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Executive Summary

The United States (US) Army Corps of Engineers (USACE) Baltimore District on behalf of the
Army National Guard (ARNG)-Installations & Environment Division (IED), Cleanup Branch
contracted AECOM Technical Services, Inc. (AECOM) to perform Preliminary Assessments (PAs)
and Site Inspections (Sls) for Perfluorooctanesulfonic acid (PFOS) and Perfluorooctanoic acid
(PFOA) Impacted Sites at ARNG Facilities Nationwide. The ARNG is assessing potential effects
on human health related to processes at facilities that used per- and poly-fluoroalkyl substances
(PFAS), primarily in the form of aqueous film forming foam released as part of firefighting activities,
although other PFAS sources are possible.

AECOM completed a PA for PFAS at Camp Santiago Joint Maneuver Training Center (Camp
Santiago; also referred to as the “facility”), in Salinas, Puerto Rico, to assess potential PFAS
release areas and exposure pathways to receptors. Camp Santiago is constructed on a parcel of
land owned by the USACE and leased to the Puerto Rico ARNG (PRARNG). The performance of
this PA included the following tasks:

e Reviewed data resources to obtain information relevant to suspected PFAS releases
e Conducted a site visit on 24 May 2019

e Interviewed current PRARNG Camp Santiago personnel during the site visit including the
Camp Santiago Fire Chief, the Director of the Department of Public Works, a safety officer,
and the Maneuver Area Training Equipment Site Shop Chief.

e Completed visual site inspections at known or suspected PFAS release locations and
documented with photographs

o Developed a preliminary conceptual site model (CSM) to outline the potential release and
pathway of PFAS for the Area(s) of Interest (AOIs) and the facility (Figure ES-1)

Two AOIs related to a potential PFAS release were identified at Camp Santiago during the PA.
The AOIls are shown on Figure ES-1 and described in Table ES-1 below:

Table ES-1: AOIs at Camp Santiago

Area of

Name Used by Potential Release Date
Interest
AOI 1 Former Landfill PRARNG Unknown - 1993
AOI 2 Station No. 4 FTA PRARNG, Other DoD and Unknown (2012-present)

non-DoD Units

Based on the possible PFAS releases at the AOIls, there is potential for exposure to PFAS
contamination in media at or near the facility. The preliminary CSM for Camp Santiago is shown
on Figure ES-2, which presents the potential receptors and media impacted.

Based on the US Environmental Protection Agency (USEPA) Unregulated Contaminant
Monitoring Rule 3 data, it was indicated that no PFAS were detected in a public water system
above the USEPA Health Advisory level within 20 miles of Camp Santiago.
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1. Introduction

1.1 Authority and Purpose

The United States (US) Army Corps of Engineers (USACE) Baltimore District on behalf of the
Army National Guard (ARNG)-Installations & Environment Division, Cleanup Branch contracted
AECOM Technical Services, Inc. (AECOM) to perform Preliminary Assessments (PAs) and Site
Inspections (Sls) for Perfluorooctanesulfonic acid (PFOS) and Perfluorooctanoic acid (PFOA)
Impacted Sites at ARNG Facilities Nationwide under Contract Number W912DR-12-D-0014, Task
Order W912DR17F0192, issued 11 August 2017. The ARNG is assessing potential effects on
human health related to processes at facilities that used per- and poly-fluoroalkyl substances
(PFAS), primarily in the form of aqueous film forming foam (AFFF) released as part of firefighting
activities, although other PFAS sources are possible. In addition, the ARNG is assessing
businesses or operations adjacent to the ARNG facility (not under the control of ARNG) that could
potentially be responsible for a PFAS release.

PFAS are classified as emerging environmental contaminants that are garnering increasing
regulatory interest due to their potential risks to human health and the environment. PFAS
formulations contain highly diverse mixtures of compounds. Thus, the fate of PFAS compounds
in the environment varies. The regulatory framework at both federal and state levels continues to
evolve. The US Environmental Protection Agency (USEPA) issued Drinking Water Health
Advisories for PFOA and PFOS in May 2016, but there are currently no promulgated national
standards regulating PFAS in drinking water. In the absence of federal maximum contaminant
levels, some states have adopted their own drinking water standards for PFAS. Puerto Rico does
not currently have drinking water standards for PFAS.

This report presents the findings of a PA for PFAS at Camp Santiago Joint Maneuver Training
Center (Camp Santiago; also referred to as the “facility”), in Salinas, Puerto Rico, in accordance
with the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
as amended, the National Oil and Hazardous Substances Pollution Contingency Plan (40 Code
of Federal Regulations [CFR] Part 300), and USACE requirements and guidance.

This PA documents the known fire training areas (FTAs) as well as other locations where PFAS
may have been released into the environment at Camp Santiago. The term PFAS will be used
throughout this report to encompass all PFAS chemicals being evaluated, including PFOS and
PFOA, which are key components of AFFF.

1.2  Preliminary Assessment Methods

The performance of this PA included the following tasks:

o Reviewed data resources to obtain information relevant to suspected PFAS releases
e Conducted a site visit on 24 May 2019

e Interviewed current and former Puerto Rico ARNG (PRARNG) Camp Santiago personnel
during the site visit, including the Camp Santiago Fire Chief, the Director of the Department
of Public Works (DPW), a safety officer, and the Maneuver Area Training Equipment Site
(MATES) Shop Chief

e Completed visual site inspections at known or suspected PFAS release locations and
documented with photographs

o Developed a preliminary conceptual site model (CSM) to outline the potential release and
pathway of PFAS for the Area(s) of Interest (AOls) and the facility
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1.3 Report Organization

This report has been prepared in accordance with the USEPA Guidance for Performing
Preliminary Assessments under CERCLA (USEPA 1991). The report sections and descriptions of
each are:

e Section 1 — Introduction: identifies the project purpose and authority and describes the
facility location, environmental setting, and methods used to complete the PA

e Section 2 — Fire Training Areas: describes the FTAs at the facility identified during the site
visit

¢ Section 3 — Non-Fire Training Areas: describes other locations of potential PFAS releases
at the facility identified during the site visit

o Section 4 — Emergency Response Areas: describes areas of potential PFAS release at the
facility, specifically in response to emergency situations

e Section 5 — Adjacent Sources: describes sources of potential PFAS release adjacent to the
facility that are not under the control of ARNG

o Section 6 — Preliminary Conceptual Site Model: describes the pathways of PFAS transport
and receptors for the AOls and the facility

e Section 7 — Conclusions: summarizes the data findings and presents the conclusions of the
PA

o Section 8 — References: provides the references used to develop this document
e Appendix A — Data Resources
e Appendix B — Preliminary Assessment Documentation

e Appendix C — Photographic Log

1.4  Facility Location and Description

Camp Santiago is located on the south-central coast of Puerto Rico, north of the municipality of
Salinas, Puerto Rico. The main gate is located on Highway PR-52 (Figure 1-1). Camp Santiago
is the largest training site licensed for ARNG training activities in the Caribbean and occupies
12,590 acres. The Caribbean Sea is approximately 2 miles south from Camp Santiago (PRARNG,
2005).

In 1940, Camp Santiago was acquired from the Commonwealth of Puerto Rico by the US Army
for training and was established as the Salinas Training Area. During World War Il and through
the end of the Korean War, the Salinas Training Area was used for military training (PRARNG,
2005). The facility was licensed for use by the PRARNG in 1967. In 1975, it was renamed Camp
Santiago (PEER, 1992). Camp Santiago provides support and services to PRARNG as well as
other Department of Defense (DoD) and non-DoD users, such as state and federal law
enforcement agencies. Camp Santiago does not house permanent residents, although the
barracks can temporarily house a large number of troops.

Camp Santiago’s cantonment area is approximately 405 acres and includes 180 buildings. The
camp is a self-supporting facility with finance, quartermaster, medical, and other support and
services normally available at military installations. Within the camp, there are approximately 12
miles of improved roads and 150 miles of unimproved roads. The improved roads (asphalt paved)
are primarily comprised of Highway PR-154, streets and avenues in the cantonment area, and a
stretch of road to range areas at the camp (PRARNG, 2005).
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Real property documents for the facility provided by the PRARNG are include in Appendix A.

1.5 Facility Environmental Setting

This section presents information taken from several sources, including the 2005 PRARNG
Integrated Natural Resources Management Plan (PRARNG, 2005), the 1985 PRARNG Camp
Santiago Environmental Management Analysis and Plan (PRARNG, 1985), a 1992 Screening
Site Inspection Report (PEER, 1992), a 1981 Solid Waste Disposal/Landfill Study (USAEHA,
1981), and several geological and hydrogeological studies.

Camp Santiago lies on the southern slope of the Cordillera Central mountain range, which forms
the east-west drainage divide in Puerto Rico (USAEHA, 1993). Topography across the facility
ranges from mountains located along the northern portion of the facility to a gently sloping
outwash plain occupying the southernmost end of the facility (PEER, 1992). Camp Santiago lies
just to the east of the Salinas fan delta in an interfan or alluvial plain area (USGS, 2002).
Elevations across the facility range from 40 feet above mean sea level (amsl) along the outwash
plain to approximately 2,000 feet amsl in the mountains (USAEHA, 1993).

1.5.1 Soils

The soils in the southern portion of Puerto Rico are high in clay, medium-low in silt, and low in
sand. The soils associated with Camp Santiago are primarily transported, but there are some
residual soils present. In general, the soils can be grouped as the shallow soils associated with
the volcanic heights and deep soils that are clayey and expansive on the semiarid terraces
(USAEHA, 1981).

Based on the soil survey for Camp Santiago, the five most extensive soil units found within the
site boundaries are the following: Aguilita stony clay loam, Callabo silty clay loam, Llanos clay,
Jacana Clay, and Cobbly alluvial land. All soil units are well drained except the Cobbly alluvial
land, which is found on floodplains. The pH values for the five soil types range from 5.6 to 8.4 in
the upper most 60 inches, and organic matter content is five percent or less. The erodibility of
these soil units is based on the susceptibility of a soil to sheer and rill erosion by water. These
soils units have a slight to moderate erodibility when exposed or un-vegetated (U S Department
of Agriculture, 2007).

1.5.2 Geology

Camp Santiago is located on the southern slope of the Cordillera Central mountain range, also
called the Puerto Rican anticlinorium (USAEHA, 1993). Geology beneath the facility is shown on
Figure 1-2. The mountains that occupy the northern portion of the facility are composed of highly
faulted and folded sedimentary and volcanic formations. The volcaniclastic and sedimentary rocks
consist of massive- to thick-bedded andesitic tuff, welded tuff, porphyritic basalt, volcanic breccia,
sandstone, and siltstone (USGS, 1999). A principal structural feature of the strata is a dominant
southwesterly dip (PEER, 1992).

The southernmost end of the facility is located on a gentle sloping outwash plain (PEER, 1992).
This area is characterized by a low-lying, narrow fan-delta consisting of gravel, sand, and silt of
Quaternary age (USGS, 2002). The alluvial and colluvial deposits that are present at the facility
have been washed down from the surrounding hills and mountains (PEER, 1992).

The Rio Jueyes fault is present within the main post area and passes through the cantonment
area at an angle of approximately north 60 degrees west (PEER, 1992). The Esmeralda Fault, an
ancient inactive fault, may also be present in the bedrock beneath the colluvium at the southern
boundary of the site (PEER, 1992).
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Much of the central portion of Camp Santiago is directly underlain by the conglomerates,
sandstones, siltstones, and limestones of the Cariblanco formation, which is also exposed in the
mountains to the north and south as far as the Rio Jueyes fault (PEER, 1992). The Rio Nigua
river valley drains the impact area. Relatively young alluvium has collected in the valley bottom
and extends to the southeast where it coalesces with the north-northeast to south-southwest
trending alluvial valley from the Rio Majada. Alluvium transported from the mountains to the north
of Camp Santiago has formed an alluvial fan and plain which underlies the southeast corner of
the camp and most of the region to the southeast. This feature is called the Rio Nigua de Salinas
alluvial fan (USGS, 2006) and is part of the larger South Coastal Plain Alluvial Aquifer.

1.5.3 Hydrogeology

Camp Santiago straddles two very different hydrogeologic regions. Groundwater within the
portions of the facility directly overlying volcanic and sedimentary bedrock units primarily moves
through structural features such as joints, fractures, and bedding planes. This groundwater is not
generally used for drinking water purposes in the area surrounding Camp Santiago. Hydrothermal
springs have been identified to the northwest of the facility, outside of the city of Coamo. The
influence of hydrothermal groundwater can be seen seasonally through its impact on
temperatures in wells in various parts of the facility (USGS, 2006).

Part of the central portion and most of the southeastern third of the facility lies within the second
hydrogeologic region, overlying an interfan on the edge of an alluvial plain within the eastern
section of the South Coast groundwater province. This province extends along the western half
of the south coast of Puerto Rico. This portion of the facility is located on the western border of
the Rio Nigua de Salinas alluvial fan aquifer. The Rio Nigua de Salinas alluvial fan aquifer is one
of a series of alluvial fans and coastal sediments deposited during the Quaternary period that
form the larger South Coastal Plain alluvial aquifer. The Rio Nigua de Salinas alluvial fan aquifer
is the principal source of drinking water for the residents of Salinas and the surrounding area.
Based on topography, infiltration from the facility represents a very small proportion of total
recharge that reaches the aquifer. The aquifer in Salinas includes three principal hydrogeologic
units: (1) an upper zone typically composed of varying proportions of sand, gravel, and clay, with
finer sediments increasing coastward; (2) the fan deltas and alluvial deposits, which are the
principal groundwater flow zone; and (3) weathered bedrock that consists of limestones, diorite,
sandstone, conglomerates, and siltstone. Groundwater within the sand and gravel beds of the
upper zone is mostly unconfined; however, as the amount of fine-grained material increases
coastward, this upper zone becomes a semi-confining unit to the principal groundwater flow zone
within the fan delta and alluvial deposits. The upper zone varies in thickness from 75 feet along
the coast to 10 to 40 feet along the northern boundary and supplies water to domestic wells. The
thickness of the fan delta is reported to be up to 350 feet, and the fan delta supplies water for
municipalities and industrial water wells (USGS, 2006).

Static groundwater level measurements in wells at Camp Santiago ranged from 10 to 13 feet
below ground surface (bgs) during a 1993 study. Borehole depths ranged from 48 to 62 feet bgs
(USAEHA, 1993). Groundwater elevations in the Rio Nigua de Salinas alluvial fan aquifer located
down gradient from Camp Santiago within the 4-mile groundwater receptor zone ranged from 26
to 66 feet bgs during a 2002 investigation. Well depths ranged from 42 to 346 feet bgs. The
hydraulic conductivity of the fan deposits in the Salinas area ranges from 26 to 100 feet per day
(USGS, 2006). Two additional groundwater monitoring wells were installed at Camp Santiago in
2012 and are located in the northeastern portion of the facility near the eastern boundary (URS
Group, Inc. & Arcadis U.S, Inc., 2008).

Regional groundwater flow near Camp Santiago is to the south, toward the Caribbean Sea
(Figure 1-2) (USAEHA, 1993). Localized flow may be complex due to the preferential flow paths
located within the colluvium, influences of underlying bedrock that are exposed at Cerro Modesto

7
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south of the cantonment area, and the presence of the Esmeralda fault, which may be located in
bedrock beneath the colluvium at the southern boundary of the facility (PEER, 1992). Pumping
from wells in the Rio Nigua de Salinas alluvial fan aquifer has lowered the water table sufficiently
to create a cone of depression that has changed the natural north to south direction of
groundwater flow (USGS, 2006).

Groundwater is the only source of drinking water for Camp Santiago. There are two water supply
wells located near the Main Gate that supply water to the facility that are screened in the Rio
Nigua de Salinas alluvial fan aquifer deposits (Figure 1-2). Camp Santiago also includes a water
treatment plant, a water distribution system, and a sewer line system connected to the Salinas
municipal sewage system. Based on 2010 Census data, approximately 30,000 people live in
Salinas and the surrounding areas near Camp Santiago and rely on groundwater as their sole
water supply source (US Census Bureau, 2012). There are more than 70 groundwater wells
registered between the Puerto Rico Department of Health and the Puerto Rico Aqueduct and
Sewer Authority located primarily south of Camp Santiago within the 4-mile down gradient
groundwater receptor zone (Commonwealth of Puerto Rico, 2006). The water supply wells
located south of Camp Santiago are screened at various depths in the Rio Nigua de Salinas
alluvial fan aquifer (USGS, 2006). According to Camp Santiago personnel, municipal water
infrastructure was recently established for the city of Salinas; however, it is unclear whether
municipal water is primary source of drinking water.

Additionally, sampling of two domestic water sources at Camp Santiago for PFAS were conducted
by the ARNG in June 2017. Estimated concentrations of various PFAS compounds were detected,
including a concentrations of PFOS ranging from 1.67 parts per trillion (ppt) to 2.90 ppt in samples
collected from a waterspout inside Building 002 and a waterspout inside Building 003. Both
buildings are located in the facility cantonment area. PFOA was not detected in samples. All PFAS
detections reported are orders of magnitude below the USEPA Health Advisory of 70 ppt. The
tabulated sampling results are included in Appendix A, and potable well locations are shown on
Figure 1-2.

Based on the USEPA Unregulated Contaminant Monitoring Rule 3 data, it was indicated that no
PFAS were detected in a public water system above the USEPA Health Advisory level within 20
miles of Camp Santiago.

1.5.4 Hydrology

Camp Santiago is situated on the southern slope of the Cordillera Central mountain range, which
forms the main drainage divide of Puerto Rico. The steep topography of the southern slope of the
Cordillera Central results in rapid runoff and occasional flash flooding along the intermittent
streams that traverse Camp Santiago (PEER, 1992). All surface water in Camp Santiago flows
south to the Caribbean Sea, roughly 2 miles from the facility boundary (Figure 1-3).

There are approximately 144 miles of perennial or intermittent streams within the boundaries of
Camp Santiago. Where munitions use and fires have disrupted native plants, only grass,
herbaceous plants, and shrubs grow along the stream courses. The only surface waters that flow
off-facility are the Rio Jueyes, Rio Nigua, and Quebrada Honda. Of these waters, the Rio Nigua
is the principal drainage for Camp Santiago, with a watershed basin size of 112 square miles
(Puerto Rico Environmental Quality Board, 2003).

The Rio Nigua watershed drains the eastern half of the facility. The Rio Majada, which flows along
the northeastern portion of the facility boundary, is also part of the watershed and confluences
with the Rio Nigua downstream. The Rio Jueyes watershed is much smaller, with a basin size of
roughly 12 square miles, and drains the western portion of the facility. The Quebrada Honda
watershed drains the south-central part of the facility and consists of a relatively small, intermittent
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creek that mainly dries out and/or infiltrates to groundwater downstream of Camp Santiago’s
southern boundary (PRARNG, 2005).

Most of the drainage features flowing through the northern and central areas of Camp Santiago
are intermittent or ephemeral streams, with low gradients, sizable deposits of loose gravels and
sand, and losing over significant reaches. The unconsolidated material is easily entrained and
transported during high stream flow periods (PRARNG, 2005).

Generally, flow in streams within the Camp Santiago area is less than 35 cubic feet per second,
with some sections often drying out (USGS, 2002). Intense runoff events, mostly in the
mountainous area to the north and east of Camp Santiago, create flash flood conditions in the
lower elevations. All low elevation areas, including the firing ranges and neighboring areas, can
be flooded within hours of the onset of a storm. The local geology and drainage patterns indicate
that portions of the facility and the adjacent communities of El Coco and Salinas occupy historical
floodplains (PEER, 1992; PRARNG, 2005).

1.5.5 Climate

Puerto Rico has a mildly tropical Caribbean climate, and seasonal variation in temperatures is
very low. The average temperature in the summer in the nearby city of Ponce is 82.3 degrees
Fahrenheit (°F), while the average temperature in the winter is 77.2 °F (NOAA, 2019).

Puerto Rico has a complex rainfall pattern that is controlled mainly by the orographic effects of
the Cordillera Central mountain range. The Cordillera Central forms a barrier to the prevailing
northeast trade winds and affects the distribution of rainfall throughout Puerto Rico. The trade
winds persist throughout the year, producing a wind pattern varying from northeast to southeast
according to the season. Much of the south coast, including Camp Santiago, lies in a rain shadow.
The average annual rainfall in Ponce is about 35.48 inches (NOAA, 2019).

1.5.6 Current and Future Land Use

The Camp Santiago Training Center is the largest training site licensed for ARNG training
activities in the Caribbean, and future land use is not anticipated to change.
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PFAS Preliminary Assessment Report
Camp Santiago, Salinas, Puerto Rico

2. Fire Training Areas

FTAs are considered areas where deliberate discharge of AFFF or other firefighting materials is
performed for purposes of training personnel. One FTA was identified at Camp Santiago (Figure
2-1) during the PA through interviews, review of the Environmental Data Resources, Inc. (EDR)
report for a 1-mile radius surrounding the facility (Appendix A), and historical document review.

2.1 Station No. 4 FTA

The Station Number (No.) 4 FTA is located northwest of the cantonment area at Camp Santiago,
(18°0'56.18"N; 66°18'1.53"W). The FTA is used for fire training by the Camp Santiago Fire
Department, as well as the 215" Firefighter Engineer Department stationed at Vega Baja
Readiness Center, the Fort Allen Fire Department, and other DoD and non-DoD units. The FTA
compound includes several structures used for storage and training.

Although AFFF is stored by the Camp Santiago Fire Department at the facility fire station, AFFF
is not used in training at Camp Santiago. According to the Camp Santiago Fire Chief, whose
tenure with PRARNG firefighting companies at Camp Santiago and Vega Baja spans from 2003
to present, AFFF has never been used for training purposes at the Station No. 4 FTA, or any other
location on Camp Santiago. According to PRARNG staff, the first AFFF-capable firefighting
vehicle was received at Camp Santiago in 2006, and AFFF was procured in 2007. Since its arrival
at Camp Santiago, AFFF has never been used at the facility or disposed of.

The Camp Santiago Fire Department, and other units that train at the Station No. 4 FTA, only use
water during training. Records of the routine fire training exercises are not kept by the PRARNG.
Although there have been no known uses of AFFF at this FTA by the PRARNG, the undocumented
use of the FTA by other agencies may have included AFFF. Because of this uncertainty, and the
known detections of PFAS in groundwater concentrations at the facility, the Station No. 4 FTA is
considered a potential PFAS release area.

The exact timeframe and frequency of training at the Station No. 4 FTA are unknown and
undocumented; however, the earliest aerial imagery showing the presence of the FTA is 2012.
Two small streams exist within 0.2 miles to the east and west of the FTA and flow south towards
the Caribbean Sea (US Fish and Wildlife Service [USFWS], 2019).

2.2 Former Burn Pit

The Former Burn Pit is located west of the cantonment area at Camp Santiago; its exact location
is unknown. The pit is approximately 30 to 40 ft long and lined with concrete. The ends of the pit
are open to allow water to flow outwards onto the surrounding land surface. According to a 2008
Operational Range Assessment Program Phase Il Report, the Former Burn Pit was used to train
personnel in the safe management and expedient destruction of unused propellant by open burn
(URS Group, Inc. & Arcadis U.S, Inc., 2008). Because PRARNG personnel stated that AFFF has
never been used for training purposes, and the explicit use of this burn pit was to destroy unused
propellant, the Former Burn Pit is not considered a potential PFAS release area. The exact
timeframe of use for training at the Former Burn Pit is unknown.
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PFAS Preliminary Assessment Report
Camp Santiago, Salinas, Puerto Rico

3. Non-Fire Training Areas

Several non-FTAs where AFFF was potentially stored and/or released were identified during the
PA. A description of each non-FTA is presented below, and the non-FTAs are shown on Figure 3-
1.

3.1 Fire Station

The Camp Santiago Fire Station is located in the southeastern corner of the facility cantonment
area (18°0'5.08"N; 66°17'28.21"W). The fire station is currently operating and is used for the
storage of equipment and materials associated with firefighting. As previously stated, the first
AFFF-capable firefighting vehicle was received at Camp Santiago in 2006, and AFFF was
procured in 2007. The fire station currently stores two High Mobility Multipurpose Wheeled Vehicle
(Humvee) Skid Units (one capable of carrying 10 gallons of AFFF, the other only capable of
carrying water), one E-One Pumper Truck (carrying 50 gallons of 3% AFFF), and one additional
firefighting vehicle with unknown contents and capabilities as it pertains to AFFF. The AFFF tank
on one of the Humvee skid units at the fire station was empty during the PA site visit. Camp
Santiago fire department staff stated during interviews that none of the vehicles have a history of
leaking or other maintenance issues that may result in the release of AFFF. Fire department
vehicles are maintained at the MATES facility. Chemguard 3% AFFF C303 and C306 products
are also stored in 5-gallon buckets at the fire station; the safety data sheets for those products
are included in Appendix A. Fewer than ten 5-gallon buckets containing AFFF products were
present during the PA site visit.

The only known use of the AFFF stored at Camp Santiago was in response to a 2009 fuel fire at
the Caribbean Petroleum Refinery, located on the north side of the island, in Bayamon. AFFF
used by the Camp Santiago Fire Department was mixed at the scene of the emergency, not at
the fire station. No other AFFF has been used or disposed of by the Camp Santiago Fire
Department since it received AFFF in 2007. No fire training occurs at the Camp Santiago Fire
Station. The fire department trains only with water at the Station No. 4 FTA. The fire department
performs non-fire training at the Rubble Pile Training as well, however, no fire fires are lit during
this training. The fire department also occasionally trains off-post at the US Army Garrison Fort
Buchanan on the northern side of the island. There are no storage records for the AFFF kept at
the fire station.

The exact timeframe of use of the fire station at Camp Santiago is unknown; however, the earliest
aerial imagery showing the presence of the fire station is 2004. One small stream exists within
0.2 miles to the east of the fire station (USFWS, 2019). The stream discharges to the Rio Nigua,
and ultimately to the Caribbean Sea.

3.2 Rubble Pile Training Area

The Rubble Pile Training Area is located southeast of the facility cantonment area (17°59'54.60"N;
66°16'53.63"W). The training area is currently used by the Camp Santiago Fire Department, as
well as other DoD and non-DoD units, for emergency rescue training. According to Camp
Santiago Fire Department staff, no fire training occurs at the Rubble Pile Training Area, and no
AFFF is stored in the area. No fire suppression system exists in the training area. No evidence
indicates that AFFF has ever been released at the Rubble Pile Training Area.

The exact timeframe of use of the Rubble Pile Training Area at Camp Santiago is unknown;
however, the earliest aerial imagery showing the presence of the training area is 2004. The Rio
Nigua exists within 0.1 miles to the east of the Rubble Pile Training Area (USFWS, 2019) and
discharges into the Caribbean Sea.
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PFAS Preliminary Assessment Report
Camp Santiago, Salinas, Puerto Rico

3.3 Camp Santiago Airfield

The Camp Santiago Airfield is located south of the cantonment area at the facility(18°0'5.08"N;
66°17'28.21"W). The former tactical airfield hasn’t been used for fixed-winged aircraft since 1983.
The airfield requires redesign and expansion to become operational. Because the airfield is
inoperable, no fire suppression systems exist at its location, nor are any mobile or handheld fire
extinguishers staged at the flightline.

Airfields are investigated as potential PFAS release areas based on the potential for incidents
requiring AFFF response, such as fuel spills and crashes. According to PRARNG staff, whose
tenure span the complete history of the presence of AFFF at Camp Santiago, no incidents
requiring AFFF use at the airfield have ever occurred. Records or incidents at the airfield were
unavailable during this PA. Three small streams exist adjacent to the airfield to the east, south,
and west (USFWS, 2019). Each stream drains to the Rio Nigua.

3.4 MATES Complex

The Camp Santiago MATES Complex comprises approximately 20 acres (excluding
supplemental vehicle parking areas) and is located on the eastern edge of the facility cantonment
area (18°0'22.22"N; 66°17'18.86"W). The complex was constructed in 1985 and is currently
operational; however, it was heavily damaged during Hurricane Maria in 2017 and is scheduled
for replacement. The MATES Complex is used for the maintenance and service of vehicles from
Fort Allen and Camp Santiago, including firefighting vehicles. According to the MATES Shop
Chief, no AFFF is stored or used at the MATES Complex, and no emergencies have occurred at
the MATES Complex requiring AFFF in response.

The MATES Complex uses a water sprinkler system for fire suppression. Handheld dry chemical
fire extinguishers are also staged throughout the complex, as well as larger mobile fire
extinguishers, including the Buckeye A-150-SP ABC Dry Chemical Wheeled Stored Pressure Fire
Extinguisher and Kidde 125 pound (Ib) ABC Class Wheeled Fire Extinguisher. The larger fire
extinguishers use an ammonium phosphate-based extinguishant that does not include PFAS. An
information sheet for the large Buckeye wheeled fire extinguisher is included in Appendix A. The
MATES Complex Shop Chief stated during interviews that MATES staff train with the large
wheeled fire extinguishers twice a year and are prepared to support the fire department in
response to an emergency if necessary. Fuel spills within the complex are responded to with
collapsible berms, never AFFF.

No evidence indicates that AFFF has ever been released within the MATES Complex. Floor drains
at the MATES Complex connect to an oil-water separator (OWS) and discharge to municipal
sanitary sewers. A freshwater wetland and small stream exist adjacent to the MATES parking area
on the east side of the complex (USFWS, 2019). The wetland and stream discharge to the Rio
Nigua, and ultimately to the Caribbean Sea.

3.5 HAZMAT Storage Area

The Hazardous Material (HAZMAT) Storage Area is located in the northeast corner of the MATES
Complex within the facility cantonment area (18°0'26.73"N; 66°17'16.86"W). The storage area
was constructed in 2011 and includes three bays and petroleum, oils, and lubricant storage. The
MATES Complex utilizes a Purple K fire suppression system and also typically stores a Buckeye
A-150-SP ABC Dry Chemical Wheeled Stored Pressure Fire Extinguisher or Kidde 125 Ib ABC
Class Wheeled Fire Extinguisher.
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According to the MATES Shop Chief and Camp Santiago Fire Chief, no AFFF is stored or used
at the HAZMAT Storage Area, and no emergencies have occurred requiring AFFF in response.
No evidence indicates that AFFF has ever been released at the HAZMAT Storage Area. Floor
drains at the storage area connect to an OWS and discharge to municipal sanitary sewers. A
small stream exists within 0.3 miles east side of the HAZMAT Storage Area that discharges to the
Rio Nigua (USFWS, 2019).

3.6 Wash Rack

The Wash Rack is located in the northwest corner of the facility cantonment area (18°0'42.33"N;
66°17'43.49"W). The Wash Rack is used to wash vehicles, heavy equipment, tools, and parts.
The exact timeframe of use of the Wash Rack at Camp Santiago is unknown; however, the earliest
aerial imagery showing the presence of the Wash Rack is from 2004. Large wheeled fire
extinguishers may be stored at the Wash Rack occasionally, but no AFFF is stored or charged in
a fire suppression system at the Wash Rack. Due to the absence of vehicles with a history of
leaks, or emergencies requiring AFFF use at the facility, it is not expected that AFFF has ever
been rinsed from vehicles or equipment at the Wash Rack.

No evidence indicates that AFFF has ever been released at the Wash Rack. Floor drains at the
Wash Rack connect to an OWS and discharge to municipal sanitary sewers. One small stream
exists within 0.2 miles to the west of the Wash Rack that flows south and discharges to the
Caribbean Sea (USFWS, 2019).

3.7 Fitness Track

The Fitness Track is located in the south-central portion of the facility cantonment area
(18°0'17.33"N; 66°17'36.74"W). The location is predominantly used for physical training, but is
also occasionally used for the landing of helicopters. As such, two Buckeye and Kidde dry
chemical wheeled fire extinguishers are staged at the Fitness Track. According to all PRARNG
staff interviewed, no emergencies have occurred at the Fitness Track that required AFFF
response, nor have any AFFF products or equipment ever been stored in the area.

No evidence indicates that AFFF has ever been released at the Fitness Track. There are no floor
drains in the area. The nearest surface water bodies are located within 0.4 miles to the east and
west of the Fitness Track (USFWS, 2019). No surface water bodies exist in the immediate vicinity
of the Fitness Track.

3.8 Post Exchange

The Camp Santiago Post Exchange (PX) is located in the south-central portion of the facility
cantonment area, on Highway PR-154 (18°0'12.73"N; 66°17'40.20"W). The PX was considered
a potential AFFF storage and use location based on its storage of fuels; however, staff at the PX
confirmed that no AFFF has ever been stored or used at the location.

The Director of the DPW at Camp Santiago stated during interviews that a tanker spilled fuel at
the PX at an unknown date, but no AFFF was used in response to the fuel spill. Camp Santiago
Fire Department staff also confirmed during interviews that no emergencies have occurred at the
PX that required AFFF in response. A water sprinkler fire suppression system exists within the PX
building, and dry chemical fire extinguishers are also stored at the facility. No evidence indicates
that AFFF has ever been released at the PX. The nearest surface water bodies are located within
0.4 miles to the east and west (USFWS, 2019).
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3.9 Former WWTP

The former wastewater treatment plant (WWTP) at Camp Santiago is located in the southwestern
corner of the facility cantonment area (18°0'17.16"N; 66°17'58.16"W). The former WWTP formerly
handled sewage generated at the facility, but the WWTP no longer operates. The date of closure
for the WWTP is unknown. Following closure of the WWTP, Camp Santiago was connected to the
Salinas municipal sewage treatment system. Wastewater from the facility is connected to the
Salinas municipal sewage treatment system via the lift station at Building 341. The former WWTP
site has not been totally reclaimed; plastic pipes still protrude from an eroded bank along one of
the facility improved roads.

WWTPs are not usually a primary potential release area of PFAS, but sludges and liquids from
areas of potential release that are treated at WWTPs may create a secondary source of
contamination. Because there are no known AFFF release areas at Camp Santiago, the former
WWTP is not considered a potential PFAS release area. The former WWTP is located adjacent
to a small stream that discharges to the Rio Nigua, south of Camp Santiago.

3.10 Former Landfill

The former landfill at Camp Santiago is located west of the facility cantonment area (18°0'37.61"N;
66°18'12.05"W). The landfill formerly operated as an approved solid waste disposal facility under
a Puerto Rico Environmental Quality Board (EQB) Sanitary Landfill Permit; however, infrequent
open burning of refuse occurred at the landfill without approval from the EQB. No other burn pits
existed at Camp Santiago. The landfill was used primarily for the dumping of medical, household,
and construction waste. According to PRARNG environmental staff, the landfill closure process
began in 1993. Because AFFF products did not arrive to Camp Santiago until 2007, it is not
expected that any AFFF-impacted materials have been disposed of in the landfill.

Landfills are not usually a primary potential release area of PFAS, but materials disposed of in
landfills may create a secondary source of contamination. Such materials, to name a few, may
include sludge from a WWTP that processes PFAS-laden water or products associated with
waterproofing uniforms or boots. Although AFFF was not present at Camp Santiago during the
landfills operational years, other PFAS-laden materials may have been disposed of in the landfill.
Because PFAS compounds have been detected in drinking water collected from wells at the
facility, and no other PFAS release areas are known to have occurred at Camp Santiago, the
former landfill is considered a potential PFAS release area. The former landfill is located generally
upgradient from the two water supply wells located near the main facility entrance. It is also
possible that a background plumbing source may be the cause for detections of PFAS in the
groundwater.

The former landfill was located in an area of shallow, fractured rock with a minimal amount of soil
development, which would be conducive to the generation of a groundwater pollution problem
with excessive rainfall. The semiarid condition in southern Puerto Rico is believed to mitigate
leachate generation (PRARNG, 1985). The former landfill is also located adjacent to a small
stream that discharges to the Rio Nigua, south of the facility.
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PFAS Preliminary Assessment Report
Camp Santiago, Salinas, Puerto Rico

4. Emergency Response Areas

Several emergency response areas were identified at Camp Santiago. A description of the
emergency response areas are presented below and shown on Figure 4-1. Interview records are
included in Appendix B.

4.1 2016 Brush Fire

Camp Santiago and the surrounding communities are frequently affected by wildland fires due to
the semiarid climate of southeastern Puerto Rico and natural fuel buildup on the drier facility
grasslands. In 2016, a wildland brush fire took place in the eastern portion of Camp Santiago,
between the Rio Nigua and the eastern facility boundary. The approximate center of the fire area
was 17°59'66.12"N; 66°16'11.69"W. The total acreage of the fire is unknown.

According to Camp Santiago Fire Department staff, only water was used in response to the brush
fire. It is not routine practice for the Camp Santiago Fire Department to use AFFF in response to
wildland fires. Records of the fire were not available during PA efforts. The 2016 Brush Fire area
is not considered a potential PFAS release area.

4.2 2017 Brush Fire

On 5 March 2017, a large wildland brush fire occurred along the southern boundary of Camp
Santiago, adjacent to Highway PR-52. The total acreage of the fire is unknown. According to
Camp Santiago Fire Department staff, the fire departments from Salinas, Ponce, and Guayana
supported the Camp Santiago Fire Department in response to the fire. Interviewees stated that
only water was used in response to the brush fire. Records of the fire were not available from
PRARNG during PA efforts. The 2017 Brush Fire area is not considered a potential PFAS release
area.

4.3 2017 Brush Fire #2

A second wildland brush fire occurred in 2017 at Camp Santiago, near the Station No. 4 FTA
northwest of the cantonment area. The approximate coordinates for the fire are 18°0'58.02"N;
66°17'48.84"W. The total acreage of the fire is unknown. According to Camp Santiago Fire
Department staff, only water was used in response to the brush fire. Records of the fire were not
available during PA efforts. The 2017 Brush Fire #2 area is not considered a potential PFAS
release area.

4.4 2017 Jeep Crash Location

In 2017, a PRARNG vehicle crashed on Highway PR-154, near the entrance to Camp Santiago.
The approximate coordinates for the crash location are 17°59'35.43"N; 66°17'7.18"W. As a result
of the crash, fuel spilled onto the dirt road adjacent to Highway PR-154. According to PRARNG
staff, no fire occurred as a result, and no AFFF was used in response to prevent ignition. Records
of the incident were not available during PA efforts. The 2017 Jeep Crash Location is not
considered a potential PFAS release area.

4.5 2017 Battery Fire Location

In 2017, a car battery started a fire in the parking area east of the MATES Complex within the
facility cantonment area. The approximate coordinates for the fire location are 18°0'22.42"N;
66°17'9.92"W. According to the MATES Shop Chief, the fire was extinguished using dry chemical
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fire extinguishers. Records of the fire were not available during PA efforts. The 2017 Battery Fire
area is not considered a potential PFAS release area.
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5. Adjacent Sources

Two potential off-facility source of PFAS adjacent to Camp Santiago, not under the control of the
PRARNG, were identified during the PA through interviews, review of the EDR report for a 1-mile
radius surrounding Camp Santiago (Appendix A), and historical document review. A description
of each potential adjacent source is presented below, and the sources are shown on Figure 5-1

5.1 Salinas Fire Department

The Salinas Fire Department is located south of Camp Santiago, on the southern side of PR
Highway-52, approximately 0.4 miles southwest of the Camp Santiago entrance (17°59'6.10"N;
66°17'21.56"W). According to Camp Santiago personnel, the Salinas Fire Department
occasionally trains at Camp Santiago alongside the Camp Santiago Fire Department; however,
AFFF has never been used in training at the facility. It is unknown whether the Salinas Fire
Department stores AFFF at the fire station, trains with AFFF, or maintains firefighting vehicles
capable of using AFFF. The Salinas Fire Department is located downgradient of the facility.

5.2 Puerto Rico Academy of Firefighters

The Puerto Rico Fire Academy of Firefighters is located south of Camp Santiago, approximately
1.5 miles southwest of the Camp Santiago entrance (17°58'16.20"N; 66°17'57.91"W). According
to Camp Santiago personnel, the local fire departments from the surrounding municipalities
occasionally train at Camp Santiago; however, AFFF has never been used in training at the facility.
It is unknown whether the Puerto Rico Fire Academy stores AFFF at the fire station, trains with
AFFF, or maintains firefighting vehicles capable of using AFFF. The Puerto Rico Fire Academy is
also located downgradient of the facility.
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6. Preliminary Conceptual Site Model

Based on the PAfindings, one AOI was identified at Camp Santiago: the Former Landfill. The AOI
location is shown on Figure 6-1. The following sections describe the CSM components and the
specific preliminary CSM developed for the AOI. The CSM identifies the three components
necessary for a potentially complete exposure pathway: (1) source, (2) pathway, (3) receptor. If
any of these elements are missing, the pathway is considered incomplete.

In general, the potential PFAS exposure pathways are ingestion and inhalation. Human exposure
via the dermal contact pathway may occur, and current risk practice suggests it is an insignificant
pathway compared to ingestion; however, exposure data for dermal pathways are sparse and
continue to be the subject of PFAS toxicological study (National Ground Water Association, 2018).
Receptors at Camp Santiago include site workers, construction workers, trespassers, and off-
facility residents. The preliminary CSM diagram (Figure 6-2) for Camp Santiago indicates which
specific receptors could potentially be exposed to PFAS.

6.1 AOIl 1 Former Landfill

AOI 1 is the former landfill at Camp Santiago and is located west of the facility cantonment area
(18°0'37.61"N; 66°18'12.05"W). The landfill was used primarily for the dumping of medical,
household, and construction waste; however, infrequent open burning also occurred. Although no
AFFF is suspected to have been disposed of at the former landfill, other PFAS-laden materials
may have been. Detections of various PFAS compounds in groundwater used for drinking
purposes at Camp Santiago indicate that a PFAS source is contributing to PFAS in groundwater.
The landfill is located generally upgradient of the sampling locations, and is a potential PFAS
source area.

Potential PFAS releases at the former landfill would have occurred within the landfill, not to surface
soil. As such, surface soil at the AOI is not considered a complete pathway for PFAS
contamination to site workers, construction workers, and trespassers. PFAS contamination
exposure to construction workers via ingestion and inhalation of subsurface soil, however, is
considered a potentially complete pathway.

The former landfill was located in an area of shallow, fractured rock with minimal soil, which can
be conducive to leachate generation with excessive rainfall. The semiarid condition and frequent
droughts in the region mitigate leaching from the former landfill; however, it is possible that PFAS
in landfill materials have leached to groundwater at the AOI. As such, groundwater is considered
a potentially complete pathway for PFAS contamination exposure to site and construction workers
via ingestion. Additionally, numerous domestic-use wells exist within the cross- and down-gradient
portions of Salinas. If AFFF releases at the AOI infiltrated the subsurface, the pathway for off-
facility resident exposure to PFAS in groundwater is also considered potentially complete.

AOI 1 is also located adjacent to a small stream that discharges to the Rio Nigua, south of the
facility. As a result, it is possible that PFAS in groundwater discharging to surface water have
migrated into the small stream, the Rio Nigua, and the Caribbean Sea south of the facility. As
such, the pathway for PFAS exposure to site workers, construction workers, and trespassers via
ingestion of surface water and sediment is considered potentially complete.

6.2 AOI 2 Station No. 4 FTA

AOI 2 is the Station No. 4 FTA and is located northwest of the cantonment area at Camp Santiago,
(18°0'56.18"N; 66°18'1.53"W). The FTA is used for fire training by the Camp Santiago Fire
Department, as well as other DoD and non-DoD units. The FTA compound includes several
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structures used for storage and training. Although there is no known or recorded use of AFFF at
the FTA, it is possible that AFFF has been used at the FTA by non-DoD units without the
knowledge of the PRARNG personnel interviewed for this PA.

If AFFF was sprayed during fire training, remnant AFFF is possibly present in surface soil at the
AOI. PFAS contamination exposure to site workers and construction workers via ingestion of
surface soil and inhalation of dust is considered a potentially complete pathway. Ingestion of
surface soil is also considered a potentially complete pathway for trespassers to the area.
Additionally, PFAS exposure to construction workers via ingestion of subsurface soil is considered
a potentially complete pathway.

As previously stated, PFAS has been detected in groundwater at Camp Santiago. If AFFF was
used at AOI 2, it may have leached from subsurface soil to groundwater. Groundwater is
considered a potentially complete pathway for PFAS exposure to site and construction workers,
and off-facility residents via ingestion.

Two small streams exist within 0.2 miles of AOI 2. It is possible that remnant AFFF has migrated
to the small streams. As such, the pathway for PFAS exposure to site workers, construction
workers, and trespassers via ingestion of surface water and sediment is considered potentially
complete.
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7. Conclusions

This report presents a summary of available information gathered during the PA on the use and
storage of AFFF and other PFAS-related activities at Camp Santiago. The PA findings are based
on personnel interviews, environmental investigations and reports, historical documents, and
the visual site inspection (Appendix A and Appendix B).

7.1 Findings

Two AOls related to potential PFAS releases were identified at Camp Santiago based on PA data
(Figure 7-1) and are summarized in Table 7-1 below:

Table 7-1: AOIs at Camp Santiago

Area of Potential Release
Interest Name Used by Dates
AOI 1 Former Landfill PRARNG Unknown - 1993
AOI 2 Station No. 4 PRARNG, Other DoD and non- Unknown (2012-
FTA DoD Units present)

Based on the possible PFAS releases at these AOIs, there is potential for exposure to PFAS
contamination in media at or near the facility. The preliminary CSM for Camp Santiago is shown
on Figure 6-2.

The following areas discussed in Section 2 through Section 5 were determined to have no
suspected release and are described in Table 7-2 below:

Table 7-2: No Suspected Release Areas

No Suspected
Release Area

Rationale for No Suspected Release
Determination

According to interviewees, no AFFF has been used at
Fire Station PRARNG the fire station, and no trucks have a history of leaking.
Maintenance is performed at the MATES Complex.

Used by

Rubble Pile FRARNEY Olfner According to interviewees, no AFFF has been used at

Training Area D) £l eli- the Rubble Pile Training Area.

DoD Units
Camp Santiago PRARNG Usage of the airfield ceased prior to the presence of
Airfield AFFF at Camp Santiago.

MATES According to interviewees, no AFFF has ever been
Comblex PRARNG used or stored at the MATES Complex, and no
P firefighting vehicles have had releases of AFFF.
HAZMAT PRARNG According to interviewees, no AFFF has ever been

Storage Area used or stored at the HAZMAT Storage Area.
According to interviewees, no AFFF is stored or used

Wash Rack PRARNG at the Wash Rack, and no vehicles carrying AFFF
have a history of leaking.

Fitness Track PRARNG According to interviewees, No AFFF has ever been

stored or used at the Fitness Track.
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No Suspected Rationale for No Suspected Release

Release Area Sl Determination
Post Exchange PRARNG No AFFF has ever been stored or used at the PX.
No known releases of AFFF or other PFAS-laden
Former WWTP PRARNG materials have occurred in areas that would result in
migration to the former WWTP.
Emergency . . .
Response PRARNG éccordlsng ’Fo mt;:-rwewees, no emergency ha;(\aFasFat
Areas amp Santiago have been responded to wit }

7.2 Uncertainties

A number of information sources were investigated during this PA to determine the potential for
PFAS-containing materials to have been present, used, or released at the facility. Historically,
documentation of PFAS use was not required because PFAS were considered benign. Therefore,
records were not typically kept by the PRARNG on the storage of AFFF or on its disposition. There
is no known history on the use of AFFF at Camp Santiago, but it is also unlikely that records would
have been kept in the event of use.

The conclusions of this PA are predominantly based on the information provided during interviews
with personnel who had direct knowledge of PFAS use at the facility. Sometimes, the provided
information was vague or conflicted with other sources. Gathered information has a degree of
uncertainty due to the absence of written documentation, the limited number of personnel with
direct knowledge, the time passed since PFAS were first used by the ARNG (1969 to present),
the time passed since AFFF arrived at Camp Santiago (2007 to present), and a reliance on
personal recollection. Inaccuracies may arise in potential PFAS storage locations. There is also a
possibility the PA has missed a source of PFAS, as the science of how PFAS may enter the
environment continually evolves.

In order to minimize the level of uncertainty, readily available data regarding storage of PFAS
were reviewed, tenured personnel were interviewed, multiple persons were interviewed for the
same potential source area, and potential source areas were visually inspected.

Table 7-3 summarizes the uncertainties associated with the PA:

Table 7-3: Sources of Uncertainty

Location Source of Uncertainty

Station No. 4 The use of the FTA by non-PRARNG units is undocumented, and may be

FTA unsupervised by PRARNG personnel at times. It is unknown whether any
non-PRARNG unit has ever used AFFF at the FTA.

Fire Station The capabilities and contents of one of the Fire Department vehicles is
unknown.

Former Burn The exact timeframe of use and location of the Former Burn Pit is unknown.

Pit

MATES Records of maintenance to Fire Department vehicles are not available. The

Complex frequency and nature of maintenance to the vehicles is unknown.

Former Landfill The dates of use for the Former Landfill are unknown. The potential PFAS-
laden waste materials disposed of at the landfill are unknown.
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Groundwater Because no known PFAS releases have occurred at Camp Santiago, the

(general) source of PFAS in groundwater is unknown. It is possible that an adjacent
area, or PFAS-laden materials in the plumbing system may be the source
of PFAS detections.

7.3 Potential Future Actions

Interviews with Camp Santiago staff whose first-hand knowledge span the entire history of the
presence of AFFF on the facility (2007 to present), and date back to 1994 with the PRARNG,
indicate that ARNG activities have not resulted in the release of AFFF at Camp Santiago; however,
disposal of other PFAS-laden materials at the Former Landfill may have resulted in a potential
PFAS release at one AOI identified during the PA. Based on the preliminary CSM developed for
the AQI, there is potential for PFAS to be exposed to human receptors as a result of releases at
Camp Santiago (see Section 7.1). Table 7-4 summarizes the rationale used to determine if the
AOI should be considered for further investigation under the CERCLA process and undergo an
Sl

Table 7-4: PA Findings Summary

Area of Potential
AOI Location Rationale Future
Interest Acti
ction
AOl 1 Former 18°0'37.61"N; Waste deposited has the potential to contain Proceed to an
Landfill 66°18'12.05"W PFAS, and PFAS has been detected in Sl, focus on
groundwater at the facility soil, sediment,
surface water,
and
groundwater
AOl 2 Station 18°0'56.18"N; PRARNG and other DoD and non-DoD units Proceed to an
No. 4 FTA 66°18'1.53"W use the AOI as an FTA. Undocumented AFFF  SI, focus on
use may have occurred. soil, sediment,
surface water,
and
groundwater

ARNG will evaluate the need for an Sl at Camp Santiago based on the potential receptors, the
potential migration of PFAS contamination off the facility, and the availability of resources.
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Data Resources will be provided separately on CD. Data Resources for Camp Santiago
includes:

Camp Santiago Information Sources

e 1985 Camp Santiago, Puerto Rico Environmental Management and Analysis Plan, Phase I
Environmental Assessment

o 2005 Integrated Natural Resources Management Plan for the Camp Santiago Training
Center

Camp Santiago EDR Report

e 2019 Camp Santiago EDR Report 5714997

Camp Santiago Firefighting Material Information

o 2019 Chemguard C303 3% AFFF (C303P) Safety Data Sheet
o 2019 Chemguard 3% AFFF C306-MS-C Safety Data Sheet

o Buckeye A-150-SP ABC Dry Chemical Wheeled Stored Pressure Fire Extinguisher
Information Sheet

Camp Santiago Previous PFAS Investigations
e 2017 ARNG Drinking Water PFAS Analytical Data
Camp Santiago Real Property Documents

o 2004 Amendment No. 11 to License No. DACA17-3-67-3002 for Camp Santiago Military
Reservation, Salinas, Puerto Rico
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1. Executive Summary .

The focus of this Phase II, Environmental Management Analysis and Plan (EMAP),
Environmental Assessment for Camp Santiago is to provide, in a single format,
as much base line information as possible, as well as an Environmental
Assessment of environmental impacts and recommendations for their mitigation.
This Environmental Assessment will be submitted to the Puerto Rico Army
National Guard for their use as a management tool. Information presented here
was gathered durihg site visits in June-July of 1981 and supplemented during
the fall 1981 and spring 1982. The EMAP concept and phasing is fully described

in a subsequent section.

Baseline data, impacts, and mitigation measures discussed in this Environmental
Assessment pertain to the following areas: air quality, noise pollution, soils,
natural resources, land use, pesticides, waste disposal, water resources,
cultural and economic resources, and energy. Below follows a summary of major

environmental impacts identified.

Ongoing activities are not significantly affecting regional air quality. Dust
made airborne through training activities occasionally causes localized dust
problems. Noise generated by aircraft and training activities is not currently
affecting the aésthetic enviromment of.nearby comunities., The primary impact
on soils pertains to increased erosion from training activities. Impacts to
écological resources include disturbances of vegetation (wildlife habitat), and
distrubances of wildlife within the boundaries of Camp Santiago. training
activities contribute to both of these, while wildfires started either
spontaneously or indirectly from training contribute to vegetation

disturbance. The existence of Camp Santiago has not affected local land use.



Impacts to hydrological resources result in a potential for groundwater
depletion and point source discharges to surface waters. These impacts result
mainly from operation and maintenance activities on Camp Santiago. Impacts of
ongoing activites on cultural, archeological and historical resources is not
known at this time. Literature and field studies are currently underway.
Ongoing procurement activities, including wages and salaries, are having a very
positive effect on the economy of the Salinas municipality. Energy consumption

at Camp Santiago is small compared to other military installations.

Ma jor Conclusion . Ongong training activities, and operation and maintenance

of Camp Santiago are not adversely affecting the enviromment. No significant
areas of controversy have been identified. However, mitigative policies have
been recommended and should be established in response to those envirommental

impacts which have been identified.
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3. EMAP Concept'and Need .

The Army National Guard’s mission is to train and maintain ARNG units at a
high level of mobilization/combat readiness to support the National Defense
policy and the constitutional role of the States. An important factor in
reaching a high level of readiness is the training objectives established by DA

and maintained by the ARNG.

In order to obtain and maintain ARTEP level 1/Readiness Condition 1 viable
training sites must be properly managed to ensure an effective and realistic
training environment, not only for ongoing training but for further

utilizé%ion.

If existing training sites are severely damaged by training which is not
sensitive to environment and. natural resource concerns, the training sites
could be damaged to such an extent that they no longer provide a needed

training environment.

A dynamic environmental management program is needed to analyze potential
environmental impacts of ongoing training activities to ensure effective
training sites in the future. The ARNG Environmental Resources Branch has
developed the Environmental Management Analysis and Plan (EMAP) for selected
major training sites. The EMAP will provide environmental baseline data which
can be used as a management tool for: (a) identifying potential existing
environmental pollution sources, (b) identifying and describing the existing
enviromnment, (c) determining the compliance status of ongoing activities, (d)
indicating facilities and routine activities which impact on environmental
attributes, (e) analyzing the significance of impact relationships between

existing facilities, routine activities, and environmental attributes, and (f)

10



proposing a plan to mitigate identified adverse environmental impacts and to
provide a clear understanding of environmentally sensitive issues (potential

problems).

EMAP is not a single document resulting from a proposed scope of work. Instead
it is a four phased approach towards data collection, synthesis, manipuation,
and analyses resulting in various products which can stand alone or be used in
concert with each other creating a more indepth envirommental management tool
(Figure 1). Decision points are provided at the end of each EMAP phase prior
to the initiation of the next phase. The purpose of these decision points is
to evaluate the conclusions and recommendations generated by the previous
phase(s) and to coordinate'with the State/Territory ARNG on appropriate and
desired follow-up actions. In addition, this process will allow the
Environmental Resources Branch to evaluate the effectiveness of the EMAP

Program at a specific ARNG training site.
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EMAP CONCEPT
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FIGURE 1
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The EMAP also contains several computer generated maps which were developed by
the US Army Corps of Engineers, Construction Engineering Research Laboratory.
These graphics are a integral part of the installation data base, allowing
planners to plot training scenarios and other activities against specific
environmental attributes such as soils or vegetation in order to predict
impacts. The computerized data base will also serve as a locational tool to
help find the least sensitive areas for sitting construction and training

activities or other land uses.

The Phdse II EMAP Environmental Assessment is designed for extended use as an
updateable source of environmental data for Camp Santiago. It is intended to
provide ready access to and easy update of the various information sections.
The notebook binding allows for the replacement of outdated pages, inclusion of
new or updated data and the removal of individual sections for distribution or

special actions.

Each media section can stand alone as an envirommental evaluation of Camp
Santiago, and can quickly be referred to for identifying existing conditions
and impacts, as well as evaluating the compliance status utilizing conclusions

and recommendations.

The Summary of Environmental Status section is a synopsis of Camp Santiago’s
environmental status. This section contains a summary of mitigative measures
which should be initiated not only to ensure compliance with applicable
environmental laws and regilations, but also to provide guidance for the proper
management of the Camp’s environmental resources towards continued maximum
utilization. Recommendations are restated to provide a quick referral against

the mitigative measures. This section is intended to serve as a culmination of

13



all envirommental non-compliances, including recommended corrective measures.

Appended to the text of the EMAP Environmental Assessment, and an integral part
of the Phase II EMAP, are the various media studies which, in themselves,
provide additional environmental data. As future studies are completed, media
sections should be rewritten and the actual study itself appended to the EMAP
Environmental Assessment. In this manner the entire Phase II EMAP

Environmental Assessment is continuously updated and current.
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4, Description of the Action.

4.1 Installation of Description.

4,2 Location.

Camp Santiago is located in the Salinas municipality of southern Puerto Rico
approximately 16 kilometers west of Guayama and 4.8 kilometers northeast of the
city of Salinas. The cities of San Juan and Ponce are located approximately 72
kilometers to the north and 35 kilometers to the west, respectively. The
Commonwealth of Puerto Rico is the easternmost and smallest of the greater
Antilles and is situated between Hispaniola to the west and the Virgin Islands
on the east. The Atlantic Ocean borders the island on the north and east and
the Caribbean Sea surrounds the south and west portions. Figure 2 shows the

location of the Camp.

4.3 History.

Camp Santiago is the primary training site for the National Guard forces of
Puerto Rico. The commonwealth has a rich tradition of a recognized citizen
militia which dates back as far as 1510 when Don Juan Ponce de Leon organized
the "Las Milicias Disciplinarias de Puerto Rico". The Salinas Training Area
was purchased by the Federal government in 1940 from the Commonwealth. The
Salinas Training area has been used actively for military training since 1967
and, on 1 July 1975, was renamed Camp Santiago in honor of Specialist 4 Hector
Santiago Colon who was awarded the congressional medal of Honor posthumously
for distinguishing himself by conspicuous gallantry in Vietnam. Camp Santiaéo
is presently comprised of 12,739 acres of fee-owned lands that are iicensed for
use by the Puerto Rico National Guard. The United States has exclusive
jurisdiction over 6,743 acres and concurrent jurdisdiction over 5,995 acres.
Exclusive jurisdiction was vested with the United States in the present

concurrent jurisdiction areas.
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The Camp’s training area was closed after World War II, but was reopened 1
July 1967 when it was licensed to Puerto Rico for National Guard training. 1In
1963, 1,360 acres were fee-transferred from the Department of the Army to the

Department of the Navy which operates a communication center on the site.

b,y Mission.

Camp Santiago is the only Commonwealth property available for the field
training of various units of the Puerto Rico Army and Air National Guard.
Additionally, units of thé US Army Reserve located in Puerto Rico and National
Guard units of the Virgin Islands utilize the Camp’s facilities throughout

the year a;long with ROTC and regular Army units, the US Marine Corps, the Boy
Scouts, and the FBI and Federal Marshalls., The primary mission of the
installation and its training site headquarters is to provide the most suitable
training area possible where various military training activities can be
performed and weapons systems utilized to ensure the readiness and military
capability of the reserve components of the armed forces of the United States
and Puerto Rico. Training facilities at Camp Santiago have been tailored to
the training requirements of units assigned to the Puerto Rico National Guard
and other military and non-military units. The installation also has the
mission of being the operations center/mobilization station when National Guard
trodbs are activated for national and Commonwealth emergencies. A complete
Mission statement of Camp Santiago is found at Appendix I.

4.4.1 Staff Elements.

17



4.4,1,1 Puerto Rico Army National Guard (PRARNG).

The PRARNG is composed primarily of a light infantry brigade, a combat support
hospital and supporting units. Figure 3 illustrates the organizational

structure of the PRARNG.

18



6l

HQ 92 INF
BDE

892 ENGR
co

TROOP “E”
192

82 SI6 PLT

ORGANIZATION St «UCTURE
PUERTO RICO NATIONAL GUARD

HQ PRNG

-

HQ TROOPS
HHD PRNG

1 115 PAD
ARNG TNG SITE

201 CMBT
SPT HOSP CAC HO

2/162
FA BN

INF BN

2/6%
INF BN

192 Lem-8] B
| seran L ED NGR MAINT €0
1783 WAINT CO

840

FA BN

292

ORD BN
{1600 0RD CO
7450 ORD C0

125
MP BN

124
MP BN

225 MP CO 480 MP CO |
240 MP CO 155 MP CO |
544 MP CO 3078 ORD BN 770 NP CO

[162 sve co

SOURCE: Puerto Rico Recruiting and Retention Officer, Oct 1979

FIGURE 3



Appendix II identifies the strength and location of each PRARNG unit. There
are over 9,000 personnel assigned to the various units located at armories
throughout the Commonwealth. Specific to Camp Santiago is the 92d Infantry
Brigade with its supporting units which are structured to function
independently of other tactical units, and consequently has a larger force

structure than a typical Infantry Brigade. Major Brigade units include four

_ Infantry Battalions (3 organic, 1 inorganic), the 892d Engineer Company, the

——

192d Support Battalion and the 2/162d Field Artillery Battalion. Other units
which train at Camp Santiago include the 130th Enigneer Battalion, Military
Police Battalions, a Command and Control Unit (maintenance/supply units), the
Combat Support Hospital and a Field Artillery Battalion. A list of the weapons
used by the Infantry Brigade is Table 1. Vehicles assigned to the maneuver,
combat support, and service support battalion include various 1/4, 1/2, 2 1/2
and 5 ton trucks suited for off-road use. -These vehicles are utilized to tow
equipment, and to transport personnel and supplies, including food, water,
ammunition and petroleum. The cavalry troop is assigned 9 tanks, 13 armored
personnel carriers and 1 recovery vehicle. All of these vehicles are tracked
as opposed to wheeled.' There are 20 helicopters assigned to the brigade: 11-
UHI, and 9-OH6. Two fixed wing aircrafts also utilize Camp Santiago: a CT7A
(Caribou) and a U8. Construction equipment is characteristic of the Engineer

Battalion and its subordinate engineering companies, i.e., dump trucks, motor

graders and bulldozers.
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TABLE 1

WEAPONS USED BY LIGHT INFANTRY BRIGADE (=)

Camp Santiago, Puerto Rico

Armored
Cav
Unit HHC CO TROOP Engr Co Spt Bn FA Bn Inf Bn Bde
“NO., 1 1 1 1 1 1 1
TOE T77-102-H 17=-117=-H 65-207-H 29-245-H 6-115-H T-175-H 77-100-H
Armd Recon 6 : 6
Airborne
Asslt Veh
TOW, 36 36
Launcher
Howitzer, 18 18
105mm
Launcher , 12 20 20 5 18 146 221
grenade 40mm
Launcher, : 3 3
rocket,
multiple,
115mm
Launcher, 3 ' 18 21
rocket, .
66mm,
4 Tube
Machine gun, 7 1 8
cal .50
Machine gun, 2 19 7 8 29 4o 105
7.62mm
Mortar, 81mm 3 : 26 29
Pistol, cal 34 33 2 35 19 264 387
.‘45
Revolver, cal 22 22
.38
Rifle, 5.56mm 191 111 168 414 458 1,366 2,708
Submachine 14 2 16
gun, cal .45 '

SOURCE: FM 101-10-1, Staff Officers Field Manual organizational, Technical and
Logistic Data, July 1976 with C-1,
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B.4.1,2 Puerto Rico Air National Guard (PRARNG).

.
The PRARNG is composed of the 156th Tactical Figher Group, the 198th Tactical

Fighter Squadron and supporting units. Aircrafts are parked and maintained at

the Muniz Air National Guard Base which is located near San Juan, Puerto Rico.

There are 18 A7 Corsair II aircraft in the figher squadron which utilizes the
bombing range located within the impact area at Camp Santiago. The Air
Guard’s usage of the range averages about 17 days a month throughout the year
with 2,012 sorties being flown during 1980. A sortie is a mission of a single
aircraft over the training areas which usually requires about 20 minutes for
the pilot to complete his training tasks. Four events are included in each

sortie, each event being carried out twice.
Each sortie includes the following:

1. Low Angle Bombing (91m minimum)
2. Low Angle Low Drag Bombing (305m minimum)
3. Dive Bombing at 30° (457m minimum)

4, Stafing Passes (30m minimum)

During daytime operations, a 25 pound inert bomb is dropped on each of 6
separate passes ovef the range. These dummy bombs have a small spotter charge
which releaseé white smoke upon impact with the ground. In addition to the
bombing passes, pilots make 2 strafing passes where a total'of 125 rounds of

20mm inert ball ammunition is fired from the Vulcan cannon of the aircraft.

Aircraft personnel conduct their training activities at Camp Santiago in the
FAA approved restricted area R-T103A and fly to and from the Camp in the

Salinas Military Operation Area (MOA). Controlled airspace in the MOA limits



aircraft to fly between 760 and 4,572 meters daily from 0800 to 2000 hours.
Most of the sorties conducted at Camp Santiago occur during the daytime and
require from 20-30 minutes. Night-time operations normally require about

10 minutes, as fewer bombing passes and no strafing passes are made. Figures U4
and 5 show the authorized flight pattern of aircraft within the 71034
restricted air space over Camp Santiago for the normal bombing and strafing

passes and for the pop-up bombing/strafing passes respectively.

4.4,1.3 US Army Reserves (USAR).

The WSAR units of Puer;o Rico are organized under the command and control of
the 758th Army Garrison. The USAR with an approximate strength of 5,000
troops, includes the 35th Signal Battalion, the 346th Transportation Battalion,
the U448th Engineer Battalion and the 369th Station Hospital. Each USAR
batt;lion contains more than the ﬁsual number of organic company size units,
i.e., the Engineer Battalion has 8 companies instead of 4. These additional
units are as#igned for administrative and training purposes. All of the USAR
units have either combat support or combat service support missions. Camp
Santiago is the primary training site for all USAR units in Puerto Rico. The
USAR School teaches military occup;tional Specialty (MOS) courses at Camp
Santiago during the Annual Training (AT) cycle. The training requirements for
USAR units are the same as those descirbed for the PRARNG with similar
missions, however, the direct WAR training impacts on the Camp’s environment
are somewhat different since there are no maneuver battalions associated with

the USAR forces.
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4,.4,2 Training Areas and Activities.

1.y, 2,1 Utilization of Post Lands.

Camp Santiago is divided into 16 training areas, a cantonment area, ammunition

area, and airfield. Also located within the installation borders are a cattle

»

holding area, the Navy's DCA antenna farm, and the impact area. Sixégen
existing ranges utilizing various training areas direct fire into the impact
area. Figure 6 identifies the various training areas as well as the 16
existing and 3 proposed ranges. The DCA antenna farm of the B Navy is off-

limits to training.

The total area of the Camp available for training is apparently 11,577 acres;

apportioned as follows:

AREAS ACRES
Training 10,157
Cantonment 700
Ammunition (ASP) 120
Airfield 600
Impact 1,345

The actual acreage used for infantry training of the maneuver battalions is
7,406 acres due to safety restrictions associated with facilities and weapons
systems, and the rugged nature of some of the mountainous terrain. Figure 6
also shows the safety fans, associated with the Camp’s 16 ranges. No other
.traiﬁiné.is allowed within a range safety fan when that range is in use.
Therefore, many designated training areas cannot be used when artillery and

mortars are being fired. Table 2 describes the range complex.
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Range #

VOO0 EWN =

TABLE 2
* EXISTING RANGES

Facility Type

Tank Gunnery, 106mm R.C.L.R. Mgv & Sta 25m
M60 7 Cal .50 Machine Gun (M6), 10M
Pistol Range, .38 & .45 Cal

-Combat Pistol Range

Skeet. Range-Recreational

Transition & Moving Target, M60, Cal .50 MG
Mini-Tank Range

Target Detection Range

Known Distance Range

25M M16 Range

Modified Record FireRange (MRF)

Platoon Assault Course

M203 Grenade Launcher Range
Direct Fire (105mm) /Field Firing
Hand Greade Range

M31 Artillery Trainer

Anti-Tank Range

Helicopter Gunnery Range
Demolition Range

Range Capacity

(firing Point)

2 FP

10 FP
25 FP
Proposed
2 lanes
Proposed

25 FP
25 FP
100 FP

Proposed
1 Lane

4 FP
Proposed
4 FP
12 FP
Proposed

4 1b.

* NOTE: Detailed descriptions of these ranges can be found in TC 25-2.
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“TRAINING AREAS AND RANGES

@ EXISTING or PROPOSED RANGES:

A through R — Des ed Traiming Ateas

1 25 Subcal Range § Target Detection Range 15 Nand Grenade

2 10M Range ' 9 KD Range 18 M31 Arty Trainer
3 Pistel Rangs 10 25M Range 17 Anti-tank Range
4 Pistel Range 1 MRF ) 18 Meficopter Sunnory Reage
5 Skeot Range 12 Platees Assauit Course 19 Demelitien Range
§ Traasition & Meving Target 13 M203 GL Range
7 Misitank Rangs 14 DBirect Fire, Fisld Firing
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Because of the limited maneuver area available, training areas can only support
the training requirements of 2-3 battalions at a time (depending upon its
size). Unit training is generally at the company and platoon level which
maximizes the usage of a relatively small training area. Each type of military
unit has a prescribed mission that requires certain Army Training and

- Evaluation Program (ATEP) mission tasks to be accomplished within a certain
time interval in order to obtain or maintain a specified unit proficiency
level. Missions for a light infantry brigade associated with the units of the
PRARNG are lisied in Appendix III. Almost all of these ARTEPs require foot
soldiers to either attach or defend an objective, withdraw or delay, or provide
direct”bf'éeneral support as a unit. Army training techniques are used to
develop’ individual or team/unit proficiency. Examples of these techniques
include battle tactical exercises without troops (TEWT), map maneuvers, field
training exercises (FTX), and command post exercises (CPX). During most FTXs,
battlefield conditions are simulated using blank ammunition, various types of
simulator devices, i.e. booby trap simulators and artillery simulators. All of
these result in minimum ground disturbance since training is dismounted except
for the ARTEPs associated with the mechanized Cavalry Troop. Troops are
prohibited from digging foxholes and from cutting trees or shrubs for

-

camouflage. Troops bivouac in the training areas where mess facilities are

_established and field expedient latrines are constructed in accordance with M

21-10, Field Hygiene and Sanitation.

Camp Santiago's 16 various training areas are utilized for directing fire

into the impact area from.the 19 desiginated ranges and the 18 surveyed firing
points located throughout the Camp. Special training exercises are conducted
at specific firing areas. Riot control (chemical tear agents) are used
periodically in‘the training areas to evaluate the proficiency of units for
fighting in a chemical environment. The Camp’s gas chamber is used most

frequently for protective mask confidence training.



Military communication systems are periodically jammed within various training
areas using electromagnetic interference techniques. Other training areas may
serve multiple training purposes. Close-in training include bivouac areas,
road march areas, a compass course, an orienteering course, and a dirt air
assault strip. A drop zone is used about once every other month by airborne
units C130 and C141 aircraft, Use of these areas, as well as outside training

areas, is scheduled with the Range Officer 30 days in advance of the training.

Soldiers are required to maintain proficiency with their individual assigned
weapons by annual familiarization and record firing. Consequently, the small
arms ranges are very active. The .45 caliber pistol range is the most active

range since it is used almost every weekend by the National Guard Pistol Team.

Less frequently utilized ranges iﬁclude a special mini-tank gunnery range which
is used U-6 weekends each year by the Cavalry Troop to simulate the firing of
the main tank gun by using a .22 caliber weapon attached to the gun tube. Tank
Tables I-III are fired on this range. The main gun of the ténks is fired 3
times each year at Camp Santiago (Table VI only). The helicopter gunnery range
is used only twice a year during daylight hours. A demolition range is used by

engineer battalions for the detonation of 2 pound charges.

In addition to the various ranges, there are 18 surveyed firing points located
within various training areas throughout the Camp containing a circular safety
fan 250m in diameter around each firing point. Qortars are fired from 6 of
these locations. Twelve other firing points used for artillery firing are
located primarily in the southwestern quadrant of the training area. The
familiarization and record fire of artillery pieces and mortars requires the
utilization of the 18 various firing ponts 6 weekends a year and 10 days during

AT.
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A Nap-0f-the Earth (NOE) helicopter course has been developed at Camp

Santiago. This course is no closer than 200-500m from the reservation

boundary. Figure 7 illustrates the NOE route. Except for NOE flying, and take-
off and landing approaches, helicopter low-level flying is limited to an
altitude of 152mm above the highest obstacle in the immediate area. The NOE
course has had very little use during the past two years; increased use in

projected in the future.

Table 3 is a summary of the various types and quantities of ordance used at Camp
Santiago each year. Fire from all training areas, ranges and firing points is
directed towards the impact area comprising approximately 1,300 acres and
located in thg center of the Camp. Aproximately 6,000 rounds from mortars and
artillery pieces were exploded in the impact area in 1980, 20% of them at
night. Most of the artillery rounds fired in 1980 were 105mm. In 1981, one of
the artillery battalions had its 105mm towed howitzers replaced with 155mm
towed howitzers. The utilization of the helicopter gunnery range results in 50
rockets being fired into the impact area. An Explosive Ordnance Disposal Team
(EOD) comes to Camp Santiago monthly to explode in place any unexploded rounds
which were fired into the impact area. There are two target areas registered
and used by the engineer battalions within the impact area for the detonation

of 15 pound shape charges and 40-pound cratering charges.

The cattle holding area in the northeast corner of the Camp is used by local
livestock owners to pasture a small number of animals. This area was used for
grazing before the military reservation was established. Current use has

continued informally without grazing easements or other agreements governing

its use.
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TABLE 3
APPROXIMATE NUMBER OF ROUNDS OF MAJOR AMMUNITION

TYPES EXPENDED AT CAMP SANTIAGO IN 1980

TYPE NO. OF ROUNDS

Small Arms Ammunition:

12 ga. (shotgun) 650
5.56mm (rifle) 810, 000
.22 caliber (rifle) 100, 000
7.62mm (rifle) 295, 000
.38 caliber (pistol) 3, 000
.45 caliber (pistol) 53, 000
.50 caliber (machine gun) 250

Indirect Fire Ammunition:

40mm (grenade launches) 2,900
60mm (mortar) 325
81mm (mortar) 2,500
105mm (Howitzer) 500%
4 inches (mortar) 330
Rifle Grenades (7.62mm) 2,200
Smoke Grenades 600
Simulators _ 2, 300
Chemical (CS/CN tear agents) 200
Illumination - 150

*Beginning in 1981 approximately one~half of these rounds will be 155mm.
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4,4,2,2 Utilization of Off-Post Lands.

In addition to Camp Santiago property, the PRARNG trains on other private and
Commonwealth owned properties. Approximately 5,000 - 7,000 acres of adjacent
land to the east and west of Camp Santiago are licensed annually by the

PRARNG. The license allows the PRARNG to conduct field training exercises,
command post exerecises, and other training activities during the summer at AT
camps with the proviso that tanks and live ammunition will not be used. The
government agrees either to pay for any damages resulting from training
activities or to restore the property in lieu of payment. The San Juan area
Office of the 8 Corps of Engineers secures permission from local landowners to
use their properties for this military training. Over the past several years
the amount of land licensed has decreased as landowners are converting more of
their properties from woodland to agriculture. The licensed lands are very
similar to the terrain of Camp Santiago since these are also located in the
semi-arid southern foothills of the Cordillers mognpain range and include
alluvial plains of the coastf The location of these licensed lands is shown in

Figure 8.

Three parcels of Commonwealth lands are intermittently utilized by the PRARNG

- for limited military training. These include the Carite, Toro Negro and
Maricao Forests which are thickly forested areas located in the mountains, and,
as such, differ greatly from the terrain of Camp Santiago. The type of
military training performed in these areas is limited to patrolling, survival

training, map reading and orienteering at the Company/Detachment level.
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4.4.3 'Support Activities.

The primary responsibility of the Training Site Headquarters of Camp Santiago
is to provide logistical support and to coordinate the utilization of the
Camp’s training by PRARNG, PRUSAR and other organizations. Site support
includes billeting and subsistence, ammunition, Petroleum 0il Lubricants (POL),
the repair and maintenance of facilities and equipment, and the provision of

janitorial, medical, and other miscellaneous supplies.

Site support to units visiting Camp Santiago is provided through an
organizational structure consisting og administrative, logistical and
ﬁaintenance‘divisions. The Administrative Division provides security and fire
protection and operates/coordinates the use of communication facilities,
training areas and ranges; while the logistics division provi&es supplies
ammunition, POL, subsistence, warehousing and recordkeeping required to
maintain property accountability. The Maintenance Division provides carpentry,
electrical, plumbing and refrigeration repair to the Camp’s facilities and
maintains wheeled vehicles and heavy equipment at an Organizational Maintenance
Shop (OMS) located at the Camp. The PRARNG has programmed in FY85 the
construction of a Mobilization and Training Equipment Site (MATES) at Camp
Santiago. The proposed MATES will be located within the cantonment area and
will provide for 33 work days, administrative work area, and equipment
maintenance and storage. The Maintenance Division is also responsible for the
water supply, sewage collection and treatment, solid and hazardous waste

management and pest control.

Facilities at Camp Santiago are used almost every weekend of the year with an
average of 2,000 troops performing military training. During the summer, 3 or
4 separate two-week AT cycles are conducted. An average of 2,000-5,000 troops

attend Camp Santiago during each AT cycle. According to the Expansion
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5. Environmental Impact.

5.1 Climate.

The climate of Puerto Rico and Camp Santiago is determined primarily by two
factors; the Bermuda High and the insular topography. These factors provide a
climate that is characterized by warm, even temperatures with little seasonal
variation, steady breezes which vary in direction between daytime and

highttime, and generally abundant rainfall unless modified by local factors.

The weather of Puerto Rico and Cémp Santiagb is principally influenced by the
Bermuda High which is relatively permanent high system centered most of the

year over the Azores.

‘The high pressure system generates the Tradewinds which in the vicinity of
Puérto Rico are from the east and are refefred to as the tropical easterly
Tradewinds. These easterly winds continually furnish the iéland with
relatively constant warm air flow and a tropical marine climate which is
cﬁaracterized by small diurnal and seasonal temperature fluctuations, high
humidity, persistant easterly winds, high solar radiation and convective cloud

types.

The climate also exhibits a wind shift phenomenon; during the day, an on-shore
direction, and during the night, an off-shore direction. This land-sea breeze
effect is ass;ciated with thermal circulation patterns. The diurnal variation
in wind patterns is the resu;t of land surfaces heating up during the day

faster than the surrounding ocean; the land-heated air rises causing cooler off-

shore winds to flow landward. At night the land cools faster than the ocean,
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resulting in a reversal of the pattern as the cooled air from the mountains
descends the slopes and crosses the plains to the sea. Depending upon the .
location in Puerto Rico the land-sea breezé magnetic directions will vary, In
the south the on-shore breeze is typically from the southeast while the off-
shore breeze is from the norfheast. Figure 9 is the wind fose for the City of

Ponce which approximates conditions at Camp Santiago.

Topography greatly influences temperaturevand rainfall levels in Puerto Rico.
The Cordillera Central Mountain. Range which runs the length of the island on a
central east-west axis provides a physical barrier resulting in temperature and
rainfall discontinuities between north and south Puerto Rico. The Cordillera

Mountain Range averages more than 3,500 feet in elevation with its highest peak

Generally, south Puerto Rico is warmer than north Puerto Rico. Mean annual
temperature in the Camp Santiago area range between 76-90°F.. It has been
determined that the mean annual temperature at Camp Santiago is 84.5°F with
winter lows around 60°F and summer highs around 100°F in August-September.

Figure 10 shows temperature levels in southern Puerto Rico.

Althpugh horizontal temperature gradients remain fairly constant, vertical
temperature gradients vary diurnally in semitropical and tropical areas like
Camp Santiago. This results in temperature inversions which typically occur ig
the late evening and early morning hours. During the day as the air mass warms
near the ground, it rises,'becoming cooler with increased altitude. This
results in vertical air turbulence and an unstable, well-mixed air mass.
However, when the sun sets, the air close to the ground gets colder than the

air above. When this occurs, typically in the late evening and early morning,
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a stable stratum develops, resulting in 1ittle or no vertical air movement as the
colder surface air mass does not rise. Once solar radiation returns in the
morning, the surface air mass is heated again, rises, and causes the

temperature inversion to become unstable.

Rainfall distribution, Figure 11, in Puerto Rico is greatly influenced by the
Cordillera Mountain Range. As the warm, moist Easterlies approach the mountain
range, they are deflected upward where they cool rapidly resulting in

rainfall. This phenomenon results in an orographic distribution of precipitation
whereby‘rainfall levels are high on the northside of the mountains and low on

the southside.
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WIND ROSES for PONGE DAY and NIGHT CONDITIONS

 PONCE NIGHT

Figure 9
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A "rain shadow" is characteristic of the southern portion of Puerto Rico. It
is reported that the mountainous areas to the north may receive rain as much as
300 days per year, while in the south as little as 100 days per year. The
"rain shadow" effect is evident in the Camp Santiago area where the climate
could be described as semi-arid; the rainfall average in the Camp Santiago
viéinity is estimated to'be between 35-40 inches per year, while the average

rainfall for Pueto Rico is 75 inches per year.

Puerto Rico and Camp Santiago have wet and dry seasons. The wet season in the
vicinity of Camp Santiago is from May through mid-December. Additionally, the
- wet season is bimodal with peaks in May~and August-September. More detailed

local climatology data is available from the National Oceanic and Atmospheric

- -Administration (NOAA).
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5.2 Air Quality.

Existing Condition. A review of the Commonwealth's Implementation Plan

(40 CFR 81) indicates that the Puerto Rico Air Quality Control Region (AQCR)
has generally reached attainment for criteria pollutants. Most of the island
is designated as attainment for the majority of the criteria pollutants. Camp
Santiago is located in the Guyanilla Air Basin which has been designated an
attainment area. Table 4 identifies the Envirommental Protection Agency (EPA)
classification of the Guaynilla Air Basin'’s air quality for total suspended
particles (TSP), nitrous oxides (NOX), sulfur oxide (S02) hydrocarbons (HC) and

oxidants (0X).

In developing the air emissions inventory for Puerto Rico, sources were

categorized as either point or area emission sources.

Area emission sources include: open burning, gasoline fuel off-highway, diesel
fuel off-highway, aircraft and airport operations, dirt roads traveled, dirt
air strips and brush fires. Area sources generate the majority of TSP
emissions. Fugitive dust represents 60% of the total area source pollution
(based on a island-wide emissions inventory); fugitive dust in the southern
part of the island constitutes 77% of the total area source contribution. Of
the estimated 26,468 tons TSP/yr generated in the southern area, the following

quantities are generated by each source:

Unpaved road 13,505 Tons/Year
Unpaved airstrips 64
Wild forest fire 236
Military aircraft 6
Diesel (Off-highway) 81
Gasoline (Off-highway) 39
Government Open Buring 0
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POLLUTANT

Particulates

Sulfur Oxides

Oxidants

Nitrous Oxides

Hydrocarbons

Table 4

GUAYANILLA AIR BASIN - AIR QUALITY*

CLASSIFICATION

Does not meet secondary National
Ambient Air Quality Standards (NAAQS)

Cannot be classified or better than
NAAQS

Cannot be classified or better than
NAAQS

Cannot be classified or better than
NAAQS

Cannot be classified or better than
NAAQS

#Source: Environmental Reporter 40 CFR 81.355
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Existing Camp Santiago mission activities contribute little to the estimated
TSP generation rate. Point source emissions in the south contribute 26,573
tons TSP/&r. There are no point sources at Camp Santiago, however, there are
three po;nt sources located within 20 miles of the Camp; a hydroelectric plant
and oil refinery at Guayama, and a sugar mill at Aguirre. Generally, the Camp
Santiago air quality is considered very good, except for occasional dust
problems. In 1968, the Environmental Quality Board (EQB) monitored the air
quality for a short period and found the concentrations of criteria pollutants
below the national standards. Table 5 includes a listing existing air emission

sources at Camp Santiago.

Impacts. Construction activities such as those associated with combat
engineer training, building and training facility site development occur*at

. Camp Santiago. During the construction phase of such facilities as the
proposed MATES and Batﬁalion Billeting, fugitive dust and vehicle exhaust
emissions from workers' vehicles, earth moving equipment, vehicular traffic
on unpaved roads{ and construction of paved areas may cause short-term
degradation of the existing air quality (particulates and carbon monoxide).
Dust generated by local traffic on unpaved roads would be the primary source of
ihcreased particulates at these proposed sites. It is expected that
construction vehicle engines would be equipped with emission control devices
required .by EPA for the year of manufacture and that these engines would be
maintained in accordance with the.manufacture;'s specification and
applicable Federal, Commonwealth and local standards. It is anticipated that
known meterorological conditions in the area would disperse particulates and
other air pollutants throughout the construction areas, minimizing any

" potential for adverse impact on the existing air quality.
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Civilian and military motor vehicle operations at the Camp during unit training
assemblies (drill weekends) and during the 5-day work week are expected to make

slight emission contributions to air pollution in the area.
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TABLE 5

EXISTING AIR EMISSION SQURCES AT CAMP SANTIAGO

Quantity
2,000

5,000
147
Uy

1,338

20

18

31

16

48

Source Type

Weekend Training

Annual Training
Full-Time Camp Staff (POV)
PRARNG Tracked Vehicles
PRARNG Wheeled Vehicles
POL Storage Tanks:
25,000 GAL MOGAS

10,000 GAL Diesel (DF 2)
7,000 MOGAS (Proposed)
7,000 Diesel EProposéd)
Helicopter (Refueling)

Fixed Wing Aircraft
(Refueling)

Artillery Pieces (105mm
Howitzers)

(See additional weapons
inventory list at paragraph
4,3 Mission)

Engineer Construction Equip-
ment
(Dump trucks, graders, bull-

‘dozers, other earth moving

equipment)

Quarry Operations (Demolition
and Blasting)

Weapons Firing Ranges
Bombing and Strafing Range

Open Burning/Detonation Areas



ARNG motor vehicle engines are equipped with emission control devices required
by EPA during the year of manufacturer. ARNG vehicle engines are maintained in
accprdance‘with the manufacturer’s specification and applicable Federal,
Commonwealth and local standards. Upon completion of the proposed MATES
vehicle traffic at Camp Santiago will increase 10% due to the maintenance

activities associated with the MATES.

Existing underground petroleum product storage tanks (25,000 gallon MOGAS and
10,000 gallon diesel) and ancillary distribution systems at the Camp are not
subject to Federal, Commonwealth and local air pollution control regulations
governing evaporative loss (vapor emmission) because they do not contain more
than 40,000 géllons. Significant quantities of volatile organic fumes are
released into the atmosphere with no adyerse effects on air quality at the
Camp. Two additional 7,000 gallon underground tanks are proposed for the MATES

facility; MOGAS, and diesel.

Although fugitive dust is a significant aif quality problem in southern Puerto
Rico, it is unlikely that military activities conducted at Camp Santiago are
making a significant contribution to this problem. It is likely that the
largest pprtion of the fugitive dust generated at Camp Santiago settles within
the Camp. Due to low rainfall, fugitive dust is produced during dry periods
whén military vehicles travel unpaved roads and trails.v Winds rapidly disperse
suspended particles which settle mainly within the reservation boundaries,
élthough some settling occurs outside the Camp when roads extend near the
perimeter. Fugitive duét.is also produced in small quaﬁtities when artillery
and mortar rounds and aireraft strafing rounds hit the impact area, and during

quarry and borrow pit operations.

Air emissions also result from the firing of munitions in the Camp's ranges



nitroglycerine, HC and WP smoke mixes, thermite mixes, and CS and CN. Air
quality should not be significantly degraded as‘a result of these activities
and the air emissions should be rapidly dispersed. There have been no public
complaints or reports tﬁat these pollutants are going. beyond the reservation
boundaries. Adverse public reaction could result if munitions, exploding near
the reservation boundaries. were to encounter certain meterological conditions

and be transporﬁed into nearby communities.

The EQB is concerned about the frequency that open burning is occurring in
southern Puerto Rico, primarily the open burning of agricultural wastes and
plant life which is prohibited by Rule 402 of the Commonwealth'’s Air Control
Regulations. Camp Santiago has a high frequency of wild grassland fires as
large portions df the training area burn annually during the dry season. These
fires are not started intentionally, but can result from the use of simulator
devises and firing small and large caliber ammunition such as blanks, tracers,
low and high explosive, smoke, incendiaries and illumination rounds. Fires at
the Camp have also been reported to have started spontaneously., Due to the
lack of a comprehensive fire b(eak system, the fires frequently burn large
areas with the existing road network serving as the only containment source.
However, the containment and control of any grassfire on the lowlands is very
difficult.since wind speeds are characteristically high and grasses are from 1
to 8 feet tall providing excessive fuel. An extensive firebreak system would
not guarantee .containment of most grassfires which occur in the training areas

since they usually jump the road-type firebreaks.

A practical approach to controlling wild fires would be to prescribe burn those
areas where fires are frequently started due to military activities, i.e.

impact area and some small arms ranges. Construction of firebreaks around
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these smaller areas would be less costly to prepare and maintain since the
number of miles of firebreaks would be less. Areas could be prescribed burned
at night when wind speeds are relatively low so that the fires could be
contained and controlled.

A variance to the air pollution regulation would have to be authorized by the
EQB fof the opén burning of the grasses since this technique would be used to
help reduce the potential and extent of open burning of the larger portions of

the training area. It is most likely that the EQB would approve the variance.

Wild grass fires on Camp Santiago produce significant quantities of suspended .
particles and contribute to the over-all particulate level of southern Puerto
Rico. It is unlikely, however, that thg contribution is significant

considering the other areas in southern Puerto Rico that are also suseptible to
open burning. These grass fires have been ocqurring in the Salinas area for
Adeéades, and in 1968 the EQB conducted short-term monitoring of the air quality
in the Camp’s training areas. The EQB concluded that existing levels of air

pollution were within acceptable levels. Additionally, theAEQB declared the

southern portion of Puerto Rico an attainmenﬁ region for criteria pollutants.

Open burning has also occurred at the Camp’s sanitary landfill. These fires
are probably intentionally started by individuals unaware of the
Commonwealth’s air pollution regulation that prohibits open burning of
refuse. These fires emit various pollutgnts into the atmosphere in small

concentrations since the typical quantity of uncovered refuse is small.

In summary, the frequent open burning occurring in the southern part of the
island is contributing to the particulate concentration of the southern
region’s air quality. However, open burning resulting from the Camp’s

operational activities is locally minor and regionally insignficant.
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Conclusions.

1. Fugitive dust is generated from constrﬁction activities, vehicle traffic on
unpaved roads, and quarry and borrow pit operations at the Camp.

2. Existing air.emission sources at the Camp have not been formally studied to
identify all pollution sources, to classify the pollutants generated, to
determine the amount of pollution emitted into the atmosphere, or to identify
their envirommental impacts and to recommend corrective action.

3. PRARNG internal combustion engines are equipped with emission control
devices required by EPA during the year of manufacture and should be maintained
in accordance With the ménufacturef’s specifications and applicable Federal

and Commonwealth regulatory standards. Upon completion of the proposed MATES
vehicle traffic will increase at Camp Santiago by 10%.

4, Weapons firing on the ranges produce ‘various air pollutants which appear to
be readily and rapidly dispersed throughout the range areas and do not appear
to mitigate beyond the Camp’s boundaries.

5. Spontaneous grassland fires occur frequently on the Camg and occasionally
munitions functioning on the small and large caliber firing ranges initiate
additional grassland fires.

6. Road net and/or firebreaks appear to have been inadequate for controlling
grassland fires on the Camp. Extensive dry seaéons, excessive fuel, and high
winds tend to compound this problem.

Recommendations.

1. Common dust'gubpréssant techniques should be employed during the Camp's
construction activities and on heavily traveled unpaved roads. Fugitive dust
generated from vehicular iraffic should not migrate beyond the Camp’s
boundaries, therefore traffic management controls should be developed to ensure
that vehicular traffic to and from the training and cantonment areas should be

routed on roads nearest the most upwind Camp boundary.
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2. The quarry and borrow pit operation should be individually studied to
determine if the operations are in compliance with Federal and local air
pollution control regulations. The quarry operation may require an operating
permit,

3. A Camp-wide air emissions inventory study should be conducted to identify
all air pollution sohrces on the damp, to classify the pollutants, quantify
pollutant concentrations and their impact on existing air quality at the Camp,
and to identify corrective action as appropriate.

4, The Camp’s and PRARNG internal combustion engines should continue to be
maintained in accordance with the manufactuer’s specification and applicable
Federal and Commonwealth regulatory standard. The construction of the proposed
MATES will assist in maintenance of emission control devices.

5. The Camp should discuss the possibility of entering into an agreement with
the Salinas fire department to establish a research and development fire
training program, and should plan to develop a fire break design and other
methods that would be effective in controlling grassland fires on the island.
The Camp’s training areas could be used for this research and development
effort by the local fire departments. This fire training plan would have to be
submitted to the EQB for approval in accordance with the Puerto Rico air
pollution control regulation. If approved, the Camp’s training areas could

be programmed/ scheduled for cqntrolled burning prior to unit training by the
local fire department as part of the fire training research and development
effort., This type of fire activity is exempt by the EQB and would not require

a permit or variance for open burning.

6. Open burning of refuse.at the Camp's landfill should be stopped with
appropriate management of effective control measures taken during the peak
training cycle (May-August) and implemented in accordance with the U.S. Army
Environmental Hygiene Agency's (AEHA) solid waste landfill study

recommendations at Appendix IV.



5.3 Noise.

Existing Conditions. The four local communities around Camp Santiago are El

Coco and E1 Bosque to the east, Rio Jueyes to the west, and Salinas to the
south. The major local nolse sources are the heavily trafficed highways and
Camp Santiago. Camp Santiago is used by the Army National Guard, Air National
Guard, Army Reserves, and for special exercises by the active-duty military
forces. No one lives on post full-time. The most noise-sensitive aetivity on
post is the English Technical Language School, which prepares its 200+ full-
time students for basic training over on the mainland. The greatest activity
at Camp Santiago is during the four 2-week AT periods.

a. Aircraft Noise Activity. Collazo Airfield, Camp Santiago’s

airfield, has no assigned aircraft. Camp Santiago’s aircraft noise comes
from these sources: the Air Force, the Army Aviation Support Group, and the
PRARNG.

| (1) The Air Force typically flies from the mainland, participates in
an airdrop over Camp Santiago, then departs. The Air Force does not land at
Collazo Airfield. In a normal year the Air Force will support a maximum of
four airborne operations with three C-130’s or C-141's per operation.

(2) The Ammy Aviation‘Support Group, stationed at San Juan, operates
one U-8 Seminole, one C-7A Caribou, nine OH-6A LOH'’s and eleven UH-1H Hueys.
The two fixed—wind aircraft, thé U-8 and C-TA, do not normally fly to Collazo
Airfield. During any particular weekend, a maximum of 12 helicopters, UH-
1H's or OH-6A’s may fly from San Juan to Collazo Airfield. The support
Group’s greatest activity is 25 hours of air time per day during its 2 weeks
AT. Most of the flights a;e off post. The helicopter landing pattern comes

between two foothills west of Camp Santiago at 600 ft above ground level and
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descends onto Collazo Airfield, thus avoiding over-flight of inhabited areas.
The helicopter gunnery range and NOE flight paths are used about twice a year.

(3) The 198th Tactical Fighter Squadron, PRARNG, stationed in San
Juan, operates 18 A=7 Corsair II jets. The Air National Guard uses the bombing
range within Camp Satiago’s impact area. Missions are normally scheduled for
four days a week, including one Sunday and two to three Saturdays a month.
Each of the 2,012 sorties the Air National Guard flew in 1980 consisted of a
maximum of two low-angle bombings; two low-angle, low-drag bombings; two dive
bombings; and two strafing passes. Day sorties required 20-30 minutes but
night sorties only required 10 minutes as no strafing passes and fewer bombing
passeé were flown Two or three jets fly for each operation.

b. Impulsive Noise Activity. The four major sources of impulsive noise

at Camp Santiago are demolition, artillery, tank gunnery, and small arms
ranges.

(1) Demolitions are detonated by the combat engineers of the 192d
Infantry Brigade. The engineers have two demolition sites: one in a gully on
the southwestern edge of the post and the other inside the.impact area. All
charges greater than 2-pounds are set off inside the impact area. In 1980 the
engineers exploded 281 2-pound>biocks of C-4, 138 1-pound sticks of INT, 71 1/2-
pound stick of TNT, 7 Bangalore torpedoes, 47 15-pound shaping charges, and 11
40-pound cratering charges. '

(2) The i62d Field Artillery fires artillery six weekends a year,
mortar six weekends a year, and both artillery and mortar for 2 weeks a year
during its AT. A maximum of 100 rounds are fired per weekend. In 1980 the
162d Field Artillery fired 325 rounds of 60-mm mortar, 2,500 rounds of 81-mm

mortar, 500 rounds of 105-mm artillery, and 350 rounds of 155-mm artillery.

55



(3) The M-48A5 tanks of the cavalry unit fire their main guns three
times a year. They fire from areas C and D, on the western area of Camp
Santiago, into the impact area. In 1980, using tank table VI, 136 105-mm

rounds were fired.

~(4) Camp Santiago has small-arms ranges for machine guns, shotgumns,
rifles, pistols, grenades, and LAWs. The shotgun and pistol ranges are the
most frequently used. The other ranges are largely used only during the
weekends and during the four 2-week ATs. The ranges are mainly grouped in two
areas: south of the airfield, an¢ west of E1 Bosque. In 1980, approximately

1,300,000 rounds were fired or thrown.

c. Noise Complaints. No written noise complaint log is kept because of

the infrequency of such complaints. Four live mortar firing points have been
coverted into exclusively dry firing points as a result of complaints received

from residents on the eastern boundary of Camp Santiago.

The A-T jet flight patterns were altered after an Air Force Official visited
complainants. Neither written nor oral complaints have been received since the

previously mentioned changes went into effect.

Impacts. During the period 20-31 July 81, an environmental noise assessment
of military operations at Camp Santiago was conducted by the AEHA which
included predictive models and on-site noise measurements of aircraft, blast
and small arms noise sourées.

The AEHA noise study concluded that no unacceptable noise zone extends offpost,

even with the aircraft, small-arms ranges, and blast noise contours integrated
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together., Camp Santiago presently does not adversely impact any local
community, However, the regions north of Camp Santiago, which are in the

normally unacceptable zone should be kept free from residential development.

Although the aircraft average noise level is acceptable for classroom work, the
English Technical Language School’s classes are occasionally interrupted by

the jets. Thouéh soundproofing the classrooms is possible, it may not be
economically feasible or even desirable, for no formal complaints about these

N

interruptions were found.

Though the noise contours and other criteria agree with Camp Santiago’s

actual experience, that few noise complaints have been received, the potential
for noise complaints does exist. Past problems, normally resolved by a
personal visit from appropriate personnef, have resulted in the conversion of
live mortar firing points to dry fire practice points and in the alternation of

the A-T jet flight patterns.

A potential problem still exists with the normally unécceptable zone extending
north of Camp Santiago. Land use planning should be used to help prevent
potential problems. South of Camp Santiago, 134 single family dwellings are
being built without regard to the noise environment. Fortunétely, Camp
Santiago does not adversely impact this particular development. National Guard
officials need to ensure that future developments will consider Camp

Santiago’s noise environment, especially any development to the north.

Conclusion. Camp Santiago does not adversely impact the noise environment

outside ips boundaries but needs to become involved in local master planning.
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Recommendation. Continue excellent responses to noise complaints. Establish

and maintain a liaison with local planning and zoning authorities in all
matters pertaining to new development around Camp Santiago, especially the
northern regions.

5.4 Physical Setting.

S.4.1 Physiography and Geology.

Puerto Rico is the easternmost and smallest of the four islands in the Greater
Antilles chain. The most prominent physical feature of the island is the east-
west running central mountain range, the Cordillera Central, which extends

almost the entire length of the island.

Camp Santiago spans two physiographic regions within the island; the southern
foothills of the Cordillera Central on the northwest, and the southern coastal -
low lands. Coalescing alluvial formations are found on the boundary of the

foothills and southern lowlands.

The Cordillera Mountain Range is composed of voicanic lavas with intrusive
rocks, i.e. granodiorite and diorite. The central core of Puerto Rico is
composed principally of volcanic and intrusive rocks of late Cretaceous and
Early Tertiary Age. The volcanic rocks are predominately ashy shale embedded
with ﬁhick, dense lava flows and relatively‘thin beds of limestones which have
been complexly faulted, folded, and intruded by dioritic rocks. Serpentine and
silicified rocks underlie large areas in the southwest. The core is flanked on
thé north and south by cléstic sediments and limestones of Oligocene and
Miocene Age. The clastic sediments are composed of poorly softed gravel,

sands and finer materials.
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The north-northwestern part of Camp Santiago located within the southern
foothills zone is characterized by rock types that are mostly volcanic in
origin, although limestone and intrusive rocks are common. The southern part
of the Camp (southern coastal lowlands zone) is covered by sand silt and clay

deposited by erosion. The general geology of Puerto Rico is illustrated in

Figure 12.

S5.4.2 Topography.
The southern foothills of the Cordillera Central average about 8 kilometers
wide and range in elevation from 76m above mean sea level near the coast to

548m near the mountains.
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The foothills are characterized by numerous rock types which are volcanic in

nature although limestone and intrusive rocks are common.

Bardering the foothills in the south is a relatively wide coastal plain or

" ~=——-Yowland which is composed primarily of alluvial deposits. The plain averages

5.5km in width and is covered by éands, silts and clays which ave been
deposited by erosion and may be 48-T2km thick. The Camp Santiago area is
comﬁrised of the foothill zone to the north and the coastal lowlands to the
south, Four relatively high foothills are located on the military reservation:
Cerro Modesto (126m).‘ Cerro Raspaldo (225m) Cerro Pio Juan (450m) and Cerro
Cariblanco (550m). Figure 13 is a topographic map of Camp Santiago.

5. u. 3 Ebiis.

Existing Conditions. Because of their volcanic and intrusive origins,

T typical soils of the southern portion of Puerto Rico are high ih clay, medium
low in silt and low in sand. The 197 different soil series and 426 soil types
of Puerto Rico are classified into one of two groups based upon Geological
history: residual (formed in place) and transported (deposited as sediments

~some.distance away from their point of origin). Soils associated with Camp

P

Santiago are primarily transported soils, since this type is characteri;tic éf
the allivial lowlands but is also found in part of the foothill regions.-. The
foothills .also contain residual type soils, characterized by coarse sands and
gravels. Transported soil§ are generaly porous and of limited utility. Soils
of the coastal lowlands are composed of fine-grained clays and silts deposited
by erosion,

The soils of Camp Santiago were mapped as a part of the Humacao Survey Area.



The soils map of Camp Santiago is in Figure 14, A review of this soils map
reveals that 8 basic soil types cogprise three main associations which are
characteristic of the area; the Déscalabado-Guayama, the Coamo-Guamani-Vives,
and the Jacana-Ameleia-Frternidad associations. These soil types are described
in Table 6 and range from rock land to a silt clay loam. The largest
percentage of the soils have capability classes which limit their potential
uses to grassing, woodlands and wildlife habitat, require special consideration
if the soils are signficantly disturbed to preclude erosion, and are limited by
excessive slope, shallowness or dryness. The soils of Camp Santiago can be
grouped as shallow s&kls of the dry volcanic heights and deep silts that are

clayey and expansive on the semi-arid terraces.

Impacts. Soils associated with Camp Santiago have a relatively high erosion

potential. However, the amount of erosion occurring at the Camp resulting fram

* military activities is limited. This is due not only to the fact that most

activities result in only minor ground disturbance but is also due to the
extensive amount of ground cover and low rainfall levels characteristic of the
area. The soils in the coastal plain are alluvial and have a better role of
permeability than the clayey shallow soils of the mountainous area. However,
because of the semiarid conditions, the rate of permeability of both soils is
reduced ;nd runoff is a problem during storms. Proper erosion control
techniques will be employed during the proposed construction of the MATES and

Battalion billeting facilities.
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TOPOGRAPHICAL MAP
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SOILS MAP OF

CAMP SANTIAGO
LEGEND
SOILS ) APPROVED NAME
SR R 1Y i I POZO BLANCO (clay loam)
RN S COAMA (lay uan)
\&\\ e COBBLY ALLUVIAL LAND (riverwash]
S 4y DB5_ _ _ ' _ _ GUAMANI (silty clay loam|
"% B 287 _ _ _ _ _ _ _VIVES (silty clay loam) -
= 480 ______ COBBLY ALLUVIAL LAND [riverwash stabilized)
= 7,08 ______ ROCKLAND (volcanic)
o BB VIVES (silty clay loam]
T 0 10500 _ -
S 10: TR8L2 - - :
i 1 ROCKLAND (fimestone)

*Information not available -from SCS or NGB

FIGURE 14
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SOILS MAP OF

CAMP SANTIAGO
LEGEND CONTINUED
- SOILS APPROVED NAME

= 1.86___________ .

@ 1J: B4/C_ _ _ _ ______ DESCALABRADO (clay loam)

i i
m [4: B40-L oo ___ ~ DESCALABRADO (clay loam)
I G TR (I DESCALABRADO (clay loam)

: ,‘. 15 84/!‘-2 __________ DESCALABRADO (rockland complex)
S LB GUAMANI (silty clay loam)
W eeeml_ JACANA [clay)

g 19 89/1:-?. e i = - — lAGANiA {clay)
W 20: 89/C-2 Gr e — — — — _GR-AMELIA (gravelly clay loam)
21 95/ M oo _ SAN GERMAN (cobbly loam)

*Information not avadable from SCS or NGB

FIGURE 14
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TABLE 6

SOILS OF CAMP SANTIAGO

SYMBOL - APPROVED NAME CAPABILITY CLASS* SUBCLASS

89 gr B-1 Amelia gravelly clay loam, Iv c=3
2-5% slope

89 gr C-2 Ameilia gravelly clay loam, IV c-8
5-12% slope

166 B-1 Coamo clay loan, 2-5% slope III c=2

84 C-2 Descalabrado clay loam, 5-12% slope IV s=2

84 D-2, E-2 Descalabrado clay loam, 20-40% slope VII s-4

84 F-2 Descalabrado-Rockland complex, 40-60% VII s-4
slope

265 Guamani silty clay loam IV c-1

89 Cc-2 Jacana clay, 5-12% v e-U

121 B=2 Pozo Blanco clay loam, 5-12%, slope, IV e-3
eroded .

508 Rockland (Volcanic) VIII _ s

81 E Rockland (limestone) VIITI s

4226 Cobbly alluvial land (Riverwash VIII 8
stabilized)

226 Cobbly alluvial land (Riverwash) VIII - s

¥CAPABILITY CLASSES

II: Soils have moderate limitation that reduce the choice of plants or that
require moderate conservation practices.

III: Soils have severe limitation which reduce the choice of plants or that
require special conservation practices, or both.

IV: Soils have very severe limitations that reduce choice of plants or that
* require very careful management, or both.

VI: Soils have severe liﬁitation that make them generally unsuitable for

cultivation and limited for other uses by the low available water
capacity or shallowness to gravel or hard rock.
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VII: Soils have very severe limitation that make them unsuitable for
cultivation and restrict their use primarily to grazing, woodlands and

wildlife habitat.

VIII: Soils and land forms have limitation that preclude their use for
commerical crop production and restrict their use to recreation,

wildlife habitat, water supply or aesthetic purposes.

xx SUBCLASS

e:  Erosion Potential
3: Shallow Soils

c: Too cold on too dry
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Areas used by the cavalry troop receive more ground distrubance than those used
by the infantry and combat and service support battalion, but there is little

evidence of any significant erosion in any of the training areas. Although the
training areas burn over almost annually, root systems underlying those grassy
areas Susceptible to fires prevent significant sheet erosion. Gully erosion is
evident along most of the unpaved roads, but is not considered significant (see

the water quality section for a discussion of sediment loading to waterway).

Borrow pit operations result in some erosion, but an inspection of the pits
indicated that there was not a significant problem. This is also true of
stream fording sites since the streams are almost always dry and rainfall is

realtively low.

Conclusions, The gully erosion which is occurring along most unpaved roads
of Camp Santiago happens during the rainy season when high intensity rains wash_
roads located on sloped terrain. Erosion is not a significant problem at the
borrow pits. Burned over training areas used by tracked vehicles are

vulnerable to sheet erosion.

Recommendations. Control of gully erosion could be enhanced if drainage

ditches were routinely maintained and provided with drain-outs at appropriate
distances along the road. This would prevent runoff from generating enough
velocity to start sheet erosion and to cut deep erosional gulleys. Work could
possibly be performed by engineering units that train at Camp Santiago during a
period prior to the rainy season each year; beneficial traning would be
realized by military personnel performing the horizontal

construction/maintenance work.
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Proper construction erosion control and Best Management Practices (BMPs) should

be employed during construction of facilities at Camp Santiago.

Sediment basins could be provided to collect sediments suspended in runoff from
the borrow pit areas. fo reduce the potential for sheet erosion in the
training areas, the cavalry troop vehicles should conduct maneuvers with
-tracked vehicles in training areas characterized by lower slope angles and
avoid steeper slopes where erosion potential is higher., Ideally, they shouid

only use tracked vehicles during the drier seasons of the year.

5.5 Natural Resources.

5.5.1 Vegetation.

Puerto Rico isvcharacterized by six life zones which are defined in terms of
latitude belt and humidity province. These zones can be further defined by
soils, rainfall distribution, and drainage patterns. Camp Santiago is included
within the Subtropical Dry Forest Zone. This life zone isAthe driest with
rainfall averaging between 64-102cm per yéar, most of which occurs between the
months of August and January. The vegetation of this life zone is composed
primarily of decidous types on most soils and there is a tendency toward
complete ground cover. Tree species present are characterized by small and
succulent or coriaceous leaves and by broad, spréading and flattened crowns
with sparce foliage. Trees usually do not exceed 15m in height. Vegetation
patterns vary at Camp Santiago as a function of altitudes, soil type, and
rainfall. Although no botanical surveys are known to have been conducted, a
xerophytic species composition faunal at Camp Santiago appears very similar to
that described by Dansereau and Buell (1966) and by Glecson and Cook (1962) for

the semi-deciduous and.}erophytic forests of Puerto Rico. These references
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between forested areas and pastured area; the pastured areas contain prairies

but are also covered extensively by savannah.

The north-northwest portion of Camp S;ntiago is covered by a medium height
dense woody growth with a small crown interspersed with small tress, brush, and
grasses. The south-southeast part of the Camp is primarily grassy cover with
lscattered clumps of less dense woody growth. Small areas of the heavier growth

are also present here.
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VEGETATION MAP

CAMP SANTIAGO
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The species composition of these clumps of forested and brushy growth is
unknown, According to Dansereau and Buell, some of the plant communities that
may be representative to varying extents on Camp Santiago would include:

1. Bucaro woodland and forest

2. Gumbolimbo savannra

3. Sebucan-tachuelo thornscrub

4, Grama grass steppe

5. Guinea grass prairie

6. Mesquite savanna

7. Bucaro-mesquite savanna

8. Angelton-grass sward
Succession in the more southern pastured areas of the Camp is controlled
primarily by fire sinece this part burns over annually. There is an indication

that some forested areas are being converted to grasslands as a result of fire

di;turbance. Although the climax species for this are is Bueida buceras
(oxhorn bucida) the frequency of fire appears to be maintaining the vegetation

in a sub-climax stage of grasses.

Communication with the DNR has indicated that several rare and endangered plant
species listed by the Commonwealth of Puerto Rico are reported from the Camp
Santiago area. None of these plants is federally listed. Endangered endemic
plants reported from the area are listed in Table 7. Addigionally, there are
12 nonendemic endangered plant species and 6 nonendemic rare species reported
from the area.. The area where the plants were reported is a mountain ridge

called Las Piedras Chiquitas along the northern most edge of the reservation.
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TABLE 7

ENDANGERED ENDEMIC PLANTS LISTED BY COMMONWEALTH OF PUERTO RICO

FROM THE CAMP SANTIAGO AREA

Name

Diapedium krugii

Cassia exunguis

Anguria cookiana

Cyperus urbani

Schrankia portaoricensis

Polzgala cowellii

Cococoloba sintenisuii

Reynosia krugii

Zanthoxylum thomasianum

Solanum muecronatum .

Family
Acanthaceae
Cactaceae
Cucurbitaceae
Cyperaceae
Mimosaceae
Polygalaceae
Polygalaceae
Rhamnaceae
Rutaceae

Solanaceae
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Habit
Herb

Shrub

slender vine

Sedge
Shrub
Tree
Tree
Tree
Tree

Shrub



Impacts. Military activities are having a minor impact upon the vegetation
communities of Camp Santiago. The Camp is considered one of the few well
vegetated areas in the deforested southern coastal plain. Trees and shrubs are
basically protected and cutting for camouflage is prohibited. Trees are needed
for cover and conceélment and for protection from solar radiation so it is
important that they be preserved. The largest forest stands are located on the
mountaih slopes where military trainirg is very limited due to the terrain so
that these stands are not disturbeé directly by military training. There is no
funded forestry management program for Camp Santiago. The cantonment area is
in the southern deforgsted lowland portion of the installation. A planting
program would improve the appearance of the Camp if funds are allocated for

this purpose.

The training areas burn over almost every year and because limited efforts are
made to control the fi;'es, a minor shift in *he ratic of forest lands to
grasslands may be occurring in some areas. Grasses appear to be encroaching up
the mountans in some areas as wild fires kill woody species along the edge
between the forest and grasslands, This is especially evident in woods

associated with lowlands having large stands of Panicum maximum. In the

mountainous areas in the northwestern pgrtion of the reservation, the effect of
wild fires is not evident. These are also the areas where the largest timber
stands exist and thus appear to be protected from encroachment of grass
communities induced by fires related to military training. Although it appears
tﬁat tbe woodlands of the southern portions of the Camp may be reduced in size
over a long period of tiie as a result of fire, the bulk of the woodlands of

Camp Santiago should not be affected.

There are no federally listed endangered plants found on Camp Santiago at the
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present time, Of the plants designated by the Commonwealth as rare or
endangered, most are located on a portion of the reservation that is generally

protected from fire and the impacts of military training.

Construction of the proposed MATES and Battalion billeting should not affect
- vegetation since the proposed sites are within the cantonment area.
Conclusions, Camp Santiago has no forest or land management program. The
traiﬁing areas burn over annually as grass fires are started spontaneously,
directly or indirectly by military training activities. These wild fires burn
uncontrolled as no fireﬁreak system exists other that the unpaved road system
found in the training area. This road system is inadequate as a fire break
system becaus; the roads are generally narrow and high winds and excessive fugl
provided by the grasses allow fires to easily jump the fire breaks. The
development and maintenance of an extensive fire break system would be costly
and would probably not provide for total contaimnment of a wild fire unless fire

breaks are excessively wide.

Recommendations. The DNR has recommended that Camp Santiago prepare and

implement a forest management plan which emphasizes the planting of trees
suited to the semi-arid environment associated with the Camp. The succeés of a
reforestation program would be contingent upon the ability of management
personnel to exclude fire from planted areas and to provide irrigation, at
least until the seedlings become established during the first year. The DNR
has previously agreed ﬁo assist Camp Santiago in establishing a reforestation
program., The DNR has already reqommended species which would have the best
success in the area and has agreed to provide the seedlings. Militafy training

benefits could be derived from a successful reforestation program since cover
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and concealment would improve. If areas were reforested successfully, the size
of those areas where wild grass fires burn would be reduced as the forest wduld
affect wind patterns and the extent of fuel available for burning. New
forested lands would also provide additional habitat for faunal species. The
establishment of a pilot reforestation program should be considered for a
selected area to evaluate whether such a program could be economically
implemented considering the availability of personnel and water and the
requirements for controlling fire characteristic of this area.

‘5.5.2 Wildlife.

Existing Conditions. The native wildlife species of Puerto Rico are

limited. There are approximately 200 bird species found on the island of which
13 are endemic., Other animal species include turtles (5), snakes (7), toads
(2), frogs (15), lizards (31), and bats (15). There have been 5 predatory
species introduced to Puerto Rico: the dog, cat, mongoose, and two species of
rat. The subtropical dry forest zone in which Camp Santiago is located is
inhabitéd by a richer bird population than wetter life zones. Birds known to
occur on Camp Santiago incluée the bare legged owl, Caribbean sparrow hawk,
redtailed hawk, turkey vulture, and gray kingbird. Specific information on

mammals and reptiles resident to Camp Santiago is unavilable,

A comprehensive wildlife survey has not been done on the Camp Santiago area.
However, the DNR has identified Camp Santiago as a critical wildlife'area of
secondary importance. The DNR indicated that uncommon land birds on the coast
depend upon forested areas such as those on the reservation. The peregrine
falcon occurs as a transient throughout the islands. Although unconfirmed, the
endangered Puerto Rican Plain Pigeon and the rare Puerto Rican short eared owl
have been reported from the Camp Santiago locality. Table 8 is a list of

federally endangered and threatened animal species for the Camp Santiago
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Region, Puerto Rico.

‘ Impacts. Coordination with the US Fish and Wildlife Service (USFWS)
indicated that it was unlikely that military training would adversely affect
federally listed endangered wildlife species reported from the area. The
habitats for species associated with the forested uplands and valleys are
located in the northwestern portions of the reservation where only limited
military training occurs. The DNR recommends that forested valleys be
maintained in their present state. USFWS personnel indicated that informal
consulation would probably satiéfy Camp Santiago’s responsibilities under
Section 7 of the Endangered Species Act. No hunting is allowed on the Camp so
that wildlife occurring on the installtion area should be considered
protected.A Fires resulting from military training would temporarily reduce
available cover and food for wildlife. The significance of tﬁis effect is
unkndun since infbrmatiﬁn on animal populations and their use of particular

habitats within the installation is not available.

Construction of the proposed MATES and Battalion billeting should not affect

wildlife since the proposed sites are within the cantonment area,



TABLE 8

PARTIAL LIST OF

FEDERALLY LISTED SPECIES BY STATE (COMMONWEALTH)

PUERTO RICO

(E= Endangered; T= Threatened; CH= Critical Habitat determined)

Birds
Falcon Arctic peregrine (Falco
peregrinus tundrius) = E

Parrot, Puerto Rican (Amazona-
vittata) - E

Pelican, brown (Pelecanus
occidentalis) - E

Pifeon, Puerto Rican plain
( Camprimulcas noctitherus) - E

‘Whip-poor-will, Puerto Rican
( Camprimulcas noctitherus) - E

Blackbird, yellow-shouldered
( Acelaius xanthomus ) - E, CH

Reptiles

Boa, Puerto Rican ( Epicrates)
inornatus) -~ E

Turtle, green ( Chelnia mydas) - T

" Turtle, hawksbill ( Eretmochelys
imbricata) -~ E

Turtle, leatherback ( Dermochelys
coriacea) -E

Turtle, loggerhead ( Caretta carettaa) -T
Amphibians

Golden coqui ( Eleutherodactylus
jasperi) - T, CH
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Entire island

Luquillo Forest

Coastal

Cidra

Southwest

East and Southwest Coast;
Mona Island

Entire island

Coastal waters

Coastal waters

Coastal waters
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5.6 Regional Land Use and Development.

The region surrounding Camp Santiago is rural, as is most of southern Puerto
Rico, with extensive agricultural developﬁent in the Coastal plain and smaller
farﬁs and forests in the foothills. Approximately 53% of the land use of the
island is agricultural. The primary land use in the municipality of Salinas is
agricultural, Sugar cane is the primary crop grown on the adjacent lands

licensed by the PRARNG.

In addition to the city of Salinas, which is located a few miles south of the
Camp, there are three small communities adjacent to the Camp; El Coco and El
Bosque to the southeast, an; Rio Jueyes to the southwest. Five other rural
communities are located in the southeastern part of the municipality closer to
the urban center of Guayama. El Coc and Rio Jueyes are rural communities which
have been expanded under a government program called "Comunidades Rurales"
wheré additions to the communities were made at very little cost to the
families. In 1975, over 2,800 households were established in 7 of these "rural
commumnities™ in the municipality of Salinas. The persisténcerof small towns in
southern Puerto Rico is due primarily to medium and small sized commerical and

industrial enterprises in the communities. These enterprises are geared to

satisfying local needs and services and to produce exportable goods.

There are no prime or unique farmlands associated with Camp Santiago although
the lowlands with alluvial soils are well suited for agriculture. Similar
s0ils occur on most of the land surrounding the training area. These lands
have been converted to agriculﬁure when water is available for irrigation.
Camp Santiagq has been in existence for over 40 years with little or no impact
on.local land use. Although not documented, Camp Santiégo could have

stimulated some small development in the neighboring municipalities but this
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has not resulted in a significant change in land use which is still primarily
agricultural., Impacts on the lands used by the PRARNG under license are
expected to be minimal since tanks and live ammunition are not allowed.

5.7 Pesticides,

Existing Condition. The maintenance division is responsible for pest control

at Camp Santiago. Pesticides afe currently stored in a secured concrete
building, however, it is not known if the necessary warning signs are posted on
the exterior of the building or if there is adequate ventilation in the

building.

The pest control personnel are certified by the Commonwealth. The Army
requires certification if there is more than 0.25 man years expended in pest
control operations. There is no record of any pest applicator personnel being

certified by either the Commonwealth or the Army.

An Integrated Pest Management Program includes cultural methods, physical
barﬁiers, sanitatior and natural controls with less dependece on pesticides for
pest control. There is no indication that Integrated Pest Managment is
employed in the Camp’s pest management program, n;; it is not known if

contractural pest management is used.

A complete pest management plan needs to be prepared for.Camp Santiago, since
monthly inspections of pesticides are not conducted to determine how excess

pesticides, pesticide residues, or pesticide containers are disposed. Neither
the RCS DD-M(A&AR) 1080 nor the monthly DD Form 1532 (Pest Control Report) have '
been submitted; therefore the quantity of pesticide used again what pest is not

mm "
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While an annual onsite review of the installation pest management and
surveillance activities has not been conducted, the following pesticides were

on hand during July 1981 when an inventory was conducted:
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PESTICIDE

Malathion (57%)

AEP Week Killer (93.1%)

Weed-Go (79.9%)

Rat Pucks (0,5%)
Diazanon (99.9%)
Housepold spray (84.7%)
Baygon (2%) ‘
Insecticide, Air Borne
Insecticide, Ni-Late

Insecticide, Bomb, Unico

July 1981 Pesticide Inventory

USE AMOUNT ON HAND

Mosquito/fly control
Herbicide

Herbicide
Rodenticide
Housefiles

Crawling Insects
House Flies
Flying.Insects
Flying Insects

Ant/Roach Control

84

130 gal

330 gal

210 gal

200 1bs

72 gal

72 gal

150 1bs

144 1/2 oz. cans
144 15 oz. cans

144 15 oz. cans



Impacts. If there is a pesticide spill in the present storage facility and
if there are floor drains in the storag® 3re3, it is possible that the spilled
pesticide could get into the sewer system and ultimately contaminate the
groundwater, If there is not adequate ventilation in the storage area, it is
possible that toxic fumes may accumulate and could cause éerious health
problems to personnel who enter the area. Without proper training and
certification for applicator personnel, it is possible that pesticides may be

improperly used with resultant envirommental pollution.

A pest management plan should be initiated to give guidénce to pest control
personnel as to what pest are to be pontrolled and with what methods. A
monthly inventory of pesticides is necessary for'the proper management of
pesticide stocks. Proper procedures should be followed in disposing of excess
pesticides, residues or containers in order to prevent possible environmental
contaminatibn. Proper reports should be forwarded to higher headquarters for
review by professional pest management personnelso that appropriate technical

advice can be provided if needed.
Conclusion. Although there is limited information available about the Camp
. Santiago Pest Management Program, it appears that the Camp does not have

certified operators nor does it have a pest management plan.

Recommendations.

1. Prepare a pest management plan (AR 420-76, paragraph 3-3) for Camp Santiago
utilizing the Integrated Pest Management concept (R 420-76, paragraph 2-2).
Included in this plan should be procedures for:

(a)A Conducting monthly pésticide inspections (AR 420-76, paragraph i-

1);
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(b) Disposing of excess pesticides, residue and containers in
accordance with AR 420-76, paragraph 4-2;

(c) Preparing the necessary pest reports (AR 420-76, paragraph 4-4);
and

(d) Submitting the annual onsite installation pest management review
(AR 420-76, paragraph 3-1).
2. Ensure that the storage building is in compliance with Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA) design standards.
3. If more than 0.25 man years is to be expended in pest control operations,
the appropriate number of personnel should be certified (letter, DAEN-MPO-B, 18
March 1981, subject: Army Pest Managment Program (AR 420-76)).
4, If contractual pest control is used, the procedures in AR 420-76, paragraph
2-12 should be followed.
5. Conduct a Pesticide Management Survey at Camp Santiago and implement the.
recommendations.

5.8 Waste Disposal.

5.8.1 Solid Waste.

Existing Conditions. Camp Santiago operates an approved solid waste disposal

facility under an EQB Sanitary Landfill Permit, however infrequent open
burning of refuse has occurred at the landfill site without approval from the

EQB. The AEHA conducted a solid waste disposal/landfill study at Camp Santiago

during 21-25 September 1981. This'study contains more detailed information on

the .Camp's solid waste practices.

Infectious waste generated at the Camp’s hospital is incinerated at the VA

hospital in San Juan.

86



Defective and unexploded ordnance is disposed of by trained Explosive Ordnance
Disposal (EOD) teams on the Camp’s weapons firing ranges. In addition, small
quantities of unused artillery propellant bag charges are open burned on the

artillery firing ranges.

Impacts. The Camp’s solid waste disposal practices were evaluated by the
AEHA in September 1981 resulting in recommendations for daily operations to
include; daily cover, elimination of open burning, and the use of surface water

diversions at the landfill.

Infectious wastes generated at the Camp’s hospital should be disposed of in
accordance with the applicable solid waste and air pollution control

regulations.

The residue from open burning/detonation of waste explosives may be regulated
by Federal, Commonwealth and Army regulations governing solid waste disposal,
pazardous waste disposal and air pollution control. If the residue.remains on
tﬁe ground at the open bufning/detonation site, then this site may require a
solid waste disposal permit as another Camp landfill, Otherwise, the residue
could be removed after each burn/detonation operation and deposited into the
Camp’s existing landfill. In addition, if explosive material waste is
reactive, corrosive, flammable, or toxic then the residue generated by the
thermal process (open burn%ng/detonation) may be classified as a hazardous
waste and would require hazardous waste treatment and/or disposal in accordance
with the Resource Conservation and Recoving Act (RCRA) or Rule 815 of the

Commonwealth’s Hazardous Waste Regulations.

Additional wastes generated as a result of the proposed construction of the
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MATES and Battlaion billeting will be handled by the existing landfill under
the conditions of the proposed permits.

Conclusions, During those times of the year that no training is being
conducted at the installation, there does not appear to be any major solid
waste handling problems. Collection and disposal (covering and compaction)}
operations function in an acceptable manner. There is, however, a problem when
training is actively being conducted and the volume of solid waste to be

handled increases.

The problem is having soméone at the sanitary landfill to direct the
deposition, compaction, and covering of the waste on a daily basis. According
to EQB Eegulations, wastes must be covered daily with at least 6 inches of soil
material. Daily cover at the landfill has not been applied in the past and the

resulting problems have been disease vectors (flies) and periodic fires.

The landfill is a trench-type operation which is located in an area of shallow,
fractured rock with a minimal amount of s0il development. This condition would
be conducive to the generation of a groundwater pollution problem if the
climate were such that there was an excess of rainfall over evaporation. The
climatic conditions, however, in the southern section of Puerto Rico are
semiarid; therefore, leachate generation will be minimal. The landfill, if
operated correctly, should not impact on the groundwater quality of the area
and should meet the requirements of the Commonwealth of Puerto Rico’s

Sanitary landfill Permit. -

Since residue generated from open burning/detonation remains on the ground,
open burning pits and demotion pits may require permitting as solid waste

disposal facilities,
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Recommendations.

1. Upgrade the current solid waste disposal practices of the installation to
met the requirements of éhe Commonwealth of Puerto Rico Sanitary Landfill
Permit. The majo} practices which should be upgraded are;

(a) Place cove; material (6 inches) on refuse which is deposited in
the trench by the end of the day,

(b) Do not allow open burning of refuse in the trench, and

(¢) Place surface-water diversions (ditches) around the trench to
preclude any surface-water run-on from entering the trench.
2. Do not exceed 10 feet in depth when const}ucting future trenches because of
the shallow depth of soil.
3. Consider.increasing the staffing of the landfill operation during the time
when active training is being conducted at the installation.
4, Sample and analyze the open burning and open detonation pits residue for
potential hazardous waste‘characteristics (reaétive, corrosive, ignitable or
toxic) and take appropriate action under RCRA to achieve compliance,iif
required. If residue is determined non-hazardous, it may be removed following
the burn/deﬁonation operation and deposited into the Camp’s landfill.

5.8.2 Hazardous Wastes.

Existing Conditions. Camp Santiago is not listed as a hazardous waste

generator, transporter, treater, storer, or disposer by either the EQB or the
Federal‘Enviroumental Protection Agency (EPA). Therefore, no approved
hazardous waste facilities exist on the Camp.

Impacts. Although a hazardous waste inventory has not been accomplished at
Camp Séntiagd, it is unlikely that sufficient quantities (1,000 kg/month) are

produced for the Camp to be classified as a generator under RCRA.

Hazardous substances, such as electrolyte batteries, battery acid, used oil,
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lubricants, solvents, pesticides, etc., should be stored and disposed of in
accordance with Federal, Commonwealth, and local regulations. Treatment,
storage, and disposal of any hazardous waste generated as a result of
construction or operation of the Camp’s facilities, will be regulated by
RCRA. Specificantly, pursuant to RCRA Regulations 40 CFR 260-267, the
following rules apply:

a. For all Camp facilities and activities generating hazardous waste, EPA ‘
will be notified and an identification number obtained.

b. If hazardous waste would be stored'for longer than 90 days or disposed
of onsite, a permit application for a hazardous waste storage or disposal
faciliti would have to be submitted. Such a facility would be required to
comply with applicable hazardous waste facility design and standards in order
to obtan a permit. This would be required to be completed prior to commencing

storage or disposal operations.
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Conclusion. No formal hazardous waste study has been conducted at the Camp
to identify, classify or quantify any hazardous waste activities that may be on-

going at the Camp and to determine the Camp’s compliance with RCRA.

Recommendations. That a hazardous waste management study be conducted at the

Camp and implement study recommendations.

5.9 Water Resources.

5.9.1 Surface Hydrology.

Existing Conditions. As stated in the Islandwide Project Management Plan,

rain is virtually the Island’s only source of fresh water. There are

seventeen river basins which drain the island; however, only seven nave drainage
areas in excess of 160 square kilometers. The basins in the southern portion
of Puerto Rico are generally small., The largest basin is the Rio Salinas Basin
with a drainage area of approximately 82 square kilometers. The Rio Nigua is
the largest river in the Rio Salinas Basin. It flows along the eastern
boundary of Camp Santiago exiting the southern boundary of the reservation
draining the eastern and northern portions of the reservation. This river
receives additional flow from the Querbrada Honda tributary which flows along
the western boundary of the cantomment area and drains the central portion of
the training area. The western portion of the reservation is drained by the
Rio Jueyes which establishes the western boundary of the training area. The
three rivers‘associated with Camp Santiago are included within the Rio Majada

Region of the Puerto Rico Aquaduct and Sewer Authority Planning Area.

Impacts. Although both the Rio Nigua and Rio Jueyes exhibit flooding states
during portions of the rainy season, they generally exist as alluvial flood

plains and dry river beds as the aquifers become subterranean. A portion of
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land located along the Rio Nigua bordering the eastern boundary of the Camp and
south of tﬁe confluence with the Rio Majado, has been categorized as
susceptible to inundation due to rising water, although the 100—ye§r flood=-
plain has not been identified.

Conclusion., While the three rivers associated with Camp Santiago are dry
during the majority of thé year, flooding occurs during the rainy season. A
determination of the 100 year flood-plain located within Camp Santiago would
provide valuable information for determining the location of future facilities

as well as evaluating training area utilization.

Recommendation. Recommend that a study be undertaken by the Corps of

Engineers to determine the 100 year flood-plain within the boundaries of Camp

Santiago.

5.9.2 Water Quality.

Existing Conditions. The Puerto Rico Water Quality Standards Regulation
(June 1973) identified water quality standards for most receiving streams as

follows:

1. Dissolved oxygen (DO)mg/1 5.0 (24 hrs avg)

2. Fecal coliform, #110ml 2000

3. pH (range) 6.0-9.0

4, Phosphorus, ppb 50/25 (streams/lakes)
5. Dissolved solids, mg/1 500

6. Chlorides, mg/} 50

The majority of surface waters in Puerto Rico have been found to be in
violation of existing water quality standards. Although data is not available,
it is unlikely that the water quality of the Rio Nigua meets the standards, as

it is dry most of the year, and the communities located along its bank just



outside the training area lack adquate facilities for handling sewage. Streams
of the south slope generally violate DO and Biological Oxygen Demand (BQOD)
standards to a lesser degree than on the northern slopes, but
characteristically have a worse problem with fecal coliform.

In addition to receiving raw sewage, the Rio Nigua is probably infested with

Schistosoma mansoni y @ parasitic fluke which lodges in various organs of the

human abdomen.

Erosion, accompanying sedimentation loads, and non-point sources of pollution
vary within the Rio Salin;s Basin as a function of the intensity and duration

of rainfall, the extent of agricultural development, and nature of the soils.

Impacts. Camp Santiago operates a sewage treatment facility which discharges
treated effluent limitations required to comply with applicable water quality

standards.

The use of military vehicles at Camp Santiago results in mirnor ground
distubance so that the potential for erosion and signficant sediment loading to
the dry rivers of Camp Santiago and downstream of the Camp is relatively low.
This is especially true if one considers the extent of vegetative cover which
is almost complete in the training area and the semi-arid nature of the climate

characteristic of the Camp. Most of the sediment loading which does result

from military training is from sheet and gully erosion of the unpaved roads.

The Camp’s roads are only intermittently maintained, and depending upon the soil

type and slope, the erosion potential can be high. The high intensity rainfall
periods and the topographic characteristic of Camp Santiago cause the erosion

to be the highest during the rainy season which is of relatively short
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duration. Consequently, sediment loading to typically dry streams and rivers
associated with the Camp can be relatively high; such erosion is not continuous

and is no considered to be significant.

The use of the tracked vehicles associated with training of the cavalry troops
result in more ground dsturbance than training conducted using wheeled
vehicles. The tracked vehicles use training areas which are relatively flat
compared with the mountainous terrain in the northern part of Camp Santiago,
making the erosion potential in the flat areas lower than in the more
ﬁountainous areas which have greater slopes. Recognizing this, the length of
the growing season, and the extent of vegetative cover associated yiph the
training areas, the use of tracked equipment does not result in a significant
increase in the sediment load contributed by Camp Santiago’s activities to

the waterways. Artillery and mortar rounds dishcarged in the impact area may
result in some pollutants which could become waterborn. However, the
decomposition products of the explosives used result mainly in gasses being
emitted upon rapid oxidation of the explosive. It is not expected that surface
waters would be degraded as a result of the small humber of rounds which are

exploded in the impact area annually.

Conclusion. While some general statements may be made relative to the water
quality standards of rivers sampled in the soutern portion of Puerto Rico,
there are no actual water quality data available for the rivers associated with

Camp Santiago.

Training activities associated with Camp Santiago result in erosion problems
which not only affect the usefulness of the training area but produce an

unacceptable sedimentation loading on the streams and rivers located on and
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downstream of Camp Santiago.

Reéecommendations. Recommend the initiation of a stream monitoring program at

Camp Santiago to determine existing water quality conditions and the
applicability of the existing conditions to the existing water quality
standards. Also recommend an evaluation of training practices as they relate
to the destruction of roads and hillside susceptible to surface water runoff.
Such options as the initiation of a more intense road maintenance program, the
construction of siltation catchment basins, or the redirection of troop

movement away from susceptible erosion areas.

5.9.3 Ground Water Hydroiogz. Ground &ater is a resource closely monitored

by the Commonwealth of Puerto Rico, especially in the south as this is the
primary source'of water. precipitation and evapotranspiration are generally
equal in southerﬁ Puerto Rico so that the water balance demonstrates a
deficliency most of the year; another reason why ground water resources are
closely monitored. This is especially important since agricultural development
15 the south is particularly dependent upon irrigation which can affect public
water supplies. Ground water levels in tﬁe.Camp Santiago area range from 3-12m
above Mean Sea Level (MSL). Data from wells south of Salinas indicate that
from 1971-J978 groundwater was pumped at a greater rate than was recharged
resulting in a ground water deficit which could result in salt water

intrusion. Consulation with the Puerto Rico Aqueduct and Sewer Authority
indicates that the aquifer is overdrawn and that little reserve capacity is
available; to date the aéuifer has never dried up in_the.immediate vicinity of
Salinas and Camp Santiago.
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The water quality of the ground water aquifer used by Camp Santiago is good as
the only treatment required is chlorination. Typically, water from alluvial
aquifers along the coast locally will have high concentrations of iron and
maganese ; the sources of these minerals is unknown. Ground water throughout
Puerto Rico is a calcium bicarbonate type differing primarily in the
concentration of dissolved solids. In the south, alluvium aquiférs are
characterized by dissolved solids concentrations of 300-500 mg/1 while
limestone aquifers are characterized by concentrations ranging from 500-800
mg/1. -

In summary, the ground water used by Camp Santiago is of gpod quality; however,
drawdown of the aquifer for agricultural purposes without sufficient recharge

could ultimately result in a deficient water balance.

Impacts. Camp Santiago‘does not keep records on water usage, but it is-not
anticipated that the use ofuiis water wells will significantly affect the
availability of gfound water tithe public sector using the same aquifer. The
water pumping system can oﬁly support an effective population capacity of
around 2,000-2,500 which is the average number of troops training at Camp
Santiago. Peak water demands on the aquifer generally occur only on weekends
and during the AT periods in the summer. Compared to the_quantities of water

used for irrigation in the area, Camp Santiago’s consumption is lower.

A'potential for the contamination of ground water exists at the sanitary
landfill operated by the Camp. Inspection of the landfill following high
intensity, short duration ;ains indicated that within several hours most of the
rainwater which had accumulated in the trench had disappeared into the ground.
This‘intennittently produced leachate is probably relatively clean as the

existing construction of the landfill prevents the pooled rainwater from mixing
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with cover refuse. However, since the refuse is not covered daily, a potential
exists for the contamination of the rainwater as it accumulates with the
unburied refuse and for the contamination of ground water from the leachate.
The landfill site has not been studied to determine its geohydrological
characteristics. Although the potential exists for leachate contamination of
ground water, controlled operation of the landfill using approved techniques
will greatly minimize this potential, if not totally eliminate it.

Conclusion. While ground water is considered a critical natural resource in
Puerto Rico, the actual émount of data available for evaluating current
conditions for future management is very minimal. There is no ground water
withdrawal data for Camp Santiago with only minimal graduation quality data.
With the continuedAincrease in demand for ground water utilization and possible

contamination, a comprehensive ground water study should be undertaken at Camp

Santiago to ensure an adequate supply of water in the future.

Recommendations. Recommend the initiation of an extensive ground water study

at Camp Santiago to include influences of the Salinas Municipality. The study
should include as a minimum data on well withdrawal notes, ground water
sampling, and a determination of the current state of the ground water
aquifer. Based on the recommendations gf the groundwater study, initiate

appropriate action.

5.9.4 Drinking Water.

Existing Conditions. The water supply at Camp Santiago is provided by two

deep wells located near the main gate.

One well is equipped with a 25 horsepower motor and pump rated at 970
liters/per minute and the other well has a 25 horsepower motor pump rated at
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870 liters per minute. Both are powered by electric motors with no emergency
standby power sources. Well pump operation is controlled by a float located
inthe 1.1 million gallon water storage tank. When the water level drops 0.3
meters below the top of the ténk, one pump starts; if the water level continues
to fall, the second pump starts. The pumps stop when the tank is full.

Good quality ground water eliminates the need for treatment beyond
chlorination. However, routine water samples should be analyzed to ensure
canpliance with the Safe Drinking Water Act. Two gas chlorinators (one for
each well) are located on the single 0.2m transmission line which supplies the
distribution systém. The water distribution system is 21km in length and
consists of asbestos cement and cast iron mains ranging from 0.1m to 0.2m in

diameter.

Impacts. - Camp Santiago does not keep any records of pump operating cycles
nor does it meter water usage, therefore, no water usage data is available.
Specific data on the water béaring aquifer’s safe yield is also unavailable
because of the lack_of pumping test data. Since there is-no treatment of the
ground water beyond chlorination prior to distribution, there is no waste water

generated by the water system and therefore no waste water treatment required.

Utilizing a theoretical value of 580 liters of water consumption per day, per
person, the existing water supply system is capable of supporting the 2,000
troops who utilize Camp Santiago at peak training periods. The proposed
construction of the proposeg MATES and Battalion billeting should have no

significant impact on water demands at Camp Santiago.

Conclusion, While there is currently no treatment of the ground water at

Camp Santiago beyond chlorination, indicating high quality ground water, data
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does not exist to establish Camp Santiago’s compliance with the Safe Drinking
Water Acts requirements for meeting maximum contaimnment levels.

Recommendation. Recommend the initiation of a sampling program to determine

compliance with the Safe Drinking Water Act. Based on the recommendations of

the sampling program, initiate proper actions.

5.9.5 Waste Water.

Existing Conditions. Waste water is collected and treated at Camp Santiago

by an activated sludge sewage treatment plant which discharges treated effluent

into the Quebrada Honda, a tributary of the Rio Nigua.

The sewage collection system consists of ..2m and .3m diameter'mains., The
collection system is a gravity system constructed in the late 1960’s. Raw
sewage from throughout the cantomment area enters the sewage treatment plant
through.a -3m<ﬁémeter gravity sever and passes through a bar screen comminutor
and parshall flume, Séwage then flows through primary contact basins,
stabilization basins, final clarifiers, and a chlorine contact chamber. Two
sludge recirculation pumps recirculate the activiated sludge from the final
clarifiers to the primary contact basins. Excess sludge is drawn off to an
aerobic sludge digestor where digested sludge is deposited on drying beds.
Dried sludge is disposed of at the land fill on post. The sewage treatment
plant has a design flow of 0.2 million gallons per day. Based on log sheets
maintained at the treatment plant the average daily flow of 0.05 million
gallons per day. However, during AT flows can reach as high as 0.70 million
gallons per day.

The quality of the sewage treatment plant’s effluent has been historically
good, averaging 15-20 mg/l for both BOD and TSS. The plant is manned 8 hours a

day, 5 days a week by a certified operator who performs some chemical analyses
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on the effluent; however, BOD, TSS, and other more complicated analyses are

performed off post.

Presently, several facilities dispose of waste water into drainage fields.
Because of the semi-arid nature of the climate and the porosity of the soils,
these drainage fields work well., Their use should not significantly degrade
any ground waters, It is planned to eventually connect all field lines to the
waste water treatment system, There are presently no treatment facilities
associated with the washracks, therefore oils and greases washed from vehicles
are probably exceeding water quality standards, however, no data were
available. A consolidated wash rack is currently under construction which will
be provided for pretreatment of the wash water prior to dischange to the

sanitary sewer,

Hheﬁ military units utilize the licensed lands, they infrequently use equipment
for treating surface waters to be used for drinking water. This equipment is
usually located near Lago Coama and Lago Melania andis used primarily during
the AT cycles. The treatment process results in the generation of a
flocculation wﬁich is discharged downstream of the influent line and back into

the surface water.

Impacts. The EQB of Puerto Rico establishes regulations for the discharge of
Sewage treatment plant effluents. These standards apply at all times, except
when surface water flow is less than the average minimum seven day, ten year
low flow condition. Both Quebrada Honda and Rio Nigua are reportedly dry from

January through June during most years.

At the present time Camp Santiago does not have an NPDES Permit for its washracks
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or potable water purification systems. However, Camp Santiago has obtained

an NPDES permit for its wastewater treatment plant No. PR 0023906. The EQB
indicated that they intended to certify that the discharge will comply with
applicable water quality standards if the NPDES permit effluent limitations are
met. The EQB recognized the fact that the receiving stream is dry most of the
year. Therefore, the permit specifies a comprehensive monitoring program
related to water quality parameters and the absence of a mixing zone. A
compliance schedule is not proposed by the Commonwealth. It is not believed
that the construction of the Battalion billeting will result in adverse

impact on the existing sewage treatment plant.

The EQB has also indicated that the NPDES Permit is required for the pbint'
source discharges associated with the portable water purification systems.

The discharge from these systems is basically a slurry composed primarily of
ferric ch]o¥ide. However, it is not énticipated that the small volumes of
waste that are discharged intermittently and only 3-4 times a year will result

in a significant impact on the water quality of the receiving system.

In order to bring Camp Santiago's washracks into compliance, const%uction of
a new consolidated washrack is proposed which will provide pretreatment prior
to discharge to the Camp's sanitary sewer. The proposed consolidated
washrack will result in the elimination of the existing washracks and the need
for NPDES permits. The 14 washracks proposed for the MATES will also be

provided with pretreatment and will be connected to the sanitary sewer.

Conclusions. Camp Santiago is currently operating six washracks and portable

water purification systems which have point source discharges and
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operate without either waste water treatment facilities or NPDES permits.

Recommendations. Recommend that an industrial waste survey be undertaken at

Camp Santiago to identify all point source discharges, and that waste water
treatment facilities be installed and NPDES permits be obtained for all point

source dishcarges at Camp Santiago.

5.9.6 Spill Plans.

Existing Conditions: Army regulations implementing the Clean Water Act

require installations having certain non-transportation related onshore and
offshore oil storage facilities to prepare and maintaiﬁ a Spill Prevention
Contrel and Countermeasure (SPCC) Plan to prevent and control the Aischarge of
0il hazardous substances before they occur. Further, an Installation Spill
Contingency Plan (ISCP) is required to identify responsibilities, procedures,
and resources to be employed in the event that a spill does occur. Two
underground storage tanks for MOGAS (25,000 gal) and diesel (10,000 gal) are

located in the northwest part of the cantonment area.
Even though Camp Santiago does not meet the criteria for a SPCC Plan, an SPCC

Plan and an ISCP were prepared in August 1979.

Conclusion. While an SPCC/ISCP Plan has been developed for Camp Santiago,
new Federal and Commonwealth Regulations require the existing Spill Plans be

updated.

Recommendations. Recommend the initiation of a study to identify all

potential sources of oil and hazardous substances at Camp Santiago. Based on
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the results of that study implement the development of an updated SPCC Plan and

an ISCP as appropriate.

5.10 Cultural Rescurces.

5.10.1 Archeological/ Historical.

Existing Conditions. There are no known historic properties or archeological

sites at Camp Santiago. However, a cultural resource survey has not been
coducted at the Camp. A review of the distribution of known sites which are
located around Camp Santiago indicates that it is very probable that

signficant sites could be located. Table 9 describes the known archeological
resources from the Salipnas area. Coordination with the Puerto Rico State
Historic Preservation Office indicated that South Puerto Rico is much richer in

pre=Columbian sites than in North Puerto Rico.

Impacts. Until a survey is completed, it is possible that an unknown its sijte
" could be disturbed. Intensified use of maneuver areas and ranges could result
in damage or loss of an unidentified archeological/historical site on the
installation. Some sites may have been disturbed in the past during
construction of buildings, roads, airfields, and ranges, and during the
operation of borrow pits. A cultural resource survey is being developed By the

National Park Service and should be conducted during the late winter 1983.
Conclusion. The impact of current military activities on cultural resources
cannot be fully analyzed until the completion of the programmed

archeological/historical survey.

Recommendation. Initiate the recommendations resulting from the

archeological/historical survey currently programmed.



QUAD SHEET

A. Coamo

B.

C.

D.

*This is also, a very significant historical site.

Guayama

Salinas

Santa Isabel

TABLE 9

LIST OF ARCHEOLOGICAL SITES IN THE VICINITY OF

SITE NAME

1. Las Flores

2. Cuyon

3. Buenos Aires
4, Cantera
#5.  Banos de Coamo

10.
11,

slc‘mfwm-a

L]

Tl

CAMP SANTIAGO, SALINAS

Jajome
El palo

Phillips
uamani
0DOoS

Cayo Cofrsi

Las Mareas

Turabo

La Plena 1

La Plena II

Aguirre
El Caro
Abeyno
Abeyno
Margarita
El Llano

Penuelas
La Jungla
El Cayito
Las Ollas
Aeropueto
Los Indios
Jauca III
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SITE NUMBER

Co-1
C0-2
co-2
co-u
C0-5

GA -1
GaA-2

GA -3
eh=s
S-1
S-2
5-3
S-4

S-5

S-6
S-7
S-8
S-9
S-10
S-11

SI-8
SI-8
SI-7
SI-6
SI-5
SI-4
SI-3

DESCRIPTION

shell midden & plaza
shell midden & plaza
archaeological site
archaeclogical site
rock carvings
(petroglyph)

archeological site
rock carvings
(petroglph)
archeological site
reguse deposit

shell midden
archeological site
plaza
archeological site &
plaza
archeological site &
plaza
archeological site
archeological site
archeological site
reguse deposit
archeological site
archeological site &
plaza

archeological site
archeological site
archeological site
archeological site
archeological site
archeological site
archeological site



5.10.2 Demography.
Existing Conditions. Camp Santiago is located in the municipality of Salinas

which has an area of 69 square miles (179 sp. km.) and in 1980 had a
populalation of 26,494, From 1950 to 1970 there was a steady decrease in the
population. A significant increase occured from 1970 to 1980. According to
projections by the Puerto Rico Planning Board, the Salinas population is
expected to increase by only 500 persons by the year 1