

Navy analyzed the direct, indirect,
and cumulative impacts of each
alternative. Effects on soils, geology,
topography, hydrology, air quality, land
use compatibility, noise, cultural
resources, terrestrial biota and habitat,
marine environment, roads and traffic,
infrastructure, socioeconomic
conditions, public services, and public
health and safety are discussed in detail
in the Environmental Impact Statement.
Significant Effects

The selected alternative will have a
significant impact on land use
compatibility. The proposed residential
development on the Barrigada Route 15
(N5b) property is incompatible with the
existing Hawaiian Rock Products
Corporation quarry operations located
on the Barrigada Hawaiian Rock (N5c)
property. These incompatibilities could
be mitigated by the use of buffers,
screening, setbacks, and noise
attenuation measures. This alternative
would not have a significant impact on
visual resources.

The selected alternative will have
significant noise impacts on the new
housing to be built on the NAS Officers
Housing property and in the Barrigada
region. The proposed residential
development at the NAS Officers
Housing property would be subject to
vehicular noise along the proposed
Laderan Tiyan Parkway. The proposed
residential development in Barrigada
would be subject to noise generated by
the Hawaiian Rock Products
Corporations’ quarry operations. The

impacts from noise could be mitigated
by the use of buffers and noise
attenuation measures.

The selected alternative could have a
significant unmitigable impact on
cultural resources. Pursuant to Section
106 of the National Historic
Preservation Act of 1966, 16 U.S.C. 470f,
(1994), and its implementing
regulations, Protection of Historic
Properties, 36 CFR part 800, Navy
conducted a cultural resource
assessment and determined that nine
GLUP properties are known to contain
historic sites, structures, or objects that
are either listed or eligible for listing on
the National Register of Historic Places.
These nine properties are FAA Housing
(N2), Barrigada Route 15 (N5A),
Barrigada Route 16 (N5B), Nimitz Hill
Enlisted Housing (N10A), Nimitz Hill
Vacant Lands (N10B), Sasa Valley
(N12A), Tenjo Vista (N12B), Polaris
Point (N14), and Rizal/Aflleje Beach
(N17).

Navy has completed consultation
with the Advisory Council on Historic
Preservation and the Guam Historic
Preservation Officer pursuant to Section
106 and its implementing regulations.
These consultations identified actions
that Navy must take before it conveys
GLUP '94 property and actions that the
acquiring entities must take to avoid or
mitigate adverse impacts on the
archaeological sites that are listed or
eligible for listing on the National
Register. These obligations were set
forth in a Programmatic Agreement,
dated July 13, 2000, among Navy, the
Advisory Council on Historic
Preservation, and the Guam Historic
Preservation Officer.

Navy will include a protective deed
covenant in the conveyance documents
for all historic properties. The
provisions in the deed covenant will
require that the acquiring entities:
Obtain the express written permission
of the Guam Historic Preservation
Officer prior to undertaking actions that
would disturb the ground of a historic
site, make reasonable efforts to prevent
vandalism or other disturbances, and
permit the Guam Historic Preservation
Officer the right to inspect the
archaeological site at all reasonable
times.

Under terms of the Programmatic
Agreement, all projects sponsored,
funded or authorized by the
Government of Guam or GEDA that have
the potential to affect historic properties
will undergo review in accordance with
Title 21 Guam Code Annotated, Chapter
76, Historical Objects and Sites (1994).
As the selected alternative will develop
several properties containing historic
sites, the Guam Historic Preservation
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Officer’s permission must be obtained
and archaeological data recovery or
other protective measures may be
required.

The selected alternative will have
significant impacts on traffic and
circulation. By the year 2010, traffic
volumes on affected roadway segments
will increase from as little as one
percent to as much as 40 percent on
heavily affected routes. Implementation
of this alternative will impact key
intersections in the northern, Barrigada,
and southern regions of Guam. With the
exception of one northern region
intersection at Routes 1 and 16, these
impacts could be mitigated by the
installation of traffic signals and turning
lanes, realignment of intersection
approaches, widening of roads, and
increasing alternative transportation
programs.

The selected alternative will have a
significant cumulative impact on the
demand for electricity. The demand for
electricity by this alternative and other
planned developments on Guam would
require the Guam Power Authority to
develop new electrical capacity earlier
than previously projected. The selected
alternative will upgrade or replace the
electrical distribution systems at each
property during redevelopment.

The selected alternative will have a
significant impact on schools. This
alternative’s proposed residential
development will substantially increase
the number of students in the northern,
Barrigada, and southern regions of the
island. Local schools in Guam are
already at capacity and in some cases
the schools are over capacity. The Reuse
Plan does not propose to build new
schools on the GLUP properties.

The selected alternative will have
significant cumulative impacts on
Guam’s health care, police, fire
protection, and civil defense services.
The new residential development in the
northern and Barrigada regions
proposed by the selected alternative and
other planned developments on Guam
will substantially increase the demand
for these public services.

Less Than Significant Impacts of
Disposal and Reuse

The selected alternatives will not
have a significant impact on soils,
geology, or topography. The Guam
Environmental Protection Agency
requires soil erosion control measures
for new construction that will minimize
soil erosion. Guam is located in a highly
active seismic region. New construction
activities will be required to meet
current building codes governing
seismic safety.
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The selected alternative will not have
a significant impact on storm water
runoff and drainage patterns, surface
and groundwater quality, or aquifer
recharge potential. This alternative will
alter drainage patterns and substantially
increase the quantity of storm water
runoff on eight properties (Harmon
Annex, Marine Drive Utility, Tamuning
Telephone Exchange, NAS Officer
Housing, Barrigada Route 15, Antenna
Site, Nimitz Hill Enlisted Housing, and
Nmitz Hill Vacant Lands), with the
largest increase (48 percent) at the
proposed Barrigada Route 15 residential
development. Runoff will be controlled
by measures imposed by the Guam
Environmental Protection Agency.
Compliance with regulatory
requirements, Best Management
Practices, and spill prevention plans
will minimize the potential for future
groundwater contamination. The
selected alternative will not have a
significant impact on aquifer recharge
potential.

Six GLUP '94 properties contain flood
hazard zones: Tamuning Telephone
Exchange, Barrigada Route 16, Tenjo
Vista, Polaris Point, Route 2A, and
Aflleje/Rizal Beach. Development in
flood zones must comply with Guam’s
floodplain management regulations.
Additionally, in accordance with
Executive Order 11988, Floodplain
Management, 3 CFR 117 (1978), Navy
will place a notice in the conveyance
document that describes those uses that
are restricted under Federal and local
floodplain regulations.

Five properties contain wetlands:
Barrigada Route 16, Barrigada Route 15,
Tenjo Vista, Polaris Point, and New
Apra Heights. Compliance with Federal
and local regulations governing
development in wetlands will prevent
significant impacts. Additionally, in
accordance with Executive Order 11990,
Protection of Wetlands, 3 CFR 121
(1978), Navy will place a notice in the
conveyance document that describes
those uses that are restricted under
Federal and local wetland regulations.

The selected alternative will not have
a significant impact on air quality.
Compliance with the regulatory
requirements that control emissions,
such as the Clean Air Act, 42 U.S.C.
7401-7671q (1994), and Guam’s Air
Pollution Control Standards and
Regulations, Guam Public Law 24-322
(1998), will prevent significant impacts
from stationary sources. Emissions from
vehicular sources are not expected to
exceed Federal regulations; therefore, no
significant impacts on air quality are
anticipated.

The selected alternative will not have
a significant impact on terrestrial biota

and habitats. Navy consulted with the
United States Fish and Wildlife Service
under section 7 of the Endangered
Species Act of 1973, 16 U.S.C. 1536
(1994). In a letter dated January 18,
2000, the Fish and Wildlife Service
concurred with Navy’s determination
that the proposed disposal and reuse, as
outlined in the Reuse plan, of the
surplus Navy properties is not likely to
adversely affect the following Federally-
listed endangered species on Guam: the
fire tree (Serianthes nelsonii), Mariana
crow (Corvus kubayi), Mariana fruit bat
(Pteropus mariannus mariannus),
Mariana common moorhen (Gallinula
chloropus guami), and the Federally-
listed threatened green sea turtle
(Chelonia mydas).

The acquiring entities will be required
to prepare Environmental Protection
Plans (EPPs) pursuant to the Water
Pollution Control Act, Title 10, Guam
Annotated Code, Part 2, Ch. 47. EPPs are
management plans that identify
protective measures and constraints for
individual projects that must be
submitted to Guam environmental
Protection Agency for review and
approval. The Government of Guam and
the Fish and Wildlife Service executed
a Memorandum of Understanding
(MOU) to establish and maintain a
program for the conservation of
Federally listed threatened and
endangered species.

The selected alternative will not have
significant impact on marine resources
or Federally listed threatened or
endangered marine species. Navy
engaged in consultation with the
National Marine Fisheries Service under
section 7 of the Endangered Species Act.
In a letter dated December 23, 1999, the
National Marine Fisheries Service
concurred that the proposed disposal
and reuse of the surplus Navy properties
would not likely adversely affect
Federally listed threatened or
endangered marine species.

The selected alternative will not have
significant impacts on potable water,
wastewater collection and treatment
facilities, and the capacity for solid
waste disposal. The Guam Waterworks
Authority has projected that the island
will have an excess capacity of 10
million gallons per day (mgd) of potable
water in 2010. The projected demand
for potable water under the selected
alternative will be about 1.5 mgd, which
is below the available excess capacity of
10 mgd.

There is adequate capacity available
at the three wastewater treatment plants
(the Northern District Wastewater
Treatment Plant (WWTP), the Agana
WWTP, and the Agat WWTP) that are
planned to service the GLUP properties.
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The selected alternative will upgrade or
replace the wastewater and treatment
distribution systems at each property
during redevelopment.

The selected alternative assumed that
new solid waste facilities would be
developed because the Ordot Landfill,
which has no excess capacity, will
close. The amount of solid waste
generated by this alternative is projected
to be less than three percent of the total
municipal solid waste generated on
Guam in the year 2008. Guam’s
Integrated Solid Waste Management
Plan recommends the reuse, recovery,
and recycling of solid waste to lessen
the impacts on solid waste facilities.

The selected alternative will not have
significant adverse socioeconomic
impacts. This alternative will create
over 2,000 jobs that will generate a
payroll of about $32 million per year. It
is expected that residents of Guam will
fill the new commercial and industrial
jobs.

: The selected alternative will not have
a significant impact on the environment
as a result of the use of petroleum
products or the use or generation of
hazardous substances by the acquiring
entity. Hazardous materials used and
hazardous wastes generated by the
Reuse Plan will be managed in
accordance with Federal and local laws
and regulations.

Implementation of the selected
alternative will not have an impact on
public health and safety at the GLUP "94
properties. Navy will inform future
property owners about the
environmental condition of the property
and may, when appropriate, include
restrictions, notifications, or covenants
in deeds to ensure the protection of
human health and the environment in
light of the intended use of the property.
After the property is conveyed, Navy
will assist the acquiring entities in the
removal and disposal of newly
discovered unexploded ordnance to the
extent required by then-applicable
federal laws and regulations and then-
applicable Navy and DoD policies,
subject to Congressional authority and
the availability of appropriated funds.

Executive Order 12898, Federal
Actions to Address Environmental
Justice in Minority Populations and
Low-Income Populations, 3 CFR 859
(1995), requires that Navy determine
whether any low income and minority
populations will experience
disproportionately high and adverse
human health or environmental effects
from the proposed action. Navy
analyzed the impacts on low income
and minority populations pursuant to
Executive Order 12898. The FEIS
addressed the potential human health,
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socioeconomic, and environmental
effects of the various proposed
alternatives. Minority and low-income
populations residing within the regions
where the GLUP properties are located
will not be disproportionately affected.

Navy also analyzed the impacts on
children pursuant to Executive Order
13045, Protection of Children from
Environmental Health Risks and Safety
Risks, 3 CFR 198 (1998). Under the
selected alternative, the largest
concentration of children would be
present in the residential, educational,
and recreational areas. The selected
alternative would not pose any
disproportionate environmental health
or safety risks to children.

Mitigation

Implementation of Navy’s decision to
dispose of the surplus property does not
require Navy to implement any
mitigation measures. Navy will take
certain actions to implement existing
agreements and regulations. These
actions are treated as agreements or
regulatory requirements rather than
mitigation.

The FEIS identified and discussed
those actions that will be necessary to
minimize or avoid the impacts
associated with the reuse and
redevelopment of the GLUP ’94 Navy
surplus property. The acquiring entities,
under direction of Federal and local
agencies with regulatory authority over
protected resources, will be responsible
for implementing necessary mitigation
measures following disposal of the
property.

Comments Received on the Final EIS

Navy received comments on the FEIS
from the Earthjustice Legal Defense
Fund, a private organization writing on
behalf of the Center for Biological
Diversity. All of the substantive
comments concerned issues already
discussed in the FEIS.

Regulations Governing the Disposal
Decision

Since the proposed action
contemplates a disposal under the
Defense Base Closure and Realignment
Act of 1990 (DBCRA), Public Law 101—
510, 10 U.S.C. 2687 note (1994), Navy’s
decision was based upon the
environmental analysis in the FEIS and
application of the standards set forth in
the DBCRA, the Federal Property
Management Regulations, 41 CFR part
101-47, and the Department of Defense
Rule on Revitalizing Base Closure
Communities and Community
Assistance, 32 CFR parts 174 and 175.

Conclusion

The Local Redevelopment Authority
has determined in its Reuse Plan that
the GLUP ’94 surplus Navy properties
should be used for various purposes
including parks and recreational,
historical and natural resource
conservation, residential, commercial,
resort, industrial, and agricultural
activities. The property’s location,
physical characteristics, existing
infrastructure, as well as current uses of
adjacent property make it appropriate
for the proposed uses.

Although the “No Action” Alternative
has less potential for causing adverse
environmental impacts, this alternative
would not result in more efficient Navy
operations or lower operational costs.
Additionally, it would not foster local
economic redevelopment and would not
create new jobs.

The acquiring entities, under the
direction of Federal and local agencies
with regulatory authority over protected
resources, will be responsible for
adopting practicable means to avoid or
minimize environmental harm that may
result from implementing the Reuse
Plan.

Accordingly, Navy will dispose of the
GLUP ’94 surplus Navy property in a
manner that is consistent with the
Government of Guam’s Reuse Plan for
the property.

Dated: March 2, 2001.

Duncan Holaday,

Deputy Assistant Secretary, (Installations and
Facilities).

[FR Doc. 01-6047 Filed 3-9-01; 8:45 am]
BILLING CODE 3810-FF-M

DEPARTMENT OF ENERGY

[Docket Nos. FE C&E 01-48, C&E 01-49,
C&E 01-50 and C&E 01-51, Certification
Notice—197]

Office of Fossil Energy; Notice of
Filings of Coal Capability of GenPower
Mcintosh, LLC, FPLE Rhode Island
State Energy, L.P., Freestone Power
Generation, L.P., and Carville Energy,
LLC, Powerplant and Industrial Fuel
Use Act

AGENCY: Office of Fossil Energy, DOE.
ACTION: Notice of filing.

SUMMARY: GenPower McIntosh, LLC,
FPLE Rhode Island State Energy, L.P.,
Freestone Power Generation, L.P., and
Carville Energy, LLC, submitted coal
capability self-certifications pursuant to
section 201 of the Powerplant and
Industrial Fuel Use Act of 1978, as
amended.
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ADDRESSES: Copies of self-certification
filings are available for public
inspection, upon request, in the Office
of Coal & Power Im/Ex, Fossil Energy,
Room 4G-039, FE-27, Forrestal
Building, 1000 Independence Avenue,
SW., Washington, DC 20585.

FOR FURTHER INFORMATION CONTACT:
Ellen Russell at (202) 586—9624

SUPPLEMENTARY INFORMATION: Title II of
the Powerplant and Industrial Fuel Use
Act of 1978 (FUA), as amended (42
U.S.C. 8301 et seq.), provides that no
new baseload electric powerplant may
be constructed or operated without the
capability to use coal or another
alternate fuel as a primary energy
source. In order to meet the requirement
of coal capability, the owner or operator
of such facilities proposing to use
natural gas or petroleum as its primary
energy source shall certify, pursuant to
FUA section 201(d), to the Secretary of
Energy prior to construction, or prior to
operation as a base load powerplant,
that such powerplant has the capability
to use coal or another alternate fuel.
Such certification establishes
compliance with section 201(a) as of the
date filed with the Department of
Energy. The Secretary is required to
publish a notice in the Federal Register
that a certification has been filed. The
following owners/operators of the
proposed new baseload powerplants
have filed a self-certification in
accordance with section 201(d).

Owner: GenPower McIntosh, LLC,
(C&E 01-48).

Operator: General Electric
International, Inc.

Location: Effingham Gounty, Georgia.

Plant Configuration: Combined-cycle.

Capacity: 529 MW.

Fuel: Natural gas.

Purchasing Entities: Wholesale power
market.

In-Service Date: January 2004.

Owner: Rhode Island State Energy
Partners, L.P., (C&E 01—49).

Operator: FPLE Rhode Island State
Energy, L.P.

Location: Johnston, Rhode Island.

Plant Configuration: Combined-cycle.

Capacity: 535 MW.

Fuel: Natural gas.

Purchasing Entities: The New England
wholesale energy market..

In-Service Date: July 1, 2002.

Owner: Freestone Power Generation,
L.P., (C&E 01-50).

Operator: Freestone Power
Generation, L.P.

Location: Freestone County, Texas.

Plant Configuration: Combined-cycle.

Capacity: 1,060 MW.

Fuel: Natural gas.
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OSWER No. 9355.7-03B-P

Second Five-Year Review Summary Form

SITE IDENTIFICATION

Site name (from Waste LAN): MARBO Annex Operable Unit

EPA ID (from Waste LAN): CERCLIS Identification No. GU6571999519

Region: Pacific Ocean State: Guam City/County: Yigo

NPL status: X Final Deleted Other (specify)

Remediation status (choose all that apply): Under Construction X Operating X Complete

Multiple OUs?* X Yes: MARBO Annex; Site-wide  No | Construction completion date: 17 July 1998

Has site been put into reuse? Yes X No

REVIEW STATUS

Lead agency: EPA  State  Tribe X Other Federal Agency: United States Air Force

Author(s) name: Toraj Ghofrani, P.E. and Scott Moncrief, P.G.

Author(s) title: Environmental Engineer and Deputy

Author(s) affiliation: USAF Contractor
Program Manager

Review period:** 02 March 2004 to 02 March 2009

Date(s) of site inspection: 09 /09 /2008

Type of review: Post-SARA Pre-SARA NPL-Removal only
Non-NPL Remedial Action Site X NPL State/Tribe-lead
Regional Discretion

Review number: 1 (first) X 2 (second) 3 (third) other (specify)
Triggering Action:
Actual RA Onsite Construction at OU # Actual RA Startat OU # __
Construction completion Previous Five-Year Review Report

X Other (specify): USEPA concurrence with the first five-year review.

Triggering action date (from WasteLAN): 06 July 2004

Due date (five years after triggering action date): 06 July 2009

* [“OU” refers to operable unit.]
** [Review period should correspond to the actual start and end dates of the Five-Year Review in WasteLAN.]
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OSWER No. 9355.7-03B-P

Second Five-Year Review Summary Form, Continued

Site 20

Issues

¢ Vehicle access, pig wallows, and small trees continue to threaten the structural integrity of the Soil Cover. The Soil
Cover is subject to frequent island natural disasters such as typhoons and earthquakes that can damage the structural
integrity of the Soil Cover.

Recommendations and Follow-up Actions

o Continue O&M program, with annual inspections to check the structural integrity of the Soil Cover, drainage channels,
and the riprap. Maintenance should occur at least semi-annually to mow and control brush and trees. Sword grass at
the site should not be mowed lower than four inches above the ground, as shorter grass cover are more susceptible to
erosion.

Protectiveness Statement

Based on the review of existing data and site inspections, the remedy at Site 20 is protective of human health and the

environment because exposure pathways that could result in unacceptable risks are being controlled.

Sites 22, 23, 24, 37, and 38

As recommended in the first five-year review for the MARBO Annex OU, Sites 22, 23, 24, 37, and 38 were not included
in the second five-year review on the basis that no new source of contamination was found during the second five-year
review period.

Sites 41, 42, 43

No interim removal actions have been implemented at Sites 41, 42, or 43, and the selection of the final remedies is
pending a ROD. A RI/FS was completed for these sites in 2008 and identified Soil Removal (Unrestricted Land Use) as
the preferred remedial alternative for all three sites. It is anticipated that the Soil Removal alternative would provide clean
closure with minimal administrative effort and no associated long-term monitoring costs.

MARBO Annex Groundwater

Issues

o LTGM data indicates TCE concentration are increasing in production well MW-1.

Recommendations and Follow-up Actions

¢ Continue to monitor sampling data from this well and share with Andersen AFB potable water supply facility
managers.

Protectiveness Statement

The remedy for MARBO Annex groundwater is protective of human health and the environment because exposure

pathways that could result in unacceptable risks are being controlled.

Other Comments

A ROD Amendment is planned to be completed for MARBO Annex groundwater by December 2009. The ROD

Amendment will include a TI Waiver for the requirement of achieving MCLs in the aquifer. The amended remedy for

MARBO Annex groundwater is Long-Term Groundwater Monitoring with Contingency for Wellhead Treatment. The

ROD Amendment removes natural attenuation as a component of the remedy. The change in remedy will have no effect

on the protectiveness.
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EXECUTIVE SUMMARY

This is the second five-year review to evaluate if remedies that were implemented for the Record
of Decision (ROD) for the Marianas Bonins Command (MARBQ) Annex Operable Unit (OU)
are still protective of human health and the environment. The five-year review has been
completed in accordance with the United States Environmental Protection Agency (USEPA)
Comprehensive Five-Year Review Guidance, June 2001, USEPA 540-R-01-007, and Office of
Solid Waste and Emergency Response No. 9355.77-03B-P. To complete this second five-year
review of the Final MARBO Annex OU ROD, dated July 1998, all relevant activities that have
been performed and data and documents that have been generated since the implementation of
remedial action have been reviewed.

The first five-year review recommended that, unless a new source of contamination was found
during the second five-year review period, Sites 22, 23, 24, 37, and 38 should not be discussed in
this second five-year review document. Based on a records search (Appendix A) and the site
inspection in September 2008, no new source of contamination was found at Sites 22, 23, 24, 37,
and 38. Accordingly, only a brief mention of these sites is included in this second five-year
review of the MARBO Annex OU ROD.

Site 20 is classified as an Operating Remedial Action (RA), as the RA has been implemented but
residual COCs have been left in place at concentrations that do not allow for unrestricted use of
or unlimited access to the land. Since completion of the first five-year review, the quarterly
inspection reports were the only data generated with regard to Site 20. The remedy at Site 20 is
protective of human health and the environment since exposure pathways that could result in
unacceptable risks are being controlled as intended by the ROD.

The land and resource use at Site 20 has not changed. With COC-impacted soil beneath the soil
cover, the future land use at Site 20 remains restricted. The site and vicinity are still inactive and
therefore the exposure assumptions for the human health risk assessment (HHRA) and ecological
risk assessment (ERA) are still valid. No new human health or ecological exposure pathways or
receptors have been identified. The toxicity data and USEPA residential Regional Screening
Levels (RSLs) for Site 20 contaminants of concern remain unchanged or less stringent than the
1995 residential Preliminary Remediation Goals (PRGs) therefore rendering no changes in the
1995 HHRA results or the effectiveness of the selected remedy. Based on the site inspection, the
integrity of the soil cover is still intact. However, as long as the site is accessible, the structural
integrity of the soil cover may be compromised due to vehicle traffic, small trees, and pig
wallows. Therefore, annual inspections and periodic maintenance of soil cover should be
performed to ensure continued protection of human health or environment. Site 20 should be
included in the next five-year review.

Based on human health and ecological risk assessments, MARBO Annex Groundwater is
impacted by trichloroethene (TCE) and tetrachloroethene (PCE) in deep groundwater samples
collected from monitoring wells IRP-29 and IRP-31 at concentrations above their respective MCLs
(5 micrograms per Liter). Monitoring data indicate impacted groundwater zones exist between
approximately 400 feet ground surface (bgs) to 470 feet bgs (TCE plume) and between 420 feet bgs
and 490 feet bgs (PCE plume). The exact source of TCE and PCE remains unknown. The 1998
Final Second Five-Year Review of August 2009

Record of Decision for ES-1
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ROD selected remedial action for MARBO Annex Groundwater was Natural Attenuation with
Wellhead Treatment, which was to eliminate the risk of direct exposure to TCE and PCE.
Institutional controls (ICs) were a component of the remedy and consisted of Land Use
Restrictions and Long-Term Groundwater Monitoring.

During the first five-year review, the remedy was found to be functioning as intended in the 1998
ROD and was still protective of human health and the environment. The remedy for MARBO
Annex groundwater is protective of human health and the environment since exposure pathways
that could result in unacceptable risks are being controlled.

During the second five-year review period, natural attenuation was determined to be ineffective
in remediating the TCE and PCE in MARBO Annex Groundwater. Monitoring data suggested
that neither physical (e.g., dilution) nor biological processes (e.g., reductive dehalogenation)
were operating to significantly attenuate TCE or PCE in the deep part of the freshwater lens. As
a result, a ROD Amendment was prepared for MARBO Annex Groundwater which included a
Technical Impracticability Waiver which waives the Applicable or Relevant and Appropriate
Requirement of meeting the MCL in the aquifer. The ROD Amendment is planned to be signed
by December 2009. The change in remedy has no effect on the site protectiveness. MARBO
Annex Groundwater should be included in the next five-year review.

Sites 41, 42, and 43 are located in the MARBO Annex; however, they are included in the Site-
wide OU. The Remedial Investigation/Feasibility Study (RI/FS) document for these sites is
currently under agency review. All three sites contain COCs, for which the FS indicates Soil
Removal as the preferred remedial alternative (RA). Under this RA the COCs would be cleaned
up and there would be no restrictions on future land use at any of the three sites (including
residential land use). A ROD for these sites has not yet been completed. Sites 41, 42, and 43
should be included in the next five year review.

The next and third five-year review of the MARBO Annex OU ROD is due five years from the
USEPA’s approval of this review, and should include review of the remedies for Sites 20, 41, 42,
and 43, and for MARBO Annex Groundwater. The related review period will be from 02 March
2009 to 02 March 2014.
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3.0 BACKGROUND
3.1  General Background

3.1.1 Overview of the First Five-Year Review

The first five-year review of the MARBO Annex OU ROD included an evaluation of the
post-ROD status of six IRP sites (Sites 20, 22, 23, 24, 37, and 38), and the groundwater beneath
the MARBO Annex (Figure 1-2). The ROD review also evaluated the status of three additional
IRP sites pending final remedy selection that were part of another OU but were located with in
the boundaries of the MARBO Annex. The review organized the evaluated sites with respect to
their media of concern, i.e. soil-related COCs and groundwater-related COCs.

3.1.1.1 Evaluated Sites Referred for No Additional Five-Year Reviews

As no new sources of contamination were identified during the document review and site
inspection conducted for the first five-year review of Sites 22, 23, 24, 37, and 38, future five-
year reviews were not recommended.

3.1.1.2 Evaluated Sites Subject to Additional Five-Year Reviews

Five-year reviews must be performed for Site 20 and the MARBO Annex groundwater because
their selected remedies are considered Operating RAs, as they have been implemented but leave
residual COCs in place at concentrations that do not allow for unrestricted use or unlimited
access.

The selected remedy for Site 20 consisted of a Soil Cover with Institutional Controls (I1Cs).
During the first five-year review site inspection of Site 20, there were concerns regarding pig
wallowing activity and small tree roots at the site that jeopardized the integrity of the Soil Cover
in protecting the human health and the environment (EA, 2004). A regular quarterly Operations
and Maintenance (O&M) program was therefore recommended to verify and maintain the
integrity of the Soil Cover at Site 20. As part of the quarterly O&M program, “event driven”
inspections were recommended to verify the integrity of the Soil Cover after natural disasters,
such as typhoons or earthquakes. Furthermore it was recommended that signs be posted at the
boundaries of the site restricting intrusive activities that would damage the Soil Cover, such as
driving trucks, trenching, or excavating (EA, 2004). The integrity of the soil cover at Site 20 has
been evaluated during the second five-year review through site inspection and the review of
quarterly O&M records, and the findings are presented in this document.

The 1998 ROD selected remedy for the MARBO Annex groundwater consisted of Natural
Attenuation with Institutional Controls to achieve the remediation goal of decreasing
trichloroethene (TCE) and tetrachloroethene (PCE) concentrations in the aquifer to levels below
Maximum Contaminant Level (MCL). Through physical processes of dispersion and dilution,
the timeframe to achieve cleanup goals (MCLs) was estimated at 10 to 40 years, assuming a
continued source of PCE and TCE did not exist (EA, 1998a). Supplemental to the natural
attenuation were three ICs that included:
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e Land Use Restrictions to monitor and restrict groundwater access in areas impacted by
TCE/PCE,

e Groundwater Monitoring to monitor TCE/PCE and confirm the stability of TCE/PCE
plumes in the MARBO Annex, and

e Existing Wellhead Treatment to ensure public health risk is within the acceptable range at
existing USAF production wells.

During the first five-year review of the MARBO Annex OU ROD, it was determined that the
overall timeframe for the groundwater remedy to effectively reduce the concentrations of the
TCE/PCE to below MCLs, may take longer than 40 years (EA, 2004). At the conclusion of the
first five-year review, it was recommended that if, during the second five-year review period,
monitored natural attenuation (MNA) did not appear to be effectively reducing TCE and PCE
concentrations in MARBO Annex Groundwater, the MARBO Annex OU ROD would be
amended to either specify an active remediation method or a Tl waiver to achieve the applicable
or relevant and appropriate requirement (ARAR) of meeting the drinking water MCL in the
aquifer (EA, 2004).

A ROD Amendment for the MARBO Annex groundwater remedy will be completed by
December 2009 (EA and Metcalf & Eddy [EA/M&E], 2009a). The amended remedy is Long-
Term Groundwater Monitoring with Contingency for Wellhead Treatment, with a Tl Waiver
which waives the requirement of achieving MCLs in the aquifer.

3.1.1.3 Evaluated Sites Pending Final Remedy Selection

Sites 41, 42, and 43 (formerly AOCs 54, 55, and 56, respectively) located in the MARBO Annex
were designated as part of the Site-wide OU (previously referred to as the Basewide OU) and
were not included in the MARBO Annex OU ROD. These sites were evaluated in the first five-
year review because they are located within the MARBO Annex; however, a final remedy was
not selected. A ROD is currently under development. Because a final remedy has still not been
selected under the Site-wide OU, an update of the status of these sites is included in this review.

3.1.2 Environmental Setting of MARBO Annex

MARBO Annex OU is located on a broad, uplifted limestone plateau that is underlain by
volcanic rocks (Figure 3-1). The limestone plateau includes numerous sinkholes and ranges in
elevation from 300 to over 500 feet above mean sea level (msl). The sinkholes are very porous
and provide rapid infiltration of surface water to the underlying fresh water aquifer, rendering no
permanent surface water bodies at the MARBO Annex.

The surface of the limestone plateau is interrupted by two volcanic peaks, Mount Santa Rosa and
Mataguac Hill, which are located northeast and north of the MARBO Annex, respectively
(Figure 3-1). These low-permeability volcanic outcrops extend into the subsurface to form a
lateral barrier that directs the groundwater flow towards the Tumon Bay (Figure 3-1). According
to groundwater monitoring data (EA, 2008b), the groundwater at the MARBO Annex is
encountered at approximately 281 to 400 feet below ground surface (bgs). Based on the 2001
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Guam Water Quality Standards, the fresh or saline groundwater at the MARBO Annex is
categorized as a G-1 Resource Zone for potable water (Guam EPA, 2001). Consequently, any
wastewater discharges within the G-1 Resource Zone is regarded as tributary to the potential
potable groundwater supply and must be free of pollutants.

Water extracted from production wells in the MARBO Annex supplies Andersen AFB.
Currently, seven of the nine Andersen AFB production wells (MW-series wells) located on the
MARBO Annex (Figure 1-2) are used for water production, and they can yield upwards of
approximately 3.0 million gallons per day (mgd), to meet the average Base consumption of
2.0 mgd (EA, 2008c).

Although there are housing developments (Wilson Homes, Contingency Barracks, and the
Andersen South Housing Area) within the MARBO Annex, they have been unoccupied since
1996 (Figure 1-2). The nearest populated areas are in the nearby villages of Dededo located
approximately 50 feet west, Yigo located approximately 150 feet north, and Mangilao located
approximately 25 feet east of the MARBO Annex. As of 2000, the combined population of
Dededo and Yigo was approximately 62,000, which comprises approximately 40 percent of the
island's population (United States Census Bureau, 2001). Dispersed, low-density populations
characterize the area between these villages and the MARBO Annex.

MARBO Annex is located in the interior of Guam, away from the coastal cliff line and marine
environments. Therefore, the MARBO Annex is not within the range of the critical habitats of
threatened or endangered species such as the Mariana crow (Corvus kubaryi), the Mariana fruit
bat (Pteropus mariannus), the Fire tree (Serianthes nelsonii), and the Ufa-Halomtano tree
(Heritiera longipetiolata) (Department of Aquatic and Wildlife Resources, 1988).

3.1.3 MARBO Annex Land and Resource Use

Presently, MARBO Annex properties are inactive. According to the Andersen AFB archives, the
MARBO Annex was developed for military housing, warehouses, industrial support facilities,
and operational facilities. From 1944 through 1950, MARBO Annex was under the jurisdiction
of the Naval Government of Guam. Following the Organic Act of 1950, the United States
Government took control of the MARBO Annex and administration was transferred to the
United States Navy (USN). By 1956 all operations at the MARBO Annex had ceased, except for
the USN Power Plant and the water production wells. On 25 June 1958, the USAF assumed
control of the MARBO Annex. Based on review of available Real Estate Property records at
Andersen AFB, all temporary buildings on the MARBO Annex were removed prior to June 1960
(EA, 2004).

Subsequent to finalizing the MARBO Annex OU ROD in 1998, various land parcels have been
transferred or have been proposed for transfer to other Federal or territorial agencies (EA,
1998a). Two parcels, covering 81 acres and 395 acres, respectively, have been transferred to the
Government of Guam (Figure 3-2). The 81-acre parcel contains an active Guam Waterworks
Authority (GWA) production well (Y-20) and included the planned construction of a high
school. The 231-acre parcel contains a fire station and an active GWA production well (Y-19),
and future land use plans include construction of a police station. Another 1,569-acre parcel was
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offered to the United States Marines, for training facilities, however in 2003 the Marines
indicated that they were no longer interested in acquiring the property. The USAF is currently
considering alternate plans for future disposition of this parcel. Another 224-acre parcel is being
retained by the USAF for a variety of purposes. An area near Site 20 is being retained to ensure
ICs are maintained in compliance with the MARBO Annex OU ROD. Several linked areas are
being retained to support the USAF groundwater production and distribution system at the
MARBO Annex. Two areas (the MARBO Laundry and the Army and Air Force Exchange
Service Warehouse) are being retained for USAF warehousing activities. Currently, the
MARBO Annex consists of approximately 2,010 acres of land.

3.2 Background of Sites Included in this Five-Year Review
3.2.1 Background of Site 20
3.2.1.1 General Description of Site 20

Site 20 is classified as an Operating RA, as the RA has been implemented but residual COCs
have been left in place at concentrations that do not allow for unrestricted use of or unlimited
access to the land. An Operating RA may require management in perpetuity.

Site 20 is located in the south-central portion of the MARBO Annex (Figure 1-2). Site 20 is an
abandoned quarry that was partially filled with waste and covered with soil and vegetation. The
site was divided into two broad areas of concern with respect to the potential for contamination.
Area A included the Buried Waste Area and consisted of approximately 1.84 acres of fill,
averaging 10.8 feet in thickness, and a small area covered with 10 empty, deteriorated drum
remnants. Area B included numerous mounds of soil, some of which were covered with
construction debris, municipal trash, and metal debris (EA, 1998b).

3.2.1.2 Former, Current, and Future Land Use at Site 20

As previously discussed, Site 20 was formerly used as quarry and was subsequently an area
where waste materials were disposed. Access is currently restricted and I1Cs have been placed on
the site to restrict future use because COCs at the site pose potentially unacceptable risks to
human health. There are currently no plans to modify existing land use; however, any future
land use at Site 20 must include provisions for mitigating exposure of future human receptors to
COCs remaining onsite.

3.2.1.3 History of Contamination at Site 20

According to the Human Health Risk Assessment (HHRA) and Ecological Risk Assessment
(ERA), Area A had surface soil contamination that required a RA. The COCs identified at

Site 20 included lead, pesticides (4,4'- dichlorodiphenyldichloroethene [4,4-DDE],
4,4-dichlorodiphenyltrichloroethene [4,4-DDT], dieldrin, alpha chlordane, and gamma
chlordane), and the polychlorinated biphenyl (PCB) Aroclor 1260, as shown in Table 3-1 (EA,
1997). The calculated exposure point concentrations (EPCs) that were used for the HHRA in the
MARBO Annex RI/FS (ICF, 1996) are presented in Table 3-1 along with their respective
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Background Threshold Value (BTV) and the 1995 residential Preliminary Remediation Goal
(PRG) (USEPA, 1995):

Table 3-1. Comparison of Site 20 EPCs to 1995 Residential PRGs and BTVs used for

the HHRA.
EPC 1995 Residential PRG BTV
CoC (mg/kg) (mg/kg) (mg/kg)

4,4'-DDE 6.7 1.3 NA
4,4’-DDT 6.2 1.3 NA
Dieldrin 0.12 0.028 NA
Alpha chlordane 0.44 0.34 NA
Gamma chlordane 0.38 0.34 NA
Aroclor 1260 4.4 0.066* NA
Lead 3,604 400 166

* = PRG is based on total PCB concentration; prior to 2000 there was no PRG for Aroclor 1260.
BTV = Background Threshold Value

COC = contaminant of concern

EPC = Exposure Point Concentration

mg/kg = milligrams per kilogram

NA = not applicable; BTV is applicable only for inorganic compounds (metals).

PRG = Preliminary Remediation Goal

3.2.1.4 Initial Response at Site 20

The COCs detected in Site 20 soils were determined to be relatively stable and immobile;
therefore, no immediate response was required.

3.2.1.5 Basis for Taking Action

The basis for taking action at Site 20 was excessive cancer to residential receptors (2x10™) and
non-cancer (HI=4) risks associated with elevated concentrations of Aroclor 1260, pesticides, and
lead in surface and subsurface soils in the Buried Waste Area (Figure 3-3). Though the condition
of the COC-impacted soil did not require an immediate initial response, an RA was proposed for
the site to protect the future human and ecological receptors.

3.2.2 Background of Site 41
3.2.2.1 General Description of Site 41

Site 41 is located adjacent to Marine Drive (Figure 1-2), covers approximately 8 acres, and is flat
to gently sloping. Site 41 includes the foundations (concrete pads) of former operational support
buildings such as a tool shop, a carpenter shop, a generator shop, a heavy vehicle shop, and
vehicle maintenance shops. In addition, a vehicle maintenance pit associated with the former
heavy vehicle shop was located at the site. Due to past operations at the former shops,
potentially hazardous materials were suspected to have been discharged to the soils.
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3.2.2.2 Current and Future Land Use at Site 41

Currently, the site is inactive and there are no plans to modify existing land use, however,
redevelopment of this area is likely at some future date given the limited available land on
Guam.

3.2.2.3 History of Contamination at Site 41

Based on the analysis of 105 surface soil samples (including 10 duplicate samples), lead was
detected at concentrations ranging from 19.6 to 53,300 milligrams per kilogram (mg/kg) (EA,
2008a). At the time the HHRA was performed, 2004 USEPA Region 9 PRGs were used to
conduct the risk screening; however, they have since been superseded by 2009 USEPA Regional
Screening Levels (RSLs) (USEPA, 2004; USEPA, 2009). For lead, the residential and industrial
RSLs are equivalent to the corresponding PRGs; 400 mg/kg and 800 mg/kg, respectively. The
average concentration of lead in surface soil samples (1,257 mg/kg) exceeds both residential and
industrial RSLs, as shown in Table 3-2. Therefore, lead in surface soil was identified as a COC,
posing potentially unacceptable risks to future residential receptors and current industrial
workers at the site.

Table 3-2. Comparison of Site 41 EPCs to Residential RSLs and BTVs.

EPC | 2009 Residential RSL | 2009 Industrial RSL BTV
coc (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Lead 1,257 400 800 166

BTV = Background Threshold Value
EPC = Exposure Point Concentration
mg/kg = milligrams per kilogram
RSL = Regional Screening Level

Lead was not detected in any subsurface soil samples at concentrations exceeding the residential
PRG (400 mg/kg).

3.2.2.4 Initial Response at Site 41

The COC detected in Site 41 soils (lead) was determined to be relatively stable and immobile in
the weathered limestone soils; therefore, no immediate response was required.

3.2.2.5 Basis for Taking Action at Site 41

The future use of Site 41 is undetermined; therefore, the site may be potentially developed for
future residential or commercial use. The basis for taking action at Site 41 was related to
elevated concentrations of lead in surface soil (Figure 3-4). There are no toxicity values
published by USEPA to quantify cancer risks from lead using the standard HHRA
methodologies; therefore, no HHRA was conducted for Site 41. The USEPA Region 9
residential PRG and RSL were based on the output of the Integrated Exposure Uptake Biokinetic
(IEUBK) Lead Model for residential exposures. According to USEPA guidance, lead is assessed
through the use of the blood-lead model, which uses the average concentration of lead in soil.
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Though the condition of the lead-impacted soil did not require an immediate initial response, an
RA has been proposed for the site to protect future human and ecological receptors.

3.2.3 Background of Site 42
3.2.3.1 General Description of Site 42

Site 42 is located approximately 900 feet south of Marine drive (Figure 1-2), covers
approximately 1.5 acres, and is flat to gently sloping. Site 42 is a former gas station with two
associated rusted aboveground storage tanks (ASTs). Due to past operations, discharge of fuel
constituents to the soil may have occurred.

3.2.3.2 Current and Future Land Use at Site 42

Currently, the site is inactive and there are no plans to modify existing land use; however,
redevelopment of this area is likely at some future date given the limited available land on
Guam.

3.2.3.3 History of Contamination at Site 42

Based on the analysis of 26 surface soil samples (including two duplicate samples), lead was
detected at concentrations ranging from 25.6 to 3,370 mg/kg (EA, 2008a). At the time the
HHRA was performed, 2004 USEPA Region 9 PRGs were used to conduct the risk screening;
however, they have since been superseded by 2009 USEPA RSLs. For lead, the residential and
industrial RSLs are equivalent to the corresponding PRGs; 400 mg/kg and 800 mg/kg,
respectively. The average concentration of lead in surface soil samples (485 mg/kg) exceeds the
residential RSL, as shown in Table 3-3. Therefore, lead in surface soil was identified as a COC,
posing potentially unacceptable risks to future residential receptors at the site.

Table 3-3. Comparison of Site 42 EPCs to Residential RSLs and BTVs.

EPC 2009 Residential RSL BTV
CcOoC (ma/kg) (ma/kg) (mg/kg)
Lead 485 400 166

BTV = Background Threshold Value
EPC = Exposure Point Concentration
mg/kg = milligrams per kilogram
RSL = Regional Screening Level

Lead was not detected in any of the subsurface soil samples at concentrations exceeding the
residential RSL (400 mg/kg).

3.2.3.4 Initial Response at Site 42

The COC detected in Site 42 soils were determined to be relatively stable and immobile in the
weathered limestone soils; therefore, no immediate response was required.
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3.2.3.5 Basis for Taking Action at Site 42

The future use of Site 42 is undetermined; therefore, the site may be potentially developed for
future residential or commercial use. The basis for taking action at Site 42 was related to
elevated concentrations of lead in surface soil (Figure 3-5). There are no toxicity values
published by USEPA to quantify cancer risks from lead using the standard HHRA
methodologies. As previously discussed, lead is assessed through the use of the blood-lead
model, which uses the average concentration of lead in soil compared to the results of the
IEUBK Lead Model for residential exposures. Though the condition of the lead-impacted soil
did not require an immediate initial response, an RA has been proposed for the site to protect
future human and ecological receptors.

3.2.4 Background of Site 43
3.2.4.1 General Description of Site 43

Site 43 is located west of the former MARBO Laundry (Figure 1-2), covers approximately

35 acres, and is flat to gently sloping. Site 43 includes the foundations (concrete pads) of former
operational support buildings including a welding shop, battery shop, concrete vault, machine
shop, carpenter shop, motor pool garage, paint shop, warehouses, generator shed, grease stand,
steam shop, supply shed, preventative maintenance shop, sign paint shop, refrigerator shop,
plumbing shop, and electric shop. Due to past operations at the shops, potentially hazardous
materials were suspected to have been discharged at the site.

3.2.4.2 Current and Future Land Use at Site 43

Currently, the site is inactive and there are no plans to modify existing land use; however,
redevelopment of this area is likely at some future date given the limited available land on
Guam.

3.2.4.3 History of Contamination at Site 43

Based on the analysis of 173 surface soil samples (including 5 duplicates) and 33 subsurface soil
samples (including 4 duplicates), arsenic, cadmium, lead, Aroclor 1254, and benzo(a)pyrene, in
surface soil, and arsenic and vanadium, in subsurface soil, were identified as COCs (Table 3-4)
(EA, 2008a). These COCs were detected at concentrations exceeding the residential PRGs, and
or BTVs, posing potentially unacceptable risks to future residential receptors and current
industrial workers at the site.

At the time the HHRA was performed, 2004 USEPA Region 9 PRGs were used to conduct the
risk screening; however, they have since been superseded by 2009 USEPA RSLs. The
residential RSL for benzo(a)pyrene is more stringent (0.015 mg/kg) than the residential PRG,
and the residential RSLs for cadmium and vanadium are less stringent (70 and 390 mg/kg,
respectively) than their respective residential PRGs (Table 3-4). These changes are not
significant enough to alter the conclusions of the RI/FS for Site 43, as most of these COCs are
collocated with other COCs that are targeted for removal.
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Table 3-4. Comparison of Site 43 EPCs to Residential PRGs, Residential RSLs, and

BTVs.
EPC 2004 Residential PRG 2009 Residential RSL BTV
coc (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Surface Soil
Arsenic 116 0.39 0.39 62
Cadmium 226 37 70 6.5
Lead 9,390 400 400 166
Aroclor 1254 31 0.22 0.22 NA
Benzo(a)pyrene 83 0.06 0.015 NA
Subsurface Soil

Arsenic 64 0.39 0.39 62
Vanadium 225 78 390 206

BTV = Background Threshold Value

EPC = Exposure Point Concentration

mg/kg = milligrams per kilogram

NA = not applicable; BTV is applicable only for inorganic compounds (metals).
PRG = Preliminary Remediation Goal

RSL = Regional Screening Level

3.2.4.4 Initial Response at Site 43

The COCs detected in Site 43 soil samples were determined to be relatively stable and immobile
in the weathered limestone soils; therefore, no immediate response was required.

3.2.4.5 Basis for Taking Action at Site 43

The future use of Site 43 is undetermined; therefore, the site may be potentially developed for
future residential or commercial use. The basis for taking action at Site 43 was related to
arsenic, cadmium, Aroclor 1254, and benzo(a)pyrene in surface soil, and arsenic and vanadium
in subsurface soil. These COCs posed either potentially unacceptable non-cancer and/or cancer
risks to current industrial workers and future residential receptors (Figures 3-6 through 3-9).
Lead in surface soil also posed potentially unacceptable risks to current industrial workers and
future residential receptors.

3.25 Background of MARBO Annex Groundwater
3.2.5.1 Description for MARBO Annex Groundwater

Since 1989, the quality of the MARBO Annex groundwater has been evaluated at least
semi-annually through a network of groundwater monitoring points (EA, 2008b). The Long-
Term Groundwater Monitoring (LTGM) Program for Andersen AFB was initiated in October
1995 to ensure compliance with CERCLA, RCRA, Clean Water Act, Safe Drinking Water
Act, and all ARARs, with the goals of:

o establishing baseline groundwater elevation and water quality data at monitoring and
production wells,

o evaluating the baseline data and identifying critical sampling locations,
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e installing new monitoring wells in those critical sampling locations, and

e determining modifications to monitoring points, monitoring frequency, and analytical
methods.

Since the LTGM Program was initiated in 1995, 26 rounds of groundwater sampling have
been conducted at the MARBO Annex. Currently, 18 monitoring and three production wells
are sampled as part of the LTGM Program at the MARBO OU. Nine of the monitoring wells
and the three production wells are “shallow” wells that are screened across the top of the
freshwater lens. Five of the monitoring wells are “deep” wells that are screened near the
base of the freshwater lens. The “deep” wells are screened at depths approximately 90 to
100 feet lower than the screened intervals of the nearby “shallow” wells, to monitor water
quality near the base of the freshwater lens. Two of the monitoring wells are open-boreholes
that fully penetrate the freshwater lens. The two Guam Power Authority monitoring wells
are fully screened across the freshwater lens. The analytical results for monitoring points in
the LTGM Program are provided in Appendix B.

The northern half of Guam exhibits characteristics of a Simple Carbonate Island, a Carbonate-
Cover Island, and a Composite Island according to the type of Carbonate Island Karst Model
(Mylroie et al., 2001). As presented in Figure 3-1, the two volcanic peaks of Mount Santa Rosa
and Mataguac Hill create a channel that directs the groundwater flow toward Tumon Bay.

Groundwater is the principal source of drinking water for Guam and is the source of freshwater
for other uses. Currently, the karst limestone of the Northern Guam Lens (NGL) produces
approximately 40 million gallons of freshwater per day for public use (EA, 2008c). Even though
Guam receives approximately 100 inches of rainfall per year, surface water does not exist on
northern Guam due to the highly permeable, eogenetic, karst limestone.

The hydrogeology model of the NGL is complex due to 400 feet of karstic geologic features with
secondary dissolution channelization and water production pumping. Groundwater velocities
can vary significantly and hydraulic conductivities of up to 20,000 feet per day have been
observed at MARBO Annex (ICF, 1997). The vast majority of rainfall percolates through the
vadose zone and creates a freshwater lens that floats atop a transition zone underlain by marine
water due to density effects. The freshwater lens is approximately 100 feet thick and subject to
highly conducive groundwater flow. A brackish transition zone (mixing zone) of approximately
20 feet thick exists between the freshwater lens and the underlying marine water (EA, 2008c).

The rapid infiltrating recharge to the upper portion of the freshwater lens propagates quickly
(within weeks to months) to coastal discharge areas via seeps and/or large-scale dissolution
features (EA, 2008c). The rapidly infiltrating recharge has created strongly oxidized
groundwater conditions throughout the fresh water lens, as evidenced by shallow and deep
dissolved oxygen concentrations generally ranging from 5 to 8 milligrams per Liter (mg/L) and
oxidation-reduction potential ranging from 100 to 500 millivolts (EA, 2008c). The strong lateral
flow component that is observed in the upper portion of the freshwater lens is not evident in the
basal portion of the lens, based on contaminant trends.
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Based on the extensive data-set collected over the course of the MARBO Annex LTGM
Program, it is apparent that the elevation and thickness of the freshwater lens vary in response to
rapid flush of short-term rainfall events, moderate-term seasonal rainfall and monsoonal wind
effects on sea level, and long-term fluctuations due to EI Nino/Southern Oscillation events and
eustatic sea level rise. The short- and long-term rainfall events have lead to cyclic variation on
the thickness of the groundwater lens, based on cyclical chloride level observations (20 and 200
mg/L) in deep groundwater monitoring wells (EA, 2008c).

3.2.5.2 Former, Current, and Future Land Use above MARBO Annex Groundwater

As previously discussed, land use at the MARBO Annex consisted of residential housing,
military warehousing, and industrial support facilities. Currently, land use comprising the
general area above the PCE- and TCE-impacted portion of the MARBO Annex OU groundwater
aquifer is inactive. As part of the selected remedy in the MARBO Annex OU ROD, ICs restrict
property deeds pertaining to the installation of water supply wells on properties affected by PCE-
and TCE-impacted groundwater (Figure 3-10) (EA, 1998a). Re-development of this area is
likely at some future date given the limited available land on Guam.

3.2.5.3 History of Contamination for MARBO Annex Groundwater

Based on historical groundwater monitoring results, TCE and PCE are identified as COCs in
MARBO Annex groundwater. TCE has been detected in deep groundwater samples collected
from GPA-1, GPA-2, and MW-2 (456, 458, and 368 feet bgs, respectively) at concentrations above
the MCL of 5 micrograms per Liter (ug/L). PCE has been detected in deep groundwater samples
collected from IRP-29 (475 feet bgs), at a concentration above the MCL of 5 pg/L. Both TCE and
PCE have been detected in deep groundwater samples collected from IRP-31 (456 feet bgs), at
concentrations above their respective MCLs of 5 pg/L (Figure 3-11). With the exception of
IRP-14 (382 feet bgs), TCE and PCE have either been non-detect or detected at concentrations
below the MCL in all shallow monitoring wells. For IRP-14, PCE concentrations in
groundwater samples have shown a historic decrease from concentrations that were initially
above the MCL of 5 pg/L to concentrations that are consistently below half the MCL. The exact
source of TCE and PCE remains unknown based on the completed investigation of all potential
TCE and PCE sources in MARBO Annex soil (EA, 2008a; EA, 2008c).

3.2.5.4 Initial Response for MARBO Annex Groundwater

Although the TCE and PCE plumes have been considered relatively immobile, the COCs
detected in the MARBO Annex groundwater poses potential human health risks via groundwater
production to the municipal water supply. The ROD for MARBO Annex OU, included long
term groundwater monitoring of monitoring and production wells and wellhead treatment for
three production wells in the MARBO Annex ( MW-1, MW-2, and MW-3), until TCE and/or
PCE concentrations were consistently below MCLs. Wellhead treatment on production well
MW-2 was implemented as stated in the remedy; however, MW-2 was taken out of production in
1998 when the air stripping tower used to treat the water was fouling due to frequent carbonate
build-up and the well was no longer required to meet demand. Wellhead treatment was therefore

Final Second Five-Year Review of August 2009
Record of Decision for 3-11
MARBO Annex OU, Andersen AFB, Guam
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discontinued at MW-2. Production wells MW-1 and MW-3 continue to produce potable water
and have never required wellhead treatment.

3.2.5.5 Basis for Taking Action for MARBO Annex Groundwater

The basis for taking action for MARBO Annex groundwater was to protect human health, in
accordance with the Remedial Action Objectives (RAOs) through implementation of ICs, against
the presence of TCE and PCE in MARBO Annex groundwater at concentrations exceeding
MCLs.

Final Second Five-Year Review of August 2009
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Agent Orange on Guam Affidavit

My name is Brian Moyer and my date of birth is March 31, 1955 and | was born in Detroit, Michigan.
When | was 18 years old after graduation from high school | enlisted in the United States Marine Corps
after going through Basic Training at MCRD San Diego, California and more training at infantry Training
School in Camp Pendleton. It was back to MCRD San Diego to attend Sea Duty Indoctrination School
were we trained on ships protocol and ships security issues with regards to nuclear weapans.

After completion of Sea Duty School | was ordered to Marine Detachment USS Proteus AS-19 which was
home ported at Apra Harbor, Guam and arrived at my duty station in February 1974 and rotated back to
the US mainland in February 1976. The crew from the Proteus also participated in Operation New Life
and sailors and marines from the Proteus worked in the Orote Pointe refugee camp that housed
thousands of Vietnamese national who fled from South Vietnam when Saigon fell to North Vietnam in
April of 1975.

When we got time to get away from our duties on the Proteus we would go to various points on Guam
such as Talafofo Falls, swimming at Natural Pools, snorkeling in any of the many bays around Guam. We
would also go exploring in the jungle and go up to the top of Mount Lamlam. On one of our adventures
of exploring we ended up at the above ground fuel lines that ran from Apra Harbor which is in the lower
central, southern part of Guam all the way to Andersen AFB which is at the far north end of Guam.

Three other marines and | had to climb over the double stacked pipelines tc keep going on our walk
through the jungle but what | remember is that there was no thick dense vegetation growing there and |
wondered how that was maintained. | found out from M/Sgt Leroy Foster in conversation approximately
six months ago that he sprayed herbicides (Agent Orange) along the fuel line route for ten years on
Guam.

| also was sent to Andersen AFB, Guam to attend a firefighting school in the first three months of my
arrival to Guam and the Proteus were we were taught by Air Force staff how to extinguish fires with fire
extinguishers all the way up to entering and fighting fires in a concrete block house that burning tires in
it. The small fire were set ablaze in split 55 gallon oil drums and we put out the fires with a regular ABC
rated fire extinguishers. 1 later found out that the fuel that was lit on fire for us to extinguish was the
remnants of the fuel and Agent Orange mixture from the 750 gallon tank trailer that M/Sgt Foster used
for vegetation control around Andersen AFB, Guam.

| also remember being told by one of the instructors at the Fire Fighting School that there was a “slight
contamination problem with one of the wells and that if the water in the drinking fountain smelled or
tasted like aviation fuel not to drink it.” | was getting a drink and could taste and smell something like
gasoline and spit it out and if | recall correctly the training staff had someone bring coolers of water out
to the training site.

One of my other duties on the Proteus was “driver” and | was issued a military driver’s license and |
would end up driving up to Andersen AFB at least twice on average four times a month to pick up new
personal or drop off out going personal who were returning to the mainland. | remember driving
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through the main gate at Andersen AFB and loaking to my left and seeing all these densely packed trees
that stood about six to eight feet tall which appeared to be impenetrable.

The thing that sticks the most in my mind is that those dense growing trees were all brown in color and
there were no leaves on them which didnt make sense because Guam is a tropical island approximately
400 mile north of the Equator and everything is green on Guam because of the climate and rainfall. |
thought maybe the trees were intentionally burned and then Air force staff would come through with a
bulldozer and plow everything away from the security fences. | found out many years later that was
where M/Sgt Foster had sprayed Agent Orange type herbicides.

One other thing that | recall about going through Andersen AFB whether to go to the terminal ar going
to Tarague Beach is that the area that | described by the main gate fence line never “greened up” never
ever did see that thick tangle of trees grow leaves on them.

Another marine named James Kuiken who resides in Vienna, Virginia and | also walked across a big field
where there was hardly any grass growing to go look and climb around inside a gutted out B-52 Bomber
at Andersen AFB, Guam. | found that that field had also been sprayed with herbicides by M/Sgt Foster.

At Apra Harbor | remember seeing a work party of sailors from the Proteus walking along the inner
fence line and picking up trash and litter and a small trailer spray rig attached to small tractor moving
along the fence line and out on the perimeter areas were the tree line started. | don’t know who was
driving the tractor or what was being sprayed but again years later a former crew member would state
that it was Agent Orange being deployed.

| swear this affidavit is accurate and true to the best of my memory and if | am telling any lies,
falsehoods or fabrications that | will be held accountable in a court of law in any jurisdiction of the
United States and it Territories.

Respectfully Submitted on QQTK of January, 2017

Brian Moyer X
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Highlights of GAO-19-24, a report to
congressional addressees

Why GAO Did This Study

The tactical herbicide Agent Orange
was first produced in 1964, and some
12 million gallons were shipped from
U.S. ports to Southeast Asia from 1965
to 1970. DOD suspended its use in
1970 and incinerated remaining
stockpiles at sea in 1977. Congress
has expressed long-standing interest in
the effects of Agent Orange exposure.

The House report accompanying a bill
for the National Defense Authorization
Act for Fiscal Year 2018 included a
provision that GAO review the
government’s handling of Agent
Orange on Guam. This report
examines (1) information the federal
government has about the
procurement, distribution, use, and
disposition of Agent Orange; (2) DOD
and VA efforts to make information
about where Agent Orange and its
components were tested and stored
available; and (3) challenges
associated with Agent Orange testing.
GAO reviewed agency policies,
documents, and available archival
records that GAO identified;
interviewed DOD, VA, and other
agency officials; and met with a non-
generalizable sample of 38 veterans
and a veterans service organization.

What GAO Recommends

GAO is making six recommendations,
including that DOD develop a process
for updating its list of Agent Orange
testing and storage locations, and that
DOD and VA develop a process for
coordinating the communication of
information on where Agent Orange
was known to have been present. DOD
concurred with four recommendations.
VA concurred with one
recommendation and non-concurred
with one recommendation.

View GAO-19-24. For more information,
contact Brian Lepore at (202) 512-4523 or
leporeb@gao.gov

AGENT ORANGE

Actions Needed to Improve Accuracy and
Communication of Information on Testing and
Storage Locations

What GAO Found

Available shipment documentation indicates that nearly all of the Agent Orange
procured was either used in U.S. military operations in Southeast Asia, used for
testing, damaged, or destroyed. However, some records are incomplete, such as
shipment documentation and logbooks that identify ports where vessels stopped
on the way to Southeast Asia. GAO obtained and reviewed shipment
documentation for over 12.1 million of the 13.9 million gallons of Agent Orange
procured by the Department of Defense (DOD). GAO reviewed logbooks for 96
percent (152 of 158) of those shipments and identified that vessels stopped at
various ports on the way to Southeast Asia, including at least one vessel carrying
Agent Orange that stopped at Guam. While the logbooks GAO reviewed identify
when vessels left various ports as they traveled to and from Vietnam, they do not
show whether and how much cargo was loaded or unloaded at those ports.

DOD'’s official list of herbicide testing and storage locations outside of Vietnam
that is posted on the Department of Veterans Affairs’ (VA) website is inaccurate
and incomplete. For example, the list lacks clarity in descriptive information and
omits both testing and storage locations and additional time periods covered by
testing events. Also, the list has not been updated in over a decade, though DOD
and VA have obtained reports on its shortcomings since 2006. Both DOD and
VA communicate with veterans in response to inquiries about Agent Orange, but
some veterans GAO met with expressed confusion regarding how to obtain
information on potential exposure. DOD officials acknowledged this confusion
and stated that veterans are contacting multiple agencies to obtain such
information. However, DOD and VA have not established a formal process for
coordinating on how best to communicate information to veterans and the public
regarding the presence of Agent Orange outside of Vietnam. Without a reliable
list with complete and accurate information and a formal process for DOD and
VA to coordinate on communicating this information, veterans and the public do
not have quality information about the full extent of locations where Agent
Orange was present and where exposure could potentially have occurred.

Challenges exist with testing for Agent Orange today due to degradation of the
herbicide’s two chemical components and a potential for sources of
contamination other than the herbicide. According to scientific research, the half-
life (average time for components to decrease by half of the original amount) of
Agent Orange’s two chemical components—n-butyl 2,4-D and n-butyl 2,4,5-T—
in soil can range from several days to many months, depending on conditions.
The suggested half-life of the dioxin 2,3,7,8-TCDD—a by-product of the 2,4,5-T
manufacturing process—is much longer, but there are multiple sources of
dioxins, including the burning of wood and waste. DOD and the U.S. and Guam
Environmental Protection Agencies are testing for the acid form of the
components of Agent Orange at Andersen Air Force Base on Guam. While
acknowledging the low probability of conclusively identifying the components of
Agent Orange on Guam, DOD has made a decision to move forward with testing
to address veterans’ and the public’s concerns, and it expects to complete the
updates for the sampling and analysis plan, field sampling, analysis, and
reporting in early 2019.

185


https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
https://www.gao.gov/products/GAO-19-24
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov
mailto:leporeb@gao.gov

Contents

Letter 1
Background 5
The Federal Government Has Some Information on the
Procurement, Use, and Destruction of Agent Orange, and
Available Documentation Indicates at Least One Vessel
Carrying Agent Orange Transited through Guam to Vietnam,
but Information Is Not Complete 20
DOD’s List of Herbicide Testing and Storage Locations Is
Incomplete, and Veterans Have Expressed Confusion about
How to Obtain Information on Potential Exposure 36
Challenges Exist with Testing for Agent Orange Today Due to
Degradation and Multiple Sources of Potential Contamination 45
Conclusions 52
Recommendations for Executive Action 52
Agency Comments and Our Evaluation 53
Appendix | Objectives, Scope, and Methodology 57
Appendix I Comparison of the Department of Veterans Affairs (VA) List of
Diseases Associated with Agent Orange Against Those Identified by
the National Academy of Sciences 67
Appendix 111 Quantities of Herbicides Known to Have Been Shipped to Southeast
Asia on Ships Identified as Having Stopped in Guam between
February 1968 and May 1970 70
Appendix IV The Department of Defense’s (DOD) List of Testing and Storage
Locations Posted on the Department of Veterans Affairs (VA)
Website 74
Appendix V Comments from the Department of Defense 84

186



187



188



November 15, 2018
Congressional Addressees

From the 1940s to the 1970s, the U.S. government developed and tested
tactical herbicides in the United States and abroad. These tactical
herbicides were known as “rainbow herbicides” and included Orange,
Purple, Pink, Green, Blue, and White.! Tactical herbicides were intended
for use by the U.S. military in the conflicts in Korea and Vietnam, but were
not intended for use on U.S. military installations. During the mid-1960s,
U.S. chemical companies manufactured and shipped large quantities of
tactical herbicides to Vietnam for use by the U.S. military to eliminate
enemy cover and destroy the enemy’s crops. The tactical herbicide
designated “Orange”—later known as Agent Orange—was first produced
in 1964, and approximately 12.1 million gallons were shipped to
Southeast Asia from several U.S. ports between 1965 and 1970.2 The
Department of Defense (DOD) suspended the use of Agent Orange in
Vietnam in 1970 and incinerated remaining stockpiles at sea in 1977.

In 1984, the U.S. Environmental Protection Agency (U.S. EPA)
determined that a form of dioxin that is a by-product of the manufacturing
process of one of the two components of Agent Orange had been
associated with a number of health effects, including cancer, in exposed
animals and in humans, including children.® The Agent Orange Act of
1991, as amended, established a presumption of service connection for
certain diseases manifesting in veterans by way of exposure to herbicide
agents while deployed in the Republic of Vietnam at any time beginning
January 9, 1962, and ending on May 7, 1975.% The act also required that

IConsistent with House Report 115-200 including a provision for us to conduct this review,
this report focuses primarily on the tactical herbicide Agent Orange and its components.
Tactical herbicides were developed specifically by DOD to be used in combat operations.

2In this report, we use the term “Agent Orange” following the language in our prior reports.
However, DOD officials use the term “Herbicide Orange” in referring to the same agent.

SEnvironmental Protection Agency, Health Effects Assessment for 2,3,7,8-
Tetrachlorodibenzo-p-Dioxin, EPA-540/1-86-044, September 1984. As we describe later in
this report, there are many sources of dioxin contamination in addition to the dioxin that
was formed as the by-product of the manufacturing process for one of the components of
Agent Orange.

4Pub. L. No. 102-4, § 2 (1991) (codified as amended at 38 U.S.C. § 1116). Service
connection is a factor the Department of Veterans Affairs considers in determining
whether to grant disability compensation to a veteran.
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. _____________________________________________________________________________________|
Figure 1: Composition of Agent Orange

Note: Agent Orange is composed of a mixture of 50 percent 2,4-dichlorophenoxyacetic acid (2,4-D) in
its n-butyl ester form and 50 percent 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) in its n-butyl ester
form, plus a contaminant, 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD). This figure shows 50
percent of each chemical as if separated, but in actuality the chemicals would be mixed together and
packaged in 55-gallon drums. According to archival sources, a drum of Agent Orange weighed
approximately 600 pounds.

Agent Orange Origins and
Life Cycle

The Crops Division of the U.S. Army Chemical Corps was established at
Camp Detrick (now Fort Detrick), Maryland, in 1943 to conduct anti-crop
research, development, and engineering. In 1944 the Crops Division was
given the mission of developing chemical compounds to destroy or
reduce the value of crops. These chemical compounds were intended to
rapidly clear vegetation in military operations in order to eliminate
concealed enemy positions, improve air and ground observations, and
destroy or reduce the value of crops. Initial field trials at Camp Detrick
were small-scale efforts involving test plots typically 6 by 18 feet in size,
and the herbicides being tested were usually applied using a hand
sprayer. Over the following three decades, DOD collaborated with the
U.S. Department of Agriculture, universities, and private companies to
conduct testing activities ranging from laboratory experiments to spray
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DOD also cleaned up the Johnston Island site where Agent Orange was
ultimately disposed of. Once drums of Agent Orange were stored at
Johnston Island, environmental sea conditions caused them to corrode
and leak. Initial cleanup activities assessed and monitored the area to
track the chemical components remaining as a result of Agent Orange
contamination. Site remediation and environmental monitoring continued
throughout the 1970s until February 1989, when the Air Force, in
accordance with the Defense Environmental Restoration Program,
completed a final site cleanup at Johnston Island by destroying all
remaining 2,3,7,8-TCDD-contaminated soil. Figure 4 shows drums of
Agent Orange stored at Johnston Island.

. _________________________________________________________________________________|]
Figure 4: May 1975 Photo of Drums of Agent Orange Stored on Johnston Island

Note: Many of the drums were no longer marked with an orange band around their center as a result
of redrumming that took place from 1972 through mid-1977. According to archival sources, efforts
were made to continue labeling new drums as “Herbicide Butyl Esters.”

In addition, U.S. EPA listed on its National Priorities List two former Agent
Orange manufacturing sites—the Kanawha River site in West Virginia
previously owned by the Monsanto Company and a site in Newark, New
Jersey, owned by the Diamond Alkali Company—due to high levels of
contamination from various sources and threats to human health. In 2017,
U.S. EPA entered into an agreement with the Monsanto Company on a
cleanup plan to address 2,3,7,8-TCDD contamination at the Kanawha
River Superfund Site in Putham and Kanawha counties, West Virginia.
The cleanup effort will focus on a 14-mile stretch within the Kanawha
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previously. The 1977 figure also takes into account 14,025 gallons
transferred to the Naval Construction Battalion Center Gulfport, from
Eglin Air Force Base, Florida, where the Air Force had tested
formulations of Agent Orange for aerial spraying. In addition, available
records show that quantities of the two components of Agent Orange
were stored at the former Kelly Air Force Base, Texas, until 1972
before they were transferred to the U.S. Department of Agriculture for
brush control projects. These reported amounts included 106,260
gallons of n-butyl 2,4-D and 38,940 gallons of n-butyl 2,4,5-T. These
records also show that 173,910 gallons of Agent Blue were stored at
the installation; see figure 5.

. ______________________________________________________________________________|]
Figure 5: Photo of Drums of Agent Orange Components (n-butyl 2,4-D and n-butyl
2,4,5-T) and Agent Blue Located at San Antonio Air Materiel Area, Kelly Air Force
Base, Texas

Note: Photo by San Antonio Air Materiel Area, Kelly Air Force Base, Texas (October 12, 1971).

DOD chartered the incinerator ship M/T Vulcanus and loaded the 860,000
gallons stored at Naval Construction Battalion Center Gulfport,
Mississippi, beginning in May 1977. The vessel left Gulfport, Mississippi,
in June 1977, and began incinerating the Agent Orange on board in July
1977 in a research burn to test the incineration process at sea near
Johnston Island. In August 1977, the M/T Vulcanus loaded the remaining
1.36 million gallons stored at Johnston Island and conducted two more
incineration operations just southwest of Johnston Island, as shown in
figure 6. By September 3, 1977, all stocks of Agent Orange had been
incinerated.
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__________________________________________________________________________________|
Figure 6: Map of Johnston Island and M/T Vulcanus Burn Site

Available Records Indicate
That Vessels Transporting
Agent Orange Stopped at
Various Ports en Route to
Southeast Asia, but
Shipment Information Is
Not Complete

Our review of documentation for the shipment of almost 12.1 million
gallons of the approximately 13.9 million gallons (approximately 87
percent) of Agent Orange procured by DOD found, based on available
shipment documentation, that vessels transporting Agent Orange made
stops at various ports on the way to Southeast Asia. However, shipment
documentation is incomplete. Manufacturers of Agent Orange blended
the two components of the herbicide—the n-butyl forms of 2,4-D and
2,4,5-T—and marked 55-gallon drums for shipment to Southeast Asia.
Available records indicate that manufacturers produced Agent Orange
according to military specifications and marked all drums for shipment
directly to the receiving U.S. military unit in Vietnam. These specifications
indicated the precise herbicide formulation of Agent Orange (n-butyl
esters, 50 percent 2,4-D and 50 percent 2,4,5-T) and general instructions
for marking the 55-gallon drums for shipment. For example, according to
a historical monograph by the San Antonio Air Materiel Area, DOD
specified that each drum was to be marked with a colored band or bands
around the center as well as with transportation and contract data. Figure
7 shows an example of these drum markings.
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Lykes Company Ships

The Military Sea Transportation Service
directly chartered merchant vessels to carry
tactical herbicides during the Vietnam War. At
least 28 vessels owned by the New Orleans,
Louisiana-based Lykes Brothers Steamship
Company transported Agent Orange between
1965 and 1970 from Gulf Coast ports to
Southeast Asia. Lykes Brothers vessels were
designed to handle cargo with cables that
could place the cargo in a series of holds—
numerous compartmented internal storage
spaces. Tactical herbicides were stored
vertically on pallets in these holds. The first
large shipments of Agent Orange took place
on the SS Adabelle Lykes, SS Elizabeth
Lykes, and SS Mayo Lykes, traveling from the
port of New Orleans, Louisiana, through the
Panama Canal, and refueling in the
Philippines before offloading a total of 1,782
55-gallon drums (approximately 97,000
gallons) in Saigon, Vietnam, in February and
March of 1965.

Source: Photo from National Archives and Records
Administration of a Lykes Line ship docked in Gulfport,
Mississippi. Photo by San Antonio Air Materiel Area, Kelly Air
Force Base, Texas (March 1969). | GAO-19-24

Our review of the logbooks and shipping articles for vessels carrying
Agent Orange and other tactical herbicides showed that these vessels
made stops at several U.S. and foreign ports, both in going to and in
returning from Vietnam. For example, we identified vessels that stopped
at several West Coast ports to load cargo before traveling to Vietnam,
and others that made port calls to refuel in Hawaii. We also identified
vessels that stopped at foreign ports such as Okinawa, Thailand, and
Taiwan, as well as locations near the major U.S. Naval Supply Depots in
Yokosuka, Japan, or Subic Bay, Philippines. These supply depots were
major logistics hubs for U.S. military operations in East Asia, and they
provided supplies to commercial ships that were chartered by DOD’s
Military Sea Transportation Service through contracts with shipping
companies. These companies would reserve cargo space for military
cargo and include Saigon, Vietham, as a destination, but the voyages
were otherwise made for normal commercial activities. From those
locations, the cargo vessels traveled to one or more ports in Vietnam.
However, while the logbooks we reviewed identify when vessels left the
various ports as they traveled to and from Vietnam, logbooks do not
provide information on whether and how much cargo was loaded and
unloaded at those ports of call, nor do they indicate whether tactical
herbicides were offloaded at any ports before the vessels reached
Vietnam.
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. ________________________________________________________________________________|
Figure 9: Timelines of Vessels Carrying Agent Orange That Stopped at Guam on the
Way to or from Vietnam

Note: While the ports of call listed in the SS Aimee Lykes logbook do not indicate a port of call on
Guam, it does include an entry that describes pulling into Apra Harbor and offloading an injured
mariner into a small motorboat so that the individual could be hospitalized on Guam. Therefore, we
cannot confirm whether the vessel docked at Port Apra or stayed in the harbor.

Available shipment documentation indicates that hundreds of vessels
delivered supplies to the Naval Supply Depot, including supplies bound
for Andersen Air Force Base, on Guam during the Vietnam War due to
both installations’ strategic location in supporting the war effort. While the
logbooks we were able to locate and review for vessels that transported
Agent Orange to Southeast Asia between 1965 and 1970 do not show
that these vessels typically stopped at Guam or the Northern Mariana
Islands at any time during their voyages, we identified one ship carrying
Agents Orange, Blue, and White that did stop at Guam on its way to
Vietnam. Specifically, available records indicate that sometime around
February 1, 1968, the SS Gulf Shipper stopped at Port Apra (how Apra
Harbor) on Guam en route to Vietnam. Figure 10 shows a photo of the
logbook from the SS Gulf Shipper indicating the ship’s ports of call en
route to Vietnam.
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Figure 10: Excerpts from March 1968 SS Gulf Shipper Logbhook

The logbooks do not provide details about whether cargo was moved on
or off the vessels during these port calls, or whether tactical herbicides
were offloaded at these ports before the vessels reached Vietnam.
However, the SS Gulf Shipper’s logbook indicates that the stop at Guam
could have been related at least in part to the repatriation of an injured
crew member to the United States, and not to matters related to the
loading or unloading of cargo. Further efforts to locate information on
cargo movements for the SS Gulf Shipper, such as customs records,
manifests, or bills of lading, were unsuccessful, because those records
were not routinely retained. As such, we were not able to verify why the
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Vietnam after 1961. During our visit, officials at Andersen Air Force Base
stated that it would have been possible to fly 55-gallon drums from Guam
to supply operations in Vietnam, but that such an action would have been
an inefficient method of transporting large quantities of herbicides. Agent
Orange weighed approximately 600 pounds per drum, or about 11
pounds per gallon, a weight that, according to a 1966 memorandum from
the Military Assistance Command, Vietnam, would have precluded large-
scale transport of the herbicide by aircraft.

DOD Documents Identify
the Use of Commercial but
Not Tactical Herbicides on
Guam

Available records show that DOD stored and used commercial herbicides
on Guam, possibly including those containing n-butyl 2,4,5-T, during the
1960s and 1970s, but documents do not indicate the use of tactical
herbicides on Guam. Commercial herbicides were available through the
federal supply system for use on U.S. military installations worldwide. For
example, the fuel supply for Andersen Air Force Base was delivered by
ship to the port at Naval Base Guam and was then delivered to the Air
Force base by a cross-island fuel pipeline—see figure 11. A detailed 1968
report by the Naval Supply Depot states that the Public Works Center
sprayed herbicides semi-annually to control the vegetation along fuel
pipelines between the depot and Andersen Air Force Base.
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Figure 11: Fuel Pipeline from Naval Base Guam to Andersen Air Force Base in 1968

Note: Document entitled, “Condition of Naval Supply Depot” (June 1968).

Additionally, draft environmental assessments written in 1999 and 2009
by Naval Facilities Engineering Command, Pacific, indicate that
commercial herbicides containing 2,4-D were present on Guam, and that
commercial herbicides containing 2,4,5-T, which included the
contaminant 2,3,7,8-TCDD, had been used for weed control along power
lines and substations through 1980. Further, a 1969 master storage plan
for the Naval Supply Depot includes sketches of storage facilities that
specify the location of weed killers. Commercial herbicides approved for
DOD procurement for use on installations were issued in 55-gallon drums
and 5-gallon containers during the Vietnam War era, as were a range of
other products, such as fuel oil and diesel. According to DOD officials,
records for such purchases were not typically retained due to short record
retention policies related to such routine supply transactions.
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During the course of our review, we received photographs and written
statements from veterans alleging the presence of Agent Orange on
Guam. However, based on our discussion sessions with veterans and
civilians and our review of this documentation, we could not substantiate
the presence or use of Agent Orange or other tactical herbicides on
Guam. We asked veterans in our six discussion sessions about their
potential for exposure to Agent Orange and where, if, and how they
believe they were exposed. In their responses, some veterans in each of
the six discussion sessions stated that they believe they were exposed to
Agent Orange while deployed in Vietnam or other areas where a
presumption of service for benefits has already been granted, while some
veterans in three of the six discussion sessions stated that they believe
they were exposed to Agent Orange while stationed on Guam.
Specifically, some veterans in our discussion sessions described using
herbicides or witnessing the spraying of herbicides at locations on
Andersen Air Force Base and along the pipeline, as well as the burning of
contaminated fuel as part of firefighting training on the installation. As we
previously stated, according to DOD officials and archived military
specifications, tactical herbicides were not authorized or available for use
on lands owned by, or otherwise managed as military installations.
However, commercial herbicides were widely available worldwide for use
in vegetation management at military installations, to include controlling
vegetation adjacent to flightlines or along perimeter fencing.

Selected Comments by Veterans at Discussion Sessions Moderated by GAO
Regarding Where They Believe They Were Exposed to Agent Orange or Its
Components

« | feellike | was exposed on Guam. | was [on] temporary duty there during the conflict
and my duties were as a squadron controller that worked the schedules for the B-52
Bombers on Guam. | did venture into the loading area because | was with the aircrew on
the Navy field at Andersen Air Force Base.

« |thought | was in contact with Agent Orange in Guam loading bombs in sites. We would
move from one site to another and they would spray those areas before we got there. |
never saw spraying but could smell it. One time | was near that and | broke out in boils
and blisters on my face and arms.

« | was a fuel specialist [and] | witnessed spraying going on at the barracks at Marbo
Annex, 2 to 3 miles off the main Air Force base. It was sprayed all around the barracks.
As my job, | worked at POL [fuels]—where they stored all of the 55-gallon drums—fuels,
pesticides, herbicides—in bulk storage. Those were constantly sprayed around—for
maintenance and fire safety. Also, | would work on the flightline and at the pump
houses—these were about 20 yards from the security fence. As | was working there, |
witnessed spraying.

Source: Comments from veterans during GAO's facilitated discussions at moderated discussion sessions. | GAO-19-24.

Note: We documented, as closely as possible, the actual comments made by veterans and civilians
at the six moderated discussion sessions held from December 2017 to March 2018. We did not edit
their comments to further clarify the information provided. The views of these veterans are not
generalizable to all veterans, but they provide illustrative examples of comments that we heard. The
veterans’ comments also do not necessarily reflect GAO conclusions contained in this report.
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information about Agent Orange testing and storage locations is
identified.

In our analysis of the DOD list, we were also unable to determine the
criteria that DOD initially used to select which locations and time periods
to include—particularly given that the testing varied in intensity and
duration, and that the likelihood that personnel at a particular location
could have been exposed to the herbicides or components was unclear.
For example, some tests on the list included small laboratory experiments
on a couple of plants using a very small amount of chemical agents, as in
bench tests of various compounds at Forts Detrick and Ritchie, Maryland,
in the 1950s, while other tests included gallons of Agent Orange or other
chemical agent components that were used in field testing trials or to test
aerial spraying, as in a defoliation effort in which 13 drums were sprayed
by helicopter over an area covering 4 square miles. Similarly, the duration
of testing events could have been over a total of 3 days, as with spray
testing in Marathon, Florida, or over several months or even years, as
with spray testing of several tactical herbicides at Eglin Air Force Base,
Florida. Because of the variance in the size and duration of testing
events; the specific areas where the testing events took place at the
locations; and the number of personnel who actually came into contact
with the chemical agents during the testing, the presence of a location on
this list does not clearly indicate the likelihood or extent of potential
exposure that individuals not involved would have had if they were simply
present at the locations on the list at the times indicated.

In May 2018, during the course of our review, a DOD official noted that
DOD and VA formed a joint Herbicide Orange Working Group to address
the issues with the DOD list and identify criteria for including information
on this list. This group held its first meeting on May 31, 2018. As of July
2018, a DOD official noted that the group was working to identify
appropriate steps to take, but that it was too soon to report specific
actions that were being implemented, and that no documentation on the
group’s efforts was available.

Without assigned responsibility for ensuring an accurate and complete list
of locations where Agent Orange or its components were tested and
stored; a process for updating the list as needed; and clearly defined and
transparent criteria for what to include on this list, DOD will not have
reasonable assurance that it has identified the most complete information
possible for VA to use when informing veterans and the public of the full
extent of locations where Agent Orange exposure could potentially have
occurred. As a result, veterans may not have complete information about
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the risk that they could have been exposed to Agent Orange during their
military service, and VA may not have quality information when making
important decisions on claims for veterans who may not be eligible for
benefits.

DOD and VA Have
Communicated with
Veterans and Others
about Potential Exposure
to Agent Orange, but
Veterans Have Expressed
Confusion Regarding How
to Obtain Needed
Information

Both DOD and VA have communicated with veterans in response to
inquiries about Agent Orange, but veterans have expressed confusion
regarding how to obtain information to determine their potential exposure
to Agent Orange. Further adding to this confusion are inconsistencies in
the list of testing and storage locations, as discussed above. As the
agency responsible for reviewing and validating veterans’ disability
compensation claims for possible Agent Orange exposure, VA
communicates with veterans largely through the agency’s website, which
contains information on Agent Orange regarding related diseases,
benefits, exposure locations, and resources. The VA also communicates
through other means, including an annual newsletter and forums with
veterans service organizations. DOD also receives inquiries from
veterans about the potential that they could have been exposed to Agent
Orange at DOD installations outside of Vietnam. In addition, DOD
receives Freedom of Information Act inquiries and congressional requests
for information on where Agent Orange was present. A DOD official
stated that while they will respond to veterans’ inquiries, they typically
direct veterans with Agent Orange inquiries to VA.

In responding to these inquiries, both DOD and VA officials stated that
they rely on the expertise of staff at the Armed Forces Pest Management
Board to provide details to answer questions related to locations where
exposure might have occurred. According to a DOD official, the board
received 109 inquiries in 2017 alone. In addition, DOD’s Joint Services
Records Research Center provides information to VA regional liaisons
electronically in response to their questions about where and when
specific units were stationed or on temporary duty. The center extracts
operational records from various record repositories and, if the
information is available, corroborates the descriptions of incidents
described by veterans in their claims. According to DOD officials, unless
an herbicide-related incident was documented in some sort of unit record,
the center would not have information on where Agent Orange was
present.

Despite these various approaches for communicating information to

veterans and the public, veterans we spoke with expressed confusion as
to where to obtain information on their potential exposure to Agent
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Orange. Specifically, we asked veterans in our six discussion sessions
about what they had heard from DOD, VA, or other federal agencies
about the potential that they could have been exposed to Agent Orange
or its components at locations where Agent Orange was manufactured,
transported, stored, used, or destroyed. Veterans in each of the six
sessions stated that, generally, the federal government has not reached
out to them regarding Agent Orange, but that they instead have relied on
their own research to learn more about their potential for having been
exposed, adding to the confusion about where to obtain information on
Agent Orange exposure. Other veterans, however, stated that they have
received information from VA regarding potential exposure. DOD officials
acknowledged that there is confusion among veterans about a variety of
issues related to their potential for exposure to Agent Orange, including
where to go for information. U.S. EPA and DOD officials stated that
veterans are contacting multiple agencies to get information on herbicide
exposure.

Selected Comments by Veterans at Discussion Sessions Moderated by GAO
Regarding What They Had Heard from the Federal Government about Negative
Health Effects Associated with Exposure to Herbicides, Including Agent Orange or
Its Components

« I've heard things from multiple sources—media, newspaper, television, people
themselves. It has mainly been from my own research, not from a federal agency.

« Just based on the fact that | have heart disease and going through the VA process
means | receive updates from VA on just about everything going on, including Agent
Orange and all of the research they have done. | do know the Secretary is authorized
by law from Congress late last year to add additional presumptive diseases
associated with Agent Orange and how one would contract that.

« | had to do the research myself. It seems to be a secret with information coming out in
spurts. When you have things happen to your body, they [the Department of Veterans

Affairs] say it is not service connected. Sometimes when the government tries to
explain something, they don't give the whole thing and they give it piecemeal. It does
not carry any essence of importance.

« | am not hearing anything from the federal government. Most of the information | get

is from a USveterans.com website and | subscribe to a daily newsletter from the
Vietnam Veterans of America and the Veterans of Foreign Wars.

« There is information on the VA website about conditions attributed to Agent Orange In

that context, | went to the VA website and found that there are 21 states where Agent

Orange was used, including on Hawaii in Kauai. It is because of this list that | became

aware that people in Hawaii may have been exposed to Agent Orange. | learned that
such exposure might increase the likelihood of having diabetes or cancer. | believe
the list is still on the VA website and that there is also a list of units that were possibly
exposed to Agent Orange.

« | have not been contacted by any government agency with regard to Agent Orange
exposure or ill health. | first heard about Agent Orange and dioxin and cancer related
issues/ilinesses in late 1980s or early 1990s and later on after doing own research.

Source: Comments from veterans during GAO's facilitated discussions at moderated discussion sessions. | GAO-19-24.
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Challenges Exist with
Testing for Agent
Orange Today Due to
Degradation and
Multiple Sources of
Potential
Contamination

Working Group has the potential for being an effective forum for
communicating this information; however, a DOD official noted that this is
an ad hoc group, and as we discussed earlier, it has not yet determined
the direction it will be taking for communicating with veterans regarding
exposure to Agent Orange. By coordinating on how best to communicate
this information, VA would be better positioned to provide veterans with
information regarding their potential exposure to Agent Orange at
locations where Agent Orange was known to have been present outside
of Vietnam.

Testing to determine whether Agent Orange was present in a particular
location is challenging because, for example, derivatives of Agent
Orange—including the two components of Agent Orange (n-butyl 2,4-D
and n-butyl 2,4,5-T) and the contaminant from the 2,4,5-T manufacturing
process (2,3,7,8-TCDD)—degrade over time, and because derivatives of
2,4-D and 2,4,5-T can come from multiple sources. Regardless of these
challenges, in response to a request by the Government of Guam, DOD
developed a testing plan that was reviewed and accepted by U.S. EPA
and Guam EPA to conduct a limited investigation into alleged Agent
Orange use at three sites on Guam.

Testing for Agent Orange
Presents Challenges Due
to Degradation and
Multiple Sources of
Potential Contamination

Challenges Due to
Degradation

Testing to identify locations where Agent Orange may have been present
is challenging because the components of Agent Orange degrade over
time. It has been nearly 50 years since Agent Orange was last
transported and used in support of military operations in Vietnam.
According to scientific research, it is difficult to find traces of the two
components of Agent Orange—n-butyl 2,4-D and n-butyl 2,4,5-T—
because, under normal environmental conditions, the n-butyl forms break
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. ___________________________________________________________________________________|
Figure 12: Examples of Sources That Contribute to the Presence of Dioxins in the
Environment

Testing for the
Components of Agent
Orange on Guam Is
Challenging

In 2017 the Government of Guam coordinated with DOD to test for Agent
Orange and other tactical herbicides at Andersen Air Force Base due to
claims from veterans that they were exposed to Agent Orange while
stationed on Guam during the 1960s and 1970s. In December 2017 DOD
developed a draft testing plan in collaboration with U.S. EPA and Guam
EPA to test for the acid form of the components 2,4-D and 2,4,5-T at
three different sites on Andersen Air Force Base. The draft testing plan
did not include testing for the presence of 2,3,7,8-TCDD. According to
DOD and U.S. EPA officials, they are not testing for 2,3,7,8-TCDD
because the test would not be able to conclusively link any positive
results to the use of tactical herbicides, given that dioxins are also
produced by, among other things, burning fossil fuels. These officials
noted that, over time, large quantities of fuel have been burned at
Andersen Air Force Base, and they stated their belief that if 2,3,7,8-TCDD
were found, the likely source would be from combustion. The areas
identified for testing included the fuel pipeline, a perimeter fenceline, and
an area near some fuel storage tanks. See figure 13 for a photograph of
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the fenceline testing site near the fuel storage tanks on Andersen Air
Force Base.

. ___________________________________________________________________________|]
Figure 13: Fenceline Testing Site Near the Fuel Storage Tanks at Andersen Air

Force Base, Guam

Based on our initial review of the draft testing plan and a review of the
scientific literature, we identified and discussed with DOD and U.S. EPA
officials some challenges the two agencies would face in detecting the
presence of Agent Orange on Guam due to two factors: (1) the short
amount of time that it takes for 2,4-D and 2,4,5-T to degrade; and (2) the
inability of testing to determine whether the presence of 2,4-D and 2,4,5-T
is attributable to the use of Agent Orange or to some other source.

o Degradation of 2,4-D and 2,4,5-T: DOD officials and the jointly
developed draft testing plan acknowledged that the planned testing
would not be able to confirm the presence of Agent Orange, given that
the components degrade over time. The draft testing plan indicates
that the maximum half-lives of 2,4-D and 2,4,5-T are 14 days and 24
days, respectively, in soil and groundwater. Even given the possible
variation in half-lives discussed above, it is likely that no detectable
concentrations remain in soil today, given that the alleged period of
use on Guam was in the 1960s and 1970s.

« Inability to distinguish whether the presence of 2,4-D and 2,4,5-T is
attributable to the use of Agent Orange or some other source: Even if
the results were to confirm the presence of either 2,4-D or 2,4,5-T in
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the proposed testing methodology, it would be difficult to determine if 2,4-
D and 2,4,5-T came from Agent Orange or another source, and there
were inconsistencies in the reported half-lives of the components of Agent
Orange. At the same time, both DOD and U.S. EPA officials questioned
the ability of any testing for 2,4-D or 2,4,5-T on Andersen Air Force Base
to either confirm or deny the presence of Agent Orange on Guam.
Specifically, the final testing plan states that more than 50 years have
passed since the period of alleged use, and that a lack of detection
provides no evidence that herbicides were not used historically.
Moreover, U.S. EPA officials noted that the testing on Guam would not
provide definitive proof of Agent Orange use on the island. Although DOD
officials recognized these challenges and acknowledged the low
probability of conclusively identifying the components of Agent Orange,
they decided to move forward with testing to address veterans’ and the
public’'s concerns.

In April 2018, samples were collected from the three areas at Andersen
Air Force Base, according to DOD officials. Each sample was divided
following procedures outlined in the final testing plan, resulting in two
identical sample sets. A sample set was sent to two independent
laboratories for analysis. According to officials from DOD and U.S. EPA,
test results and associated quality control reports from both laboratories
agreed on the results from two of the area samples, but did not agree on
the third area sample. The jointly developed decision rules for the
sampling and analysis plan required the results from both laboratories to
agree in order to draw a conclusion on the presence or absence of Agent
Orange. As a result, according to the officials, the DOD, U.S. EPA, and
Guam EPA project team agreed in July 2018 to resample the one area
where the two labs reported differing results. The project team is updating
the sampling and analysis plan to address the various possible reasons
for the differing laboratory results in order to provide a conclusive final
testing result. DOD officials told us they do not anticipate completing the
updates for the sampling and analysis plan, field sampling, analysis, and
reporting until early 2019. As such, we were not able to comment on the
results of the final testing in this report. Moreover, DOD officials said that,
provided the final resampling results are negative, DOD does not have
plans to conduct additional testing, because the testing was conducted in
areas alleged to be the likeliest locations for the application of Agent
Orange. However, an official from U.S. EPA said that the challenges
associated with testing on Guam are not insurmountable and that the
agency would like to continue this investigation. Given that (1) DOD,
working with U.S. EPA and Guam EPA, made a decision to test for Agent
Orange and other tactical herbicides; (2) DOD, U.S. EPA, and Guam EPA
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Conclusions

Recommendations for
Executive Action

recognize the limitations associated with the testing; (3) the testing and
analysis of results are still on-going; and (4) there is currently uncertainty
regarding whether any additional testing will take place on Guam, we are
not making any recommendations with respect to the testing plan or its
execution.

DOD suspended the use of Agent Orange in Vietnam in 1970 and
incinerated remaining stockpiles at sea in 1977, but concerns about the
effects of exposure in U.S. locations have persisted. DOD developed a
list that identifies locations and dates where herbicides, including Agent
Orange, are thought to have been tested and stored outside of Vietham,
which VA has made publicly available on its website, but this list is neither
accurate nor complete. Without assigning responsibilities for verifying the
accuracy of the information included on the list; a process for ensuring
that the list is updated, as new information is found; and clear and
transparent criteria, indicating which locations should be included on the
list, DOD and VA will not have assurance that they have the most
complete information possible when informing veterans and the public of
the full extent of locations where Agent Orange exposure could potentially
have occurred. By relying on an inaccurate list, VA may not have quality
information when making important decisions on claims for veterans who
might or might not be eligible for benefits. Further, while DOD and VA
both communicate with veterans in response to their Agent Orange
inquiries, the two agencies do not have a formal process for coordinating
on how best to communicate this information. Until DOD and VA develop
a process for how best to coordinate to ensure that they are
communicating information, veterans and the public may not have the
information needed regarding their potential exposure to Agent Orange.

We are making six recommendations: four to the Secretary of Defense
and two to the Secretary of Veterans Affairs.

The Secretary of Defense should ensure that the Under Secretary of
Defense for Acquisition and Sustainment assigns responsibility for
ensuring that DOD's list of locations where Agent Orange or its
components were tested and stored is as complete and accurate as
available records allow. (Recommendation 1)

The Secretary of Defense should ensure that the Under Secretary of
Defense for Acquisition and Sustainment develops a process for updating
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and Our Evaluation

the revised list as new information becomes available. (Recommendation
2)

The Secretary of Defense, in collaboration with the Secretary of Veterans
Affairs, should develop clear and transparent criteria for what constitutes
a location that should be included on the list of testing and storage
locations. (Recommendation 3)

The Secretary of Veterans Affairs, in collaboration with the Secretary of
Defense, should develop clear and transparent criteria for what
constitutes a location that should be included on the list of testing and
storage locations. (Recommendation 4)

The Secretary of Defense, in collaboration with the Secretary of Veterans
Affairs, should develop a formal process for coordinating on how best to
communicate information to veterans and the public regarding where
Agent Orange was known to have been present outside of Vietham.
(Recommendation 5)

The Secretary of Veterans Affairs, in collaboration with the Secretary of
Defense, should develop a formal process for coordinating on how best to
communicate information to veterans and the public regarding where
Agent Orange was known to have been present outside of Vietham.
(Recommendation 6)

We provided a draft of this report for review and comment to DOD, VA,
U.S. EPA, the U.S. Department of Agriculture, and the U.S. Department
of Health and Human Services. In its written comments, DOD concurred
with each of our four recommendations directed to the Secretary of
Defense and identified actions it plans to take to implement them. In its
written comments, VA concurred with one recommendation directed to
the Secretary of VA and described actions it would take to implement the
recommendation. VA also non-concurred with one recommendation. In its
written comments, the U.S. Department of Agriculture agreed with the
report’s findings related to matters under the purview of agricultural
research and programs, though we did not make any recommendations
to the department. Comments from DOD, VA, and the U.S. Department of
Agriculture are reprinted in their entirety in appendixes V through VII. We
also received technical comments from DOD, VA, U.S. EPA, and the U.S.
Department of Health and Human Services, which we incorporated as
appropriate.
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Based on oral comments we received from DOD, we revised our
recommendation regarding the development of clear and transparent
criteria for what constitutes a location that should be included on the list of
testing and storage locations to clarify that DOD and VA should
collaborate on this effort. VA non-concurred with this recommendation,
noting that DOD chairs the Herbicide Orange Working Group that will be
responsible for developing the criteria (Recommendation 4). However, VA
stated that as a member of the working group, it would work
collaboratively with DOD as the lead. Doing so would meet the intent of
our recommendation.

In its overall written comments, VA stated that it was concerned that the
report conflates the terms “commercial herbicides” with “tactical
herbicides,” which the department noted were distinctive from one
another. While VA stated that it does not dispute that some chemicals
found in the VA regulation may be included in certain commercial
herbicides, VA noted that exposure to tactical herbicides intended for
military operations in Vietnam is required for VA to grant disability benefits
on a presumptive basis. We recognize that the presumption for service-
connection applies to exposure to tactical herbicides and nothing in our
report states otherwise. VA also stated in its letter that the focus on
commercial herbicides is not relevant for determining the list of locations
where tactical herbicides were tested or stored. We agree and as we
noted in this report, the U.S. military managed tactical herbicides used
during the Vietnam War era differently from commercial herbicides in the
federal supply system, which were widely available worldwide for use in
vegetation management at military installations. To avoid conflating
tactical and commercial herbicides, the report further notes that while
some of these commercial herbicides contained 2,4-D; 2,4,5-T; or both,
these commercial herbicides were not in the n-butyl form used in Agent
Orange. However, commercial herbicides with 2,4,5-T likely contained
some level of 2,3,7,8-TCDD. Moreover, we believe it is important to
reiterate that numerous commercial herbicides that were being widely
used elsewhere for agriculture purposes contained the form of 2,4,5-T
found in Agent Orange and thus its associated dioxin contaminant,
2,3,7,8-TCDD.

In its overall written comments, VA also recommended that GAO analyze
its list to ensure that only locations where the presence of tactical
herbicides has been confirmed are included on the list of locations. It is
important to note that we do not maintain a list of herbicide testing and
storage locations. As we noted in this report, DOD developed a list that
identifies locations and dates where herbicides, including Agent Orange
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Appendix I: Objectives, Scope, and
Methodology

House Report 115-200 accompanying a bill for the National Defense
Authorization Act for Fiscal Year 2018 included a provision that we review
the government’s handling of Agent Orange on Guam. In response to
both this provision and a separate request letter, this report examines (1)
the extent to which the federal government has information about the
procurement, distribution, use, and disposition of Agent Orange or its
components at locations in the United States and its territories, including
Guam; (2) the extent to which the Department of Defense (DOD) and the
Department of Veterans Affairs (VA) have complete and accurate
information about where Agent Orange and its components were tested
and stored and communicated this information to veterans and the public;
and (3) challenges associated with testing for Agent Orange.

For objective one, we collected and reviewed available agency records
and shipping documents on Agent Orange from the following sources:

« the U.S. National Archives and Records Administration;
« the U.S. National Agricultural Library;

« the U.S. Air Force Historical Research Agency at Maxwell Air Force
Base, Alabama;

« staff historians at the Air Force Materiel Command at Wright-
Patterson Air Force Base, Ohio, and Pacific Air Forces at Joint Base
Pearl Harbor—Hickam, Hawaii;

« the Armed Forces Pest Management Board in Silver Spring,
Maryland;

« the Defense Logistics Agency;
« the U.S. Army Corps of Engineers; and
« the Naval History and Heritage Command.

The records we researched and collected include published and
unpublished materials on the procurement, shipment, and disposition of
Agent Orange, including U.S. military correspondence, logistics reports,
and Navy and merchant vessel logbooks. We reviewed DOD documents
related to Agent Orange contracts to determine the total quantity of Agent
Orange that was produced by the nine manufacturers. To show how
much Agent Orange was used in Vietnam, we used estimates from the
National Academy of Sciences analysis of Operation Ranch Hand data.
Details about the estimated quantity of Agent Orange that was destroyed
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at a location on a vessel's route, that port would not be listed in the
shipping articles.

To obtain specific information about the SS Gulf Shipper voyage that
stopped in Guam en route to Vietnam, to include documentation on its
cargo and whether or not cargo was loaded or unloaded at the ports on
the way to Vietnam, we contacted officials at several agencies.

« In Guam, we contacted the Customs and Quarantine Service, the
University of Guam’s Micronesian Research Center, and officials at
Naval Base Guam for information on vessels that stopped in Guam
during the Vietnam War era, and any cargo they carried.

e We also contacted archivists at the Federal Records Center in
Seattle, Washington, where the SS Gulf Shipper logbook is archived,
and the regional archives in Fort Worth, Texas, for additional
information on the vessel itself and guidance on retaining and
archiving cargo information. The National Archives had some
information on the SS Gulf Shipper, such as sales documents and
company correspondence records. However, the National Archives
did not have records for the manifest or bills of lading, which may
have documented any cargo offloaded from the ship.

e« We contacted U.S. Customs and Border Protection for information on
movements of vessels engaged in foreign trade in and out of ports,
which is found in customs forms that are required to be archived after
30 years. We were unsuccessful in locating the customs forms for the
SS Gulf Shipper’s voyage to Vietham through Guam; however, an
official noted that although these records provide manifest numbers
and ports of sailing, the manifests themselves are not archived.

« An online search on the SS Gulf Shipper through the U.S. Maritime
Administration’s website identified the transfer of vessel ownership
over the years. We contacted the latest company that owned the
vessel to see whether the company had retained any cargo manifests
or other historical records as the ownership changed hands. However,
we could not obtain this information because, according to a company
official we contacted, the vessel’s records, along with other historical
documents, were stored in an off-site storage facility in New Jersey,
and were subsequently destroyed in a fire in 1996.

We also looked at articles from Guam newspapers and news sources
such as the Military Sea Transportation Service Vietham Chronicles for
any information about vessel comings and goings in Guam in early 1968
to see if they mentioned the SS Gulf Shipper or specific cargo being
offloaded in Guam. None of these contacts or written sources provided
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information specific to any cargo that was being moved through Guam, or
about this particular vessel.

We also obtained original DOD reports and command histories that
provided additional operational details about the procurement,
distribution, use, and disposition of Agent Orange and its components.
According to an Office of History, Air Force Logistics Command,
monograph, the command directly responsible for managing Agent
Orange was the Directorate of Aerospace Fuels at the San Antonio Air
Materiel Area at the former Kelly Air Force Base, Texas, which was a
sub-component of the U.S. Air Force Logistics Command during the
Vietham War. The unclassified San Antonio Air Materiel Area command
histories for the years 1966 through 1973 include chapters with extensive
documentation on “herbicide management.” We obtained copies of
command histories from the Air Force Historical Research Agency at
Maxwell Air Force Base, Alabama, and the Air Force Materiel Command
at Wright-Patterson Air Force Base, Ohio.

To obtain information regarding herbicide use on Guam, we obtained
command histories for Naval Base Guam and an analysis and summary
of the available documentation by the historian at Andersen Air Force
Base. We also spoke with Navy and Air Force officials on Hawaii and
Guam to identify any relevant records pertaining to such use. In addition,
we met with and obtained information from officials representing the
Office of the Governor of Guam and senior members and staff from the
Guam Legislature. We also met with officials representing a veterans
service organization. Finally, as discussed below, we spoke directly with
veterans about their recollections of herbicide use on Guam, and any
documentation they might have pertaining to such use.

For objective two, we analyzed the archival search records provided by
DOD to identify additional locations where Agent Orange or its
components were tested and stored in the United States and its
territories. We reviewed Army archives search reports of herbicide testing
at Aberdeen Proving Grounds (including Edgewood Arsenal), Maryland;
Dugway Proving Ground, Utah; Fort Chaffee, Arkansas; Fort Gordon,
Georgia; Fort Meade, Fort Ritchie, and Fort Detrick, Maryland; and two
Air Force studies related to herbicide equipment testing at Eglin Air Force
Base, Florida, to determine whether there were additional sites and
testing events that were not included on the DOD list found on the VA
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and that we were not recording their statements. The moderator noted
that we would be taking notes to make sure we accurately captured the
conversations, but that we would not attribute statements directly to
individuals.

For those discussion sessions held in person in Guam and Hawaii, we
also administered a brief, written questionnaire about individuals’
experiences during the Vietnam era (for example, duty locations, military
occupation, rank), and what they had heard and experienced related to
Agent Orange and other herbicides. Due to logistical obstacles, we were
not able to administer the questionnaire to participants in sessions held
via telephone. However, the information requested in the questionnaire
was also covered in the discussion sessions themselves. Therefore, we
did not analyze the information from the completed questionnaires. We
also solicited from the veterans any documentation they might have that
could support their allegations of the use of Agent Orange on Guam, but
we did not receive documentation that corroborated the use of Agent
Orange on Guam. In addition, we met with officers from the Vietnam
Veterans of America to discuss how, if at all, veterans could have been
exposed to Agent Orange beyond serving directly in Vietham as part of
Operation Ranch Hand, and how the organization disseminates
information, especially on Agent Orange, to veterans.

For objective three, we reviewed scientific literature and agency
documents regarding the degradation and sources of the components of
Agent Orange and an associated dioxin contaminant, 2,3,7,8-TCDD, as
well as other sources of dioxins. This review included documents from the
Agency for Toxic Substances and Disease Registry and reports and
protocols from U.S. EPA, the World Health Organization, the Centers for
Disease Control and Prevention, and the American Industrial Hygiene
Association. We also reviewed the draft and final plans for testing for the
presence of the acid forms of the components of Agent Orange—2,4-D
and 2,4,5-T—on Guam. We compared the information outlined in the
testing plan with scientific literature on the environmental fate of the
components of Agent Orange and other Agent Orange testing
methodologies. We interviewed officials from DOD, U.S. EPA, and Guam
EPA about the testing plan for Guam and the science surrounding Agent
Orange testing. We also conducted a site visit to Naval Base Guam and
Andersen Air Force Base on Guam and interviewed DOD and
Government of Guam officials involved in the planning for the testing for
Agent Orange on Andersen Air Force Base. We visited the three selected
sites where the initial testing took place and took photographs of those
sites.
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We conducted this performance audit from May 2017 through November
2018, in accordance with generally accepted government auditing
standards. Those standards require that we plan and perform the audit to
obtain sufficient, appropriate evidence to provide a reasonable basis for
our findings and conclusions based on our audit objectives. We believe
that the evidence obtained provides a reasonable basis for our findings
and conclusions based on our audit objectives.
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Appendix II: Comparison of the Department of
Veterans Affairs (VA) List of Diseases
Associated with Agent Orange against Those
|dentified by the National Academy of Sciences

The VA recognizes 14 presumptive diseases associated with exposure to
Agent Orange or other herbicides during military service for which
veterans and their survivors may be eligible to receive disability
compensation benefits. The list of diseases provided by the VA has
generally incorporated the findings of reviews performed by the National
Academy of Sciences (the Academy). The list includes 5 diseases that
have been identified as having sufficient evidence of association and 9
that have been identified as having limited or suggestive evidence of
association. In the Academy’s biannual reports, for a disease identified as
having sufficient evidence of association, the evidence is sufficient to
conclude that there is a positive association—that is, a positive
association has been observed between herbicides and the outcome in
studies for which chance, bias, and confounding could be ruled out with
reasonable confidence. For a disease identified as having limited or
suggestive evidence of association, the evidence is suggestive of an
association between herbicides and the outcome but is limited, because
chance, bias, and confounding could not be ruled out with confidence.
Table 1 describes those 14 diseases and the extent of association
identified by the Academy.

______________________________________________________________________________________________________________________|
Table 1: Presumptive Diseases Associated with Exposure to Agent Orange and Certain Other Herbicides by the Department of
Veterans Affairs (VA), by Level of Association

Disease Description

Sufficient Evidence of Association

Chronic B-cell Leukemias A type of cancer which affects white blood cells.

Chloracne (or similar acneform disease) A skin condition that occurs soon after exposure to chemicals and looks like
common forms of ache seen in teenagers. Per VA's rating regulation, it must be at
least 10 percent disabling within 1 year of exposure to an herbicide.

Hodgkin’s Disease A malignant lymphoma (cancer) characterized by progressive enlargement of the
lymph nodes, liver, and spleen, and by progressive anemia.

Non-Hodgkin’s Lymphoma A group of cancers that affect the lymph glands and other lymphatic tissue.

Soft Tissue Sarcomas (other than A group of different types of cancers in body tissues such as muscle, fat, blood and

osteosarcoma, chondrosarcoma, Kaposi's lymph vessels, and connective tissues.
sarcoma, or mesothelioma)

Limited or Suggestive Evidence of Association

AL Amyloidosis A rare disease caused when an abnormal protein, amyloid, enters tissues or
organs.

Diabetes Mellitus (Type 2) A disease characterized by high blood sugar levels resulting from the body’s
inability to respond properly to the hormone insulin.

Ischemic Heart Disease® A disease characterized by a reduced supply of blood to the heart that leads to
chest pain.

Multiple Myeloma A cancer of plasma cells, a type of white blood cell in bone marrow.
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Appendix Ill: Quantities of Herbicides Known
to Have Been Shipped to Southeast Asia on
Ships ldentified as Having Stopped in Guam
between February 1968 and May 1970

Based on available shipment documentation and logbooks, we identified
one vessel—the SS Gulf Shipper—carrying Agents Orange, Blue, and
White that stopped at Port Apra (now Apra Harbor) on Guam on its way to
Southeast Asia. Additionally, we identified three vessels—the SS Aimee
Lykes, the SS Buckeye Atlantic, and the SS Overseas Suzanne—that
stopped in Guam on the return routes after having made various port calls
in Southeast Asia.! For each of these voyages, we obtained shipment
documentation that outlined the quantities of herbicides that records
indicate had been loaded onto the vessels while at port in the United
States, and to the extent available, quantities of herbicides that were
discharged in Southeast Asia. We also obtained logbooks that identified
the routes the vessels took from U.S. ports to Vietnam and back, and
identified any port calls en route. While we are unable to confirm the
reliability of the information available in shipment documentation and
logbooks, details on the quantities of herbicides that were documented to
have been transported on these vessels during their routes are outlined
below.

SS Gulf Shipper: According to shipment documentation and the vessel's
logbook, the SS Gulf Shipper left the port of Mobile, Alabama, on January
9, 1968, and stopped at Port Apra (now Apra Harbor) on Guam and
offloaded a mariner for repatriation to the United States on February 2,
1968.2 We are unable to state with certainty whether there were reasons
why this vessel stopped in Guam beyond what was reported in available
shipment documentation and the vessel’s logbook. The logbook further
indicates that the SS Gulf Shipper then arrived in Saigon, Vietnam,
approximately February 27, 1968, with subsequent stops in Cam Rahn
Bay, Vietnam, approximately February 29, 1968, and Nha Trang,

lThrough archival research, we obtained available shipping and agency records, including
U.S. military correspondence and logistics reports, and reviewed these documents to
trace the federal government’s procurement, distribution, use, and disposition of Agent
Orange and its components. We analyzed this available documentation, referred to as
shipment documentation, to prepare summary information on the quantities of Agent
Orange and the vessels that carried the shipments. We used this information to obtain
official Navy and merchant vessel logbooks—referred to as logbooks—to the extent they
were available. While logbooks contain information such as the vessel’s location, crew,
and key events, they generally do not identify specific cargo that was loaded onto or
offloaded from a vessel. Logbooks from the Vietnam era are generally held at National
Archives and Records Administration facilities closest to the arrival ports where the
voyages ended.

?In addition to the stop in Guam, the SS Gulf Shipper also stopped in Panama on the way
to Vietnam.
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port of New Orleans, Louisiana, with 80,795 gallons of Agent Orange and
48,537 gallons of Agent Blue on board. Based on the available

documentation, we are unable to determine the quantity of Agent Orange
that was discharged in Saigon, Vietnam, or potentially any other location.
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Appendix IV: The Department of Defense’s
(DOD) List of Testing and Storage Locations
Posted on the Department of Veterans Affairs
(VA) Website

Information from Department of Defense (DoD) on Herbicide Tests and Storage outside
of Vietnam
Location Dates Agents Project Description DoD
Involvement
Fort Chaffee, |S5/16/1967- basic, in-house, |During the period of 12/1966 - 10/1967, a|Yes
AR 5/18/1967, improved comprehensive short-term evaluation
7/22/1987- desiccants and  |was conducted by personnel from Fort
7/23/1967, Orange, Blue Derrick's Plant Science Lab in
8/23/1967 - coordination with contract research on
8/24/1967 formulations by chemical industry and
field tests by USDA and U of HI.
Pinal 1965, 1966, |2,4-D isooctyl- In 1965, the USFS began a land No
Mountains near|1968, and ester, 2,4,5-¢ improvement program in the Pinal
Globe, AZ 1969 isooctyl-ester, Mountains. The program called for
silvex, spraying an area of chaparral with
propyleneglycolbulherbicides to accomplish the objectives
tylether ester, of multiple land use
2.4.5-T butyl
ester, 2,4.5-T 2-e-
he
Brawley, CA  |1950-51 24-D The purpose was to determine means of |Undetermined
accomplishing defoliation of tropical
forest vegetation by application of a
chemical agent.Here, irrigation water
studies were done with the agent. H.F.
Arle worked here.
Orlando, FL at [3/14/1944, ammonium The purpose was to determine means of |Yes
Army Grove Air|4/12/1944 thiocynate, zinc  [accomplishing defoliation of tropical
Force's chloride, sodium  |forest vegetation by application of a
Tactical Center nitrate, sodium  [chemical agent.
arsenate, sodium
fluoride
Marathon, FL  |3/21/1944- zinc chloride, The purpose was to determine means of |Yes
3/23/1944 ammonium accomplishing defoliation of tropical
sulphamate, forest vegetation by application of a
ammeonium chemical agent. Spraying was done here.
thiocynate
Near Lake Spring 1944 |zinc chloride The purpose was to determine means of |Yes
George, FL accomplishing defoliation of tropical
forest vegetation by application of a
chemical agent. Spraying here.
Orlando, FL, 1944 ammonium Tests were conducted in 1944 by the Yes
Cocoa, FL thiocyanate and  |Army in Orlando and Cocoa areas of
zinc chloride Florida to determine the value of
ammonium thiocyanate and chloride as
marking and defoliation agents.. They
'were conducted initially at ground level
and later from aircraft
Department of Veterans Affairs 1
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Information from Department of Defense (DoD) on Herbicide Tests and Storage outside

of Vietnam

Bushnell Army
Air Field, FL

2/1945

LN *phenoxy

Small plot experiments were commenced
to test the effectiveness of LN agents.
Various trials were done under contract
with the USDA, aided by personnel at
Camp Detrick. Here, it was aerial spray
experiments on potted plants

‘Yes

Bushnell Army
Air Field,
Bushnell, FL

2/1945-4/1945

2.4-D and its
ammonium salt

Trials, performed by C.W.S. personnel
from Camp Detrick, MD tested the
practicability of severely injuring or
destroying crop plants sprayed from
smoke tanks mounted on tactical aircraft.

Yes

Avon Air Force
Base, FL

2/1951-
4/1951

butyl 2.4 D

Trials were conducted at Avon Air Force
Base, FL by Chemical Comps with
personnel of the Air Force and Nawy to
determine the practical effectiveness of
spraying pure anticrop agents from at low
volume from aircraft. C-47 and Navy
XBT2D-1 aircraft with various nozzles
were used

Yes

Englin Air
Force Base, FL

11/1952-
121952

2,4-D, 2,4 5T:
143 and 974,
respectively

Two trials: Chemical Corps- concerned
with basic fundamental work, using 2 4-
D, Air Force-concerned with evaluating
prototype large capacity spray system for
aircraft installation using 2,4,5-T,
primarily. Used 3 atomizing nozzles:
Bete Fog Nozzles, Whirljet Spray
MNozzles, and Fogjet 1.5F50

Yes

Avan Park Air
Force Base, FL

Spring 1954

butyl 2,4-D, butyl
2,4,5-T, Isopropyl
2,4-D

Series of tests were conducted at Avon
Park AFB during the spring of 1954 to
study the behavior of chemical anticrop
aerial sprays when released from high-
speed jet aircraft. The Navy F3D jet
fighter was used with Aero 14A Airbome
Spray Tanks to disperse the anticrop
agents.

Yes

Jacksonville FL

7/18/1962-
71211962

Purple, Fuel Oil,
Mix

The HIDAL was used successfully on an
H-34 helicopter to spray herbicidal
materials. Therefore, it had not been
calibrated previously. Spray tests were
performed to do so. This was done
under order by OSD/ARPA.

Yes

Eglin AFB, FL,
C-52A test
area

1962-70

Orange (1962-
68), Purple (1962-
68), White (1967-
70), Blue (1968-
70)

CPT John Hunter discussed vegetation
changes and ecological studies of the 2
square mile test area which had been
sprayed with herbicides over the period
1962-70.

Yes

Department of Veterans Affairs
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Information from Department of Defense (DoD) on Herbicide Tests and Storage outside

of Vietnam

Apalachicola |5/3/1967- basic desiccants |During the period of 12/1986 - 10/1967, a|Yes

National Forest |5/8/1967 and Orange/Blue |comprehensive short-term evaluation

near was conducted by personnel from Fort

Sophoppy, FL Detrick’s Plant Science Lab in

coordination with contract research on
formulations by chemical industry and
field tests by USDA and U of HI

Eglin AFB, FL |6/11/1968- orange, Bifluid #1,]A spread factor study was performed by |Yes

9/12/1968 Bifluid#2, Stull the Army to comelate the spherical drop
Bifluid sizes of both Orange and Stull Bifluid
defoliants. It involved development of
new techniques to determine spread
factors over an extended range of drop
sizes. A spinning cup drop generator was
used

2 areas in FL, 2|1968 bromacil, Tandex, |In 1968, emphasis was given to soil Undetermined

areas in GA, monuron, diuron, |applied herbicides for grass control.

and 1in TN and fenuron Applications were made by a jeep-

mounted sprayer on small plots or by
helicopter on larger plots.

GA and TN 1964 diquat and In 1964, helicopter spray tests were Yes
Tordon 101, conducted on transmission line rights-of-
various way by the Georgia Power Company and

Tennessee Valley Authority in
collaboration with Fort Detrick to evaluate
effectiveness of several commercially
available herbicides.

Fort Gordon,  |7/15/1967- in-house During the period of 12/1966 - 10/1967, a|Yes

GA 71967 desiccants comprehensive short-term evaluation
mixtures and was conducted by personnel from Fort
formulations, Detrick's Plant Science Lab in
Qrange and Blue |coordination with contract research on

formulations by chemical industry and
field tests by USDA and U of HI

Kauai Branch [6/1967, Blue,diquat,paraq |During the period of 12/1966 - 10/1967, a[Yes

Station near 10/19867, uat, Orange, comprehensive short-term evaluation

Kapaa, Kawai, [2/1968, PCP, Picloram, |was conducted by personnel from Fort

HI 1211967 White, HCA, 2,4,5{Detrick's Plant Science Lab in
T, Endothall coordination with contract research on

formulations by chemical industry and
field tests by USDA and U of HI

State Forest 12/2/1966, Orange, M-3140, |The purpose of this project was to Undetermined

area, 3500 12/4/1966, TORDON ester, |evaluate iso-octyl ester of picloram

ft.elevation on |1/12/1967 2,4-D ester, 2,4,5-|(TORDON) in mixtures with ORANGE,

slope of Mauna
Loa, near Hilo,
HI

T ester

as a candidate defoliant agent, using
ORANGE as standard. There were

personnel from Fort Detrick there.

Department of Veterans Affairs
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Information from Department of Defense (DoD) on Herbicide Tests and Storage outside

of Vietnam

Hilo, HI 12/1966

Orange

Field tests of defoliants were designed to
evaluate such variables as rates, volume
of application, season, and vegetation.
Data from aerial application tests at
several CONUS and OCONUS locations
are provided in tables. There were Fort
Detrick personnel there.

Yes

Kauai,HI 1967

Orange

Field tests of defoliants were designed to
evaluate such variables as rates, volume
of application, season, and vegetation.
Data from aerial application tests at
several CONUS and OCONUS locations
are provided in tables.

Yes

5/1945-
9/1945

Vigo Plant
CWS, Terre
Haute, IN

LN (see attached)
“phenoxy

Small plot experiments were commenced
to test the effectiveness of LN agents.
Various trials were done under contract
with the USDA, aided by personnel at
Camp Detrick. Here, it was aerial trials
spraying field grown plants.

Yes

Jefferson Summer 1945
Proving
Grounds,

Madison, IN

LN *phenoxy

Small plot experiments were commenced
to test the effectiveness of LN agents.
Various trials were done under contract
with the USDA, aided by personnel at
Camp Detrick. Here, it was dropping
trials.

Yes

Hays, KS,
Langdon, ND

1960

stem rust of

Two studies on the stem rust of wheat
were conducted during 1960 to obtain
data on the establishment, development,
and destructiveness of artificially induced
stem rust epiphytotics.

Undetermined

Fort Knox, KY [1945

various

In 1945, a special project known as
Sphinx was conducted jointly by CWS
and the ARML to investigate the use of
chemical agents for increasing the
flammability of vegetation prior to flame
attack.

Yes

Area B, Camp
Detrick, MD

Spring/Summe
r 1853

3:1 mixture 2,4-D
and 2.4 5-T

Personnel at Camp Detrick tested the
feasibility of using an experimental spray
tower for applying a mixture of chemical
anticrop agents to broad-leaf crops.

Yes

Fort Ritchie,
MD

1963

Tordon, 2.4-D,
Qrange, diguat,
endothal, and
combinations of
each with Tordon

Various studies were done to explore the
effectiveness of different herbicides.
They were all field trials. These studies
were done by personnel from the US
Army Biological Laboratories.,

Yes

Department of Veterans Affairs
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Information from Department of Defense (DoD) on Herbicide Tests and Storage outside

of Vietnam
Fort Meade, 1963 cacodylic acid, Various studies were done to explore the |Yes
MD Dowco 173, effectiveness of different herbicides.
butyediol They were all field trials. These studies
were done by personnel from the US
Army Biological Laboratories.
Camp Detrick, |1946-1947 2,4,5-T, 2,4,5-T |The experiments were directed mainly Yes
MD-Fields AB, triethanolamine, [towards the investigation of plant
and C tributylphosphate, |inhibitors applied as sprays or to the soil
ethyl 2,4-D, butyl |in the solid form to be taken up by the
2.4,5-Ttriet 2 4-D, |roots.
Camp Detrick, |1948 2,4,5-T, isopropyl |The experiments were directed mainly Yes
MD- Fields phenol towards the investigation of plant
C.D,andE carbamate, LN-  |inhibitors applied as sprays or to the soil
2426, 2,4-D in the solid form to be taken up by the
roots.
Camp Detrick, |1949 triethelyne. 2.4.5- | The experiments were directed mainly  |Yes
MD-Fields T, carbamates towards the investigation of plant
CDE inhibitors applied as sprays or to the soil
in the solid form to be taken up by the
roots. Experiments were done by Ennis,
DeRose, Newman, Williamson, DeRigo,
and Thomas.
Camp Detrick, [1950 2464, butyl 2 4-D, | The experiments were directed mainly Yes
MD-Fields 974, butyl 2,4,5-T [towards the investigation of plant
ABDE q:q 143 and 974 |inhibitors applied as sprays or to the soil
in the solid form to be taken up by the
roots. Experiments were done by Ennis,
DeRose, Acker, Newman, Williamson,
and Zimmerly.
Camp Detrick, |1950-51 2464, carbamate, | The experiments were directed mainly  |Yes
MD-Field F butyl 2,4-D, 143 |towards the investigation of plant
and 974 inhibitors applied as sprays or to the sail
(orange?),2,4,5-T,|in the solid form to be taken up by the
2,4-D, Orange roots. Experiments were done by Acker,
DeRose, McLane, Newman, Williamson,
Baker, Dean, Johnson, Taylor, Walker,
and Zimmerly.
Fort Detrick, 1956-1957 various, 577 In 1956 And 1957, defoliation and Yes
MD; Fort compounds desiccation were carried out at Fort
Ritchie, MD Detrick and Fort Ritchie, Maryland by the
Chemical Corps and Biological \Warfare
Research. These were bench tests.
Poole's Island, |7/14/1969- QOrange, Orange |During the week of 7/14/1969, personnel |Yes
Aberdeen plus foam, from Naval Applied Science Laboratory in
Proving Orange plus foam |conjunction with personnel from Limited
Ground, MD Orange, Foam War Laboratory conducted a defoliation

test along the shoreline.

Department of Veterans Affairs
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Fort Detrick, 8/1961-6/1963 [1410 compounds |From 8/1861 to 6/1963, compounds were|Yes

MD spray-tested in the greenhouse to
evaluate them as effective defoliants,
desiccants, and herbicides.

Near Wayside, [9/19/1967 picloram, In 1967, the Dow Chemical Company Undetermined

Miss., Wilcox bromacil, pyriclor, |was awarded a DoD research contract.

Road, and terbacil, The objective was to prepare as pellets

Greenville, Orange, cacodylic|mixtures of various herbicides and to test

Miss. acid them on varying vegetation situations for
the control of a range of plant species.

Fulcher Ranch, [4/15/1968 picloram and In 1967, the Dow Chemical Company Undetermined

Greenville, bromicil was awarded a DoD research contract.

Mississippi The objective was to prepare as pellets
mixtures of various herbicides and to test
them on varying vegetation situations for
the control of a range of plant species.

Gulfport, Miss. |1968-1870 Orange While discussing the mandatory disposal [Yes
of Orange, it was mentioned that 15,161
drums were being stored at Gulfport,
Mississippi.

Galalin Valley |7/3/1953, 4- fluorophenoxy- |A preliminary series of field evaluations |No

near Bozeman, [7/6/1953, acetic acid and 2 |of chemical agents for attacking wheat

Montana T7/114/1953 of its esters, 3:1 |using a miniature spraying system

butyl 2.4-D and  |mounted on light aircraft were performed
butyl 2.4,5-T by USDA.

Fort Drum, NY 1959 Orange The Commanding General, 1st US Army, |Yes
requested that Ft Detrick assist with
defoliation efforts at Ft Drum. Thirteen
drums were sprayed there on 4 square
miles from a helicopter spray device.

Stone Valley  |3/1969- bromacil, diuron, |Seil- applied herbicides were studied by |Undetermined

Experimental [10/1970 tandex, fenuron, |the U of Pa with Ft Detrick for 18 months

Forestin picloram for their effectiveness, rapidity of action,

Huntington and duration of response in native stands

County and of central PA grasses, broadleaf weeds

near State and woody plants. These herbicides

College in were spread or sprayed.

Centre County,

PA

Kingston, RI T/26/1949, trieth.2 4,5-T, The experiments were directed mainly Yes

1950-51 butyl 2.4,5-T 974 |towards the investigation of plant

inhibitors applied as sprays or to the soil
in the solid form to be taken up by the
roots. Experiments were camied out
under supervision of T.E. Odland if R|
State College. H.T. DeRigo was also
there.
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Beaumont, TX

6/1944

LN *phenoxy

Small plot experiments were commenced
to test the effectiveness of LN agents.
Various trials were done under contract
with the USDA, aided by personnel at
Camp Detrick. Here, they were testing
0N rce Crops.

No

Marinette, WI,
Weslaco, TX

5/1967-1/1969

arsenic
compounds,
Orange, cacodylic
acid, sodium
cacodylate

71 new arsenic compounds were tested
in primary screening against 6 plant
species in greenhouse tests. Then, 5 of
the most active compounds were tested
in field trials against Red Maple and
compared to formulations of cacodylic
acid and a 50:50 blend of orange and
sodium cacodylate. The Ansul Co. for
DoD.

Yes

Beaumont, TX

1950-51

2,4-D

The purpose was to determine means of
accomplishing defoliation of tropical
forest vegetation by application of a
chemical agent. Here, irrigation water
studies were done with the agent.
Coghill, Hasse, and Yeatner worked
here.

Undetermined

Granite Peak,

Summer 1945

LN *phenoxy

Small plot experiments were commenced
to test the effectiveness of LN agents.
Various trials were done under contract
with the USDA, aided by personnel at
Camp Detrick. Here, it was dropping
trials.

Yes

Prosser, WA

1950-51

The purpose was to determine means of
accomplishing defoliation of tropical
forest vegetation by application of a
chemical agent.Here, irmigation water
studies were done with the agent. V.F.
Burns worked here.

Undetermined

southeastern
part of
Kompeng
Cham Province
and Dar and
Prek Clong
plantations,
Cambodia

6/1969

Qrange

In 6/1969, the US government received
notice of charge by Cambodian
government that major defoliation
damage to the Cambodian rubber
plantation near the RVN border had
occurred as a result of US defoliation
activity. This was confirmed by a team of
expers.

Yes

Base
Gagetown near
Fredericton,
New
Brunswick,
Canada

6/20/1967-
6/24/1967

basic desiccants
and Orange, Blue,
various

During the period of 12/1966 - 10/1967, a
comprehensive short-term evaluation
was conducted by personnel from Fort
Detrick’s Plant Science Lab in
coordination with contract research on
formulations by chemical industry and
field tests by USDA and U of HI

Yes
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Kumbla, South [1945-1946 LN compounds  |The main objective of the experiments  |Yes
India *phenoxy was to determine the feasibility of
accomplishing severe injury or
destruction of tropical food crops by the
application of growth-inhibiting (LN*)
compounds in static trials. Field
plantings were treated with various
agents at different rates in different
forms.
Korea, third 7/23/1968- Hyvar XWS, In 1968, chemicals were sent from the  [Yes
Brigade, 2nd  |7/24/1968 tandex, Urox B, |Plant Sciences Lab, Ft Detrick, MD, to
Division area Urox Oil the Republic of Korea for the purpose of
concentrate testing their effectiveness in the control
(liquids) bromacil, |of vegetation.
tandex, Urox 22
(solids)
Korea.2nd and |8/1968 Hywvar XWS, In 1968, chemicals were sent from the Yes
4th Brigades, tandex, Urox B, |Plant Sciences Lab, Ft Detrick, MD, to
2nd Division Urox Qil the Republic of Korea for the purpose of
area concentrate testing their effectiveness in the control
(liquids) bromacil, |of vegetation.
tandex, Urox 22
(solids)
Korea, third 10/3/1968 Hyvar X\WS, In 1968, chemicals were sent from the Yes
Brigade, 2nd tandex, Urox B, |Plant Sciences Lab, Ft Detrick, MD, to
Division area Urox Oil the Republic of Korea for the purpose of
concentrate testing their effectiveness in the control
(liquids) bromacil, |of vegetation.
tandex, Urox 22
(solids)
Laos 12/1985- 1967 |Orange In December 1965, herbicide operations [Yes
were begun in Laos, with sorties being
flown from Tan Son Nhut and Da Nang.
The purpose was the exposure of foot
trails, dirt roads and other LOCs that
crossed into SVN. This network leads
from NVN, through the eastern
panhandle, to Combodian border.
Las Marias, 2/1967- various, including |During the period of 12/1966 - 10/1967, a|Yes
Puerto Rico 1211967 Orange comprehensive short-term evaluation
was conducted by personnel from Fort
Detrick’s Plant Science Lab in
coordination with contract research on
formulations by chemical industry and
field tests by USDA and U of HI
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Las Mesas 5/24/1968, picloram, In 1967, the Dow Chemical Company Undetermined
Cerros, 5/26/1968, bromacil, pyriclor |was awarded a DoD research contract.
Mayaguez, 5/27/1968 The objective was to prepare as pellets
Puerto Rico mixtures of various herbicides and to test
them on varying vegetation situations for
the control of a range of plant species.
Las Mesas and | 2/1956-6/1956 |2,4,5-T, 2,4-D, During February to June, 9 chemicals Yes
La Jagua pentachloropheno|were evaluated in PR on 16 genera
experimental |, ammate, tropical woody plants. The chemicals
areas at weedazol, were applied in highly concentrated
Mayaguez, endothal solutions with a microsprayer to the
Puerto Rico Harvestaid, leaves.
Butyne -1.4-diol
Guanica and  |6/1956-9/1956 |2 4 5-T, 9 chemicals were evaluated on 16 Yes
Joyuda, Puerto potassium genera of tropical woody between June
Rico cyanate, and September. The chemicals were
amiendo, F-2, 6- |sprayed to duplicate small branches,
Ca-4, Y-F Tree  |using a microsprayer.
and Brush Kiler,
ACP M-118, Shed
A-Leaf
Las Mesas and |9/1956- 6-Ca-4,Liojn 16 compounds with defoliating properties [Yes
La Jagua, 1211956 Qil,.2,4,5-T, B- were evaluated using 28 different tropical
Mayaguez, 1613, B-1638, woody plants, each representing a
Joyuda at Cabo Ammate, \-C1-  |separate genus. The chemicals were
Rojo, and 186, endothal, applied to duplicate small branches with
Guanica shed-a-leaf, M- |a microsprayer and to single larger
Insular Forest 118, Y-F,esteron |branches or whole trees with a 2-gallon
at Guanica, 2,4- knapsack sprayer.
Puerto Rico D,F3,F4,F5F6
Las Mesas and [1/1957-3/1957 |V-C 3-105, V-C 1-|7 compounds were evaluated on 29 Yes
La Jagua, 21, V-C 1-443, F- |different woody plants to determine their
Mayaguez, 7, TBP, Phillips  |effectiveness as defoliants, desiccants,
Guanica 713, V-C 3-173  |and as killing agents. They were applied
Beach, Puerto with a microsprayer to the upper leaf
Rico surfaces of duplicate small branches.
Las Mesas and [4/1957-6/1957 |B-1676, B-1638, |7 compounds were sprayed on 25 Yes
La Jagua, NP 1098, SD different plants in order to evaluate their
Mayaguez, 1369, Ammate, |effectiveness as defoliants, desiccants,
Guanica Shed-a-leaf and killing agents. The compounds were
Beach, Puerto applied with a microsprayer to the upper
Rico and lower leaf surfaces of duplicate small
branches.
Las Mesas and [7/1957- MgCIO3, Golden |8 different spray formulations were Yes
La Jagua, 121957 Harvest Defoliant, |applied to 16 different tropical trees and
Mayaguez, Dow-M562, F-8, F{shrubs in order to evaluate their
Puerto Rico 9, F-10, F-11, F- |effectiveness as defoliants, desiccants,
12 and killing agents.
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Near Rio 8/23/1967, picloram, In 1967, the Dow Chemical Company Undetermined
Grande, on the [10/18/1967, |bromacil, pyriclor, |was awarded a DoD research contract
northeast coast|12/21/1967-  |and terbacil The objective was to prepare as pellets
of Puerto Rico [12/26/1967 mixtures of various herbicides and to test

them on varying vegetation situations for
the control of a range of plant species.

Loquillo, Puerto|4/1966, Orange Field tests of defoliants were designed to | Yes
Rico 10/1966 evaluate such variables as rates, volume
of application, season, and vegetation.
Data from aerial application tests at
several CONUS and OCONUS locations
are provided in tables.

At Sea Summer 1977 |Orange In 1977, the USAF incinerated 2.22 Yes, Gulfport
million gallons of Herbicide Orange at No, JI

sea in an operation entitlied PACER HO.
Extensive industrial hygiene sampling
efforts supporting the transfer operations
at Gulfport, MS and Johnston Island
indicated all exposures were
inconsequential (2-3 orders of magnitude
below the TLVs for 2,4-D and 2,4,5-T).

Thailand 1964-1965 Purple, Orange, |Sponsored by ARPA; ARPA Order 423, |Yes
Others Between the mentioned dates, there was
a large-scale test program to determine
effectiveness of mentioned agents in
defoliation of upland forest or jungle
vegetation representative of SEA

Thailand 1964-85 Orange, Blue Field tests of defoliants were designed to |Yes
evaluate such variables as rates, volume
of application, season, and vegetation.
Data from aerial application tests at
several CONUS and OCONUS locations
are provided in tables.

Replacement |1964 and 1965|Orange, Purple  |An extensive series of tests were Yes
raining Center conducted by Fort Detrick during 1964

of the Royal and 1965 in collaboration with the Military,
Thai Army near Research and Development Center of
Pranburi, Thailand. The objective was to perform
Thailand onsite evaluation of phytotoxic chemicals

on vegetation in SE Asia.

Department of Veterans Affairs 10
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This is a Navy Manual from 1974
showing recommendations for when
and how to use these "Rainbow
Herbicides" See Pages 19, 21, 22,
23, 81, 82, 85, 86, 87.
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INTRODUCTHON

Subj: Recommendations for Chemical Control of Disease Vectors and
Economic Pests .

1. Purpose. This publication has been prepared primarily for.distribution
to Armed Forces Pest Control Program personnel, military and civilian. Post
engineers, public works officers and installation engineers of the respec~
tive services may also find the publication helpful. It may also be useful
to individuals, householders and property owners among military personnel
and their dependents.

2. Cancellation. OVECC Recommendations for Chemical Control of Disease
Vectors and Economic Pests, issued 1 January 1972, is hereby cancelled
and superseded. |

3. Background. Since the first use of kerosene for scale insect control
in 1865 and later in the century as a mosquito larvicide, numerous chemi-
cals and other substances have been tried, some proven, but most discarded
as chemical control agents. The discovery in 1939 of the insecticidal
properties of DDT opened up a new and fruitful era of chemical pesticides.
Since. then, through synthesis, testing and laboratory and field evaluation,
many new chemicals have emerged as the pesticides of today.

Some modern pesticides are more or less specific for certain animal or
plant pests and have limited specialized use., Others are effective against
a wide range of a certain type or group of pests. Thus, we have the in-
secticides, the acaricides, the rodenticides, the fungicides, the herbi-
cides, etc. A substance found to be effective against a wide variety of
insect pests may be called a broad-spectrum insecticide. An attempt has
been made in this pubiication to give the pesticide of choice first under
each pest heading and then to list one or more alternate materials. The
listing of a particular pesticide as first choice is a precarious if not
arbitrary business since there is no standard yardstick by which one
pesticide may be compared with another for a given purpose.

The recommendation of one pesticide over another should not be taken as
an endorsement of one product or material over another. Neither should
it be inferred that the others are less valuable under certain conditions
and locations.

4, Precautions - Reading the Label. The use of pesticides is regulated
by the Environmental Protection Agency. That agency is responsible for
enforcement of the Federal Pesticide Act of 1972. PESTICIDES ARE REGIS-
TERED FOR USE AGAINST SPECIFIC PESTS AND CERTAIN TYPES OF APPLICATION.

TO USE THEM OTHERWISE IS UNLAWFUL AND MAY RESULT IN RATHER SEVERE PUNISH-
MENT. IT IS THE RESPONSIBILITY OF THE USER TO ENSURE THAT A PESTICIDE IS
USED IN STRICT COMPLIANCE WITH THE LABEL. It is also the responsibility
of the user to make sure the tabel is current and contains the latest
instructions and restrictions. Recommendations contained in this pub-
lication are intended as a guide only and must not be substituted for
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This is a
Synonym for
Agent Blue

herbicide

HERBICIDES
FSN No. ITEM
£840~833~1217  Amitrol, ATA*, Cytrol®, Weedazoi#

HMust be procured from the Army.

A non-selective systemic herbicide. For control of
annual grasses and broadieaf weeds, perennial broad-
leaf weeds and. grasses, cattails, poison ivy, and
certain aquatic weeds in marshes and drainage ditches.
90% water soluble. .

$h6.50/Pall {24 Tbs)

6B40-781-8195  Atrazine, AAtrex=, Fenamine?®, Fenatrol?, Gesaprim®
Primatol A%

Principal use by military is as so0i] sterilant,
80% wettable powder.
$2.20/Bag (50 1b)

—0Z7-6hb7  Dorate-Bromaci| Mixtufe

This granular mixture contains 71.2% disodium tetra-
borate pentahydrate, 22.8% disodium tetraborate
decahydrate, 4.0% bromacil, 2.0% inert.

$2t.50/Bag (50 lbs)

TOh0-B90-214%  BromaciV, Hyvar-X*, Hyvar-P#, Hyvar &-L*

For gensral weed contrel in non=crop areas; particularly
usaful against perennial grasses. Wettable powder con-
tains 80% bromacil.

$248.00/0rum (50 1bs)

6840-926-9094  Cacodylic acid, Silvisar 510%, Phytar 560G+

Difficult to procure

Non-selective herbicide. The 16 gauge drum shall have a
three inch wide blug band at the center line. This item
is for tactical purposes only and is not for base type
pest control.

5271.00/prum {55 gallons)

BBR0-063-3991 Copper Sulfate

This water soluble ¢rystatline herbicide contains 80.16%
cupric sulfate. Used for control of algae in impoundments.
$14.00/Bag (50 pounds)

* Trade Name
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KERBICIDES (Continued)

6840-577-4204  Dalapon-Ha, Dowpon®, Ded-Weed® , Gramevin®, Radapont,
Unipon®
Selective herbicide. Effective against quackgrass,
Bermuda grass, Johnson grass and other perennial grasses
as well as cattails and rushes. 85% water soluble powder.
$33.00/0rum (50 lbs)

BOWO-HRBT-5475  DCPA, DAC B33%, Dacthai®
Selective pre-emergence herbicide controls crabgrass,
witchgrass, foxtails, fall panicum and other annual
grasses. Alszo useful against certain broadleaf weeds
such as carpet weed, dodder, purslane and common chick=
weed. ‘This wettable powder contains 75% active in-
gredient.
$118.00/Box {48 1bs)

6840-905-4304  Dicamba, Banvel D%, Banex®, Hedibens
Very effective on many hard o kill broadleaf species
of weeds and brush which may not be controlled ef-
ficiently with 2,4-D or amitrol, Effective as soil or
follar treatment. A49% dicamba, liquid form.
$23.90/Bottle (1 gallon}

bBRO-EI5~2799  Diquat, Aquacide®, Dextrone®, Reglone?®
Hon-selective herbicide and desic¢ant, For
aquatic weads in still and slow flowing ponds, lakes
and canals. For floating weeds, 35.3% diguat dibromide,
liquid.
$120.06/0rum (S gallon}

£840-T25-7790  Diuron, Karmex®, Harmerx, Di-onx

Used in the military as a non-selective weed kilfer on
s7tes where bare ground is desired. As a soil sterilant
it is more persistent and is often recommended in light
sandy solls in areas of moderate to heavy rainfall.
This water dispersible powder contains 80% active
ingredient.

$027.00/0rum (50 1bs)

% Trade Name

20
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Thisis a
synonym for
Agent White

herbicide

HERBICIDES (Continued)

FSH Ho, 1tem
68409652071 ' DSMA, Ansar 18%, Ansar S100%, Archenal®, DMA®, Weed-E=Rad*
' and others
Selective post-emergence contact herbicide controls
crabgrass, Johnson grass, Dallis grass, nurgrass, fox-
tatl, watergrass, witbhgrass, velvetgrass, chickweed,
goosegrass, knotweed and others. Thorough coverage
essential. This water soluble powder contains 63% di~
sodium methylarsonate.
- $38.20/Drum (100 tbs)
6840-929-7951  Fenac, Tri-Fen*,
Effective for Johnson grass seedlings, Russian thistle,
morning dliory, Russian knapweed, Canada thistle,
perennial sow thistle and puncture vine.
$228.00/Drum {30 gallons)
TBWO-STh-065E  Monuron, Teivar®
Used by the milltary as a soil sterilant on medium to
heavy solis and under intermediate rainfali. At sterilant
dosages it controls a wide range of annual and perenndal
. plants, both grasses and broadleaf types. Water dis-
persible powder.
$119.00/Drum {50 1bs}
0-629- 13 Picloram, Tordon®, Borolin#

Effective against a wide variety of deep rooted
herbatesus weeds and woody plants. Most grasses are
resistant. For noncrop use in brush control along
utility rights-of-way. Since it is compatible with
2,4-D, dalapon and certain other herbicides, it is
mixed occasionally with another herbicide to produce
desired results.

$57.00/brum {5 gallon)

BBY07326-5093

Picloram

Difficule to procure,

Same as preceding. The 16 gsuge drum shall have a three
Inch wide white band at the canter line. This item is for
tactical purposes only and not for base type pest control
operations.

$390.00./0rum (55 gallon)

* Trade Name

21
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Silvex is another
rainbow
herbicide

HERBICIDES {Continued) .

FSH No. ltem

“6840-990-1464  Picloram

Same chemical as preceding. This formulation is
pelletized and contains 11.6% picloram potassium salt.
$69.00/0rum (50 1bs)

6840-882-4810  Silvex Ester, 2,4.5-TP*, Garlon®, Kurosal®. Kuron®

Hormone type herbicide that is absorbed by leaves and
translocated. Tests have indicated that silvex Is more
effective than 2.4.5-T for control of certain woody plants,
especially oak specles. Very effective on many turf weeds
such as chickweed, clover, henbit and yarrow, This emul~
siflable concentrate contains 58.9% to 65.1% of any sulte
able low volatile ester derivative of 2+(2.4.5-trichloro-
phenoxyl) propionic acid (& th minimum acid equivalent

per gallon).

$38.70/prum {5 gallons)

TBRG-BTL-7398  Simazine, Frincep®, Gesatop®, Primatol®

Soil sterilant. Tight)y held by soil. Little lateral
movement. Micro-organisms break it down in about a year,
Persists longer in dry, cold or low fertiiity seils.

Can be combined with 2,4-B, 2,4,5-T, silvex, dalapon,
amitrol and others. Broadleaf plants are the most sus-
ceptible, 80% water dispersible powder.

$12,10/Bag or Can (5 lbs)

EBR0-T81-8195  Simazine

Same as precedin,
$110.00/Drum {50 lbs)

COR0-6Bh-7060  Z,4-D, Weed-BE-Gone®, Weedone®, Weedar 64*, Formula 40%
and others.

Fost emergence herbitide for broadleaf control, Some-
times for aguatic weed control. Effective against morning
glory, Canada thistle, chickweed, cocklebur, golden rod,
ivy, hoary cress, Jimsonweed, lambsquarter, locoweed,
mustards, pigweed, plaintain, Russian thistle, purslane,
sagebrush, sunflower, willows and others. Avoid drift.
Very susceptible desirable plants Include cotton, tomatoes,
grapes, fruit, trees, and ornamentals. Amine form,
$14.00/Can (5 gallons)

* Trade Name 22
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Rainbow
Herbicicde

HERBICI0ES (Cont.)
FSH Ho.
6840-825-7792  2.4-0 - 2,4,5-T Hixture, Ded-Weed LV33*

Restricted procurement. This solution contains 33.5%

low valatile ester of 2,4=0 (2.0 1b 2,4=D acld equivalent/

gallon). 3}.9% low volatile ester of 2.4,5-T (2.0 lb
2,4,5+T/gallon) and 34.6% inert ingredients.
$297.00 Orum {55 gallons})

6860-926~9095 _ 2,4=D = 2,4,5-T High volatile ester

Difficult to procure. This solution contains 50% N-
buty} 2, 4-dichlorophenoxyacetate, 50% N-butyl, 2,4,5-T
trichlorophenoxyacetate, The drum shall have an orange
band 3 inches wide at the center 1ine of the drum body.
Thiz item is for tactical purpeses oaly and is not for
base type pest control operations.

$430.00 Drum (55 gallen)

6840~582-5440 o 2,4,5+T, Dacamine 4T%, Reddon*, Weedone 2.4 ,5-Tx

Selective hormone type herbicide. Effective against

Rainbow
Herbicide

woody plants. Treat when plants are actively growing.
Four pounds acid equivalent per gallon.
$33.50/Can (5 gallons)

Rainbow
Herbicide

6840-577-4201 5, 2,4,5-T
/Same as preceding.

5348.00 Drum {55 gallons)

* Trade

23
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March 30, 2020

Mr. Harry Allen
Federal On-Scene Coordinator
U. S. Environmental Protection Agency

Region 9, Emergency Response Section
2445 North Palm Drive, Signal Hill, CA 90755

Subject: Guam Chlorinated Herbicides Investigation —October 2019 Data Results
Task Order Number: 68HE0919F0113
Document Control Number: 0035-08-AAJD

Dear Mr. Allen:

Under the Task Order (TO) No. 68HE0919F0113, the United States (U.S.) Environmental
Protection Agency (EPA) Region 9 Federal On-Scene Coordinator (FOSC), Harry Allen, tasked
the Weston Solutions, Inc. (WESTON®) Superfund Technical Assessment and Response Team
(START), at the request of the Government of Guam, to support a continuing investigation of
residual legacy chlorinated herbicides on Guam in October, 2019 (Figure 1).

This sampling event is a continuation of earlier investigations conducted in April 2018 and
November 2018. This investigation is being conducted based on reports of chlorinated herbicide
use by veterans who were stationed in Guam at the request of the Government of Guam. To date,
locations within Andersen Air Force Base (AAFB) and locations along a pipeline located off base
have been tested for certain herbicides (Weston, 2019). An off-base sampling event for residual
herbicides was conducted by the EPA and START in November 2018. During that sampling event,
trace concentrations of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) and 2-(2,4,5-trichlorophenoxy)
propionic acid (2,4,5-TP, also known by the common name “silvex” or “fenoprop”) were detected
in samples collected from locations along a pipeline reportedly involved in chlorinated herbicide
spraying (Weston, 2019). Previous sampling locations from the April 2018, November 2018 and
October 2019 sampling events are depicted in Figure 2.

Chlorinated herbicides were reportedly applied during the 1960s and 1970s. A Navy field manual
reported 2,4,5-T was an approved herbicide for use on Guam (Navy, 1958). It is anticipated that
any herbicide residuals may have undergone degradation since the time they were used.
Limitations in resolution for the previously utilized EPA Method 8151A may have restricted the
ability to detect the contaminants of concern at the lower concentrations necessary to quantitatively
assess long-term risks. Therefore, a modified analytical method with increased resolution, EPA
Method 8321A, was utilized to detect herbicides at lower concentrations than was possible with
EPA Method 8151A. In addition, EPA requested dioxin/furan analysis of soil samples to provide
supporting evidence of legacy chlorinated herbicide use. For the October 2019 sampling event, in
conjunction with analyzing soil samples for legacy chlorinated herbicides, dioxin/furan analysis
was performed using EPA Method 8290. The method includes 17 dioxin and furan congeners,

1
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some of which were known manufacturing byproducts of the production of chlorinated herbicide
components (EPA, 2006).

This letter report presents a summary of START mobilization activities and analytical results from
soil samples collected during the October 2019 sampling event. Attachment A provides a list of
citations for this document, Attachment B provides a photographic log of Site conditions and Site
activities, Attachment C provides the figures for this letter report, and Attachment D contains
the soil sampling analytical results, toxic equivalency quotient (TEQ) calculations using the
Kaplan-Meier (K-M) method, and data validation reports.

Mobilization Activities

Sampling took place over two days, October 2, 2019 and October 4, 2019. The sample locations
were determined based on locations provided by a veteran who reported knowledge of herbicide
spraying events (Figure 1). For each sample, START used dedicated sampling equipment to
collect 5-point composite surface (0 to 0.25 feet below ground surface) soil samples from areas
where the veteran indicated herbicide spraying may have occurred. A total of ten 5-point composite
surface soil samples (including two duplicate soil samples) were collected from areas along
different sections of the pipeline. Samples were collected at valves and other common access
points along the pipeline where spraying of chlorinated herbicides reportedly took place. Sample
aliquots were collected using dedicated disposable scoops and homogenized in a disposable
aluminum pan prior to being placed in a clear 8-ounce soil jar. Soil samples were placed on ice
and chilled to 4 degrees Celsius prior to being shipped to a TestAmerica laboratory in Denver,
Colorado for analysis. All ten soil samples were analyzed for chlorinated herbicides by
EPA Method 8321A and for dioxins and furans by EPA Method 8290. A photographic log of Site
conditions and Site activities is provided in Attachment B-Photographic Log.

Sampling Results

No detections were observed for chlorinated herbicides using EPA Method 8321A during the
October 2019 sampling event (Table 1). One or more individual dioxin and furan congeners were
detected in all 10 composite samples, including the two duplicate samples using EPA Method 8290
(Table 2). All sample results are compared to EPA Regional Screening Levels (RSLs) for
residential soil (EPA, 2019a) and to Tropical Pacific Environmental Screening Levels (TPESL)
for unrestricted land use in shallow soil where groundwater is not a concern or potential drinking
water source (TPESL, 2017).!

For the dioxin and furan congeners, the total dioxin TEQ concentration for each sample was
calculated using the K-M mean estimation technique following the EPA Advanced K-M TEQ
Calculator version 9.1 (TEQ Calculator [EPA, 2014]) for comparison to the 2,3,7,8-
tetrachlorodibenzo-p-dioxin  (2,3,7,8-TCDD) RSL. These data are presented in
Attachment D - Sampling Results. In order to calculate a TEQ, a toxic equivalent factor (TEF)
is assigned to each member of the dioxin and dioxin-like compounds category. The TEF is the
ratio of the toxicity of one of the compounds in this category to the toxicity of the two most toxic

! Evaluation of Environmental Hazards at Sites with Contaminated Soil and Groundwater Screening Levels, Tropical
Pacific Edition (TPESL, 2017), is prepared by Hawaii Department of Health, Hazard Evaluation and Emergency
Response for use in tropical areas outside of Hawaii, including Guam and the Commonwealth of the Mariana Islands.

2
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compounds in the category, which are each assigned a TEF of 1 (i.e., 2,3,7,8-TCDD and 1,2,3,7,8-
pentachlorodibenzo-p-dioxin). TEFs have been established through international agreements and
currently range from 1 to 0.0001 (Van den Berg and others, 2006; EPA, 2016). A TEQ is calculated
by multiplying the actual grams weight of each dioxin and dioxin-like compound by its
corresponding TEF (e.g., 10 grams times 0.1 TEF = 1 gram TEQ) and then summing the results.
The number that results from this calculation is referred to as grams TEQ.

Calculations of sums or totals for multi-constituent chemicals such as total dioxin TEQs have
typically involved simple substitution of zero, one half the detection limit (DL), or the DL for
left-centered (non-detect) congeners. Because this practice introduces bias to estimates used in
statistical calculations, many sources now strongly caution against the use of arbitrary surrogate
values for non-detects for data with three or more non-detect, qualified and/or rejected congeners
(TEQ Calculator [EPA, 2014]). Helsel (2009) describes an approach for calculating totals using
the K-M approach which uses a nonparametric maximum likelihood estimator in calculations of
the intermediate mean and total TEQ on influential congeners (high toxicity, TEQ factors close to
1 [Van den Berg and others, 2006], high concentrations) (TEQ Calculator [EPA, 2014]). The EPA
has been utilizing the K-M method for the treatment of non-detect dioxin congeners since 2009
(EPA, 2009a, 2009b) and developed the TEQ calculator macro in 2014 to estimate TEQ using the
K-M Method. Further details regarding the use of the K-M estimator for deriving TEQ estimations
are presented in the K-M discussion of the EPA Advanced K-M TEQ Calculator (TEQ Calculator
[EPA, 2014]). K-M data output for this site, including the K-M TEQ calculations, using the EPA
Advanced K-M TEQ calculator is provided in Attachment D-Sampling Results.

The total dioxin TEQ concentrations exceeded the EPA RSLs for 2,3,7,8-TCDD of 4.8 picograms
per gram (pg/g), but did not exceed the TPESL (EPA, 2019a; TPESL, 2017) in 8 of 10 composite
soil samples, including both duplicate samples (G-01-01-D and G-04-02-D). TEQ values
exceeding the EPA RSL value ranged from 5.1 pg/g (G-03-01) to 13 pg/g (G-04-01), with the
highest TEQ value at the Tiyan Junction location. The individual dioxin congener 1,2,3,4,6,7,8-
heptachlorodibenzodioxin (1,2,3,4,6,7,8-HpCDD) exceeded its EPA RSL value of 480 pg/g in one
sample (G-04-01). Figures depicting Site sampling locations and EPA RSL exceedances are
presented in Attachment C-Figures 3 through 6.

Discussion

The chlorinated herbicide 2.,4,5-trichlorophenoxyacetic acid (2,4,5-T) itself is not considered
carcinogenic, but 2,4,5-T was known to have varying levels of contamination with the known
carcinogen, 2,3,7,8-TCDD, from the manufacturing process. Contamination with 2,3,7,8-TCDD
led to the discontinuation of use of 2,4,5-T and similar chlorinated herbicides in 1985 (CDC, 2016).
In previous research, TCDD was found in pre-1970 samples of 2.,4,5-trichlorophenol, the
manufacturing precursor of 2,4,5-T. In addition to TCDD, other polychlorinated dibenzo-p-dioxins
(PCDDs), including 2,7-dichloro-dibenzo-p-dioxin and 1,3,6,8-tetrachloro-dibenzo-p-dioxin,
were measured in the same pre-1970 samples (Cochrane and others, 1982). Additionally, herbicide
formulas often included simultaneous use of chemicals including 2,4-dichlorophenoxyacetic acid
(2,4-D), kerosene, and diesel (EPA, 2019b). The purity of these additive substances is unknown
due to lack of data. A summary of literary citations for this document is provided in
Attachment A-Citations.

TO: 68HE0919F0113 DCN: 0035-08-AAJD
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As described above, 8 of 10 samples had total dioxin TEQ results that exceeded the RSL and 8 of
10 had detections of the 2,3,7,8-TCDD congener. All samples, including the two samples with the
total dioxin TEQ below the EPA RSL value, had high levels of octachlorodibenzodioxin (OCDD)
and 1,2,3,4,6,7,8-HpCDD. Without a sample of the alleged herbicides used during the reported
spraying event at the Site, a site-specific dioxin congener fingerprint comparison cannot be
completed. For this discussion, data collected at this Site were compared with documented dioxin
congener fingerprints from peer-reviewed publications with similar contaminants of concern.
Ubiquitous combustion process sources such as wood fires and vehicle exhaust are common
sources of 1,2,3,4,6,7,8-HpCDD and OCDD in the environment (Quadrini and others, 2015). Also,
OCDD may originate from weathering of pentachlorophenol (EPA, 2006; Quadrini and others,
2015; Towey and others, 2010). These congeners may consequently dominate regional PCDD and
polychlorinated dibenzofurans (PCDF) fingerprints (Quadrini and others, 2015).

Tiyan Junction was the location where trace concentrations of 2,4,5-T and 2,4,5-TP were detected
during the 2018 sampling event by EPA and START (Weston, 2019). The highest total dioxin
TEQ concentration (13 pg/g in sample G-04-02) was measured at this location during this sampling
event (Figure 6). Total dioxin TEQ concentrations ranged from 6.3 pg/g (sample G-04-02) to 13
pg/g (sample G-04-01), which was 1.4 times higher than any other TEQ result recorded during this
sampling event and 2.7 times higher than the EPA RSL of 4.8 pg/g for 2,3,7,8-TCDD. At the Tiyan
Junction location (samples G-04-01, G-04-02 and G-04-02-D [duplicate sample]), all samples
contained elevated levels of 1,2,3,4,6,7,8-HpCDD, OCDD, 1,2,3,4,7,8,9-heptachlorodibenzofuran
(1,2,3,4,7,8,9-HpCDF) and octachlorodibenzofuran (OCDF) in relation to other congeners.
Samples that contained elevated levels of 1,2,3,4,7,8,9-HpCDF and OCDF tended to have higher
TEQ concentrations.

Following a similar methodology to that presented in Quadrini and others (2015) and Cleverly and
others (1997), the individual congener data were plotted by sample (Figure 7) and the total
dioxin/total furan data for each sample were plotted using mean and standard deviation to measure
central tendency (Figure 8). Quadrini and others (2015) showed that OCDD and 1,2,3,4,6,7,8-
HpCDD likely originated from non-herbicide sources (e.g., fuel combustion) and so were excluded
from the data presented in Figure 7. Additionally, the exclusion of data for OCDD and
1,2,3,4,6,7,8-HpCDD allowed for better resolution of the congener distribution in Figure 7. The
individual congener distribution for samples (Figure 7) and the central tendency for total
dioxins/total furans (Figure 8) collected during the 2019 sampling event show high OCDF and
1,2,3,4,7,8,9-HpCDF levels, similar to herbicide fingerprints presented in literature by Cleverly
(Cleverly and others, 1997). Although there is no conclusive samples from the spraying event and
a complete dioxin congener fingerprint comparison cannot be completed, the congener patterns in
some soil samples are consistent with residual chlorinated herbicides. Figure 7 in Appendix D
presents the congener distribution, excluding OCDD and 1,2,3,4,6,7,8-HpCDD as previously
discussed, for all sample locations during the 2019 sampling event. Figure 8 in Appendix D
presents the data for total dioxins/total furans with the central tendency of sample data presented
for each congener.

TO: 68HE0919F0113 DCN: 0035-08-AAJD
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Summary

In the October 2019 sampling investigation, samples collected at the Tiyan Junction location
contained total TEQ concentrations ranging from 6.3 to 13 pg/g (G-04-01), which was 1.4 times
higher than any other TEQ result recorded during this sampling event. Total TCDD in this location
ranged from 1.1 to 1.4 pg/g. In addition, the Andersen fence line location (GS-3) contained Total
TCDD at concentrations ranging from 2 to 2.1 pg/g with TEQs of 5.1 and 6.0 pg/g. Although no
detections of trace chlorinated herbicides were observed during the 2019 sampling event, trace
concentrations of 2,4,5-T and 2,4,5-TP were detected at the Tiyan Junction location sampling site
during the 2018 sampling event and have been detected on Andersen at other locations (Weston,
2019).

As previously discussed, OCDD and 1,2,3,4,6,7,8-HpCDD concentrations may be attributed to
other sources. Whereas the congener 1,2,3,4,6,7,8-HpCDD is not associated with chlorinated
herbicides, higher OCDD concentrations could be a marker indicating that TCDD was initially
higher but has degraded. 2,3,7,8-TCDD concentrations are anticipated in soils where residual
2.4,5-T is detected.

Taking into consideration the length of time since the reported use of chlorinated herbicides on
Guam and their subsequent weathering, TCDD and/or other congeners have undergone
environmental degradation. Concentrations may have originally been higher because the relative
degradation rates vary depending on the congener and environmental conditions (EPA, 1989).
Migration of dioxin congeners within the soil profile is possible over time (Fan and others, 2006;
Banout and others, 2014).

It is probable that TCDD dioxin congener concentrations detected in soils are associated with
chlorinated herbicides. Records of chlorinated herbicide use by the military on Guam (Navy, 1958)
and veteran affidavits documenting the use of 2,4,5-T and 2,4,5-TP along with data collected from
previous soil sampling events suggest the presence and use of chlorinated herbicides was likely.
Finally, the herbicides in question were known to contain TCDD.

To clarify any remaining uncertainty about herbicide types, amounts and locations sprayed,
continued investigation of suspect areas is recommended. Additional sampling at depths up to 12
inches is suggested to account for possible degradation and migration of residual herbicides and
dioxin congeners. Similarities and differences between sample location -characteristics
(environmental conditions, vegetation cover, historical land use, previous excavations, use of
imported fill, etc.) and the congener profiles should be further investigated as possible markers to
aid in identifying historical herbicide use.

Respectfully,

WESTON SOLUTIONS, Inc.

Amanda Wagner
START Project Scientist

TO: 68HE0919F0113 DCN: 0035-08-AAJD
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a selective herbicide will kill all vegetation, while in
others general contact killers carefully used will have a
selective action. Selectivity of application will often
substitute for or supplement chemical activity of herbicldes,
For example, oll directed at the base of ornamental shrubs
will control small weeds, but if oll hits the leaf of the
shrub, then it too 1s killed.

Preemergence herbicldes sprayed after planting will stop
weed seeds, normally lodged close to the soil surface, from
germinating and will do so without harming erop seeds planted
13 to 2 inches deep. Solubility of the herbicide will influ-
ence activity, also; the less soluble chemicals remain near
the so0il surface and control shallow germinating weed seeds but
do not reach deep plant seeds or root crops.

If a plant crop possesses a very different structure and
growth habit from those of weed plants.present, control of the
weeds in the crop's presence may take advantage of some or all
of these differences, Some herbicidal formulations that will
wet or stick only to weeds and not to crops have been used ex-
‘tensively. Cereals have corrugated waxy-leaf surfaces which
are narrow and generally almost vertical, making retention of
a herbilcide difficult, The smooth, broad, nearly horizontal
leaves of many weeds, on the ather hand permlt easier coverage
by and retention of herbicides and eventual killing of the weed
plant.

The exposed growing points of broad-leafed. plants allow
easy contact by herbicldes during any stage :of 1ife, as’. con-
trasted with the protected growing points of narrow-leafed
plants, Cereals, for example, -have their growing points located
in the plant crowvm vhich remains in a protected - position below
the soil surface, Other plants have a‘'dormant period during
vhich herbicides have 1llttle effect.. During this dormancy,
applications of herbicides to cnntrol annual weéek plants may
be made without crop damage.

The selective herbicides used in largest-quantity take
advantage of differences in plants. tolerance -to toxle chemicals.
Those chemicals which-can produce many.physiological responses
in plants - hence their general name of ''growth regulators" -
are recelving most research now. These, plant harmone chemicals
have definite limltations and will cause 5Serious damage to
desirable plants if improperly used. Environmental condltions
often cause selective herbicides to perform inconsistently,
glving rise to charges that they are unrellable. Some (2,4-D
for exsmple) have highly volatile forms.which may drift to fields

311

adjacent to sprayed fields and cause crop damage.

Another method for obtalning selectivity of herbicides
has been recognized, It utilizes the abllity of certain plant
enzymes to control chemical reactions which convert inactive
compounds to ones that will produce growth responses in plants.
The process, beta-oxidation, can be shewn to break down certain
compounds within the tissues of one plant species and not in
another, 4-chloro, 2,4-dichloro-, 2 methyl-4-chloro-, 3,4-
dichloro-, and 2,4-5 trichloro- derivatives of gamma-phenoxy-
butyric acid have been tested. These compounds are related to
the derivatives of gamma-phenoxyacetic acid - MCPA and 2,4~D,
Susceptible plants possess enzymes which convert butyrics to
acetles, killing the host plant. Certain of these butyries
are acceptable weed killers for weed control with such crops as
clover, If MCPA or 2,4-D is used for weed control here, seriocus
damage results.

Evidence indicates that soil microorganisms degrade the
butyric acid derivatives to acetic acid derivatives, if washed
off plants by rain or if applied to soll. Damage to crop plants
may then result through absorption through the roots.

Butyric ‘derivatives should be more effective because they
will translocate more readily (being non-toxfe at first) and
accumulate in greatér amounts in plant tissues before conver-
sion to acetics. Some plant pathologists point out that 2,4-~D
kills too quickly in perennials, interfering with translocations,
and permitting regrowth.

The use of proper chemicals by. oualified personnel has
résujted in a substantial improvement in weed .control, especial-
ly wheére all vegetation is considered undesirable for fire
hazard reduction purposes. \lhere mechanical (or hand) weeding
and chemical methods have been compared, :chemlcal control usually
has given better results with.much less dverage cost per.unit
of area treated. Although it may séem expensive to go over the
ground once with the proper chemicals, the long-term cost, as
reported, has been much less thin that of mechanical or manual
clenrﬂnce because the chemirals nsed killed 'not only top growth
but also most roots. ‘Wher roots weré killed the time between
treatnents was greatly extended and follow-up ratreatments with
cselectad soll-sterilant chemicals . ‘usually e¢bst much less than
the original application. -

In using herbicides certain rules are in order:
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