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Executive Summary

This Streamlined Remedial Investigation/Feasibility Study (RI/FS) Report presents the data
and findings to sufficiently characterize the nature and extent of contamination, assess
potential risks to human health and the environment, and evaluate presumptive remedial
alternatives at Solid Waste Management Unit (SWMU) 1, located at the former Vieques Naval
Training Range (VNTR) in the central portion of Vieques, Puerto Rico (Figures ES-1 and ES-2).

SWMU 1 is approximately 41 acres in size and was a landfill used from 1954 to 1978 for the
disposal of municipal waste from Camp Garcia. Approximately 1,800 to 3,120 tons of waste
was disposed in the landfill and no hazardous materials reportedly were placed in the disposal
area. Materials were disposed in a trench, which was then covered with about 6 inches of soil
to control blowing of litter. A final 2-foot (ft) thick soil cover, consisting of compacted native
soils, was placed over the trench. The landfill is densely vegetated and only small, isolated
areas of landfill waste were exposed on the surface.

SWMU 1 is situated in a valley that gently slopes from its northwestern extent to the
southeastern boundary and bounded by steep hills to the west and an ephemeral stream and
steep hills to the east. SWMU 1 is currently owned by the Department of Interior (DOI) and
managed by the United States Fish and Wildlife Service (USFWS) as part of the National
Wildlife Refuge System. Groundwater flow beneath the landfill is generally southward toward
the ocean. Groundwater is not used as a potable water source at or in the vicinity of SWMU 1,
and there are no plans for potable use of groundwater in this area. Figure ES-3 shows a
conceptual model of SWMU 1.

A Phase | Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) was
initiated in 2004, but on February 11, 2005 Vieques was placed on the National Priorities List
(NPL), which required all subsequent environmental restoration activities for Navy Installation
Restoration (IR) sites on Vieques to be conducted under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) unless and until removed from
CERCLA authority. Therefore, results from the RFI were presented in the 2008 Preliminary
Assessment/Site Inspection Report for SWMU 1. A Site Inspection/Expanded Site Inspection
(SIZESI) was conducted in 2009 to further characterize the potential for a CERCLA-related
release.

Magnetic and electromagnetic geophysical surveys and exploratory excavations and analytical
data collected during the PA/SI and the SI/ESI provide the primary basis for the evaluation of
the nature and extent of the landfill debris and contamination in soil and groundwater (Figure
ES-4). In general, one semi-volatile organic compound (SVOC), pesticides, one polychlorinated
biphenyl (PCB), and several inorganic constituents were detected above screening criteria and
background concentrations in soil, primarily within the extent of the landfill. One volatile
organic compound (VOC) and eight inorganic constituents were detected at low concentrations
above screening criteria and background concentrations in groundwater.

The potential for contaminant migration at SWMU 1 from wind erosion, volatilization, surface
runoff, leaching to groundwater, and from groundwater flow is minimal. The 2-ft thick soil
cover and vegetation reduces the potential for wind erosion and surface runoff. Contamination

NOTE: THIS SUMMARY IS PRESENTED IN ENGLISH AND SPANISH FOR THE CONVENIENCE OF THE READER. EVERY EFFORT HAS BEEN MADE FOR THE TRANSLATIONS TO BE AS
ACCURATE AS REASONABLY POSSIBLE. HOWEVER, READERS SHOULD BE AWARE THAT THE ENGLISH VERSION OF THE TEXT IS THE OFFICIAL VERSION.

NOTA: ESTE RESUMEN SE PRESENTA EN INGLES Y EN ESPANOL PARA LA CONVENIENCIA DEL LECTOR. SE HA HECHO TODO LO POSIBLE PARA QUE LA TRADUCCION SEA PRECISA EN
LO MAS RAZONABLEMENTE POSIBLE. SIN EMBARGO, LOS LECTORES DEBEN ESTAR AL TANTO QUE EL TEXTO EN INGLES ES LA VERSION OFICIAL.
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was not identified within the soil of the ephemeral stream, a surface runoff pathway. The
number of years the landfill debris has been in place (between 30 and 55 years), groundwater
analytical data, and Soil Screening and Remediation Goals (SSRG) model calculations show
that the potential for leaching to groundwater is negligible. Volatile constituents observed in
groundwater were at low concentrations such that volatilization is likely negligible.

Based on the nature, extent, and concentrations of constituents observed in environmental
media at SWMU 1, potential human health and ecological risks were assessed. No
unacceptable human health and ecological risks were identified.

A focused feasibility study that analyzed presumptive remedial alternatives was conducted for
SWMU 1. Presumptive remedies are preferred technologies for common categories of sites and
are expected to be used at appropriate sites. The presumptive remedy approach has the
advantage of streamlining the feasibility study by eliminating the initial step for identification
and screening of technologies, because United States Environmental Protection Agency
(USEPA) has already conducted this step on a generic basis. Source containment is USEPA’s
established presumptive remedy for municipal landfill sites regulated under CERCLA, which
is also applicable to military landfills such as SWMU 1.

The feasibility study uses the conceptual site model to develop remedial action objectives
(RAOs), performance criteria, and an evaluation of remedial alternatives. The human health
risk assessment identified acceptable levels of potential risk for current and future trespassers
and USFWS workers, under that assumption that access to subsurface landfill debris and
associated contamination would not occur.

The following remedial alternatives were developed to prevent exposure to subsurface landfill
debris for SWMU 1: Alternative 1—No Action; Alternative 2— Enhanced Native Soil Cover
and Institutional Controls (ICs) (Figure ES-5); and Alternative 3— Additional Soil Cover and
ICs (Figure ES-6). Each remedial alternative was evaluated against the seven feasibility
evaluation criteria, as defined in the National Contingency Plan (NCP). Alternative 1- No
Action is not recommended, since it is neither protective of the human health and environment,
and is not compliant with applicable or relevant and appropriate requirements (ARARS).
Among the remaining two alternatives, Alternative 3 — Additional Soil Cover and Institutional
Controls is less favorable due to its larger environmental footprint and potential higher impact
(soil erosion and runoff during construction) to the downgradient coastal conservation zone.

Alternative 2 — Enhanced Native Soil Cover and Institutional Controls is the recommended remedial
alternative at SWMU 1. The net present value (NPV) cost of Alternative 2 is estimated at
$1,258,000 assuming a 30-year operation period and 7 percent discount rate. The NPV is based
on a total capital cost of $405,000, annual O&M cost of $61,000, and periodic 5-year review cost
of $44,000. This is an order-of-magnitude cost estimate that is expected to be within +50 to -30
percent of the actual project costs. This alternative will be protective of human health and the
environment under current and projected future land use as a wildlife refuge, prohibit future
residential and industrial land use, and ensure the soil cover and ICs are adequate and
maintained to minimize the potential for exposure to landfill contents and contaminated soil.

NOTE: THIS SUMMARY IS PRESENTED IN ENGLISH AND SPANISH FOR THE CONVENIENCE OF THE READER. EVERY EFFORT HAS BEEN MADE FOR THE TRANSLATIONS TO BE AS
ACCURATE AS REASONABLY POSSIBLE. HOWEVER, READERS SHOULD BE AWARE THAT THE ENGLISH VERSION OF THE TEXT IS THE OFFICIAL VERSION.

NOTA: ESTE RESUMEN SE PRESENTA EN INGLES Y EN ESPANOL PARA LA CONVENIENCIA DEL LECTOR. SE HA HECHO TODO LO POSIBLE PARA QUE LA TRADUCCION SEA PRECISA EN
LO MAS RAZONABLEMENTE POSIBLE. SIN EMBARGO, LOS LECTORES DEBEN ESTAR AL TANTO QUE EL TEXTO EN INGLES ES LA VERSION OFICIAL.
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Resumen Ejecutivo

Este Informe de la Investigacion para la Remediacion Actualizado/Estudio de Viabilidad
(RIZFS por sus siglas en inglés) presenta los datos y hallazgos para caracterizar efectivamente
la naturaleza y extension de la contaminacion, presenta los riesgos potenciales a la salud
humana y al ambiente, y evalUa las alternativas potenciales probables para la Unidad de
Manejo de Desechos Sélidos (SWMU, por sus siglas en ingles) 1, que esta localizada en la
Antigua Area de Adiestramiento Naval de Vieques (VNTR, por sus siglas en inglés) en la
parte central de Vieques, Puerto Rico (Figuras ES-1y ES-2).

SWMU 1 consiste de aproximadamente 41 acres y fue un vertedero usado desde 1954 hasta el
1978 para la disposicion de desechos municipales del Campamento Garcia. Se dispusieron
aproximadamente de 1,800 a 3,120 toneladas de desechos en el vertedero y no se registro la
presencia de materiales peligrosos en el area de disposicion. Los materiales fueron dispuestos
en una zanja, la que luego se cubrié con alrededor de seis pulgadas de tierra para asi controlar
la expulsién de la basura. Finalmente el area se cubrié con una capa de tierra de 2-pies de
espesor con tierra nativa compactada. El vertedero posee una vegetacion densa, y sélo areas
aisladas y pequefias con desechos del vertedero fueron expuestas a la superficie.

SWMU 1 esté situado en un valle el cual se eleva levemente desde su extensién noroeste al
limite suroeste, colinda con elevaciones altas en el oeste, y con una corriente efimera y
elevaciones altas en el este. SWMU 1 es actualmente propiedad del Departamento del Interior
(DO, por sus siglas en inglés) y estd administrado por el Departamento de Pesca y Vida
Silvestre de los Estados Unidos (USFWS, por sus siglas en inglés) como parte del Sistema
Nacional de Refugios de Vida Silvestre. El agua subterranea que fluye por debajo del
vertedero generalmente fluye hacia el sur dirigiéndose hacia el océano. El agua subterranea
no se utiliza como fuente de agua potable en o en la vecindad del SWMU 1, y no hay planes
para uso de agua subterrdnea como agua potable en esta area. La Figura ES-3 muestra un
modelo conceptual de SWMU 1.

En el 2004 se inici6 una Investigacion de la Instalacion (RFI, por sus siglas en inglés) Fase I,
bajo la Ley de Recuperacidn y Conservacion de Recursos (RCRA, por sus siglas en inglés); sin
embargo, el 11 de febrero del 2005, Vieques fue afiadido en la Lista de Prioridades Nacionales
(NPL, por sus siglas en inglés), lo cual requirié que todas las actividades de restauracion
ambiental subsecuentes a la Restauracion de Instalaciones de la Marina (IR, por sus siglas en
ingles) en los sitios de Vieques se llevaran a cabo bajo la Ley de Respuesta Ambiental,
Responsabilidad y Compensacién (CERCLA, por sus siglas en inglés) a menos que, y hasta
gue Vieques se remueva de la autoridad de CERCLA. De ahi que, los resultados del RFI se
presentaron en la Inspeccion del Sitio/Evaluacion Preliminar para SWMU 1 del 2008. En el
2009 se llevd a cabo una Inspeccién del Sitio/Inspeccion Expandida del Sitio (SIZESI, por sus
siglas en inglés) para obtener una mejor caracterizacion de derrames potenciales asociados a
CERCLA.

Durante el PA/SIl y el SIZESI se llevaron a cabo estudios geofisicos magnéticos y
electromagnéticos, excavaciones exploratorias y evaluacion de datos analiticos para proveer la

base principal para la evaluacién de la naturaleza y extension de los escombros en el
NOTE: THIS SUMMARY IS PRESENTED IN ENGLISH AND SPANISH FOR THE CONVENIENCE OF THE READER. EVERY EFFORT HAS BEEN MADE FOR THE TRANSLATIONS TO BE AS
ACCURATE AS REASONABLY POSSIBLE. HOWEVER, READERS SHOULD BE AWARE THAT THE ENGLISH VERSION OF THE TEXT IS THE OFFICIAL VERSION.
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vertedero, y la contaminacion en suelos y aguas subterraneas (Figura ES-4). En general, se
detectaron por sobre los criterios de evaluacién y concentraciones de trasfondo en suelos un
compuesto orgénico semi-volatil (SVOC, por sus siglas en ingles), plaguicidas, un compuesto
bifénilo policlorinado (PCB), y varios componentes inorganicos, principalmente dentro del
area del vertedero. Se detecté un compuesto organico volatil (VOC, por sus siglas en ingles) y
ocho componentes inorganicos en bajas concentraciones sobre los criterios de evaluacion y
concentraciones de trasfondo en aguas subterraneas.

El potencial para la migracion de contaminantes en SWMU 1 como resultado de la erosion
causada por el viento, volatilidad, escorrentias de superficie, lixiviacion al agua subterranea, y
el flujo de agua subterrdnea es minimo. La cubierta espesa de dos pies y la vegetacion
reducen el potencial de erosion y escorrentias de superficie. No se identificé contaminacion
dentro del suelo de la corriente efimera, que sigue la escorrentia en la superficie. El nimero de
afos que los escombros han estado en el vertedero (entre 30 y 55 afios), los datos analiticos del
agua subterranea, las Metas de Evaluacion y Remediacién de Suelos (SSRG, por sus siglas en
inglés), y los modelos de calculos muestran que el potencial de lixiviacién al agua subterranea
es insignificante. Los componentes volatiles observados en aguas subterraneas estan en bajas
concentraciones y tienen baja volatilidad lo que hace que la migracion sea posiblemente
insignificante.

En base a la naturaleza, extensién, y las concentraciones de los compuestos observados en el
medio ambiental en SWMU 1, se evaluaron riesgos potenciales a la salud humana y ecoldgica.
No se identificaron riesgos ecoldgicos o a la salud humana no aceptables.

Para SWMU 1 se llevo a cabo un estudio de viabilidad enfocado al analisis de los posibles
remedios alternos. Los posibles remedios son tecnologias preferidas para sitios con categorias
comunes que se espera se utilicen para atenderlos adecuadamente. El seguir el posible
remedio tiene la ventaja de enfocar el estudio de viabilidad eliminando el paso inicial para
identificar y evaluar las tecnologias, debido a que la Agencia de Proteccion Ambiental de los
Estados Unidos (USEPA, por sus siglas en ingles) ya ha llevado a cabo este paso en una base
general. La contencion de la fuente es el remedio posible establecido por USEPA para sitios
de vertederos municipales que estan regulados bajo CERCLA, la cual también aplica a
vertederos militares tales como SWMU 1.

El estudio de viabilidad usa el modelo conceptual del sitio para desarrollar objetivos de la
accion de remediacion (RAO, por sus siglas en ingles), criterios de funcionamiento, y una
evaluacion de remedios alternos. La evaluacidn de riesgo a la salud humana identificd niveles
potenciales de riesgo aceptables para personas que ingresan sin autorizacion (trasgresores)
actuales y futuros, y para los trabajadores de USFWS, asumiendo que estas personas no tienen
acceso a los escombros del subsuelo del vertedero ni a la contaminacion asociada.

Se desarrollaron las siguientes alternativas de remediacion para prevenir la exposicion a los
escombros en los subsuelos del vertedero para SWMU 1: Alternativa 1—Ninguna Accion;
Alternativa 2— Cubierta Realzada de Suelos Nativos y Controles Institucionales (ICs por sus
siglas en inglés) (Figura ES-5); y Alternativa 3— Cubierta de Suelos Adicional e ICs (Figura
ES-6). Se evalud cada alternativa de remediacion contra los siete criterios de evaluacion de
viabilidad, segln se definio en el Plan de Contingencia Nacional (NCP, por sus siglas en
inglés). La Alternativa 1- Ninguna Accidon no es recomendable, ya que no es protectora de la

NOTE: THIS SUMMARY IS PRESENTED IN ENGLISH AND SPANISH FOR THE CONVENIENCE OF THE READER. EVERY EFFORT HAS BEEN MADE FOR THE TRANSLATIONS TO BE AS
ACCURATE AS REASONABLY POSSIBLE. HOWEVER, READERS SHOULD BE AWARE THAT THE ENGLISH VERSION OF THE TEXT IS THE OFFICIAL VERSION.
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salud humana ni del ambiente, y no cumple con los requisitos aplicables o relevantes (ARAR
por sus siglas en inglés). Entre las dos alternativas restantes, la Alternativa 3 — Cubierta de
Suelos Adicional y Controles Institucionales es menos favorable debido a que dejaria una huella
ambiental grande y debido al alto potencial de impacto (erosién de suelos y escorrentias
durante la construccion) a la zona de conservacion vertiente abajo.

La Alternativa 2 — Cubierta Realzada de Suelos Nativos y Controles Institucionales es el remedio
recomendado para SWMU 1. El costo neto presentado (NPV por sus siglas en inglés) para la
Alternativa 2 se estima en $1°258,000 asumiendo un periodo de operacion de 30-afios y con
un rango de descuento del 7 por ciento. EI NPV se basa en un costo de capital total de
$405,000, que representa un costo de operaciones y mantenimiento (O&M por sus siglas en
inglés) anual de $61,000 y una revision periddica cada 5 afios con un costo de $44,000. Esta
es una orden de magnitud de costo estimado que se espera esté dentro del +50 a -30 por
ciento del costo de proyeccién actual. Esta alternativa protegera la salud humanay el
ambiente siguiendo el uso actual y el proyectado de los terrenos identificados para el
Refugio de Vida Silvestre, los que prohibirian el uso residencial e industrial futuro, y
aseguraria que la cubierta de suelos e ICs son el remedio adecuado y son mantenidos para
minimizar el potencial de exposicién al contenido del vertedero y suelos contaminados.

NOTE: THIS SUMMARY IS PRESENTED IN ENGLISH AND SPANISH FOR THE CONVENIENCE OF THE READER. EVERY EFFORT HAS BEEN MADE FOR THE TRANSLATIONS TO BE AS
ACCURATE AS REASONABLY POSSIBLE. HOWEVER, READERS SHOULD BE AWARE THAT THE ENGLISH VERSION OF THE TEXT IS THE OFFICIAL VERSION.

NOTA: ESTE RESUMEN SE PRESENTA EN INGLES Y EN ESPANOL PARA LA CONVENIENCIA DEL LECTOR. SE HA HECHO TODO LO POSIBLE PARA QUE LA TRADUCCION SEA PRECISA EN
LO MAS RAZONABLEMENTE POSIBLE. SIN EMBARGO, LOS LECTORES DEBEN ESTAR AL TANTO QUE EL TEXTO EN INGLES ES LA VERSION OFICIAL.
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SECTION 1

Introduction

This Streamlined Remedial Investigation (RI)/Feasibility Study (FS) Report presents the
data and findings to sufficiently characterize the nature and extent of contamination, assess
potential risks to human health and the environment, and evaluate presumptive remedial
alternatives at Solid Waste Management Unit (SWMU) 1, located at the former Vieques
Naval Training Range (VNTR) in the central portion of Vieques, Puerto Rico (Figures 1-1
and 1-2). SWMU 1, also known as the Camp Garcia Landfill, is approximately 41 acres in
size and was used from 1954 to 1978 for the disposal of municipal waste from Camp Garcia.

This report is prepared under the United States (U.S.) Department of the Navy (Navy),
Naval Facilities Engineering Command, Atlantic Division, Comprehensive Long-Term
Environmental Action — Navy (CLEAN) Contract N62470-08-D-1000, Contract Task Order
113, for submittal to the Naval Facilities (NAVFAC) Engineering Command Atlantic
Division, United States Environmental Protection Agency (USEPA) Region 2, the
Commonwealth of Puerto Rico Environmental Quality Board (EQB), and the United States
Fish and Wildlife Service (USFWS), and ultimately the public via the Vieques
Administrative Record File. The Navy, USEPA, EQB, and USFWS work jointly as the former
VNTR Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) Environmental Restoration Program (ERP) Team.

The streamlined RI/FS presented in this report characterizes the nature and extent of
contamination and associated human health and ecological risks and evaluates appropriate
presumptive remedial alternatives, in accordance with the following guidance, policy, and
directives:

Streamlining the RI/FS for CERCLA Municipal Landfill Sites (USEPA, 1990)

Conducting Remedial Investigations/Feasibility Studies for CERCLA Municipal Landfill Sites
(USEPA, 1991a)

Presumptive Remedy for CERCLA Municipal Landfill Sites (USEPA, 1993)

Application of the CERCLA Municipal Landfill Presumptive Remedy to Military Landfills
(USEPA, 1996b)

Consideration of Green and Sustainable Remediation Practices in the Defense Environmental
Restoration Program (Department of Defense [DoD], 2009)

National Oil and Hazardous Substances Pollution National Contingency Plan (NCP)

Section 120 of CERCLA as amended by the Superfund Amendments and Reauthorization Act
(SARA)

The streamlined RI/FS will support the selection of a remedy for SWMU 1. Prior to the
selection of the remedy, the Proposed Remedial Action Plan (PRAP), which documents the
aforementioned agencies’ preferred remedy, will be prepared and provided for public
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comment. Following consideration of public comments, the selected remedy will be
documented in the Record of Decision (ROD) for SWMU 1.

1.1 Objectives and Approach

The Site Inspection/Expanded Site Inspection (SIZESI) (CH2M HILL, 2010e) conducted at
SWMU 1 determined that the site warranted evaluation of appropriate remedial alternatives
to address the landfill contents and associated contamination. It was further determined that
the landfill boundaries, contents, and extent of contamination at SWMU 1 were sufficiently
characterized during the SIZ/ESI process to proceed with a streamlined RIZFS report, in
accordance with the aforementioned guidance.

Data collected as part of the Phase | Resource Conservation and Recovery Act (RCRA)
Facility Investigation (RFI), documented in the Preliminary Assessment/Site Inspection
(PA/SI) Report (CH2M HILL, 2008), and the SIZESI (CH2M HILL, 2010e), sufficiently
characterized the conceptual site model and nature and extent of contamination and were
therefore used to assess potential environmental and human health risks associated with
exposure to site environmental media. This information was then used to perform a focused
feasibility study that analyzed presumptive remedial alternatives at SWMU 1.

A presumptive remedy is a preferred technology that USEPA purports as being the most
appropriate remedy for a specific type of site, based upon past experience. The presumptive
remedy approach streamlines the site characterization data collection effort and risk
assessments and accelerates site-specific analysis of remedies by focusing the feasibility
study. Source containment is USEPA's established presumptive remedy for municipal
landfill sites regulated under CERCLA, which is also applicable to military landfills such as
SWMU 1 (USEPA, 1990 and 1996b).

Based on the above information, the objectives of this Streamlined RI/FS Report are:
Sufficiently characterize the nature and extent of contamination.

Assess human health and ecological risks based on actual (and potential) land use in
consideration of presumptive remedy.

Identify applicable or relevant and appropriate requirements (ARARS) and to-be-
considered (TBC) criteria that may affect the remedy selection at SWMU 1.

Develop remedial action objectives (RAOs).

Develop and evaluate presumptive remedial alternatives to mitigate risks to potential
receptors from exposure to environmental media at SWMU 1.

Pursuant to USEPA FS guidance (1988), the presumptive remedial alternatives are evaluated
according to their ability to meet the following evaluation criteria:

Overall protection of human health and the environment
Compliance with ARARs

Long-term effectiveness and permanence
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Reduction of toxicity, mobility, or volume
Short-term effectiveness
Implementability

Cost

State/Commonwealth acceptance
Community acceptance

The information presented herein will be used by the ERP Team to select presumptive
remedial alternative(s) that comply with the requirements of CERCLA and the National Oil
and Hazardous Substances Pollution Contingency Plan (NCP).

1.2 Site Background and History

This subsection provides a descriptive summary of the former VNTR and SWMU 1,
including site descriptions, environmental history, and previous investigations.

1.2.1 Former Vieques Naval Training Range

Vieques is located in the Caribbean Sea approximately 7 miles southeast of the eastern tip of
the island of Puerto Rico and 20 miles southwest of St. Thomas, U.S. Virgin Islands. Vieques
is the largest offshore island of the Commonwealth of Puerto Rico. It is approximately 20
miles long and 4.5 miles wide, and has an area of approximately 33,088 acres (51 square
miles).

The Navy purchased large portions of Vieques in the early 1940s to conduct activities
related to military training. The western end of Vieques within the former Naval
Ammunition Support Detachment (NASD) consisted mainly of ammunition loading and
storage, vehicle and facility maintenance, and some training. The eastern end of Vieques
was used for various aspects of naval gunfire training, including air-to-ground ordnance
delivery and amphibious landings, as well as housing the main base of operations for these
activities at Camp Garcia.

The former VNTR is located on the eastern one-third of the island, and comprises the
Surface Impact Area (SIA), Live Impact Area (LIA), and Eastern Conservation Area (ECA)
(the three comprising approximately 3,600 acres), as well as the adjacent and wholly
contiguous Eastern Maneuver Area (EMA), comprising approximately 11,000 acres. Figure
1-2 shows the locations of the EMA, SIA, LIA, ECA, and Camp Garcia on the former VNTR.

A RCRA Consent Order was signed in January 2000 that addressed known and potential
environmental sites suspected of hazardous constituent releases. SWMU 1 was included in
the RCRA Consent Order. On April 30, 2003, the Navy ceased training exercises on the
VNTR. Following termination of training operations on Vieques, the 14,573 acres of the
former VNTR were transferred to the jurisdiction of the Department of Interior (DOI), to be
managed by the USFWS as a National Wildlife Refuge pursuant to section 1049 of the
National Defense Authorization Act for Fiscal Year 2002 (Public Law 107-107). On February
11, 2005 the former Naval facilities on eastern and western Vieques were designated as a
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National Priority List (NPL) site, which put the environmental restoration program under
CERCLA.

122 SWMU1

SWMU 1 is located within the former VNTR, within the EMA, approximately 4,000 ft north-
northwest of Blue Beach (Figure 1-2). The landfill was not a permitted landfill and was
unlined and in operation from approximately 1954 to 1978, servicing an average population
of 150 individuals that were stationed at Camp Garcia (Greenleaf/Telesca and E&E, 1984).
This number experienced short-term increases during maneuvers and other military
exercises.

The landfill was used for the disposal of municipal waste such as waste paper, corrugated
containers, cans and food packaging material, rags, wood, scrap metal, and yard waste
(Kearney, 1988). Approximately 1,800 to 3,120 tons of waste was disposed in the landfill
(Puerto Rico Environmental Quality Board [PREQB], 1995). Interviews of base employees
indicated that one 5-ton dump truck was used every day, 5 days per week, to transport
waste to this site (Naval Facilities Engineering Command [NAVFACENGCOM], 2003). No
hazardous materials reportedly were placed in this disposal area (Greenleaf/Telesca and
E&E, 1984).

During landfill operation, the trench method of disposal was employed and land clearing
was kept to a minimum to minimize erosion potential. A bulldozer was used to dig a trench
into which materials were disposed; the trench was then covered with about 6 inches of soil
to control blowing of litter. A final 2-ft-thick soil cover, consisting of compacted native soils,
was placed over the trench (Greenleaf/Telesca and E&E, 1984; Kearney, 1988; and
NAVFACENGCOM, 2003). The landfill is vegetated and shows no signs of stress or erosion
(Kearney, 1988; CH2M HILL, 2001; and CH2M HILL, 2010e). However, during the ESI field
investigation, small, isolated areas of landfill waste (metal debris, drums, wood, etc.) were
identified exposed on the surface, either from soil erosion or incomplete placement of the 2-
ft-thick cover.

The operation of the landfill ceased in 1978, and since then all waste from the former VNTR
has been disposed in the Vieques municipal landfill. In the mid-1980s, a gravel road was
constructed over the dirt access road down the center of the landfill.

1.2.3 Previous Investigations

Previous environmental investigations that included or are otherwise relevant to SWMU 1
are summarized in Table 1-1. Table 1-2 summarizes the associated samples that were
collected, the media sampled, sampling rationale, analyses performed, sample
identifications, and depth of sampling (for soil) for the data included in this Streamlined
RI/FS Report. Each previous investigation is summarized below.

Environmental Impact Statement

An Environmental Impact Statement (Tippetts-Abbett-McCarthy-Stratton and Ecology and
Environment, Inc. [TAMS/E&E], 1979) was conducted from 1978 to 1979 to evaluate the
environmental impacts of the continued use of the Naval facilities on Vieques. This report
presents the history of military use and the types and quantities of munitions used on the
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VNTR. SWMU 1 is discussed briefly; the Environmental Impact Statement notes “The Navy
has submitted an application for a permit and an operating plan for the sanitary landfill at Camp
Garcia; however, a permit for this facility has not yet been issued by the EQB.”

Initial Assessment Study

The objective of this study (conducted in 1984) was to identify and assess sites posing
potential threats to human health or to the environment as a result of potential
contamination due to past hazardous waste operations. SWMU 1 is included in this study
and it was determined that no hazardous materials were placed in the disposal area and
that the wastes did not present a threat to groundwater and wildlife at the site
(Greenleaf/Telesca and E&E, 1984).

Phase Il RCRA Facility Assessment

The Phase 1l RCRA Facility Assessment (RFA) (Kearney, 1988) was conducted in 1988 to
evaluate past, present or potential releases of hazardous waste or hazardous constituents
from any unit or activity that involved management of solid waste. The report
recommended soil sampling at SWMU 1.

Revised RCRA Facility Assessment

This Revised RFA, prepared by the Land Pollution Control Area Hazardous Waste Bureau
of the Puerto Rico Environmental Quality Board (PREQB, 1995), identified SWMUs and
Areas of Concern (AOCs) that could have potential releases of hazardous wastes or
hazardous constituents at the former VNTR. The report recommended soil sampling at
SWMU 1.

Current Conditions Evaluation

The Description of Current Conditions Report (CH2M HILL, 2001) summarizes the Aerial
Photographic Analysis study (Environmental Research, Inc. [ERI], 2000) and discusses the
current conditions at SWMU 1 and other sites, based on an archive records search and
interviews with former employees. The aerial photographic analysis of the landfill indicated
that the fill area extended over an area of approximately 55 acres. This area has since been
revised by geophysical surveys and test pit excavations, as discussed in the PA/SI and
SI/ESI subsections below. The analysis of aerial photographs from 1959, 1962, 1964, and
1970 identified several apparent trenches and landfill cells, as well as ground scarring and
cleared vegetation, within the fill area, as shown in Figures 1-3 and 1-4.

The Aerial Photographic Analysis (ERI, 2000) can be found in Appendix A. It is important to
note that features identified by ERI on the aerial photographs are not necessarily accurate
because ERI did not perform a site visit to substantiate the features they noted in the aerial
photographs, and their photographic analysis was done many years after the aerial
photographs were taken.

Environmental Baseline Survey

The Environmental Baseline Survey (EBS) (NAVFACENGCOM, 2003) characterizes and
documents the existing environmental conditions on east Vieques in support of land
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transfer from the Navy to the DOI. SWMU 1 is identified in the EBS Report as requiring
further investigation.

Preliminary Assessment/Site Inspection (Phase | RCRA Facility Investigation)

In 2004, a Phase | RFI was conducted at SWMU 1. During the Phase | RFI, a geophysical
survey was conducted to identify where waste material was likely buried. Figure 1-5
identifies where subsurface anomalies were identified during the survey. The geophysical
survey results can be found in Appendix M of the Final PA/SI Report (CH2M HILL, 2008).
It was determined that although the Phase | RFI geophysical survey provided good
coverage of the landfill extent, it may not have extended far enough to identify the northern
and southern landfill boundaries. In addition, no invasive procedures were implemented
within the landfill to confirm the type of waste disposed.

As presented in the Phase | RFI Work Plan (CH2M HILL, 2003b), 50 surface soil samples
were collected throughout the landfill, focusing primarily on the areas where geophysical
anomalies were identified (Table 1-2 and Figure 1-5). All surface soil samples were
analyzed for Appendix I1X volatile organic compounds (VOCs), semi-volatile organic
compounds (SVOCs), pesticides, herbicides, polychlorinated biphenyls (PCBs), inorganics,
and explosives, including perchlorate. Five surface soil samples were additionally analyzed
for dioxins, cyanide, and sulfide. Site-specific soil borings are located in Appendix D of the
Final PA/SI Report (CH2M HILL, 2008).

Five monitoring wells were installed at SWMU 1 (Figure 1-5) during the Phase | RFI. Well
MWO01 was installed north of the landfill (as delineated by the 2004 geophysical survey) to
represent background conditions, while wells MW02 through MWO05 were installed along
the southern and southeastern boundary (as delineated by the 2004 geophysical survey) to
characterize downgradient groundwater conditions. For more information on groundwater
monitoring well activities see Appendices D and H through J of the Final PA/SI Report
(CH2M HILL, 2008).

East Vieques Background Soil Inorganics Investigation Report

The Background Soil Inorganics Investigation Report (CH2M HILL, 2007b) establishes the
representative background concentrations of soil inorganics that can be compared to site-
specific soil inorganic data to assess whether inorganic concentrations detected at a
particular environmental site are attributable to releases from these sites or consistent with
background levels.

Site Inspection/Expanded Site Inspection

In accordance with the Final SIZESI Sampling and Analysis Plan (SAP) (CH2M HILL,
2009a), a magnetic and electromagnetic geophysical survey was conducted to complete the
delineation of the landfill boundary (Figures 1-6 and 1-7). The survey area was based on
real-time results, extending to the northwest and southeast until the absence of debris was
confirmed. Forty-nine exploratory excavations (E-1 through E-49, as shown in Figures 1-6
and 1-7) were made along the extent of the geophysical survey to confirm the results of the
geophysical survey and absence of debris at the northern and southern extents. For more
information on the geophysical investigation activities, see Appendix H of the Final SIZESI
Report (CH2M HILL, 2010e). The combined PA/SI and ESI geophysical surveys, together
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with the exploratory excavations, determined that the landfill is approximately 41 acres, as
shown by the interpreted fill boundary in Figures 1-5 through 1-8.

In accordance with the Final SIZESI SAP (CH2M HILL, 2009a), to determine if hazardous
constituents had been released to ephemeral streams adjacent to the landfill, soil samples
were collected from seven locations within the ephemeral streams adjacent to and within
SWMU 1 (Table 1-2 and Figure 1-8). Samples were collected from the depositional areas of
the ephemeral streams. No standing water was observed at any of the ephemeral stream
sampling locations; therefore, all samples were collected as soil samples rather than surface
water and sediment samples. For site-specific boring logs of these samples, see Appendix A
of the Final SI/ESI Report (CH2M HILL, 2010e).

In accordance with the Final SIZESI SAP (CH2M HILL, 2009a), to delineate the nature and
extent of the landfill waste, test pitting and subsurface soil sampling was conducted at

20 locations. Test pits (TP01 through TP20) were spaced approximately evenly across the
landfill (Table 1-2 and Figures 1-6, and 1-7). At each location, a vertical profile of the waste
material and visual (and photographic) observation and identification of the material
encountered were conducted. Test pits confirmed the presence of the types of debris
consistent with municipal waste.

The location of each test pit was selected by the Vieques ERP Technical Subcommittee
during a site visit in January 2009. These locations were used as the starting location of the
trenches, which were expanded if no or insignificant debris was observed upon initial
excavation. Therefore, as shown in Figures 1-6 and 1-7 each test pit location can have a
number of associated trenches. For example, TP03 has eight associated trenches (TP03(1)
through TP03(8)); it was the final trench (TP03(8)) from which the soil samples were
collected.

Because the objective of soil sampling was to determine if the waste material has released
hazardous constituents to the surrounding soil, two types of soil samples were collected
from specific depths in each test pit. At each of the 20 test pit locations, a three-point
composite sample (SO01 through SO20) was collected from the soil surrounding the waste,
through the vertical waste profile (top, middle, and bottom). Additionally, a grab sample
(SBO1 through SB20) was collected from the 6-inch interval of soil immediately beneath the
waste to help determine whether there have been releases to underlying soil. For details of
the waste encountered and sampling activities in the test pits, see Appendix B and
Appendix | of the Final SIZESI Report (CH2M HILL, 2010e).

In accordance with the Final SIZESI SAP (CH2M HILL, 2009a), to provide data regarding
the groundwater quality directly below the landfill waste, and upgradient and
downgradient of the newly defined landfill boundary, seven additional groundwater
monitoring wells were installed during the SI/ESI (Table 1-2 and Figure 1-8). The existing
and additional monitoring wells provide a broad spatial coverage of the landfill, and
provide data in areas where releases are suspected or otherwise deemed to have higher
probability, based on visual (and photographic) observation. The seven newly installed
monitoring wells were developed, and all SWMU 1 monitoring wells were sampled. For
details of the ESI monitoring well installation and sampling activities see Appendices A, C,
D, E, F, and G of the Final SI/ESI Report (CH2M HILL, 2010e).
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1.3 Report Organization

The streamlined RI/FS report is organized as follows:
Section 1 - Introduction
Section 2 — Physical Characteristics
Section 3 — Nature and Extent of Contamination
Section 4 — Chemical Fate and Transport
Section 5 — Human Health Risk Assessment Summary
Section 6 — Ecological Risk Assessment Summary
Section 7 — Presumptive Remedy Approach and Remedial Action Objectives
Section 8 — Development and Description of Remedial Alternatives
Section 9 — Detailed Analysis of Remedial Alternatives
Section 10 — Conclusions and Recommended Remedial Alternative
Section 11 — References

Tables and figures are provided at the end of each respective section. Appendices are
provided electronically in portable document format (PDF) on a compact disk read-only
memory (CD-ROM).
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SECTION 2

Physical Characteristics

This section presents an evaluation of the SWMU 1 physical characteristics pertaining to the
surface features and conceptual hydrogeology of the site. The physical characteristics are
important to describe the primary mechanisms that control the fate and migration of
contaminants at the site. The physical and ecological characteristics also support the human
health and ecological risk assessments.

2.1 Physical Setting

This subsection summarizes the physical setting of SWMU 1, including meteorology,
topography, land and water use, surface water drainage, and the geology and
hydrogeology.

2.1.1 Meteorology

The climate of Vieques is characterized as warm and humid (tropical-marine). Temperatures
are nearly constant with an annual average temperature of about 79°F; August is the
warmest month, with an average temperature of 82°F and February the coolest, with an
average temperature of 76°F. Vieques lies in the path of the prevailing easterly trade winds,
regulating the climate. The trade winds result in a rainfall pattern characterized by a dry
season from December through April and a rainy season from May through November. Due
to tropical low pressure systems carried by the trade winds, heavy precipitation results from
tropical storms and occasional hurricanes from July to November. The island’s average
rainfall is approximately 36 inches, with extremes of 25 inches in the east and 45 to 50 inches
in the west.

2.1.2 Topography

SWMU 1 is situated in a valley that gently slopes over a ¥ mile from its northwestern extent
to the southeastern boundary with an approximate 55-foot (ft) elevation change; it is
bounded by steep hills to the west and an ephemeral stream and steep hills to the east
(Figure 2-1).

2.1.3 Land and Water Use

The former VNTR occupies 14,573 acres, most of which is undeveloped, and is bound by the
Vieques Sound to the north, and the Caribbean Sea to the south and east. The former VNTR
is currently owned by DOI and managed by USFWS as part of the National Wildlife Refuge
System. The site is restricted from the public.

Conservation Zones were established at the former VNTR in accordance with a 1983
Memorandum of Understanding (MOU) between the Commonwealth of Puerto Rico and
the Navy. Under former Navy operational guidelines, Class I areas could not be used for
purposes other than conservation, were protected from damaging activities, and were
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managed to protect and maintain their natural value. Class Il areas were managed to protect
various environmentally sensitive habitats and natural areas. Certain restricted military and
civilian uses were permitted in these Class Il areas. Conservations Zones in the vicinity of
SWMU 1 are shown in Figure 2-1. The southern portion of SWMU 1 is located within Bahia
de la Chiva Conservation Zone (Class Il), which is located on the southern coastline of
Vieqgues. The ‘Borrow Pit,” a quarry for road fill material, is located within this conservation
zone as are a 15.2 acre ephemeral lagoon, Blue Beach and Isla Chiva. This area is an
important nesting habitat for sea turtles, is home to a variety of mangrove species, as well as
containing an offshore seagrass habitat (Geo-Marine, 2003).

The South Coast Bays Conservation Zone (Class I) is located on the southern coastline of
Vieques, and directly south of SWMU 1 and Camp Garcia. Two bays at this location, Bahia
Tapon and Puerto Mosquito, have bioluminescent properties and are valuable tourism
resources for the island (Geo-Marine, 2003).

The intent of the conservation zones is preservation of these unique areas as important
components of the overall environmental health of Vieques. DOI has developed a
Comprehensive Conservation Plan (CCP) for the Vieques National Wildlife Refuge that
outlines its concept for managing the refuge (USFWS, 2007). Information in this CCP is
included in environmental restoration evaluations and determinations for the former VNTR,
as applicable.

Groundwater beneath SWMU 1 is classified by the Commonwealth of Puerto Rico as SG.
Groundwater is currently not used as a potable water source at or in the vicinity of SWMU
1, and there are no plans for potable use of groundwater in this area. The Esperanza aquifer
previously supplied drinking water to Camp Garcia and Observation Post 1 (OP-1) prior to
1978. The Puerto Rico Aqueduct and Sewer Authority (PRASA) provided the water through
a series of 16 wells that pumped approximately 450,000 gallons per day (gpd) of water.
These wells are no longer active because the groundwater supply was replaced by the
installation of a water pipeline from the main island of Puerto Rico to Vieques in 1978 that
has since supplied the potable water for Vieques from the Rio Blanco.

2.1.4 Surface Water Hydrology

SWMU 1 is bounded by an ephemeral stream that runs along the eastern boundary of the
landfill as shown Figure 2-2, and visible in the historical aerial photographs shown in
Figure 1-3. The stretch of ephemeral stream adjacent to the upgradient third of the landfill is
higher energy than that adjacent to the remaining two thirds of the landfill. This is evident
from a well-defined channel, coarse-grained sand, and sparse vegetation within the stream
bed from the northern landfill boundary to sample location SO22 (Figure 1-8); south of this
location, the ephemeral stream is nearly flat with no readily observable banks, more diverse
grain sizes, more dense vegetation, and an undulating surface. A second, shorter ephemeral
stream lies within the south-central portion of the landfill. Based on its geographic location
toward the southern part of the island, surface runoff at SWMU 1 is anticipated to generally
flow south toward the Caribbean Sea. There was no water present in either ephemeral
stream during the several months the SIZESI fieldwork was conducted (CH2M HILL,
2010e).

2-2 ES101510022245TPA



2 - PHYSICAL CHARACTERISTICS

2.1.5 Hydrogeology

Geology

The geology of Vieques is characterized by volcanic rocks intruded later by plutonic rocks,
and generally overlain by marine sedimentary rocks and alluvial deposits. VVolcanic
andesites of late Cretaceous age were deposited in a marine environment and intruded by a
guartz-diorite pluton of late Cretaceous to Eocene age (U.S. Geological Survey [USGS],
1989).

Much of the igneous bedrock is exposed over the island with exceptions where it is overlain
by limestone of Tertiary age and alluvial, beach, and swamp deposits of Quaternary age.
Limestone only occurs within portions of the north, south, and eastern parts of the island.
Alluvial sedimentary deposits generally consist of sand with percentages of silt, clay and
gravel, generated from the weathering of bedrock. These deposits generally occur in valleys
and near the ocean. Geophysical surveys show that the alluvial deposits average about 30 ft
in thickness and overlie bedrock composed of granodiorite and quartz diorite (USGS, 1989).
Five general categories are present in eastern Vieques:

1. Qa- Alluvial deposits (sand, silt, and clay)

2. Qb - Beach and dune deposits (calcite, quartz, volcanic rock fragments and minor
magnetite)

3. TI - Marine sedimentary rocks (report indicated variable limestones)
4. Kv - Sandstone, siltstone, conglomerate, lava, tuff, and tuffaceous breccia
5. KTd - Plutonic rock made up largely of granodiorite and quartz diorite

Figure 2-3 shows where SWMU 1 lies with respect to each geologic zone. SMWU-1 crosses
geologic zones Kv and Qa. Soil on Vieques is predominantly chemically weathered
remnants of parent bedrock due to the climate conditions and that the parent rock type is
susceptible to chemical weathering.

Monitoring well lithologic data from the PA/SI and ESI provide descriptions of the SWMU
1 subsurface geology. Two geologic cross-sections of the site are shown in Figures 2-4 and 2-
5. The unconsolidated geology encountered during drilling operations is similar in nature to
other alluvial systems in Vieques, overlaying the substratum, with sand, clay, silt, and
gravel to depths between 15 ft below ground surface (bgs) and 30 ft bgs, describing an
ephemeral alluvial depositional environment. Soils encountered at the site along cross
section transects A-A’ and B-B’ are similar from the northwest to the southeast.

SWMU 1 substratum includes Cretaceous aged andesite and late Cretaceous to Eocene
quartz diorite/granodiorite saprolite (USGS, 1989). Bedrock was encountered from the
surface to 35 ft bgs with the shallowest bedrock located at the abandoned boring
CGW1MW12 (Figure 1-8). CGW1MW12 was bored into andesite porphyry to a total depth
of 100’ bgs. Video logs show that the andesite is a solid mass with relatively few crevices,
cracks, or breaks. This is evidence of the andesite’s greater impermeability and chemical
resistance to erosion. The borehole for CGW1MW12 was abandoned when it was
determined to be insufficiently hydraulically connected to the fractured rock aquifer to be of
use as a background monitoring well. However, well CGW1MW13 was installed to serve
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this purpose. Workers installing monitoring wells MW02, MW03, MW04 and MW13
reported passing into or through an andesite gravel (weathered) layer. MW04 and MW13
extended past the gravel layer into the parent body andesite.

Saprolite encountered at this site was found in a variety of locations beginning with MW09,
and was found in all but a few wells to the southeastern border of SWMU 1. Upper and
lower saprolite are well represented by monitoring wells MW06, MWO07, MW08 and MW09,
where MW10 appears to have breached only the upper saprolite layer. The saprolite is
believed to be the weathered material of quartz diorite/granodiorite that intruded into the
andesite.

Hydrostratigraphy

The two main aquifers on Vieques are the Esperenza and Resolucion Valley aquifers that are
recharged by rainfall. The Esperenza Valley aquifer occurs within the central portion of the
island, and the Resolucidn Valley aquifer occurs within the western portion of the island
where it slopes from Mount Pirata toward the Vieques Passage.

The groundwater on eastern Vieques occurs in both the unconsolidated alluvial deposits
and the saprolite and bedrock. The Esperanza Aquifer is a groundwater aquifer within
alluvial deposits, located beneath the southern portion of the island and includes the area
near Camp Garcia. The location of Camp Garcia and SWMU 1 in relation to these two
aquifers is shown in Figure 2-6. Groundwater at SWMU 1 is not likely associated with the
Esperanza Valley aquifer.

Perched groundwater within the vadose zone was encountered during the drilling of MWO01
and MWO09 (Figure 2-4). Perched groundwater is discontinuous and localized at the site.
Monitoring well MWO01 was completed within the perched groundwater zone. All other
wells were completed in the saturated zone.

Groundwater Flow

Groundwater flow direction was estimated based on the groundwater elevations from 11
monitoring wells installed at the site. Groundwater level data collected in June 2009 is
presented in Table 2-1, and is shown in a groundwater elevation contour map (Figure 2-7).
Monitoring well MWO05 was abandoned in March 2009 since it had been damaged by a
vehicle. Monitoring well MW10 was its replacement.

The groundwater table at SWMU 1 ranged in elevation from 23.12 (MW13) to -2.93 (MW11)
ft above mean sea level (amsl) in June 2009. Groundwater flow in the unconfined aquifer
was generally to the south-southwest in the northern portion of the site at an average
horizontal hydraulic gradient of 0.01 ft/ft and to the southeast in the southern portion of the
site at an average horizontal hydraulic gradient of 0.006 ft/ft. Based on the average
hydraulic conductivities (12.2 and 2.3 ft/day) observed within the saprolite and alluvial
aquifer at other sites (such as SWMU 4 and AOC R in the western portion of Vieques
[CH2M HILL, 2009b and 2010c]), an effective porosity (0.30), and the average hydraulic
gradients, the estimated groundwater flow velocity likely ranges from 17 to 158 ft/year (yr).
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General Groundwater Geochemistry

The general groundwater geochemistry at SWMU 1 is brackish, with total dissolved solids
(TDS) concentrations ranging from 1,400 milligrams per liter (mg/L) (MWQ9) to 18,000
mg/L (MW11). Salinity and TDS concentrations measured from the monitoring wells in
2009 are shown in Table 2-2. The southernmost wells are likely influenced by seawater
intrusion from the nearby ocean.

2.2 Ecological Setting

SWMU 1 is densely vegetated, dominated by thick thorn scrub habitat throughout most of
the site, along with some mixed upland forest habitat in portions where landfill activities
did not occur. SWMU 1 contains terrestrial upland habitat, and does not directly encompass
aquatic habitats (freshwater or marine).

Plant and animal community information provided in the Integrated Natural Resources
Management Plan (Geo-Marine, 2003) for the SWMU 1 area are summarized in Section 6 of
this Streamlined RI/FS Report. A variety of the birds, insects, reptiles, amphibians, and
mammals described in Section 6 likely occur at SWMU 1.

Six federally listed plant species are known to occur, or have the potential to occur, in
upland habitats on the east side of Vieques (Table 2-3), although none has been identified
during site visits at SWMU 1. A protected plant species survey was conducted at SWMU 1
by CH2M HILL in September 2008, prior to site preparation activities (vegetation clearance)
to support the ESI sampling event. Biologists walked several transects throughout the site,
and no federally protected plant species were observed at SWMU 1.

More details of the ecological setting are provided in Section 6.
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SECTION 3

Nature and Extent of Contamination

This section presents an evaluation of the nature and extent of contamination at SWMU 1.
The nature and extent of contamination provides fundamental information to the evaluation
of contaminant fate and transport and potential risks.

3.1 Data Evaluation

Soil and groundwater analytical data collected during the PA/SI and the SIZESI were used
to characterize the nature and extent of contamination and to assess potential risks to
human health and the environment at SWMU 1. Information on the evaluation of the data
from these environmental investigations to meet the Data Quality Objectives is discussed
below.

3.1.1 Data Validation

Third-party validation was performed on the analytical data reports from each
investigation. Validation procedures established by the national functional guidelines for
organic (USEPA, 1999) and inorganic analyses (USEPA, 1994a) were followed during the
validation process. Validation provides proper perspective on data availability and
usability. Environmental Data Services, Inc. of Concord, New Hampshire provided data
validation services for data collected as part of the PA/SI. DataQual Environmental
Services, LLC. of St. Louis, Missouri provided data validation services for the data collected
as part of the SIZESI.

A data quality evaluation was performed on the analytical data in accordance with Master
Work Plan (CH2M HILL, 2003a) and the Final Master QAPP (CH2M HILL, 2007a), the
master documents that were in effect at the times the PA/SI and SIZESI, respectively, were
conducted. Areas of review (when applicable to the method) include holding time
compliance, calibration, verification, blank results, matrix spike precision and accuracy,
method accuracy as demonstrated by laboratory confirmation samples, field duplicate
results, surrogate recoveries, internal standard performance, and interference checks.
Results of the evaluation are summarized in Appendix N of the Final PA/SI Report (CH2M
HILL, 2008) and Appendix M of the Final SIZESI Report (CH2M HILL, 2010e).

3.1.2 Regulatory Standards and Risk-Based Screening Values

The processes used to evaluate risks to human and ecological receptors and the
consideration of a constituent as a Chemical of Concern (COC) are discussed in Sections 5
and 6. However, to determine the nature of soil and groundwater contamination within
SWMU 1, analytes were compared, as applicable, to the following screening values:

Soil sample results were screened against:

USEPA Regional Screening Levels (RSLs) for residential soil (May 2010), adjusted as
appropriate (for non-carcinogenic effects).
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Site-specific Soil Screening Levels (SSLs), Migration to Groundwater — Site-specific
Dilution Attenuation Factor (DAF) of 1 calculated as per USEPA guidance (USEPA,
1996a); details of the SSL calculations are included in Appendix B.

Site-specific Soil Screening and Remediation Goals (SSRGs), Migration to
Groundwater - Site-specific DAF of 1 calculated as per USEPA guidance (Kargbo,
2009); details of the SSRG calculations are included in Appendix B.

Ecological (Eco) Screening Levels (surface soil only).

East Vieques background (BKG) soil inorganics upper tolerance limits (CH2M HILL,
2007D).

Groundwater sample results were screened against:

USEPA RSLs for Tap Water (May 2010), adjusted as appropriate (for non-
carcinogenic effects).

Federal Safe Drinking Water Act (Title 40 of the Code of Federal Regulations [CFR],
Part 141) primary maximum contaminant levels (MCLs) and secondary MCLs.

Puerto Rico Water Quality Standards (PRWQS) Regulation, March 2010.

Background concentrations measured from upgradient SWMU 1 monitoring well
MW13. For any particular inorganic constituent, true background is a range of
concentrations, not a single concentration. The concentration from a single well
represents only a point in that range of concentrations.

3.2 Distribution of Contamination

This subsection discusses the nature and extent of contamination based on the summary of
analytical results and characterization of the landfill debris. The spatial distribution of
samples collected at SWMU 1 provides sufficient coverage of the environmental media at
the site to assess the nature and extent of contamination. In total, 125 soil and 17
groundwater samples were collected at SWMU 1 (including duplicates and re-samples, as
outlined below).

Because the objective of subsurface soil sampling within the landfill was to determine if the
waste material has released hazardous constituents to the surrounding soil, two types of
subsurface soil samples were collected within the landfill. At each of the 20 test pit locations,
a three-point composite sample (SO01 through SO20) was collected from the soil
surrounding the waste, through the vertical waste profile (top, middle, and bottom).
Additionally, a grab sample (SB01 through SB20) was collected from the 6-inch interval of
soil immediately beneath the waste to help determine whether there have been releases to
soil. Exceptions to the sampling and naming protocol are outlined below.

At test pits TP01 and TP04 through TPO06, the VOC analysis for the initial sample
(VEWO01-SO0X-0209) was processed as a grab sample (i.e., the three Encore samples were
not composited in the lab as per the SAP), where “X” is the test pit location. The VOC
portion of these samples was then renamed VEW01-SB0X-0209A, and the results are
included in this report as additional data points. The VOC sample was subsequently re-
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collected and named VEWO01-SO0X-0309, and the three Encores were composited in the
lab as per the SAP.

At TP08, the VOC analysis for the initial sample VEW01-SO08-0309 was processed as a
grab sample; the three Encore samples were not composited in the lab as per the SAP.
The VOC portion of the sample was renamed VEWO01-SB08-0309A, and the results are
included in this report. The entire sample was collected a second time and renamed
VEWO01-SO08-0309, and the three Encores were composited in the lab as per the SAP.
The results for VEW01-SO08-0309 and VEW01-SO08-0309A will be treated as a duplicate
sample, except in the case of VOC:s.

At TP13 and TP18, the Encore sampler was compromised during shipment; therefore,
the sample (VEWO01-SB13-44H-0409 and VEW01-SB18-9H10-0409) was re-collected for
VOCs and moisture content, and the new VOC samples were named (VEW01-SB13-44H-
0409A and VEWO01-SB18-9H10-0409A).

Constituent concentrations detected in environmental media at SWMU 1 are summarized in
Tables 3-1 through 3-5, and shown spatially in Figures 3-2 through 3-14. Laboratory
analytical reports from the PA/SI are included in Appendix O of the Final PA/SI Report
(CH2M HILL, 2008). Laboratory analytical reports from the ESI are included in Appendix K
of the Final SIZESI Report (CH2M HILL, 2010e).

3.2.1 Landfill Debris

Test pitting confirmed historical reports that the landfill was used for the disposal of
municipal waste such as waste paper, corrugated containers, cans and food packaging
material, rags, wood, scrap metal, and yard waste, along with other types of debris
consistent with municipal-type debris. Several munitions-related items (i.e., spent
ammunition, small arm cartridges, and practice items) were also observed.

Magnetic and electromagnetic geophysical surveys and exploratory excavations conducted
during the PA/SI and SIZESI characterized the extent of the landfill debris to an area of
approximately 41 acres at SWMU 1 (Figures 1-5, 1-6, and 1-7). The horizontal extent of the
landfill debris based on the surveys and excavations is shown in the distribution of
contamination figures in this section (Figures 3-1 through 3-13). The depth of landfill debris
was variable across the site. Landfill debris was observed to a maximum depth of
approximately 10.5 feet below ground surface (ft bgs).

3.2.2 Soil

Tables 3-1 through 3-4 and Figures 3-1 through 3-9b present the VOCs, SVOCs, pesticides,
PCBs, herbicides, dioxin/furans, explosives, and inorganics that were detected in surface
and/or subsurface soil at SWMU 1 and identify the Chemicals of Potential Concern
(COPCs) (i.e., screening criteria exceedances). The discussion of the distribution of
contamination below is presented by chemical group and by soil type (i.e., surface and
subsurface soil within the landfill extent, and surface and subsurface soil outside the landfill
extent and within the ephemeral stream).

Surface soil samples collected from within the landfill debris represent landfill soil cover
conditions. Detected concentrations within these samples are not likely attributable to
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releases from the landfill since the soil samples were collected from depths where the soil
cover is not in contact with the landfill debris. Subsurface soil samples from within and
beneath the landfill and surface and subsurface soil samples located outside the landfill
extent and within the ephemeral stream sufficiently characterize the nature and extent of
contamination within soil at SWMU 1.

To determine the leaching potential of chemicals in soil into groundwater, soil
concentrations protective of the groundwater were calculated using the SSRG model
developed by USEPA (USEPA, 2009), in addition to comparison the SSLs. The SSRG model
is a one-dimensional, steady state, vadose zone contaminant fate and transport model which
is designed to proved estimates of contaminant migration to groundwater and calculate site-
specific remediation goals. Details of the SSRG model inputs and results are presented in
Appendix B. In addition, groundwater data collected in 2009 represents between 30 and 55
years (since landfill operation and closure) for contaminants to potentially leach from the
landfill and soil to groundwater. Where appropriate, a discussion of the findings in
groundwater is provided below in the context of soil leachability. The nature and extent of
chemicals in groundwater is discussed in Section 3.2.3.

Volatile Organic Compounds

Two VOCs (methylene chloride and styrene) were detected in the surface soil of the cover
material at SWMU 1 (Table 3-1 and Figure 3-2). No VOCs were detected in the ephemeral
stream surface soil (Table 3-2). One VOC (acetone) was detected in the subsurface soil of the
ephemeral stream samples (Table 3-4 and Figure 3-3b). No VOCs were detected in the test
pit composite samples and subsurface soil samples collected in the test pits (Table 3-3 and
Figure 3-3a and 3-3b). No VOCs were detected above screening criteria.

Semi-Volatile Organic Compounds

Twenty-one SVOCs were detected in soil at SWMU 1 (Tables 3-1 through 3-4 and Figures 3-
1 through 3-2b). Only benzo(a)pyrene exceeded a screening criterion (adjusted residential
RSL of 15 micrograms per kilogram [ g/kg]) in soil, and at only one surface soil sample
(located within the extent of the landfill debris at a concentration of 46) g/kg). No SVOCs
were observed above screening criteria in surface soil outside the extent of the landfill and
in subsurface soil within and outside the extent of the landfill.

Pesticides/PCBs

Twelve pesticides and four PCBs were detected in soil at SWMU 1 (Tables 3-1 through 3-4
and Figures 3-3 through 3-4b). The pesticides 4-4’-dichlorodiphenyldichloroethane (DDD),
4,4’-dichlorodiphenyldichloroethylene (DDE), 4-4’-dichlorodiphenyltrichloroethane (DDT),
dieldrin, endrin, endrin ketone, and gamma-chlordane were detected above a screening
criterion in surface soil and/or subsurface soil, but only within the extent of the landfill
debris.

The maximum concentrations of 4,4’-DDE, 4-4’-DDT, and endrin ketone within surface soil
were 190, 58J, and 4.9) g/kg, respectively, similar to concentrations detected at other
Vieques sites (CH2M HILL, 2010e), which suggests their concentrations are attributable to
normal pesticide use and not a CERCLA-related release. Pesticides and herbicides were
commonly applied to the soil at DoD facilities to control pests and weeds, which may have
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resulted in pesticides and herbicides accumulating in environmental media. The legal
application of pesticides and herbicides is not a CERCLA-related release and is, therefore,
not subject to regulation under CERCLA.

Maximum concentrations of 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, dieldrin, endrin, and gamma-
chlordane of 700,000, 71,000, 38,000, 130,000, 7,600, and 35,000 g/kg, respectively, in
subsurface soil suggest that pesticides were disposed of at the landfill, possibly in used
pesticide containers. These constituents exceeded screening criteria in localized areas within
the extent of the landfill debris, further supporting that they are associated with isolated
debris (such as containers) within the landfill. Pesticides were not observed above screening
criteria within subsurface soil beneath the landfill debris. Pesticides were also observed
below their respective SSRGs and were not detected in site groundwater. It is important to
note that pesticides were not detected in site groundwater, which indicates they are not
leaching to groundwater given that the landfilling activities at SWMU 1 began 55 years and
ceased more than 30 years prior to the latest groundwater sampling (i.e., between
approximately 30 and 55 years of opportunity to leach to groundwater).

PCBs (Aroclor-1254) exceeded a screening criterion (adjusted residential RSL) at only one
subsurface soil sample within the extent of the landfill debris, with a concentration of
58,000) g/kg. Aroclor-1254 was detected in the ephemeral streams’ two most
downgradient subsurface soil samples, but at concentrations approximately an order of
magnitude below the residential screening criterion. PCBs were not detected in subsurface
soil beneath the landfill or in groundwater.

Explosives

Perchlorate was the only explosive constituent detected in soil at SWMU 1 (Tables 3-1
through 3-4 and Figures 3-5 and 3-6). However, all perchlorate concentrations were orders
of magnitude below risk-based screening criteria.

Dioxins

Six dioxin congeners were detected in surface soil at SWMU 1. Individual congener
concentrations in each sample were translated into 2,3,7,8- tetrachlorodibenzo-p-dioxin
(TCDD) Toxic Equivalents (Eq.) concentrations and compared to the risk-based screening
criteria for 2,3,7,8-TCDD (Table 3-1 and Figure 3-7). The highest dioxin concentration at
SWMU 1 (in 2,3,7,8-TCDD Eq.) is approximately 7.1 parts per trillion (ppt), which is an
order of magnitude or more below the 72 ppt (2,3,7,8-TCDD Eq.) starting point
concentration for developing cleanup levels for residential soil, and the 950 ppt (2,3,7,8-
TCDD Eq.) starting point for developing cleanup levels for commercial/industrial soil,
proposed by USEPA in the “Draft Recommended Interim Preliminary Remediation Goals
for Dioxin in Soil at CERCLA and RCRA Sites” (USEPA, 2009).

Inorganic Constituents

Inorganic constituents (also referred to as “metals”) detected at SWMU 1 may be either site-
related (i.e., associated with releases from landfilled debris) or non-site related (i.e.,
naturally occurring, background). In addition to risk-based and leaching criteria,
concentrations of inorganics detected at SWMU 1 (Tables 3-1 through 3-4, and Figures 3-8
through 3-9b) were compared to the background soil inorganic dataset compiled for the
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former VNTR (CH2M HILL, 2007b) to help distinguish site-related inorganics
concentrations from background. Note, the discussion below references the background
UTL values. The reader is referred to Tables 3-1 to 3-4 which lists the range of background
concentrations for each constituent.

Surface Soil within Landfill Cover

Arsenic, chromium, cobalt, copper, lead, mercury, selenium, thallium, tin, vanadium, and
zinc were observed above screening criteria within the surface soil landfill cover at SWMU
1. Each detected inorganic constituent above screening criteria is discussed below.

Thallium, selenium, and zinc were the most common inorganic constituents that
exceeded background concentrations and screening criteria within the surface soil
landfill cover (44, 35, and 13 of 50 surface soil samples, respectively). The maximum
concentrations of thallium, selenium, and zinc were 4.4J), 1.4, and 521 milligrams per
kilogram (mg/kg), respectively (above their respective background concentrations of
0.13, 0.51, and 32 mg/kg). However, the thallium concentrations reported for the
samples collected in 2004 were from an analytical method that tended to provide falsely
elevated results and are not likely representative of actual site conditions (CH2M HILL,
2010e). Selenium can be associated with pigments in a variety of industrial products;
however, it is also included in pesticide formulations and the occurrence of selenium at
the site may be associated with normal pesticide use. Zinc concentrations were slightly
above background concentrations and the ecological screening criterion, except at two
localized areas where concentrations exceeded the background concentration by 7 and
16-times.

Arsenic, chromium, cobalt, copper, lead, mercury, tin, and vanadium were detected less
frequently (in less than 7 of 50 surface soil samples) above background concentrations
and screening criteria within the surface soil landfill cover. The maximum
concentrations of arsenic (4.3 mg/kg), chromium (113J mg/kg), cobalt (72 mg/kg),
copper (145 mg/kg), and vanadium (192 mg/kg) slightly exceeded their respective
background concentrations. Concentrations of arsenic up to 5 mg/kg were detected
during the background investigation (CH2M HILL, 2007). Lead and mercury exceeded
background concentrations from approximately 3 to 7-times the background
concentration and tin does not have an established background concentration.

Subsurface Soil within Landfill Debris

Subsurface soil composite samples were collected from test pits to characterize the soil
within the vertical extent of the landfill debris (i.e., from the top, middle, and bottom of the
landfill debris profile). Aluminum, antimony, arsenic, barium, chromium, cobalt, copper,
iron, lead, manganese, nickel, selenium, vanadium, and zinc were observed above
background concentrations and screening criteria in subsurface soil within the extent of the
landfill debris. Each detected inorganic constituent above screening criteria is discussed
below.

Iron and lead were the most frequently observed (in 14 of the 20 test pits) above
background concentrations and screening criteria. Maximum concentrations of iron
(153,000 mg/kg) and lead (1,860 mg/kg) were higher than the background
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concentrations of 43,200 and 3.3 mg/kg, respectively. Iron and lead are likely associated
with metallic items within the landfill.

Antimony, arsenic, cobalt, copper, and selenium exceeded background levels and
screening criteria in 7 to 11 of the 20 test pits. The maximum concentrations of antimony
(174 mg/kg), arsenic (35) mg/kg), and copper (23,400 mg/kg) relative to their
respective background concentrations of 5.8, 1.6, and 94 mg/kg indicate they are likely
related to the landfill debris material. Maximum concentrations of cobalt (43 mg/kg)
and selenium (0.83 mg/kg) were slightly higher than their respective background
concentrations of 26 and 0.51 mg/kg, and most are likely related to background.

Aluminum, barium, chromium, manganese, nickel, vanadium, and zinc were detected
above background concentrations and screening criteria in less than 5 of 20 test pits.
Only the maximum concentrations of chromium (2,320J mg/kg), nickel (434J mg/kg),
and zinc (2,470 mg/kg), relative to their respective background concentrations of 72, 41,
and 32 mg/kg, suggest that at least some of them are likely attributable to metallic
debris in the landfill. Maximum concentrations of aluminum (45,400 mg/kg), barium
(514 mg/kg), manganese (2,440 mg/kg), and vanadium (530J mg/kg) slightly exceeded
their respective background concentrations of 35,000, 212, 1,630, and 144 mg/kg, and
most are likely attributable to background.

Subsurface Soil beneath Landfill Debris

Subsurface soil grab samples were collected beneath the landfill debris to characterize the
potential for leaching to groundwater. Aluminum, arsenic, chromium, cobalt, iron, lead,
selenium, and vanadium were detected above background concentrations and screening
criteria in subsurface soil beneath the landfill debris. Each detected constituent is discussed
below.

The maximum concentration of lead (117 mg/kg) was significantly higher than the
background concentration of 3.3 mg/kg. Therefore, its presence in the subsurface soil is
likely the result of a release. However, lead was not observed above screening criteria in
groundwater.

Maximum concentrations of aluminum (39,800 mg/kg), arsenic (3.0 mg/Zkg), chromium
(85 mg/kq), cobalt (43 mg/kg), iron (56,500 mg/kg), selenium (0.83 mg/kg), and
vanadium (225 mg/kg) only slightly exceeded the background concentrations and are
most likely attributable to background.

With the landfill being closed for over 30 years, these inorganic constituents were detected
below or only slightly above background concentrations in groundwater. This indicates that
the potential leachability from soil to groundwater was and will not be significant. Details of
the inorganic constituents detected in groundwater are discussed in Section 3.2.3.

Ephemeral Stream Soil

Aluminum, arsenic, chromium, cobalt, iron, selenium, and vanadium were detected in
ephemeral stream surface and subsurface soil above background concentrations and
screening criteria. The maximum concentrations of aluminum (48,000 mg/kg), arsenic (3.8
mg/kg), chromium (78 mg/kg), cobalt (35 mg/kg), iron (50,100 mg/kg), selenium (0.88
mg/kg), and vanadium (196 mg/kg) were at or only slightly above their respective
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background concentrations of 35,000, 1.6, 72, 28, 43,200, 0.51, and 144 mg/kg. Each inorganic
constituent is likely attributable to background, especially considering the other ephemeral
stream data.

3.2.3 Groundwater

The monitoring well network at SWMU 1 consists of 11 wells that provide the basis for
defining the nature and extent of contamination in groundwater. Monitoring well MW-05
was abandoned in March 2009 since it was damaged by a vehicle. Monitoring well
CGW1MWO01 was installed to be a background well, but was ultimately found be dry part of
the time (due to its installation in a perched water zone) and not to be upgradient of the
northern extent of the landfill boundary. Therefore, monitoring well CGW1MW13 was
installed upgradient of northern landfill boundary as a background well. Monitoring wells
CGW1MWO04, 06, 07, 08, and 09 were placed within the landfill boundaries to characterize
potential releases from the landfill to the underlying groundwater. Monitoring wells
CGW1MWO02, 03, 05, 10, and 11 were placed hydraulically downgradient from the SWMU 1
landfill to help determine if contaminated groundwater has migrated from beneath the
landfill. Table 3-5 and Figures 3-10 through 3-13 present the VOCs, SVOCs, pesticides,
PCBs, herbicides, dioxins/furans, explosives, and inorganics detected in groundwater, and
identify COPC:s (i.e., screening criteria exceedances).

Groundwater data collected in 2009 represents between 30 and 55 years (since landfill
operation and closure) for contaminants to potentially leach from the landfill to
groundwater and to migrate within groundwater. A discussion of the nature and extent of
contamination, by contaminant type, in groundwater is presented below.

Volatile Organic Compounds

Nine VOCs were detected in groundwater: 1,1-dichloroethene (1,1-DCE), 1,4-
dichlorobenzene, acetone, benzene, carbon disulfide, chloroform, chloromethane,
tetrachloroethene (PCE), and vinyl chloride (Table 3-5 and Figure 3-10). However, only
chloroform was detected above a screening criterion (adjusted tap water RSL of 0.39
micrograms per liter [ug/L]), at one monitoring well located within the extent of the landfill
debris, with a concentration of 3.0 ug/L. Chloroform can be derived from natural processes,
but can also be associated with production of cleansers that may have been used at Camp
Garcia. However, the relatively few VOC detections in groundwater at SWMU 1 and the
low concentrations detected indicate leaching of VOCs to groundwater has been
insignificant, especially considering the debris has been in place for between 30 and 55
years. These results are anticipated given that only low concentrations of VOCs were
detected in landfill soil samples.

Semi-Volatile Organic Compounds

Only one SVOC (bis(2-ethylhexyl)phthalate) was detected at the site, but at concentrations
below screening criteria (Table 3-5 and Figure 3-10). Bis(2-ethylhexyl)phthalate is a
common laboratory contaminant, but is also associated with plastics that may have been a
component of debris disposed of in the landfill. Nevertheless, that it was detected in only
one well and at such a low level indicates leaching of this SVOC to groundwater is
insignificant.
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Pesticides/PCBs
No pesticides or PCBs were detected in any groundwater samples (Table 3-5).

Dioxins
No dioxins/furans were detected in any groundwater samples (Table 3-5).

Explosives

Perchlorate was the only explosives constituent detected at the site, but all concentrations
within or downgradient of the landfill are below the screening criterion (Table 3-5 and
Figure 3-11). The maximum perchlorate concentration of 2.6 pg/L was detected at the
upgradient monitoring well. There are no known potential sources of perchlorate located
upgradient of the site.

Perchlorates were used in tracers, flares, smokes, and other pyrotechnics, and ammonium
and potassium perchlorate were used as the oxidizer components and primary ingredient in
solid propellants for rockets and missiles. These items were not found within the landfill
debris at SWMU 1. Numerous studies are currently underway by other agencies to
investigate the natural occurrence of perchlorate. Perchlorate occurs naturally in some
minerals, is formed under evaporative conditions, and can be produced in the atmosphere
or from surface oxidation. Perchlorate has also been detected in groundwater at other sites
on Vieques where no sources are expected (such as AOC R) (CH2M HILL, 2010c).
Regardless of the source, none of the concentrations exceeds the risk-based screening
criterion.

Inorganic Constituents

One groundwater sample was collected from upgradient monitoring well MW-13 for
comparison to site groundwater data (Table 3-5 and Figures 3-12 and 3-13). No inorganic
constituents were detected above screening criteria at this well. It is also important to note
that MW-13 is not influenced by seawater intrusion from the ocean, as compared to other
downgradient monitoring wells, which may have influenced, at least in part, the higher
concentrations of some inorganics in the downgradient wells. Inorganics detected above
background concentrations and screening criteria within groundwater at the site comprised
antimony, arsenic, chromium, cobalt, manganese, mercury, thallium and vanadium.

When there is a large discrepancy between total inorganics and dissolved inorganics, the
dissolved inorganics data are likely more representative of inorganic concentrations
migrating in groundwater. Each detected inorganic constituent above screening criteria is
discussed below.

Total and/or dissolved antimony exceeded the adjusted tap water RSL at two
downgradient monitoring wells (MW-03 and MW-05) sampled in 2004, with a
maximum concentration of 3.3) g/L. However, none of the concentrations exceeded the
MCL. Dissolved antimony was not detected at MW-05. Subsequent sampling in 2009 at
MW-03 did not detect antimony.

Total and/or dissolved arsenic concentrations exceeded the tap water RSL at three
monitoring wells, with a maximum concentration of 7.8 g/L (MW-07). None of the
concentrations exceeded the MCL.
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Total and/or dissolved chromium concentrations exceeded the adjusted tap water RSL
at seven monitoring wells, with a maximum concentration of 29 g/L (MW-01). As
noted previously, monitoring well MW-01 was completed within perched groundwater.
The dissolved concentration of chromium in this well was approximately an order of
magnitude lower. Further, none of the chromium concentrations detected in
groundwater at the site exceeded the MCL.

Total and/or dissolved cobalt concentrations exceeded the adjusted tap water RSL at six
monitoring wells, with a maximum concentration of 41 g/L (MW-11). Cobaltis a
common pigment in paints and dyes, so its presence may be attributable to releases from
buried debris. However, in that the soil and groundwater data across the site indicate
leaching of other metals to groundwater, as well all contaminant types in general, has
been minimal over the last 30 to 55 years, the elevated cobalt concentration at well MW-
11 in comparison to other monitoring wells is more likely related to seawater intrusion.
Table 2-2 shows that the salinity measurement in well MW-11(i.e., 18 ppt) was
approximately an order of magnitude higher than those of the other wells at the site.

Total and dissolved manganese concentrations were detected above the adjusted tap
water RSL at four monitoring wells, with a maximum concentration of 13,700 g/L
(MW-11). The elevated concentration at MW-11 in comparison to other monitoring wells
is likely related to seawater intrusion, as discussed above for cobalt.

Total and/or dissolved mercury was detected at MWO02, MW03, and MW04 at
concentrations that exceeded the adjusted tap water RSL and/or PRWQS, with a
maximum concentration of 1.9 g/L. However, no dissolved mercury concentrations
exceeded the adjusted tap water RSL in 2009 and none of the mercury detections
exceeded the MCL.

Total and/or dissolved thallium concentrations detected in 2004 exceeded screening
criteria (MCL, and/or the adjusted RSL for tapwater, and/or the PRWQS) in several
wells, with a maximum concentration of 3.9) g/L. However, the thallium
concentrations reported during the 2004 event are suspect because they were analyzed
for using a method that tended to provide falsely elevated results (CH2M HILL, 2010e).
No thallium was detected during the subsequent sampling event in 2009.

Total and/or dissolved vanadium concentrations exceeded a screening criterion at four
monitoring wells with a maximum concentration of 32) g/L (MW-01). Vanadium can
be associated with steel, but the similarity of the site concentrations to the background
concentration suggests its presence may be attributable to background. Further, most
vanadium concentrations in soil were comparable to the background upper tolerance
limit (UTL).

3.2.4 Hot Spot Evaluation

A review of soil data was conducted to determine if potential hot spots were present in
exposure media that may require a separate exposure evaluation and/or require removal as
part of the presumptive remedy. Overall, a graphical review of site soil data indicates that
the detected concentrations are distributed relatively evenly without any discrete area of
elevated concentrations. Therefore, it was concluded that no hot spots are present. A more
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3 - NATURE AND EXTENT OF CONTAMINATION

detailed discussion of the hot spot evaluation is included in Section 2.2 of Appendix C —
Human Health Risk Assessment.

In addition to the above, no excavation of landfill material is warranted because: (1) the soil
cover will prevent direct exposure under the current and future land use scenario and (2)
the groundwater data (following 35 — 50 years of waste in place) indicate contaminant
leaching is not a concern.
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SECTION 4

Chemical Fate and Transport

This section discusses the fate and transport of chemicals observed in soil and groundwater
at SWMU 1. Fate and transport consists of identification of theoretical chemical phases and
migration and degradation pathways. An understanding of the mobility and persistence of
a chemical in the subsurface is part of the overall assessment of the potential for that
chemical to cause an adverse human health or environmental effect.

This section also includes the conceptual site model of the various media at SWMU 1
(Figure 4-1). The conceptual site model qualitatively combines and interprets the
compendium of information presented in this section and earlier sections of the report,
including the physical characteristics, contaminant sources, potential migration of the
contaminants, and the potential receptors and exposure pathways. The conceptual site
model is used to support the risk evaluations, risk management decisions, and remedial
alternatives evaluation.

Chemical groups detected in environmental media at SWMU 1 comprise VOCs, SVOCs,
pesticides, PCBs, dioxins, explosives and inorganic constituents, as discussed in Section 3.
The fate and transport of these chemical types are discussed in this section. The constituents
detected in the various media at SWMU 1 are summarized in Table 4-1. Constituents
considered COPCs (exceeding screening criteria) and their chemical properties are
summarized in Table 4-2.

4.1 Chemical Mobility and Persistence

The mobility and persistence of the potential contaminants at the site are determined by
their physical, chemical, and biological interaction with the environment. Mobility is the
potential for a chemical to migrate from a site, and persistence is a measure of how long a
chemical will remain in the environment. Because physical and chemical properties of
contaminants and the environment affect the movement of a contaminant in groundwater,
predicting contaminant behavior and migration is complex. Some of the mechanisms
controlling mobility and persistence are described below.

4.1.1 Solubility

Solubility is a measure of the degree to which a constituent will dissolve in water. Highly
soluble chemicals are more likely to be leached from soil by precipitation or runoff that
infiltrates into the subsurface. The SVOC benzo(a)pyrene, pesticides, and PCBs generally
have very low solubilities (less than 0.2 mg/L); whereas the VOC chloroform has a high
solubility of 7,950 mg/L.

The solubilities of inorganics are dependent on several factors. In general, solubility is
highly dependent on the oxidation state of the inorganic, which is dependent on subsurface
conditions. The solubility of cations decreases as pH increases. Some cations may complex
with oxygen and hydroxide, forming insoluble oxyhydroxides, or phosphate, sulfate, and
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carbonate, forming insoluble mineral precipitates. Metal sulfide complexes, which form in
reducing environments, are extremely insoluble and tend to reduce the total metals
concentrations (USEPA, 1979).

4.1.2 Sorption

Sorption occurs when a constituent adheres to and becomes associated with solid particles
in the formation. The subsurface materials likely to sorb chemicals are clays and organic
matter. In addition, some inorganic constituents, such as arsenic species, can sorb to iron
and oxyhydroxide or oxide coatings on soil and sediment grains.

The conventional measure of sorption is the distribution coefficient (Kq). The Kq for organic
chemicals is the product of the soil organic carbon partition coefficient (Koc) of the chemical
and the fraction of organic carbon (foc) in the soil. The average foc content in SWMU 1 soil is
0.002 g/g. In general, chemicals with a Ko greater than 10,000 milliliters per gram (mL/g)
have high degrees of adsorption and consequentially low mobility, whereas chemicals with
a Ko lower than 1,000 mL/g have lower degrees of adsorption and consequentially higher
mobility. The VOC chloroform has a low K value (63 mL/g), whereas benzo(a)pyrene,
pesticides, and PCBs have very high Ko values (range from 20,000 to greater than 1,000,000
mL/q).

The Kq for inorganic chemicals is a complex function of pH, organic content, oxide coatings,
and other factors; therefore, Kq is not easily estimated by methods other than site-specific
testing. Due to the number of factors which impact the Kq values for inorganics, these values
range from 0.126 mL/g to greater than 3,991 mL/g (Table 4-2). Generally, inorganic
adsorption increases with pH. Inorganics most often sorb to clay minerals, organic matter,
and iron and manganese oxyhydroxides. Inorganics may be sorbed on the surface of the soil
or fixed to the interior of the soil, where they are unavailable for release to water. After
available sorption sites are filled, most inorganics are incorporated into the structures of
major mineral precipitates, as coprecipitates.

4.1.3 Volatilization

Volatilization occurs when a compound transfers from the aqueous phase to the gas phase.
Measures of a chemical’s tendency to volatilize from water and soil include its vapor
pressure and Henry’s Law Constant (Kn). Compounds with K values higher than 10-3
atmosphere-cubic meter per mole (atm-m3/M) are expected to volatilize readily, whereas
those with K values lower than 105 atm-m3/M are relatively non-volatile. Compounds with
Ki values in between these values are expected to be moderately volatile. At a given
temperature, the higher the vapor pressure of a compound, the higher the volatility of that
compound.

Volatilization tends to occur more readily from surface water, sediment, or shallow soil than
from deeper soil or groundwater. In groundwater, volatilization can occur only at the
air/water interface between the saturated and unsaturated zones, and movement of
aqueous-phase contaminants from bulk groundwater to the interface is largely diffusion-
limited. In unsaturated shallow soil, the soil gas pressure generally approximates the
ambient air pressure. With depth, the soil gas pressure tends to increase and it becomes
more difficult for the gas to escape and equalize with the ambient air pressure.
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Values of vapor pressure and Ky for chloroform, benzo(a)pyrene, pesticides, and PCBs are
provided in Table 4-2. Due to the complexity of inorganics and their variable forms in the
environment, no Ky values can be provided. However, these constituents are typically not
volatile under normal temperature and pressure conditions.

4.1.4 Transformation

Transformation occurs when the valence state of inorganics is increased (oxidation) or
decreased (reduction). It can be caused by changes in Ep (oxidation potential) and/or pH
and by microbial or non-microbial (abiotic) processes. Transformation may have a
significant effect on the mobility of a metal, either increasing or decreasing it.

Aluminum, Iron, and Manganese

The solid form of iron (iron hydroxides), aluminum (aluminum hydroxides and imogolite)
and manganese (manganese oxides) are usually present in the natural soil matrix. If
sufficient amounts of oxygen and nitrate are not present in the subsurface, iron hydroxides
and manganese oxides will be used as electron acceptors by metabolic activity and
reductively dissolved into soluble forms. Sulfides present in groundwater can also
reductively dissolve iron hydroxides. The soluble form of aluminum can be released to
groundwater through either complexation to organic acids or dissolution of aluminum
minerals. As the pH of the subsurface decreases, the amount of soluble aluminum is
generally increased.

Several inorganics (such as arsenic) have a tendency to sorb to these iron and aluminum
hydroxides and manganese oxides. If these compounds are reductively dissolved, then the
inorganics which are bound to these hydroxides and oxides will also be released.

Arsenic, Antimony, Chromium, Selenium, and Vanadium

In oxidizing environments, these constituents primarily exist as oxyanions (hard anions that
contain oxygen) and are relatively mobile. However, they can be adsorbed by clays, iron
hydroxides, aluminum hydroxides, manganese compounds, and organic material at acidic
and neutral pHs.

Arsenic, chromium, and vanadium can be reduced from higher to lower valance states by
organic matter, divalent metals, and dissolved sulfide. Under reducing conditions, insoluble
arsenic and antimony sulfides are precipitated in the presence of sulfides. Chromium will
form insoluble chromium hydroxide or be sorbed by manganese oxides. Selenium will react
with metal cations to form insoluble metal selenides.

Barium

Barium is most often found in inorganic complexes and is likely to precipitate out of
solution as an insoluble salt. The maximum concentration of barium in groundwater is often
limited by the solubility of the mineral barite (Eastern Research Group, Inc. [ERG], 2003).

Cobalt, Nickel, Lead, and Zinc

These inorganics form insoluble metal sulfides in anaerobic environments. They tend to sorb
and will be transported in water primarily with suspended colloidal particles (ERG, 2003).
The concentrations of nickel and zinc in groundwater are usually controlled by the
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adsorption or coprecipitation of these metals with iron, manganese, and aluminum.
However, zinc carbonates are relatively soluble at pH below 8. Lead is relatively immobile
in all matrices due to its strong tendency to be sorbed by iron and manganese oxides and the
insolubility of many lead minerals.

Copper, Mercury, and Tin

Copper, mercury, and tin are highly insoluble in reduced environments, where they
precipitate as metals sulfides. They are strongly adsorbed by organic matter, iron and
manganese oxides, and clays, but complexing of these metals to ammonia, chloride, and
humic acids can increase their solubility and thus mobility. Copper is insoluble above a pH
of 7 to 8 and in the presence of abundant carbonate. Mercury can volatilize from soil and
water, creating a cycle through the environment.

Thallium

The mobility of thallium in water is limited by the low solubility of thallium oxides. It is
only soluble in highly reduced environments in the charged ionic form. Thallium is strongly
adsorbed by montmorillonite clays and manganese oxides.

4.1.5 Degradation

Degradation is the deterioration or destruction of a chemical either biologically
(biodegradation) or abiotically through such processes as hydrolysis and photolysis.
Biodegradation of chemicals by microbial organisms occurs through metabolic or enzymatic
processes. Hydrolysis is the reaction of a chemical with water and photolysis is the result of
exposing the chemical to light. The rate of degradation can be expressed as a half life and is
dependent on the existing chemical, biological, and physical conditions of the media in
which the contaminant is located.

VOCs

Chloroform was detected in groundwater at concentrations exceeding its screening value.
Chloroform can be biodegraded in aerobic and anaerobic environments.

Polyaromatic Hydrocarbons (PAHS)

PAHSs can be biodegraded under aerobic and anaerobic conditions. However, aerobic
biodegradation occurs at a much faster rate. Abiotic degradation is not considered to be an
important mechanism. Benzo(a)pyrene, the only PAH COPC at SWMU 1, has been shown to
undergo anaerobic biodegradation.

Pesticides

The pesticide 4,4’-DDT will typically biodegrade to 4,4’-DDD in anaerobic environments
and 4,4’-DDE in aerobic environments. 4,4’-DDD can also be biodegraded while 4,4-DDE is
resistant to further biodegradation. Abiotic degradation rates are low for these pesticides.
Dieldrin is resistant to biodegradation under both aerobic and anaerobic conditions, and
will degrade via hydrolysis and photodegradation.
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PCBs

Aroclor-1254 was the only PCB COPC at SWMU 1. This higher-weight PCB is resistant to
biodegradation. However, it may undergo limited reductive dechlorination in soil. This PCB
does not significantly abiotically degrade in the environment.

4.1.6 Bioaccumulation

Bioaccumulation is the extent to which a chemical will partition from water into the
lipophilic parts (e.g., fat) of an organism. Bioaccumulation commonly is estimated by the
octanol-water partition coefficient (Kow). Chemicals with high values of Ko tend to avoid
the aqueous phase and remain in soil longer or bioaccumulate in the lipid tissue of exposed
organisms. Table 4-2 lists the log Kow for the COPCs.

4.2 Contaminant Migration

This subsection discusses the site-specific sources and potential mechanisms for
contaminant release and migration from these sources. Figure 4-1 presents the Conceptual
Site Model (CSM) for SMWU 1 and supports the discussion in this subsection.

4.2.1 Potential Sources of Contamination

Municipal-type landfill debris such as waste paper, cans and food packaging, corrugate
containers, wood, scrap metal, and yard waste are the primary potential sources of
contamination at SWMU 1. Following the landfill operation from 1954 to 1978, a 2-ft thick
cover consisting of compacted native soils was installed. The landfill is currently heavily
vegetated and shows no obvious signs of stress or erosion. However, some randomly
distributed areas have landfill debris exposed on the surface, either from soil erosion or
incomplete placement of the initial cover.

4.2.2 Migration from Potential Source Areas

The migration pathways at SWMU 1 were assessed by identifying the extent of the landfill
debris, evaluating the COPC horizontal and vertical distributions, and incorporating the
physical characteristics. A generalized description of the potential contaminant migration
pathways are discussed below.

Migration from Ground Surface to Atmosphere

Wind erosion is a negligible potential mechanism for release of site contaminants to the
atmosphere from soil, since the site is heavily vegetated, the landfill debris is overlain with
native soil, and the majority of the COPCs tend to bind to the soil. The potential for the
migration of VOC vapors into the vadose zone and atmosphere is negligible, since low
concentrations were observed in groundwater.

Migration via Surface Runoff

Surface runoff could potentially erode soil and deposit contaminated soil and landfill debris
within surrounding areas, as directed by the ground topography. However, contaminant
transport potential by runoff is minimal at the site based on contaminant distribution
observations and the physical state of the landfill. Contaminants and landfill debris are
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covered under a 2 ft-thick native soil cover that minimizes the potential for erosion. The
potential for erosion is further minimized by the thick vegetative cover over the landfill.
Elevated concentrations of the COPCs found in soil immediately within the landfill debris
were not observed in surface soil located outside the extent of the landfill, suggesting this
pathway is currently negligible, even if it occurred in the past when the landfill was active
and there was less soil cover and vegetative cover.

Migration from Landfill to Groundwater

Contaminants from within the extent of the landfill may migrate downward through the
vadose zone by leaching from infiltration. Evapotranspiration from vegetation may limit
infiltration rates at depths below the rooting zone.

Benzo(a)pyrene, pesticides, PCBs, and inorganics were the only constituents observed above
screening criteria in surface soil and subsurface soil within the landfill debris.
Benzo(a)pyrene, pesticides, PCBs, and some inorganics sorb to clay and are not readily
mobile. Only lead was detected above screening criteria in subsurface soil beneath the
landfill debris that was not attributable to background. However, lead was not observed
above screening criteria in groundwater.

The potential for leaching of contaminants from the landfill debris through the vadose zone
to groundwater is best evaluated using the groundwater data. The landfill was in operation
from 1954 and to 1978, which is sufficient time (i.e., between about 30 and 55 years) for
mobile contaminants to potentially migrate to groundwater. Modeling efforts for the
evaluation of soil concentrations protective of groundwater (see the SSRG Tool discussion in
Appendix B) estimate that the travel times (source layer to groundwater) for the modeled
chemicals is in excess of 100 years. The travel time estimate indicates that the modeled
chemicals (PCBs, pesticides, one PAH, and one dioxin) are relatively immobile, as these
constituents tend to bind to soil. In addition, it is important to note that leaching models
applied to sites on Vieques have been shown to be highly conservative in that the models
tend to overestimate the leachability of chemicals in soil.

In addition to observing groundwater concentrations, the leachability of potential site
contaminants (pesticides, PAHs, PCBs, perchlorate, and dioxins) through the vadose zone to
groundwater was further evaluated using the SSRG model (Appendix B). These
constituents were detected in soil at concentrations below the SSRG, which further indicates
potential migration of contaminants from the landfill to groundwater is negligible.

The VOC chloroform was only detected in a single groundwater sample and not detected in
any samples collected at SWMU 1. Chloroform has a low degree of adsorption and high
mobility within the vadose zone.

Migration in Groundwater

Contaminant transport in groundwater is primarily by advection and dispersion. Advection
is the primary transport mechanism and includes the transport of dissolved contaminants
by the bulk motion of flowing groundwater. Dispersion is the spreading of dissolved
contaminants from the path they would be expected to follow during advection, due to the
spatial variation in aquifer permeability, fluid mixing, and molecular diffusion.
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4 - CHEMICAL FATE AND TRANSPORT

Once in groundwater, contaminants typically will not move as rapidly as groundwater
because of retardation, or the adsorption of the contaminant to the solid media. The
advective migration rates of different dissolved contaminants vary depending on the Kq and
the rate of groundwater flow. Contaminant migration will follow the south-southwest
groundwater flow direction in the northern portion of the site and to the southeast in the
southern portion of the site. Wells were installed along this flow pathway and confirmed
contaminant migration in groundwater is negligible.

Only the VOC chloroform and inorganic constituents were observed above screening
criteria within groundwater. Chloroform was detected at low concentrations within the
extent of the landfill debris and was a localized occurrence. The inorganics observed in
groundwater are likely all or primarily attributable to background. Transport and
partitioning of inorganics in water is dependent on the oxidation state of the inorganic and
on interactions with other materials present.

4.2.3 Potential Exposure and Receptor Pathways

Based on actual and future potential receptors at SWMU 1, the potential exposure medium
at SWMU 1 is soil. Groundwater is not currently used, nor will it likely be used in the
future. Exposure at SWMU 1 may occur under current and actual/theoretical future land
use scenarios. Human receptors comprise potential current/future USFWS workers, and
potential current/future adult trespassers. Ecological receptors include soil invertebrates,
avian carnivores, avian omnivores, terrestrial plants, and mammalian omnivores. These are
discussed in more detail in the human health and ecological risk assessments in Sections 5
and 6, respectively.
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Table 4-1
Detected Chemicals by Media

Streamlined RI/FS Report for SWMU 1 (Camp Garcia Landfill)

Former Vieques Naval Training Range
Vieques, Puerto Rico

Chemical

Media

Surface Soil

Subsurface Soil

Groundwater

Volatile Organic Compounds

1,1-Dichloroethene

1,4-Dichlorobenzene

Acetone

Benzene

Carbon disulfide

Chloroform

Chloromethane

XX X X[ XXX

Methylene chloride

Styrene

Tetrachloroethene

Vinyl Chloride

XX

Semivolatile Organic Compounds

2-Methylnaphthalene

4-Methylphenol

Acenaphthylene

Anthracene

Benzo(a)anthracene

XX X

Benzo(a)pyrene

Benzo(b)fluoranthene

XX X

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

bis(2-Ethylhexyl)phthalate

Carbazole

Chrysene

Di-n-butylphthalate

Fluoranthene

Indeno(1,2,3-cd)pyrene

XX XXX XXX X

PAH Total (HMW)

PAH Total (LMW)

Pentachlorophenol

Phenanthrene

Pyrene

XXX

Pyridine

Pesticides/Polychlorinated Biphenyls

4,4'-DDD

4,4'-DDE

4,4'-DDT

XXX

alpha-Chlordane

XX XX

Aroclor-1221

Aroclor-1248

Aroclor-1254

X

Aroclor-1260

Dieldrin

XX X[ X X

Endosulfan |

Endosulfan sulfate

Endrin

Endrin aldehyde

XX X[ X X

Endrin ketone

gamma-Chlordane

Methoxychlor

XX

Herbicides

None Detected

Dioxin/Furans

1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin

1,2,3,7,8-Pentachlorodibenzo-p-dioxin

Octachlorodibenzo-p-dioxin

Total heptachlorodibenzo-p-dioxin

Total hexachlorodibenzo-p-dioxin

Total pentachlorodibenzo-p-dioxin

Total tetrachlorodibenzo-p-dioxin

XIX XXX X X XX X

Explosives

Perchlorate
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Table 4-1

Detected Chemicals by Media
Streamlined RI/FS Report for SWMU 1 (Camp Garcia Landfill)

Former Vieques Naval Training Range
Vieques, Puerto Rico

Chemical

Media

Surface Soil

Subsurface Soil

Groundwater

Inorganics

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Cyanide

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

XXX XXX XXX XX XXX XXX XXX XX

Tin

Vanadium

Zinc

XIXXIX XXX X XXX IX| XXX XXX X XX X XX X

XX

XIXXIX XXX XXX IX XXX IX X XXX XX X XX X
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Table 4-2

Physical and Chemical Data of Representative Contaminants
Streamlined RI/FS Report for SWMU 1 (Camp Garcia Landfill)
Former VNTR, Vieques, Puerto Rico

Representative Molecular Density Water Vapor Ky Log Ky Log
COPCs Weight Solubility | Pressure Koc Kow
(g/mole) (g/lcm®) (mg/L) (mm Hg) | (atm-m3/mole) () (mL/g) (--)
\Volatile Organic Compounds
Chloroform 119.38 1.48 7,950 1.98E+02 3.39E-04 1.80 0.126 197
Semivolatile Organic Compounds
IBenzo(a)pyrene 252.32 1.35 0.0016 5.49E-09 3.36E-07 5.95 1,783 6.00
Pesticides/PCBs
4,4'-DDD 320.05 1.47 0.090 8.25E-06 2.16E-05 5.38 480 6.10
4,4'-DDE 319.03 NA 0.065 1.4E-05 1.22E-03 5.39 491 6.76
4,4-DDT 354.49 1.56 0.006 1.00E-07 1.03E-04 5.20 317 653
Aroclor-1254 327.00 1.51 0.057 3.22E-05 2.30E-03 4.88 152 6.50
Dieldrin 380.91 1.75 0.186 3.99E-05 5.80E-05 4.37 47 5.37
[[Endrin 380.9 NA 0.200 2.00E-07 4,00E-07 5.20 313 5.45
[IEndrin ketone 380.9 NA NA NA 2.02E-08 NA NA 4.99
"gamma—Chlordane 409.76 1.61 1.850 3.90E-06 8.31E-05 6.30 3,991 5.54
Metals
Aluminum 26.98 2.70 U u u NA NA u
Antimony 121.75 6.68 u U U NA 1.3 - 500 U
Arsenic 74.92 5.78 U U U NA 2.0 - 20,000 U
Barium 137.33 3.62 U U U NA 5.0 - 2,500 U
[lchromium 52.00 7.14 U U U NA 0.20 - 63,000 U
[lcobait 59.00 8.90 u U U NA 0.063 - 12,600 U
lcopper 63.55 8.94 U U U NA 1.6 - 4,000 U
[liron 55.85 7.87 U U U NA 1.4 - 10,000 U
[lLead 207.20 11.34 u U U NA 5.0 - 100,000 U
[IManganese 54.94 7.26 u U U NA NA U
[IMercury 200.59 13.530 U U U NA 160 - 630,000 U
Nickel 58.69 8.91 u U U NA 10 - 6,300 U
Selenium 78.96 4.39 U U U NA 0.5-250 u
Thallium 204.38 11.85 u U U NA 1,000 - 3,200 U
Tin 118.69 |[5.769 - 7.265 u U U NA NA U
\Vanadium 50.94 6.11 u U U NA 4.0 - 500 U
Zinc 65.39 7.13 u U U NA 0.1 - 100,000 U

foc = fraction organic carbon = 0.002 g/g (average of total organic carbon subsurface soil data converted to g/g)
Ky = Soil-Water partition coefficient = K . x foc for organics

K= Henry's Law Constant

Ko = Organic carbon partition coefficient; 10"(LogK o) = Ky

Kow = Octanol-water partition coefficient

NA = no information available

U = No value is provided because of the uncertainty in the form of these chemicals in the environment.

Data sources (Sources 3 and 6 are primary references):

(1) Agency of Toxic Substances and Disease Registry. 2009. Toxicological Profiles. http://www.atsdr.cdc.gov/toxpro2.html

(2) Dragun, James. 1998. The Soil Chemistry of Hazardous Materials 2nd Edition .

(3) Interstate Technology and Regulatory Council. 2002. A Systematic Approach to In Situ Bioremediation in Groundwater Including Decision Trees on In Situ Bioremediation for Nitrates, Carbon
Tetrachloride, and Perchlorate. In Situ Bioremediation Team.

(4) Montgomery. 2000. Groundwater Chemicals Desk Reference. Third Edition.

(5) United States Environmental Protection Agency. 1999. Partition Coefficients for Metals in Surface Water, Soil, and Waste.

(6) United States National Library of Medicine. 2009. Hazardous Substances Data Bank (HSDB). http://toxnet.nim.nih.gov/cgi-bin/sis/htmlgen?HSDB
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SECTION 5

Human Health Risk Assessment Summary

A baseline Human Health Risk Assessment (HHRA) was conducted for SWMU 1. The
HHRA evaluated potential current and future health risks from exposure to surface cover
material atop the former landfill and in the ephemeral streams at the site. The approach and
assumptions used in the HHRA were presented in the Technical Memorandum for the Interim
Deliverable for the Human Health Risk Assessment (CH2M HILL, 2010b). The approach is
consistent with the Presumptive Remedy for CERCLA Municipal Landfill Sites (USEPA, 1993),
Streamlining the RI/FS for CERCLA Municipal Landfill Sites (USEPA, 1990), EPA Region Il
policy, and USEPA guidance, primarily: Risk Assessment Guidance for Superfund (RAGS),
Volume 1: Human Health Evaluation Manual, Parts A, D, E, and F (USEPA, 1989, 2001, 2004,
2009), and Human Health Evaluation Manual, Standard Default Exposure Factors (USEPA, 1991b).
The complete HHRA is presented in Appendix C of this Streamlined RI/FS Report. This
section summarizes the key components and findings of the HHRA.

5.1 Chemicals of Potential Concern

Surface soil samples collected in February 2004 during the PA/SI (CH2M HILL, 2004) and
February/March 2009 during the SIZESI (CH2M HILL, 2010e) were used in the HHRA. The
surface soil dataset consists of 50 surface soil samples collected from the 0-8 inch interval
from site surface cover, 6 surface soil samples collected from the 0-1 ft interval in the
ephemeral streams, and one sample (VEWO01-SS27) collected from the 0-2 ft interval at the
terminus of the eastern-most ephemeral stream. To provide information for the feasibility
study (ultimately for selection of the remedy), the soil dataset was divided into two sample
groupings: the 50 surface soil samples collected in 2004 were grouped to represent the cover
material on the landfill, and the 7 surface soil samples collected in 2009 from the ephemeral
stream channels (dry at the time of sampling) were grouped to represent ephemeral stream
surface soil. Sampling locations for soil samples are depicted on Figures 2 through 4 in
Attachment C-2.

COPCs were identified for soil using the screening process presented in the Vieques Master
HHRA protocol (CH2M HILL, 2010a), whereby maximum detected soil concentrations were
screened using residential and industrial screening levels. The conceptual site model in
Figure 5-1 presents the receptor groups that were evaluated in the HHRA. The following
COPCs were identified for the indicated receptors and data groupings:

Adult Trespassers — Seven inorganics were identified as COPCs in ephemeral stream
surface soil. Five inorganics, one SVOC, and 2,3,7,8- TCDD Eqg. were identified as
COPCs in landfill surface soil.

Fish and Wildlife Service Workers — Two inorganics were identified as COPCs in
ephemeral stream surface soil. Three inorganics were identified as COPCs in landfill
surface soil.
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5.2 Exposure Evaluation

Potential current and future receptors were evaluated in the HHRA. As noted in Section 5.1
and in the conceptual model for potential human receptors (Figure 5-1), current/future
receptors evaluated in the HHRA consisted of trespassers (adult) and USFWS workers. The
following potential exposure pathways were quantified for each potential receptor group
identified at SWMU 1:

Ephemeral Stream Surface Soil - Ingestion, dermal contact, and inhalation exposures to
COPCs in ephemeral stream surface soil.

Landfill Cover Surface Soil - Ingestion, dermal contact, and inhalation exposures to
COPCs in landfill cover surface soil.

5.3 Risk Estimates

USEPA'’s target range for excess lifetime cancer risk (ELCR) associated with CERCLA sites is
1-in-10,000 (1x10-4) to 1-in-1,000,000 (1x10-). Similarly, the target non-cancer hazard index
(HI) is 1.0 or less. Risk estimates were calculated for potential receptors and exposure
pathways using conservative assumptions for exposure factors and exposure point
concentrations. The risk estimates are summarized below:

Trespassers — Adult; Current/Future Scenario

Ephemeral Stream Surface Soil - 1x10-6 cumulative ELCR and all target organ-
specific HIs<1.0.

Landfill Cover Surface Soil - 6x10-7 cumulative ELCR and all target organ-specific
His<1.0.

FWS Workers — Adult; Current/Future Scenario

Ephemeral Stream Surface Soil - 5x10-7 cumulative ELCR and all target organ-
specific HIs<1.0.

Landfill Cover Surface Soil - 1x10-7 cumulative ELCR and all target organ-specific
His<1.0.

5.4 Chemicals of Concern

COCs are identified if the estimated site-related ELCR or HI for an environmental
medium/receptor group combination exceeds threshold values (a total ELCR of 1x10-4 or a
target organ-specific HI of 1.0). Because risk estimates for ephemeral stream surface soil and
landfill cover surface soil at SWMU 1 do not exceed USEPA’s threshold values, no COCs
were identified.
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SECTION 6

Ecological Risk Assessment Summary

A screening ecological risk assessment (SERA), constituting Steps 1 and 2 of the ERA
process, and the first step (Step 3A) of a baseline ecological risk assessment (BERA), were
conducted for SWMU 1. The ERA was conducted to evaluate the potential for adverse
effects to the environment from exposure to surface soil at SWMU 1 under current site
conditions because the remedial alternatives evaluated in the FS include using the existing
cover as the primary component of the remedy for SWMU 1. The complete ERA is
presented in Appendix D of this report. This section summarizes the key components and
findings of the ERA.

6.1 ERA Process and Objectives

This ERA was conducted in accordance with the Final Master Standard Operating Procedures
(SOP), Protocols, and Plans, Environmental Restoration Program (CH2M HILL, 2010a), Master
Ecological Risk Assessment Protocol for Vieques Environmental Restoration Program — Update 1
(Addendum) (CH2M HILL, 2010f), the ERA interim deliverable for SWMU 1 (CH2M HILL,
2010d), the regulator comments on the SWMU 1 interim deliverable, the Navy Policy for
Conducting Ecological Risk Assessments (DoN, 1999), and the Navy guidance for
implementing this ERA policy (NAVFAC, 2003). The two guidance documents describe a
process consisting of eight steps, of which Steps 1, 2, and 3A were conducted for this ERA.
Steps 1 and 2 of the ERA process comprise the SERA, which is conducted using intentionally
conservative assumptions. If the results of the SERA indicate that unacceptable risks are
possible, the site normally continues on to Step 3A, the first step in the BERA.

The objectives of a SERA are to:

Determine if potential risks to ecological receptors warrant either: (1) additional
assessment beyond the conservative screening steps of the ERA process (unacceptable
ecological risks are possible); or (2) the removal of the site from further ecological
consideration (no unacceptable ecological risks likely).

Focus subsequent steps of the ERA process on the specific chemicals, pathways, and
receptors of potential concern if unacceptable ecological risks are possible.

Identify any data gaps or areas of unacceptable uncertainty that may require the
collection of additional data to support ERA evaluations beyond the screening level.

The general objectives of a Step 3A ERA are to:

Refine the risk estimates from the SERA to determine if risks to ecological receptors from
site-related chemicals are likely to be unacceptable based upon realistic exposure
scenarios.

Focus subsequent data collection activities if potentially unacceptable risks are
indicated, uncertainties are unacceptably high, and/or data gaps are identified.
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6.2 Ecological Setting

Details of the physical characteristics of SWMU 1 were provided in Section 2 of this
Streamlined RI/FS Report. SWMU 1 is densely vegetated, dominated by thick thorn scrub
habitat throughout most of the site, along with some mixed upland forest habitat in portions
where landfill activities did not occur. Plant community information provided in the
Integrated Natural Resources Management Plan (Geo-Marine, 2003) for SWMU 1 is
summarized below.

Thorn scrub species within the project area generally include Acacia spp., mesquite (Prosopis
juliflora), lead tree (Leucaena glauca), box-briar (Randia aculeata), goatbush (Pithecellobium
unguis-cati), sage (Lantana involucrata), and Croton spp. These shrub species all have thorns,
with the exception of lead tree. The thorn scrub is generally characterized as a low-growing
community, typically less than 10 feet tall.

The mixed upland forest community typically includes almacigo (Bursera simaruba),
ironwood (Krugiodendron ferreum), caper trees (Capparis spp.), fiddlewood or “fish poison”
(Piscidia carthaginensis), fustic (Pictetia aculeata), cat’s claw (Macfadyena unguis-cati), box brier,
and myrtle trees (Eugenia spp.). Patches of forest vegetation are interspersed with small-
leaved scrub of up to 16 feet in height and mixed low scrub, 6 to 10 feet in height, consisting
mainly of sage.

Based on habitat conditions, surveys in nearby areas of East Vieques, and faunal
information provided in the Integrated Natural Resources Management Plan (Geo-Marine,
2003), general wildlife expected to occur are summarized below.

There is a wide diversity of terrestrial insects in Puerto Rico that includes over 5,000 species
represented by 25 orders. Many insects are expected to occur in the SWMU 1 project area,
including various species of bees, ants, wasps, butterflies, moths, flies, beetles, plant bugs,
cicadas, and leafhoppers. The terrestrial snail Physa cubensis may occur and is the only
native species of mollusk that has been identified on Vieques. The gray land crab (Cardisoma
guanhumi) was not observed in the vicinity of the ephemeral streams on the site but there is
the potential for it to occur at the downgradient terminus of the main ephemeral stream
channel. These streams also do not support fish or aquatic invertebrates due to the very
infrequent presence of water in the segments on and near SWMU 1.

Common terrestrial birds that may occur in all types of upland and scrub habitats include
common ground dove (Columba passerina), zenaida dove (Zenaida aurita), Caribbean elaenia
(Elaenia martinica), gray kingbird (Tyrannus dominicensis), mangrove cuckoo (Coccyzus minor),
bananaquit (Coerba flaveola), black-faced grassquit (Tiaris bicolor), Greater Antillean grackle
(Quiscalis niger), pearly-eyed thrasher (Maragarops fuscatus), Antillean crested hummingbird
(Orthorynchus cristatus), and smooth-billed ani (Crotophaga ani). Bats, such as red fruit bats
(Stenoderma spp.) and free-tailed bats (Tadarida spp.), may include SWMU 1 within their
foraging range, however, no suitable roosting habitats were identified on the site during
surveys for protected species. Other mammals (introduced by man) that are likely to occur
include the rat (Rattus spp.), small Indian mongoose (Herpestes auropunctatus), and,
occasionally, domestic animals such as cattle (Bos taurus and Bos indicus) and horses (Equus
caballus). Various lizard species are also expected to occur at SWMU 1.
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Six federally listed plant species are known to occur, or have the potential to occur, in
upland habitats on the east side of Vieques, although none has been identified during site
visits at SWMU 1. Other listed species of birds (e.g., roseate tern and the recently delisted
brown pelican), mammals (i.e., whales and manatees), and reptiles (i.e., sea turtles) are
closely associated with aquatic habitats that do not occur at SWMU 1.

A protected plant species survey was conducted at SWMU 1 by CH2M HILL in September
2008, prior to site preparation activities (vegetation clearance) to support the SI/ESI
sampling event. During the surveys, biologists walked several transects throughout the site.
No federally protected plant species were observed at SWMU 1. These results were
reviewed with local USFWS staff who concurred that there were no species of concern
present and that field preparation activities could commence.

6.3 Analytical Data Used in the ERA

During the PA/SI, 50 surface soil samples (0 to 8 inches) were collected throughout the
landfill, focusing primarily on the areas where geophysical anomalies were identified in
2004. All surface soil samples were analyzed for Appendix IX VOCs, SVOCs, pesticides,
herbicides, PCBs, metals, and explosives. Five surface soil samples (SS08, SS17, SS33, SS35,
and SS48) were additionally analyzed for dioxins, cyanide, and sulfide.

Because the landfill was covered with approximately 2 feet of compacted soil, the soil data
collected during the PA/SI provide a good indication of surface soil conditions. To
determine if hazardous constituents had been released to the ephemeral stream adjacent to
the landfill, seven surface soil samples were collected in 2009 as part of the SIZESI. As
shown in Figure 6-1, sample SO21 was collected from the depositional area of the ephemeral
stream near the upstream end of the landfill, samples SO22 through SO24 were collected
from the ephemeral stream along the eastern boundary or traversing the southern portion of
the landfill, and sample SO27 was collected at the terminus of the ephemeral stream before
it enters the lagoon north of Blue Beach (or Bahia de la Chiva). Samples SO25 and SO26
were collected from depositional areas of a separate ephemeral stream near the
southwestern boundary of the landfill. Sample depths were 0 to 12 inches except for Sample
SO27, which was collected from 0 to 24 inches because of the potential for land crabs to be
present. No standing water was observed at any of the ephemeral stream sampling
locations. All ephemeral stream samples were analyzed for target compound list VOCs,
SVOCs, pesticides, PCBs, inorganics, and explosives (including perchlorate).

Because the ephemeral stream only contains water infrequently, there is no discernable
difference in habitat between the ephemeral stream and the surrounding area within the
SWMU 1 site boundary. Thus, the surface soil samples from the site and ephemeral stream
were combined for this evaluation.

6.4 Results

The primary transport pathway applicable to this ERA is possible historical surface runoff
from source areas (trenches) to other areas of the site, particularly the ephemeral stream. As
discussed in Section 6.2, the landfill debris was reportedly covered with 2 feet of soil. The
most significant ecological exposures typically occur within the top 2 feet of the soil column.
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The PA/SI soil data are from the cover material of the landfill and do not likely reflect
constituent concentrations associated with CERCLA-related releases from the landfill. They
do, however, reflect the surficial material to which current and future surface exposures
would occur. The post-cover surface soils in the landfill and ephemeral stream areas
constitute the exposure medium for this ERA.

Seven assessment endpoints were developed for terrestrial habitats at SWMU 1. Lines of
evidence for terrestrial habitats included: (1) comparison of surface soil concentrations with
ecological screening values (ESVs); (2) comparison of modeled dietary doses with ingestion
toxicity reference values (TRVs); and (3) comparison of site surface soil concentrations with
background concentrations (UTLS).

Cobalt, selenium, and thallium were identified as COPCs for further risk evaluation in
surface soil. Cobalt was detected in all site surface soil samples but exceeded the
background UTL in just 4 of the 57 samples at a maximum ratio of 1.23. Thus, cobalt is
unlikely to result in unacceptable risks to ecological receptors at levels above background on
a site-wide basis and is not identified as a COC.

Selenium was detected in 53 of 57 site surface soil samples and exceeded the background
UTL in 38 of the 53 samples in which it was detected. Although the background UTL for
selenium in the soil types found at SWMU 1 is 0.51 mg/kg, selenium concentrations of up to
1.30 mg/kg were detected during the East Vieques background soil investigation in nearby
soil types. This suggests that the selenium concentrations detected at SWMU 1 (maximum of
1.35 mg/kg) may be within the range of background. Further, the soil screening value for
selenium (0.52 mg/kg) is based upon potential impacts to plants. The site is heavily
vegetated and there are no apparent impacts to the terrestrial plant community based upon
gualitative visual observations (no quantitative evaluation of the plant community has been
conducted at the site to date). Maximum selenium concentrations are less than soil screening
values based upon other receptors (e.g., 4.10 mg/Zkg for soil invertebrates). Thus, selenium is
unlikely to result in unacceptable risks to ecological receptors at levels above background on
a site-wide basis and is not identified as a COC.

Thallium concentrations reported for samples collected in 2004 during the PA/SI utilized a
method that, although standard at the time, tended to provide falsely elevated results.
Thallium was not detected in the surface soil samples collected in 2009 during the SIZ/ESI. Of
40 subsurface soil samples collected during the SIZ/ESI (not used in this ERA), thallium was
detected in only one sample, at a concentration of 0.093 mg/kg, which is well below the
general range of concentrations detected in the PA/SI soil samples (between approximately
1 and 4 mg/kg). Based upon this evaluation, the thallium results from the PA/SI were not
considered in the decision analysis process of the SIZESI Report (CH2M HILL, 2010e).
Similarly, thallium is not identified as a COC in this ERA.

The results of the terrestrial food web modeling identified vanadium as a Step 3A COPC for
further risk evaluation. Vanadium was detected in all site surface soil samples but exceeded
the background UTL in 7 of 57 samples at a maximum ratio of 1.36, indicating that the
majority (88 percent) of vanadium concentrations detected at SWMU 1 are within the range
of background. Thus, vanadium is unlikely to result in unacceptable risks to ecological
receptors at levels above background on a site-wide and population-level (the assessment
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endpoint evaluated) basis. Thus, no unacceptable risks were identified for terrestrial wildlife
receptors associated with SWMU 1.

6.5 ERA Summary and Conclusions

In summary, no COCs were identified for surface soil exposures at SWMU 1. Similarly, no
COCs were identified for terrestrial food web exposures. Thus, risks to ecological receptors
are acceptable at SWMU 1.
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SECTION 7

Presumptive Remedy Approach and Remedial
Action Objectives

This section discusses the development, screening, and detailed evaluation of remedial
alternatives proposed to address landfill debris and associated contamination at SWMU 1,
appropriate to support the selection of a site remedy in compliance with CERCLA and the
NCP. The FS was prepared in accordance with the following guidance documents:

Streamlining the RI/FS for CERCLA Municipal Landfill Sites (USEPA, 1990)

Conducting Remedial Investigations/Feasibility Studies for CERCLA Municipal Landfill Sites
(USEPA, 1991a)

Presumptive Remedy for CERCLA Municipal Landfill Sites (USEPA, 1993)

Application of the CERCLA Municipal Landfill Presumptive Remedy to Military Landfills
(USEPA, 1996b)

Consideration of Green and Sustainable Remediation Practices in the Defense Environmental
Restoration Program (DoD, 2009)

National Oil and Hazardous Substances Pollution National Contingency Plan (NCP)

Section 120 of CERCLA as amended by the Superfund Amendments and Reauthorization Act
(SARA)

7.1 Feasibility Study Approach

Presumptive remedies are preferred technologies for common categories of sites and are
expected to be used at appropriate sites. The presumptive remedy approach has the
advantage of streamlining the feasibility study by eliminating the initial step for
identification and screening of technologies, because USEPA has already conducted this
step on a generic basis. Site characterization can be limited when presumptive remedies are
appropriate at a site, since such remedies include restrictions that are protective of
uncertainties resulting from a limited investigation. By streamlining the site investigation
and accelerating the remedy selection process, presumptive remedies are expected to ensure
the consistent selection of remedial actions and reduce the cost and time required to assess
similar sites. However, at SWMU 1, site investigation and data collection comparable to a
full RI effort was performed, which yielded enhanced information upon which to base the
presumptive remedy alternatives evaluation.

In accordance with the USEPA guidance (USEPA, 1993; 1996b), characteristics of a landfill
for applicability of the presumptive remedy include:

Risks are low-level, excluding hot spots.
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Treatment of wastes is usually impractical due to the volume and heterogeneity of the
waste.

Waste types include household, commercial, nonhazardous sludge, and industrial solid
wastes.

Lesser quantities of hazardous wastes are present as compared to municipal wastes.

Land application units, surface impoundments, injection wells, and waste piles are not
included.

Based on the above, SWMU 1 is appropriate for implementation of a presumptive remedy,
and therefore the FS excludes the technology identification and screening step.

As part of the FS analysis, a preliminary evaluation of one non-presumptive remedy option
- Excavation and Off-site Disposal of all buried landfill debris and impacted soil - was
conducted. The findings concluded that this option would be impractical and cost-
prohibitive. To ensure all debris and contaminated soil above acceptable levels were
removed, the entire landfill area would require excavation. This option would involve
excavation and staging of an estimated average of 5 feet of material across the 41 acres
(equivalent to an excavation volume of over 330,000 cubic yards) to identify and segregate
the landfill debris and test the residual soil contaminant concentrations. More than 3,000
tons of wastes and residues as well as additional contaminated soil would require
subsequent off-site disposal. Following the waste removal, the site would require
restoration (i.e., backfilling, regrading, and re-vegetation). The estimated cost for this effort
would likely exceed $15 million (see Appendix F for cost estimate). Based on USEPA
guidance (USEPA, 1996b), it is impractical to remove a landfill that would involve
excavation volumes of more than 100,000 cubic yards.

In addition, excavation, transportation, and off-site disposal of the all buried landfill debris
and impacted soil are not green and sustainable remediation practices. This non-
presumptive remedy option may cause much larger environmental footprint and land
disturbance, increased risk of erosion and runoff during the construction for downgradient
South Coast Bays Conservation Zone, and greater risk to workers and the public (i.e., the
inherent dangers of heavy equipment operation at the site, along the transportation routes,
and at the disposition location) than leaving waste in place. Therefore, only the presumptive
remedy response actions (i.e., landfill source containment) are included in the FS
alternatives for further evaluation.

7.2 Remedial Action Objectives

The RAOs consist of specific goals for protecting human health and the environment. The
RAOs reflect the debris, associated contamination, and exposure routes and receptors at
SWMU 1.

The HHRA identified acceptable levels of potential risk for current and future occasional
trespassers and USFWS workers under the assumption that access to subsurface debris
and associated contamination would not occur (based on land use and/or control). The
ERA identified acceptable potential risks to ecological receptors under current site
conditions.
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Based on the presumptive remedy as well as the current and potential future land use,
RAOs were developed to be protective of current and potential future receptors as well as
to ensure land use remains consistent with that assumed (i.e., wildlife refuge) when
assessing risks and evaluating potential remedial alternatives. The RAOs for SWMU 1 are
as follows:

Prevent direct contact with subsurface landfill debris and associated contamination that
would potentially pose an unacceptable risk to exposed receptors.

Minimize the potential for erosion of landfill debris.

Ensure land use (including groundwater) within the landfill boundaries is controlled,
unless or until additional action is implemented that mitigates potentially unacceptable
risks for unrestricted land use.

An RAO for groundwater is not necessary because there is no groundwater contamination
requiring remediation and no evidence that leaching is a concern. However, as noted in
Section 7.4, long-term groundwater monitoring will be conducted to determine if a future
release from the landfill occurs that results in groundwater contamination that may
necessitate a groundwater remedy. If long-term monitoring indicates a groundwater
remedy is warranted in the future, the ROD will be amended and a groundwater RAO(s)
will be developed at that time. The long-term monitoring plan will include the details of the
long-term groundwater monitoring, including the types of results that may trigger
groundwater remediation, modification of the long-term monitoring plan, and long-term
monitoring exit conditions.

7.3 Applicable or Relevant and Appropriate Requirements

CERCLA remedial actions must meet ARARSs for selected remedies unless a specific ARAR
waiver is requested. ARARs are federal and state (commonwealth) public health and
environmental requirements used to define the extent of site cleanup, identify sensitive land
areas or land uses, develop remedial alternatives, and direct site remediation.

Applicable requirements are cleanup standards, standards of control, and other substantive
environmental protection requirements, criteria, or limitations promulgated under federal
or state (commonwealth) law that address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstances at the site.

Relevant and Appropriate requirements are cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated
under federal or state (commonwealth) law that are well suited to the particular site. While
not necessarily “applicable” to a hazardous substance, pollutant, contaminant, remedial
action, location, or other circumstances of the site, relevant and appropriate requirements
address problems or situations sufficiently similar to those encountered at the site to justify
their use.

Factors TBC are non-promulgated advisories or guidance, issued by federal or state
(commonwealth) government, that are not legally binding and do not have the status of
potential ARARs. However, in many circumstances such factors will be considered along with
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ARARSs in determining the level of cleanup required to protect human health and the
environment.

Remedial actions must comply with both federal and state (commonwealth) ARARs. For a
state (commonwealth) requirement to be an ARAR, it must meet three criteria:

It must meet the definition of an ARAR.
It must be more stringent than federal requirements.

It must be a promulgated standard, requirement, criterion, or limitation under a state
(commonwealth) environmental or facility citing law.

There are three types of ARARs. Location-specific ARARS restrict the occurrence of chemicals
in certain sensitive environments, such as wetlands (for example, the Endangered Species
Act). Action-specific ARARs are activity or technology based, which typically control
remedial activities that generate hazardous wastes (for example, RCRA). Chemical-specific
ARARs are health based or risk management based numbers that provide concentration
limits for the occurrence of a chemical in the environment (for example, USEPA MCLS).
Remedial actions must comply with both federal and state (commonwealth) ARARs. The
statutes and regulations listed in Table 7-1 contain requirements deemed to be potential
ARARs at SWMU 1.

7.4 Performance Criteria

Performance criteria are established for purposes of evaluating remedial alternatives and for
use in the conceptual design and cost estimates. Performance criteria provide a basis for
delineating the extent and volume of debris and/or contaminated media that require
remediation and provide the design performance of the remedial alternatives. The
performance criteria described here represent the levels of performance necessary to meet
the RAOs.

The HHRA and ERA for SWMU 1 concluded that there are no unacceptable risks from
exposure to surface soil at SWMU 1. Since the existing land use is a wildlife refuge and the
future land use will remain the same, risk assessment and remedial alternatives directly
assessing subsurface soil and groundwater were not evaluated. Long-term monitoring of
groundwater for 30 years at SWMU 1 will be conducted to determine if a future release from
the landfill occurs that results in groundwater contamination that may necessitate a
groundwater remedy. The details of the long-term groundwater monitoring program will
be articulated in the long-term monitoring and operations and maintenance plan prepared
upon completion of the Record of Decision (ROD). Therefore, the remedial alternatives
evaluated in this FS address potential exposure to landfill debris and associated
contamination.

7.5 Identification of Presumptive Remedy Components

The USEPA directives establish “source containment” as the presumptive remedy for
CERCLA municipal landfills (USEPA, 1993; 1996b). Table 7-2 lists the identified
containment components for a presumptive remedy and their applicability to SWMU 1.

7-4 ES101510022245TPA



7 - PRESUMPTIVE REMEDY APPROACH AND REMEDIAL ACTION OBJECTIVES

Based on site-specific conditions, the following response actions were identified for SWMU 1
to satisfy RAOs:

No Action
Institutional Controls
Soil Covering as Containment

The above response actions have been grouped in order to present a range of alternatives
that can be compared by cost and compliance with site-specific RAOs.

7.6 Sustainability

Executive Order 13242, Strengthening Federal Environmental, Energy, and Transportation
Management, requires Federal agencies to implement sustainable practices. Sustainability is a
greening process focused on energy conservation, reduction of green house gases, waste
minimization, and re-use and recycling of materials. However, a more comprehensive view
of sustainable remediation considers stakeholder input and concerns, optimizing the use of
land to benefit society, and focusing on developing remedies that provide the best net
sustainability benefit. These considerations are not NCP requirements for remedial
alternatives, but may be considered during the alternative selection process.

7.6.1 Green Remediation

Green remediation results in effective cleanups minimizing the environmental and energy
footprints of site remediation and revitalization. Sustainable practices emphasize the need to
more closely evaluate core elements of a cleanup project, compare the site-specific value of
conservation benefits gained by different strategies of green remediation, and weigh the
environmental trade-offs of potential strategies. Green remediation addresses the following
six core elements (USEPA, 2008).

Energy requirements of the treatment system

Air emissions

Water requirements and impacts on water resources
Land and ecosystem impacts

Material consumption and waste generation
Long-term stewardship actions

7.6.2 Beyond Green Remediation

In addition to the core elements addressed by green remediation, and expanding on long-
term stewardship, the following can also be considered:

Integrating Stakeholders (i.e., regulators, non-governmental organizations, community
members) into the decision-making process, especially in considering the impact of the
remedy on the local community
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Land Revitalization and Re-Use

Life Cycle Analysis (which includes elements of the Net Environmental Benefit Analysis
[NEBA])

Extensive net impact analyses (i.e., a NEBA or carbon footprint calculations) can be
conducted to aid in the selection of a remedy that provides the best net environmental and
sustainable benefit.

This incorporates appropriate elements of sustainability and uses the SiteWise™ tool.
SiteWise™ is a stand-alone analytical tool to efficiently and systematically conduct a
sustainability analysis of remediation technologies, thereby providing a tool for selecting a
remediation alternative that is based not only on the seven standard NCP selection criteria
as detailed in Section 9, but also on the basis of the environmental footprint of the
technology. A summary of the sustainability analysis for SWMU 1 is included in Appendix
E. The major conclusions of this sustainability analysis are incorporated into the short-term
effectiveness criteria evaluation of this RI/FS report.

Conducting a NEBA is most useful when there is a clear driver (i.e., unacceptable risks or a
specific regulation/ ARAR) for developing a remedy at a site. That is not the case at SWMU
1 and the remedy is, thus, designed to minimize the potential for future exposures and not
to reduce risk (by removing or remediating contaminant levels) or meet a specific regulatory
requirement. Under these circumstances, and because a sustainability analysis has been
conducted for the site, a NEBA would not provide useful contribution to the decision-
making process at the site.
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Table 7-1(a)

Federal Chemical-Specific ARARs

Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)
Former Vieques Naval Training Range

Vieques, Puerto Rico

based standards for public water systems (maximum
containment levels (MCLs)).

Subparts B&G

ARAR
Media Requirement Prerequisite Citation Alternative | Determination Comment
Soil U.S. Environmental Protection Agency (EPA) Regional |RSLs are conservative, risk-based Puerto Rico Alternative 2 Relevant and RSLs are used in the risk assessments as a useful
Screening Levels (RSLs) or formerly EPA Region 9 criteria for evaluating and cleaning up [Water Quality and 3 Appropriate screening tool to identify chemicals of potential concerng
Preliminary Remediation Goals (PRGs) contaminated CERCLA sites. EPA has |Standards (COPC) and for determining the area that may need to
developed these risk-based Regulation, as be remediated. Site concentrations are screened
concentrations for many constituents  [amended March against RSLs as a preliminary indicator of the presence
associated with contaminated sites. 2010, Article of potentially unacceptable risk. RSLs are also often
3.1.8 used to determine the quality requirements of off-site
borrow fill material and top soil during soil cover
construction.
Groundwater National primary drinking water standards are health- |Public water system 40 CFR Part 141 (1,2,3 Relevant and MCLs were used as comparsion criteria during the risk

Appropriate

assessments to help determine that groundwater impact
from the landfill has been negligible and no groundwater
remediation and montoring is necessary.
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Table 7-1(b)

Puerto Rico Chemical-Specific ARARs

Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)
Former Vieques Naval Training Range

Vieques, Puerto Rico

ARAR
Media Requirement Prerequisite Citation Alternative | Determination Comment
Maximum allowable Puerto Rico Water 1,2,3 Relevant and SWMU 1 is not a RCRA-permitted landfill

Surface Water
and Groundwater

Surface Water and Groundwater Quality Standards

concentrations in surface
water, estuarine, and
groundwater

Quality Standards
Regulation, as
amended March
2010, Article 3.1.8

Appropriate

and surface water is not present at the site.

This ARAR was used to help determine
that long-term groundwater sampling is not
a component of any of the alternatives,
since groundwater data are representative
of 30-year post-closure groundwater
conditions and indicate that groundwater
impact from the landfill has been negligible
(i.e., no MCL exceedances) after 30 to 55
years of waste in place.
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Table 7-1(c)

Federal Location-Specific ARARs
Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)
Former Vieques Naval Training Range

Vieques, Puerto Rico

ARAR
Location Requirement Prerequisite Citation Alternative Determination Comment
Migratory Bird Treaty Act
Presence of migratory birds. Migratory Bird Treaty 2,3 Applicable The site is located in the Atlantic Americas Migratory

Migratory bird area

Protects almost all species of native birds in the
United States from unregulated taking which can
include poisoning at hazardous waste sites or
harassment by other means.

Act, 16 USC 703

Flyway. If migratory birds, or their nests or eggs, are
identified at the site, operations will not destroy the

birds, nests, or eggs.
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Table 7-1(d)

Puerto Rico Location-Specific ARARs

Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)
Former Vieques Naval Training Range

Vieques, Puerto Rico

Location Requirement

Prerequisite

Citation

Alternative

ARAR
Determination

Comment

No Puerto Rico Location-Specific ARARs apply.
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Table 7-1(e)

Federal Action-Specific ARARs

Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)
Former Vieques Naval Training Range

Vieques, Puerto Rico

ARAR
Action Requirement Prerequisite Citation Alternative | Determination Comment
Construction activities that will Puerto Rico Water 3 Applicable Alternative 3 involves covering 41 acres of land, which

Storm Water
Discharge from
Construction
activities

Requires the development and implementation of
best management practices and erosion and
sedimentation control measures during construction
activity.

disturb more than five acres of

land

Quality Standards
Regulation, as
amended March 2010,
Article 31 8

would require a Storm Water Pollution Prevention Plan.
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Table 7-1(f)

Puerto Rico Action-Specific ARARs
Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)
Former Vieques Naval Training Range
Vieques, Puerto Rico

Action

Requirement

Prerequisite

Citation

Alternative

ARAR
Determination

Comment

Control of Erosion and Prevention of Sedimentation

Land disturbance

A Control of Erosion and Sediment
(CES) Plan and a Work Plan must
be prepared for any activities that
involve the alteration of ground or
soil conditions that have not been
specifically excluded.

Distrubance of more than 40 cubic meters of soil during
construction activity

Puerto Rico Regulation
Regulation 5754.1230(B),

©

2,3

Applicable

Alternatives 2 and 3 involve the disturbance of more
than 40 cubic meters of soil. A CES and Work Plan

will be prepared for this activity.

Air Pollution Control

Production of
Fugitive Dust

Dust control measures must be
implemented during construction
activities to prevent emissions
beyond the property boundary.
These include, but are not limited
to, the use of water or other
chemicals on road ways to control
dust, covering haul trucks, and
cleaning tracked soil off of paved
roads.

Construction activity causing particulate matter to
become airborne

Puerto Rico Regulation
Regulation 5300.404(A)(2),
4, (7); (B)

Applicable

Alternatives 2 and 3 involve activities that produce
dust. Dust control measures will be implemented.

Control of Noise Pollution

Construction
activity

No construction activity may be
performed at night or in such a way
that vibrations are produced that
can be felt beyond the property
boundary. If equipment used in
construction is not manufactured in
accordance with USEPA standards
for newly manufactured equipment
then it may not produce noise that
exceeds 70 dBA.

Construction activity including earthwork

Puerto Rico Regulation
3418.3.1.5(A),(C);3.1.10;
3.1.13;4.1

Applicable

The site is considered to be in Zone Il

(Commercial) for noise production. Noise pollution

during activities will be prevented.
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Table 7-2

Identification of Presumptive Remedy Components
Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)
Former Vieques Naval Training Range

Vieques, Puerto Rico

Components Applicability Rationale

Landfill cover* Applicable to SWMU 1 Would require soil covering to prevent
direct contact with locally exposed
landfill debris

Source area ground-water control Not applicable to SWMU 1 No groundwater plume exists;

to contain plume groundwater impacts after 30 to 55

years of waste in place is negligible

Leachate collection and treatment Not applicable to SWMU 1 Leaching to groundwater and migration
of chemicals in groundwater is not a
significant pathway at this site;
groundwater impacts are negligible;
groundwater is not used as a source of
potable water.

Landfill gas collection and Not applicable to SWMU 1 SWMU 1 is not a regulated RCRA

treatment landfill. There was no landfill liner and
gas collection requirements for SWMU
1

Institutional controls (ICs) to Applicable to SWMU 1 Landfill will require ICs since waste and

supplement engineering controls associated contamination are left in
place

*SWMU 1 operated from 1954 to 1978. The RCRA Subtitle D final cover requirements are only applicable for
landfills that received household waste after October 1991. The RCRA Subtitle C final cover requirements are
only applicable for landfills receiving listed or characteristic waster under RCRA after November 1980. Thus,
final cover requirements for Subtitle C and Subtitle D are not applicable to SWMU 1.
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SECTION 8

Development and Description of Remedial
Alternatives

Technology screening was not required for SWMU 1 under presumptive remedy guidelines.
Remedial alternatives were developed to meet the RAOs. The primary objective is to
develop and evaluate remedial alternatives that will prevent direct contact to landfill debris
and address potentially future risk associated with future releases of waste material as a
result of erosion.

The following three remedial alternatives are developed, including:
Alternative 1—No Action
Alternative 2—Enhanced Native Soil Cover and Institutional Controls (ICs)
Alternative 3—Additional Soil Cover and ICs

The major components of the remedial alternatives are defined below. Appendix F contains
the cost estimates for the remedial alternatives.

Groundwater at SWMU 1 is not affected even after more than 30 years of debris in place,
indicating that the potential for leaching is negligible. Modeling efforts for the evaluation of
site-specific soil concentrations protective of groundwater (see the SSRG Tool discussion in
Appendix B) also support that the constituents are relatively immobile based on the site-
specific geochemical and geologic conditions. In addition, SWMU 1 is not a RCRA-
permitted landfill requiring post-closure care under a RCRA-permit or compliance plan. As
a conservative approach, Alternatives 2 and 3 include 30 years of annual groundwater
sampling to verify whether the groundwater conditions are stable and determine if future
release occurs.

8.1 Alternative 1 — No Action

Alternative 1 is the no action alternative, as required by NCP to be retained throughout the
FS process as a baseline for comparison to the other approaches.

The existing landfill cover includes a 2-foot native soil cover (over the majority of the
landfill) and dense vegetation. Landfill debris was identified in few locations exposed on the
surface, either from soil erosion or incomplete placement of the initial cover. For cost
estimating purposes, it is estimated that the exposed waste areas are less than 0.5 acre, based
on the observations made during fieldwork. The assumption of only 0.5 acre of the 41-acre
SWMU 1 requiring covering for Alternatives was based on a conservative analysis of test
pits data relative to the estimate of total waste disposal footprint. The following information
was used in developing this estimate:
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The boring logs indicated that three test pits (TP-4, TP-5, and TP-9) had soil cover less
than 6 inches (refer to Appendix B Trenching and Testing Pits Logs, SI/ESI Report,
CH2M HILL, August, 2010), which accounts for approximately 15 percent of the total 20
test pits.

Based on an average waste thickness of 2 ft and reported total waste disposal of 3,120
tons (or 2,836 cubic yards, assuming 1.1 ton per cubic yard), the total estimated waste
disposal area would be approximately 0.9 acre. It is important to keep in mind that the
waste is not spread across the entire 41 acres; it is in isolated trenches across the 41 acres,
so the actual area of waste is small compared to the entire landfill footprint.

The total area with exposed wastes or soil cover less than 6 inches would equal
approximately 0.14 acre (i.e., 15 percent of 0.9 acre). The 0.5-acre assumption for areas
requiring covering is a conservative estimate, derived by using a safety factor of about
3.5.

The exact locations and sizes of the exposed waste areas will be field verified during the
remedial design and remedial action (RD/RA) period.

The HHRA concluded that the human health risk is acceptable for trespassers and USFWS
workers based on the surface soil concentration data. Similarly, the ERA concluded the
ecological risk is acceptable for all potential wildlife exposures. However, leaving the
randomly exposed waste uncovered may not be adequately protective.

The No-Action Alternative would not preclude a future residential or industrial scenario at
the site, since no institutional control would be implemented. This alternative has no
provisions to ensure that possible future unacceptable risk to the subsurface debris and
associated contamination is mitigated. There are no capital or operation and maintenance
(O&M) costs for the No-Action Alternative. However, the NCP requires 5-year site reviews as
long as wastes and residues remain at the site at concentrations that do not allow unlimited
use and unrestricted exposure.

8.2 Alternative 2— Enhanced Native Soil Cover and
Institutional Controls

This alternative would maintain the existing 2-foot thick native soil cover and dense
vegetation, and include ICs, as shown in Figure 8-1. Alternative 2 is developed to prevent
direct contact with the landfill debris and associated soil contamination and to minimize
potential erosion, as summarized below:

Implementing appropriate temporary erosion control measures (silt fence/hale bales)
prior to land disturbing activities.

Localized clearing of vegetation for access to the exposed debris locations.

Enhancing the existing soil cover by covering the exposed waste areas with 18 inches of
soil fill and 6 inches of top soil to promote vegetative growth. Prior to its use, the fill soil
would be analyzed for VOCs, SVOCs, inorganics, PCBs, and total petroleum

hydrocarbon (TPH) to ensure its acceptability. Re-vegetation will be conducted in areas
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8 - DEVELOPMENT AND DESCRIPTION OF REMEDIAL ALTERNATIVES

where fill is added. The plant species at SWMU 1 include lead tree (Leucaena glauca) and
thorn scrub species such as Acacia spp., mesquite (Prosopis juliflora), box-briar (Randia
aculeata), goatbush (Pithecellobium unguis-cati), sage (Lantana involucrata), and Croton spp.
For cost estimating purpose, it is estimated that the exposed landfill debris area is
approximately 0.5 acre.

Implementing physical barriers (boundary survey, fencing, gates, and signage), and ICs
(restrictive covenants) to prohibit future residential or industrial land use, unauthorized
and uncontrolled excavation and drilling at the site, and any land surface activities that
permanently expose waste materials or release associated contamination. The IC
boundary encompassing the landfill waste area would be documented in the Navy
Master Plan by a survey prepared by a professional land surveyor. It is possible that as
part of long-term monitoring and O&M, excavation or drilling would be performed (i.e.,
to ensure the remedy is functioning and/or to remove/add monitoring points). These
activities would be consistent with the activities conducted during the investigation and,
therefore, risks could be controlled using appropriate H&S practices, as were applied
during the investigation. Therefore, the land use controls will restrict any construction
activity, but will provide for the ability to maintain the cover and optimize the long-term
monitoring program.

Implementing Operations and Maintenance (O&M), including performing annual
landfill soil cover and fencing/signage inspections. If soil cover and/or fencing/signage
deficiencies or exposed wastes are observed, appropriate and timely repairs would be
made. Site-specific details of O&M will be included in the O&M plan.

Performing long-term groundwater monitoring for 30 years.

Performing 5-year reviews and reporting since debris and hazardous substances would
remain at the site at concentrations that do not allow unlimited use and unrestricted
exposure.

8.3 Alternative 3—Additional Soil Cover and Institutional
Controls

This alternative consists of installing an additional 2-foot thick soil cover over existing
native soil cover and implementing ICs, as shown in Figure 8-2. This alternative is
developed to provide a higher level of protection against direct contact with the landfill
debris and associated soil contamination and potential erosion, as summarized below:

Implementing appropriate temporary erosion control measures (silt fence/hale bales)
prior to land disturbing activities.

Clearing the existing vegetation and grading the landfill surface as necessary to
minimize erosion.

Installing an additional 2-foot soil cover (with 18 inches of soil fill and 6 inches of top
soil) over the entire 41-acre landfill area. Prior to its use, the backfill soil would be
analyzed for VOCs, SVOCs, PCBs, inorganics, and TPH to ensure its acceptability. Re-
establishing the vegetation with sustainable native plant species for added benefits as

ES101510022245TPA 8-3



SWMU 1 - STREAMLINED RI/FS REPORT

84

wildlife habitats, without mowing requirements. Dense shrubs and evergreens would be
added to provide cover for the site’s animal inhabitants. Grasses, sedges and a variety of
native wildflowers would provide an additional source of food and cover. A perimeter
zone of Rip Rap material would be established as a long-term erosion control. These
engineering controls would provide run-on and run-off control and reduce infiltration.

Implementing physical barriers (boundary survey, fencing, gates, and signage) and ICs
(restrictive covenants) to prohibit future residential and industrial land use,
unauthorized and uncontrolled excavation and drilling at the site, and any land surface
activities that permanently expose waste materials or release associated contamination.
The IC boundary encompassing the landfill waste area would be documented in the
Navy Master Plan by a survey prepared by a professional land surveyor. It is possible
that as part of long-term monitoring and O&M, excavation or drilling would be
performed (i.e., to ensure the remedy is functioning and/or to remove/add monitoring
points). These activities would be consistent with the activities conducted during the
investigation and, therefore, risks could be controlled using appropriate H&S practices,
as were applied during the investigation. Therefore, the land use controls will restrict
any construction activity, but will provide for the ability to maintain the cover and
optimize the long-term monitoring program.

Implementing O&M, including performing annual landfill soil cover and
fencing/signage inspections. If soil cover and/or fencing/signage deficiencies or
exposed wastes are observed, appropriate and timely repairs would be made. Site-
specific details of O&M wiill be included in the O&M plan.

Performing long-term groundwater monitoring for 30 years.

Performing 5-year reviews and reporting since debris and hazardous substances would
remain at the site at concentrations that do not allow unlimited use and unrestricted
exposure.
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SECTION 9

Detailed Analysis of Remedial Alternatives

This section presents a detailed analysis of the remedial alternatives developed in Section 8.
Evaluation of alternatives against criteria is structured according to provisions outlined in
the NCP. Alternatives are then compared against one another, to highlight differences and
preferential characteristics.

9.1 Evaluation Criteria

CERCLA guidance requires evaluation of each alternative against nine criteria listed in
40 CFR 300.430(e)(9). Criteria were published in the March 8, 1990, Federal Register

(55 FR 8666), as a basis for comparing relative performance, implementability, and
advantages and disadvantages of alternatives. This approach is intended to provide
sufficient information for comparison of alternatives, and for selection of the most
appropriate site-specific remedial action. Evaluation criteria are listed below:

Overall protection of human health and the environment

Compliance with ARARs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, and volume (TMV) through treatment
Short-term effectiveness

Implementability

Cost

Community acceptance

© o N o a k~ w0 Dd e

State/Commonwealth acceptance

The first two categories from the above list are mandatory criteria for an alternative’s
consideration, and are referred to as threshold criteria. However, alternatives which do not
satisfy ARAR requirements can be considered if a specific ARAR waiver is granted. The next
five categories are the primary criteria upon which the detailed analysis is based, and are
referred to as “balancing criteria.” The remaining two evaluation categories are considered
modifying criteria that are to be evaluated following the public comment process. The
identified remedial alternatives will be evaluated in this FS for the first seven criteria, which
are defined below.

9.1.1 Threshold Criteria

Threshold criteria are standards that an alternative must meet to be eligible for selection as a
remedial action. There is little flexibility in meeting the threshold criteria—the alternative
must meet them or it is unacceptable. If ARARs cannot be met, a waiver may be obtained
where one or more site exceptions defined in the NCP occur.
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Overall Protection of Human Health and the Environment. Protectiveness is the main
requirement that remedial actions must meet under CERCLA. It is an assessment of
whether each alternative achieves and maintains adequate protection of human health
and the environment. A remedy is protective if it eliminates, reduces, or controls all
current and potential unacceptable risks posed by the site through each exposure
pathway.

Compliance with ARARs. Compliance with ARARs is one of the statutory
requirements of remedy selection. This criterion is used to determine whether the
alternatives would meet the pertinent applicable federal, state (commonwealth), and
local ARARs identified above.

9.1.2 Balancing Criteria

Unlike threshold criteria, the five balancing criteria detailed below weigh trade-offs between
alternatives. A low rating on one balancing criterion may be compensated by a high rating
on another. Balancing criteria represent principles upon which the detailed evaluation and
comparative analysis of alternatives is based.

Long-Term Effectiveness and Permanence. CERCLA emphasizes selection of remedies
which ensure both short- and long-term protection of human health and the
environment. This criterion evaluates residual risks that may persist after
implementation of a remedial action (or selection of a ‘no further action’ alternative).
Assessment includes evaluation of the adequacy and reliability of controls. Factors
considered appropriate include the following:

Magnitude of residual risks as a result of untreated waste, byproducts, or following
conclusion of remedial activities. Degree of residual hazards, with respect to TMV
and propensity to bioaccumulate, should be considered.

Adequacy and reliability of controls necessary to manage treatment residuals and
untreated waste. Evaluation should consider long-term protection from residuals,
potential technical modifications that may be required, and potential hazards posed
by alternative replacement.

Reduction of TMV through Treatment. This criterion addresses the statutory
preference for remedies that employ treatment to significantly reduce the toxicity,
mobility, or volume of the hazardous substances. That preference is satisfied when
treatment is used to reduce the principal threats at a site by destroying toxic chemicals
or reducing the total mass or total volume of affected media. This criterion is specific to
evaluating only how the treatment reduces toxicity, mobility, and volume. It does not
address containment actions such as capping or covering.

Short-Term Effectiveness. This criterion addresses short-term impacts of the remedial
alternatives by examining the effectiveness of alternatives in protecting human health
and the environment during construction and implementation activities. Short-term
impacts include runoff, dust, vapor, access issues, traffic, potential spills, noise and other
byproducts of construction and remedy implementation, until response objectives are
achieved. Short-term effects are evaluated against the following considerations:
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Short-term risks that might be posed to the community during implementation of an
alternative.

Potential impacts to workers during remedy implementation, including effectiveness
and reliability of protective measures.

Potential environmental effects from remedy implementation, including
effectiveness and reliability of mitigation measures.

Timeframe for implementation and achieved protection.

Implementability. This criterion evaluates technical and administrative feasibility of an
alternative, to include availability of materials and services required for implementation.
Implementability is evaluated per the following factors:

Technical feasibility, including difficulties and unknowns associated with
construction, operation, technological reliability, feasibility of modular upgrades,
and ability to monitor remedial effectiveness.

Administrative feasibility, including coordination activities, ability and time
required for necessary approvals, and issuance of required permits.

Awvailability of services and materials, as applicable, including: adequate offsite
treatment, storage, and disposal capacity; necessary equipment, specialists,
manpower, and provisions; prospective and emerging technologies.

Cost. For the detailed cost analysis of alternatives, the expenditures required to
complete each measure are estimated in terms of both capital and annual O&M costs.
Given these values, a present-worth calculation for each alternative can be calculated for
comparison. The cost estimates in this section provide an accuracy of —-30 to +50 percent.
Costs are projected for a period of 30 years in accordance with A Guide to Developing and
Documenting Cost Estimates During the Feasibility Study (USEPA, 2000).

Selection of specific technologies utilized in alternative configurations is not intended to
limit final design options, but rather provides a baseline for cost estimation. Final cost, and
resultant feasibility, depends on actual labor and material costs, competitive market
conditions, site conditions, project scope, implementation schedule, contracted design, and
other variables. Due to these factors, project feasibility and funding needs must be reviewed
carefully before specific financial decisions are made, to help ensure proper evaluation,
budget, and adequate funding. Specific details and cost estimates may need to be refined
during final remedial design, as applicable.

9.1.3 Modifying Criteria

The following criteria modify selection of recommended alternatives:

Community Acceptance. This assessment includes determination of public opinion,
support of, and/or opposition to components of remedial options.

State (Commonwealth) Acceptance. State (commonwealth) concerns taken into
consideration include the following:

The state’s (commonwealth’s) position and key interests related to alternatives

State (commonwealth) comments on ARARS (or proposed waivers)

ES101510022245TPA 9-3



SWMU 1 - STREAMLINED RI/FS REPORT

Modifying criteria are evaluated following public comment, and as result, community and
state (commonwealth) acceptance are not addressed in this FS. State (commonwealth)
acceptance and community acceptance criteria will be evaluated by addressing comments
received after the USEPA, EQB, and the public have reviewed site documents (e.g., RI/ FS
Report, Proposed Plan). This evaluation will be presented in the Responsiveness Summary
of the ROD.

The following subsections evaluate remedial alternatives against the first seven criteria
described above. Sufficient detail is incorporated into the analysis to understand significant
aspects of each alternative, and to identify uncertainties associated with proposed solutions.

9.2 Detailed Evaluation of Remedial Alternatives

The three remedial alternatives described in Section 8 were evaluated in detail using the
seven evaluation criteria described in Section 9.1. Evaluations are summarized in Table 9-1.

9.3 Comparative Analysis of Alternatives

This subsection evaluates the relative performance of each alternative against the specific
evaluation criteria. The comparative analysis is presented below.

9.3.1 Overall Protection of Human Health and the Environment

Alternative 1 (No Action) is not protective, because the RAO would not be attained because
of potential direct contact risk remaining with the locally exposed landfill debris areas and
lack of ICs. Also, future unacceptable risk activities are not prevented. Alternatives 2 and 3
are protective of human health and the environment, because they reduce the current
exposure to wastes and soil by either enhancing the existing cover or providing additional
soil cover and preventing future exposure by implementing ICs for debris and
contamination left in place.

When Alternative 2 and Alternative 3 are compared, both alternatives are protective of
human health and environment by covering the few locally exposed landfill debris areas.
Alternative 3 provides a higher level of protection against direct contact with the landfill
debris associated with potential erosion, however, the additional protection against erosion
involving additional 2-foot soil cover over the entire landfill area would be offset by an
increase in potential injury and fatality risks to the construction workers (and potentially the
community) during the construction due to the increased personnel traffic and equipment
use. Alternatives 2 and 3 would require 2,000 and 169,000 cubic yards (CY) of hauling fill
materials and top soils to the site, respectively. Dust control efforts may be important to
reduce migration of contaminants.

9.3.2 Compliance with ARARs

Table 7-1 presents a compilation and evaluation of state and federal chemical-specific,
location-specific, and action-specific ARARs. Alternative 1 (No Action) does not meet the
ARARs. Both of the remaining alternatives meet ARARs.
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9.3.3 Long-Term Effectiveness and Permanence

All alternatives result in wastes and associated contamination remaining at the site, which
would require long-term O&M for all three alternatives or ICs (for Alternative 2 and 3). As a
result, a Five-Year Review will be needed for all the alternatives. The periodic O&M costs
include the cost of Five-Year Reviews.

Alternatives 2 and 3 utilize soil cover to minimize contact and rely on ICs to prevent
construction disturbance to landfill debris and soil. The ICs for both alternatives are
considered adequate and reliable, because there would be limited access and future
excavations would be controlled. Since Alternative 3 provide additional 2-foot soil cover
over the existing 2-foot native soil cover, Alternative 3 would provide a higher level long-
term protection against erosion compared to Alternative 2, although the long-term
effectiveness of erosion control for Alternative 2 is adequate with proper annual inspection
and maintenance.

9.3.4 Reduction of Toxicity, Mobility, and Volume through Treatment

None of the alternatives would result in any reduction of volume, toxicity or mobility by
treatment. As a result there is no difference among Alternatives 1, 2, and 3 under this
criterion.

9.3.5 Short-Term Effectiveness

Because there would be no remedial construction activities associated with Alternative 1
(No Action), this alternative has the least short-term construction impacts. The other
alternatives would include construction activities with varying levels of potential impacts to
construction workers, the community, and the environment. The amount of impact is
proportional to the amount of vegetation clearance, backfill and top soil, and truck traffic
through the community. These quantities are summarized below:

Alternative 2 - 2,000 CY or 170 truckloads for imported fill and top soil, and an
estimated construction time of 1 month.

Alternative 3 — 170,000 CY or 14,000 truckloads for imported fill and top soil, and an
estimated construction time of 12 months.

Alternative 2 has limited impacts to the landscape, because of the small area likely requiring
soil cover. Alternative 3 has significant temporary impacts, including site clearing of
existing vegetation over 41 acres. Potential impacts to construction workers can be
minimized through adherence to proper health and safety requirements during soil
covering activities. Likewise, impacts to the environment can be minimized through
mitigating measures such as the use of silt fences to control erosion and watering of dry
soils to minimize dust generation. Wildlife habitat will be destroyed for some time until
vegetation is re-established for Alternative 3. Nonetheless, short-term impacts of Alternative
3 are substantially higher than those of Alternative 2.

Although efforts would be taken to mitigate erosion, extensive vegetation clearance
required under Alternative 3 could involve the short term erosion and transport of soil until
the vegetation is re-established. Downslope from SWMU 1 is the South Coast Bays
Conservation Zone (Class I) along the coastline, which could potentially be impacted by soil
erosion and transport to the coastal area. Two of the bays have bioluminescent properties
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and are valuable tourism resources for the island. The intent of the conservation zones is
preservation of these unique areas as important components of the overall environmental
health of Vieques. DOI has developed a Comprehensive Conservation Plan (CCP) for the
Viegues National Wildlife Refuge that outlines its concept for managing the refuge (USFWS,
2007). Information in this CCP is included in environmental restoration evaluations and
determinations for the former VNTR, as applicable.

A sustainability analysis of three alternatives was conducted using the SiteWise™ tool (see
Appendix E). Alternative 1 had the lowest environmental footprint in terms of projected
greenhouse gas (GHG) emissions and energy consumptions among all of the alternatives
considered. However, as noted previously, this alternative does not meet the RAOs.
Alternative 2 produced the lowest GHG emissions between the two alternatives that meet
the RAOs. Alternative 3 produced the highest GHG emissions.

9.3.6 Implementability

Since Alternative 1 is the No Action alternative and does not meet the ROAs, it would be
difficult to obtain administrative approval for this alternative. Alternatives 2 and 3 have
technical implementability relative to soil cover installation. Alternative 3 would be the
most complex alternative to implement because of much larger scale of construction,
compared to Alternative 2. In terms of administrative feasibility, Alternative 3 would
involve more erosion control permitting, since a 41-acre area would be disturbed.

9.3.7 Cost

The estimated costs for each alternative are summarized in Table 9-2. The table breaks
down the estimated capital, average annual O&M, and net present value ([NPV], calculated
based on a 7 percent discount rate). Appendix F contains detailed cost tables for each
alternative. The alternative cost estimates are in 2011 dollars, based on R.S. Means and
engineer’s estimates for similar projects.

The cost estimates presented in Table 9-2 have been developed strictly for comparing the
three alternatives. The final costs of the project and the resulting feasibility will depend on
actual labor and material costs, competitive market conditions, actual site conditions, final
project scope, the implementation schedule, and other variables. Therefore, final project
costs may vary from the cost estimates. Because of these factors, project feasibility and
funding needs should be reviewed carefully before specific financial decisions are made or
project budgets are established to help ensure proper project evaluation and adequate
funding.

The cost estimates are order-of-magnitude estimates having an intended accuracy range of
+50 to -30 percent. The range applies only to the alternatives as they are defined in Section 8
and does not account for changes in the scope of the alternatives. The specific details of
remedial actions and cost estimates would be refined during final design.
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Table 9-1

Detailed Analysis of Remedial Alternatives

Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)
Former Vieques Naval Training Range

Vieques, Puerto Rico

Evaluation Criteria

Alternative 1
No Action

Alternative 2
Enhanced Native Soil Cover and Institutional Controls

Alternative 3
Additional Soil Cover and Institutional Controls

Overall Protection to Human Health and the Environment

Potential human and ecological exposure to landfill contents
and associated contamination

Not protective.

The existing 2-foot thick soil cover and dense vegetation are protective
of human health and ecological exposure under current land use as a
wildlife refuge area.

The locally exposed landfill debris areas would be covered with 2 feet
of soil to prevent direct contact exposure.

Physical barriers (fencing, signage, and survey) and Institutional
control (restrictive covenants) minimize exposure potential and
preclude unauthorized construction (including excavation) within the
extent of the landfill debris without proper health and safety protection
and debris/soil management.

Effectiveness of the institutional controls would be ensured by
inspecting (and repairing as necessary) the soil cover and
fencing/signage to ensure future exposure to landfill contents is
prevented.

The additional 2-foot thick soil cover and native vegetation would cover the entire extent of the
landfill area and be protective of human health and ecological exposure under current land
use as a wildlife refuge area.

Physical barriers (fencing, signage, and survey) and Institutional control (restrictive covenants)
minimize exposure potential and preclude unauthorized construction (including excavation)
within the extent of the landfill debris without proper health and safety protection and
debris/soil management.

Effectiveness of the institutional controls would be ensured by inspecting (and repairing as
necessary) the soil cover and fencing/signage to ensure future exposure to landfill contents is
prevented.

Compliance with ARARs

Location-specific ARARS None. Would be met. Would be met.
Action-specific ARARs None. Would be met. Would be met.
Chemical-specific ARARs Would be met. Would be met. Would be met.

Long-Term Effectiveness and Permanence

Magnitude of residual risk

No significant change in risk because
no action would be taken. Some
unacceptable risk related to potential
exposure to exposed landfill debris
and associated contamination and
erosion remains.

Residual risk under existing land use is controlled by soil cover and
institutional controls.

Residual risk under existing land use is controlled by soil cover and institutional controls.

Adequacy and reliability of controls

Not applicable.

Localized soil additions and ICs would be adequate and reliable,
assuming the soil cover is maintained, in reducing the potential for
exposure to landfill contents and associated contamination.

ICs and additional 2-foot thick soil cover would be adequate and reliable, assuming the soil
cover is maintained, in reducing the potential for exposure to landfill contents and associated
contamination.

Need for 5-year review

Because landfill contents and
associated contamination remain in
place, 5-year reviews would be
required to provide adequate
protection of human health and the
environment.

Because landfill contents and associated contamination remain in
place, 5-year reviews would be required to provide adequate
protection of human health and the environment.

Because landfill contents and associated contamination remain in place, 5-year reviews would
be required to provide adequate protection of human health and the environment.

Reduction of Toxicity, Mobility, or Volume Through Treatment

Degree of expected reduction in toxicity, mobility, or volume of
the waste

Not applicable.

Not applicable.

Not applicable.

Irreversibility of treatment

Not applicable.

Not applicable.

Not applicable.

Type and quantity of residuals that will remain following
treatment

Not applicable.

Not applicable.

Not applicable.

Statutory preference for treatment

Not applicable.

Not applicable.

Not applicable.
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Table 9-1

Detailed Analysis of Remedial Alternatives

Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)
Former Vieques Naval Training Range

Vieques, Puerto Rico

Evaluation Criteria

Alternative 1
No Action

Alternative 2
Enhanced Native Soil Cover and Institutional Controls

Alternative 3
Additional Soil Cover and Institutional Controls

Short-Term Effectiveness

Potential impacts to workers during remedial action and the
effectiveness and reliability of protective measures

Relatively low accident risk to
personnel during the site inspections
for the 5-year reviews.

Since the existing landfill cover would not be disturbed, and the
exposed wastes areas are few and localized (estimated less than 0.5
acre), risks associated with land surveying activities, land disturbance,
and soil cover renovations, would be minimal. The potential fatality and
injury risks associated with this alternative during personnel travel and
equipment for earthwork and soil covering during the partial renovation
and repair would be substantially lower than that of Alternative 3 and
would be managed by implementing proper health and safety
procedures.

Since the existing vegetation will be cleared, and additional soil cover construction includes
disturbance of a large area (41 acres), this alternative has the highest potential for fatality and
injury associated with land surveying, site preparation, soil cover installation, and erosion
control would be managed by implementing proper health and safety procedures.
Environmental monitoring for dust and contaminant emissions would be required to provide
the proper level of health and safety protection.

Short-term risk that might be posed to the community during
implementation

None.

No community is nearby that would be affected.

Short-term safety-related risks to the community are minimal. Although
there would be minor fill material delivery requirements, increased
truck traffic should not impact local community areas because the fill
could likely be obtained in the vicinity of the site.

No community is nearby that would be affected.

Short-term safety-related risks to the community could be higher than those for Alternative 2 if
the removed vegetation cannot be managed and the fill cannot be obtained in the vicinity of
the site.

Potential environmental impacts of remedial action and
effectiveness and reliability of mitigation measures during
implementation

None.

None.

Soil cover construction activities could result in the erosion of areas which could then affect
the surrounding environment. Erosion control measures would be implemented prior to any
land disturbing activities to minimize this potential. Erosion control matting would be installed
prior to the establishment of a sustainable vegetative cover.

Environmental impacts could also occur from dust and contaminant emissions. Impacts could
be controlled by using dust suppressants.

Time until protection is achieved

Environmental Footprint (In terms of GHG emissions and
energy consumption)

Not applicable.

Lowest

Immediate protection from marginal risks due to covering of the
exposed waste areas and implementation of ICs.

Second highest

Immediate protection from marginal risks due to covering of landfill and implementation of ICs.
Highest (substantially higher than Alternative 2)

Implementability

Technical feasibility

Not applicable.

Feasible. The site is readily accessible with standard machinery.

Feasible. The site is readily accessible with standard machinery.

Administrative feasibility

Not applicable.

Feasible.

Feasible.

Availability of services, equipment, and materials

Not applicable.

Materials and services for soil cover installation activities are readily
available. Construction requirements include utilizing standard
earthmoving and hauling equipment.

Onsite workers would be enrolled in medical monitoring and meet
OSHA requirements as necessary.

Materials and services for soil cover installation activities are readily available. Construction
requirements include utilizing standard earthmoving and hauling equipment.

Onsite workers would be enrolled in medical monitoring and meet OSHA requirements as
necessary.

Cost

(See Table 9-2 for Cost Breakdown)

Low

Medium

High
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Table 9-2

Summary of Cost Estimates for Remedial Alternatives

Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)

Former Vieques Naval Training Range

Vieques, Puerto Rico

Alternatives

Alternative 1 - No

Alternative 2 —

Alternative 3 -

Action Enhanced Native Soil Additional Soil Cover
Cover and Institutional and Institutional
Controls Controls
Total Capital Cost $0 $405,000 $5,758,000
Total O&M & Periodic $95,000 $853,000 $853,000
Cost (NPV)
Total Project Cost (NPV $95,000 $1,258,000 $6,611,000

in 2011 $)

Note: NPV is based on discount rate of 7% for 30 years
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SECTION 10

Conclusions and Recommended Remedial
Alternative

The overall objectives of this streamlined RI/FS are to sufficiently characterize the nature
and extent of contamination, assess potential risks to human health and the environment,
evaluate presumptive remedial alternatives such that the most appropriate alternative can
be selected and implemented at SWMU 1. Data collected as part the PA/SI and the SIZESI
sufficiently characterized the site and were therefore used for this analysis.

This section presents the conclusions of the RI/FS conducted at SWMU 1 and the
recommended remedial alternative for the site.

10.1 Remedial Investigation Conclusions
10.1.1 Physical Characteristics

SWMU 1 is situated in a valley that gently slopes from its northwestern extent to the
southeastern boundary and bounded by steep hills to the west and an ephemeral stream
and steep hills to the east.

The Navy ceased military operations in April 2001 and the former VNTR land, which
includes SWMU 1, is currently owned by DOI and managed by USFWS as part of the
National Wildlife Refuge System. The site access is currently restricted from the public;
the landfill is covered with 2 feet of soil fill (except in small localized areas), and is
overgrown with dense vegetation.

Groundwater flow beneath the landfill is generally southward toward the ocean.
Groundwater is not used as a potable water source at or in the vicinity of SWMU 1, and
there are no plans for potable use of groundwater in this area.

10.1.2 Environmental Media Contamination

Magnetic and electromagnetic geophysical surveys and exploratory excavations and
analytical data collected during the PA/SI and the SIZESI provide the primary basis for the
evaluation of the nature and extent of the landfill debris and contamination in soil and
groundwater.

Landfill debris is primarily municipal-type debris that was disposed of in trenches
between 1954 and 1978. Several munitions-related items (i.e., spent ammunition, small
arm cartridges, and practice items) were also observed. The depth of the landfill debris
was variable across the site, but was observed to a depth of 10.5 feet bgs.

One SVOC, three pesticides, and 11 inorganic constituents were detected above
screening criteria and background concentrations (for inorganics) in the surface soil
landfill cover.
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Six pesticides, one PCB, and 14 inorganic constituents were detected above screening
criteria and background concentrations (for inorganics) in the subsurface soil within the
landfill debris.

Ten inorganics were detected above screening criteria and background concentrations in
the subsurface soil beneath the landfill debris.

Seven inorganics were detected above background concentrations and screening criteria
within surface and subsurface soil in the ephemeral stream.

One VOC and eight inorganics were observed above screening criteria in groundwater.

10.1.3 Contaminant Migration

A 2-ft thick soil cover overlies the landfill debris; however, distributed few localized
areas have landfill debris exposed at the ground surface.

The potential for contaminant migration from wind erosion, volatilization, surface
runoff, leaching to groundwater, and from groundwater flow is minimal. The 2-ft thick
soil cover and vegetation reduces the potential for wind erosion and surface runoff.
Volatile constituents observed in groundwater were at low concentrations such that
volatilization is likely negligible. The number of years waste has been in place (between
30 and 55 years), groundwater monitoring data, and SSRG calculations show that the
potential for leaching to groundwater and groundwater migration is negligible and that
no groundwater contaminant plume exists.

10.1.4 Human Health Risk Assessment

A baseline HHRA was conducted for SWMU 1 to evaluate potential current and future
health risks from exposure to environmental media.

Potential current/future receptors evaluated in the HHRA consisted of trespassers
(adult) and USFWS workers. Conservative exposure pathways included ingestion,
dermal contact, and inhalation of COPCs in ephemeral stream surface soil and landfill
soil cover.

No unacceptable risks were identified for exposure to surface soil at SWMU 1.

10.1.5 Ecological Risk Assessment

10-2

A SERA, constituting Steps 1 and 2 of the ERA process, and the first step (Step 3A) of a
BERA were conducted for SWMU 1. The ERA was conducted to evaluate the potential
for adverse effects to the environment from exposure to surface soil at SWMU 1.

In summary, no COCs were identified for surface soil exposures at SWMU 1. Similarly,
no COCs were identified for terrestrial food web exposures. Thus, risks to ecological
receptors are acceptable at SWMU 1.
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10.2 Recommended Remedial Alternative

Table 10-1 summarizes a semi-quantitatively comparative analysis of remedial alternatives
in relation to one another based on each of seven NCP criteria. The purpose of this analysis
is to score the relative advantages and disadvantages of each remedial alternative, for the
selection of the recommended remedial alternative. The comparative analysis focuses on
factors that provide distinctions between the alternatives. Alternative 1- No Action is not
recommended, since it is neither protective of the human health and environment, and is
not compliant with ARARs. Among the remaining two alternatives, Alternative 3 —
Additional Soil Cover and Institutional Controls is less favorable due to its larger environmental
footprint and potential higher impact (soil erosion and runoff during construction) to the
downgradient costal conservation zone.

Alternative 2 — Enhanced Native Soil Cover and Institutional Controls is the recommended
remedial alternative at SWMU 1. The NPV cost of Alternative 2 is estimated at $1,258,000
assuming a 30-year operation period and 7 percent discount rate. The NPV is based on a
total capital cost of $405,000, annual O&M cost of $61,000, and periodic 5-year review cost of
$44,000. This is an order-of-magnitude cost estimate that is expected to be within +50 to -30
percent of the actual project costs. This alternative will be protective of human health and
the environment under current and projected future land use as a wildlife refuge, prohibit
future residential and industrial land use, and ensure the soil cover and ICs are adequate
and maintained to minimize the potential for exposure to landfill contents and
contaminated soil.
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Table 10-1
Comparative Analysis of Remedial Alternatives

Streamlined RI/FS Report for SMWU 1 (Camp Garcia Landfill)

Former Vieques Naval Training Range
Vieques, Puerto Rico

Criteria Alternative 1 Alternative 2 Alternative 3
No Action Enhanced Native Additional Soil Cover
Soil Cover and ICs and ICs
Overall protection of human health and the environment 0 4 4
Compliance with ARARS 0 4 4
Long-term effectiveness and permanence 1 3 4
Reduction of toxicity, mobility, or volume through treatment 0 0 0
Short-term effectiveness? 4 3 1
Implementability 0 4 2
Cost 4 4 1
Total Score 9 22 16

0—not met 1—poor 2—satisfactory 3—good 4—excellent

1 The sustainability footprint in terms of GHG emissions and energy consumptions was factored in the scoring of each

alternative.
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