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 Executive Summary
 

This report summarizes the remedial investigation conducted in 2010 and 2011 covering the 
areas known as Landfill Area 1 and Landfill Area 2 at the former Ramey Air Force Base. Based 
on the results of the remedial investigations, the area formerly referred to as Landfill Area 2 is 
renamed “Suspected Waste Area 2.” The remedial investigation consisted of a historical records 
search, historical aerial photograph review, geophysical investigation, test pit excavation, 
lithologic soil borings, surface water (at Suspected Waste Area 2 only) and sediment sample 
collection, surface and subsurface soil sampling, groundwater sample collection, landfill gas 
monitoring, a borehole deviation and groundwater flow study, completion of a baseline human 
health risk assessment (BHHRA), and completion of a screening- level ecological risk assessment 
(SLERA). The primary objective of the remedial investigation was to collect and analyze various 
media to determine the nature and extent of contaminant concentrations above U.S. 
Environmental Protection Agency regional screening levels and evaluate potential risks to 
human health and the environment. The data from this investigation are being presented to the 
Environmental Quality Board, Commonwealth of Puerto Rico for review. 

Based on the data generated and results from these investigations, the U.S. Army Corps of 
Engineers is requesting the area addressed as Suspected Waste Area 2 be removed from any 
further investigations and the current condition of Landfill Area 1 be addressed by the current 
property owner. The environmental data for Landfill Area 1 could not conclusively demonstrate 
that the regional low levels of trichloroethene noted in the groundwater were from this landfill. 
The polynuclear aromatic hydrocarbon constituents are suspected to originate from continuing 
upgradient sources. 

A summary of the investigation results from each area is presented below and in more detail in 
this report. 

Landfill Area 1 
Landfill Area 1 occupies an estimated 5.4 acres south of an aircraft apron used to store 
inoperable and/or scrap aircraft. Landfill Area 1 consists of the former burial area and is 
bordered by adjacent aircraft apron drainage ditches to the northwest, a sinkhole to the east, and 
a small hill to the north. The following activities were conducted in 2010 and 2011 for this 
remedial investigation at Landfill Area 1: 
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Geophysical Investigation 

●		 A geophysical investigation was performed in 2010 in order to confirm the findings 
of two previous geophysical surveys conducted in 1996 and 1997. A physical 
assessment of the condition of Landfill Area 1 was conducted in conjunction with the 
geophysical investigation. 

Exploratory Test Pits 

●		 A total of 18 exploratory test pits were excavated based on the geophysical survey: 
8 test pits were located outside the interpreted landfill boundary and 10 test pits were 
located within the interpreted area of buried debris. 

Borehole Deviation Survey and Colloidal Borescope Survey 

●		 A borehole deviation survey and a colloidal borescope flowmeter survey were 
completed at Landfill Area 1 in order to document the groundwater flow direction 
and velocity in each existing monitoring well. A borehole deviation survey was 
conducted to determine the deviation from vertical in each well. The colloidal 
borescope survey measured the direction, velocity, and vector of suspended colloids 
passing through selected intervals of individual monitoring wells. 

Sediment Sampling 

●		 Four sediment samples were collected from each of the two drainage ditches and the 
sinkhole adjacent to the landfill disposal area. 

Surface Water Sampling 

●		 The Landfill Area 1 drainage ditches and sinkhole were dry during the 2010 and 2011 
sampling event. Therefore, no surface water samples were collected for Landfill Area 1. 

Soil Sampling 

●		 A total of 12 surface soil samples were collected within the interpreted burial area of 
Landfill Area 1, and nine surface soil samples were collected outside the interpreted 
burial area. 

●		 Subsurface soil samples were collected from 14 soil borings and 12 test pits, both 
within and outside the interpreted Landfill Area 1 boundary. 
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Groundwater Sampling 

●		 Groundwater samples were collected in July and December 2010 from all four 
permanent monitoring wells installed at Landfill Area 1. 

Landfill Gas Monitoring 

●		 Landfill gas (i.e., methane) measurements were collected from the surface of 
Landfill Area 1 and from five barhole probes installed along the southwest side of the 
interpreted burial area. 

BHHRA 

●		 A BHHRA was prepared for Landfill Area 1 to document potential human health 
risks associated with exposure to environmental media at the site. 

SLERA 

●		 A SLERA was conducted to evaluate potential risks to ecological receptors posed by 
site-related contamination potentially present at Landfill Area 1. 

The results of this remedial investigation identified contaminants of concern present in site 
sediment, soil, and groundwater. The BHHRA and SLERA indicated that all exposure risks for 
site users and ecological receptors were within the acceptable risk management range. 

Based on the results of the remedial investigation, the BHHRA, and the SLERA, the 
U.S. Department of Defense is recommending no further action at Landfill Area 1. 

Suspected Waste Area 2 
Suspected Waste Area 2 is a flat-lying, approximately 11-acre, grass-covered tract east of 
Landfill Area 1 currently used by a tenant for grazing and crop growing. Suspected Waste Area 2 
is reported to have received municipal household garbage from a former adjacent Air Force 
housing development called “Tropical Acres.” However, no official record of disposal activities 
at this site have been located to date. The following activities were conducted in 2010 and 2011 
for the remedial investigation at Suspected Waste Area 2: 

Geophysical Investigation 

●		 In order to more accurately reflect the suspected fill area, a geophysical investigation 
of Suspected Waste Area 2 was conducted in July 2010 to refine the results of the two 
previous (1996 and 1997) geophysical surveys. 
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Physical Assessment 

●		 Physical assessment of the surface of Suspected Waste Area 2 was conducted 
simultaneously with the geophysical investigation. 

Exploratory Test Pits 

●		 A total of 30 exploratory test pits were excavated in order to determine the presence 
or absence of buried debris at Suspected Waste Area 2. Twenty-two test pits were 
located based on the 1996 and 1997 landfill boundary interpretations and eight test 
pits were located based on the 2010 geophysical investigation. 

Borehole Deviation Survey and Colloidal Borescope Survey 

●		 A borehole deviation survey and a colloidal borescope flowmeter survey were 
completed at Suspected Waste Area 2 in order to document the groundwater flow 
direction and velocity in each existing monitoring well. A borehole deviation survey 
was conducted to determine the deviation from vertical in each well. The colloidal 
borescope survey measured the direction, velocity, and vector of suspended colloids 
passing through selected intervals of individual monitoring wells. 

Sediment Sampling 

●		 Two sediment samples were collected from a pond approximately 300 feet northeast 
of Suspected Waste Area 2, and two sediment samples were collected from a water-
filled sinkhole approximately 400 feet north-northwest of Suspected Waste Area 2 in 
June 2010. Two additional sediment samples were collected at the Suspected Waste 
Area 2 pond in September 2011. 

Surface Water Sampling 

●		 Four surface water samples were collocated with the sediment sample locations at 
Suspected Waste Area 2 in June 2010. Two additional surface water samples were 
collected at the Suspected Waste Area 2 pond in September 2011. 

Soil Sampling 

●		 A total of 26 surface soil samples were collected from 14 soil borings and 
12 exploratory test pits locations both within and outside the previously interpreted 
suspected waste area boundary and the 2010 interpreted area of deep fill. 

●		 A total of 48 subsurface soil samples were collected from 21 soil borings and 30 test 
pits located both within and outside the boundary interpretations of the 1996 and 
1997 geophysical surveys and the 2010 geophysical survey. 
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Groundwater Sampling 

●		 Groundwater samples were collected in July and December 2010 from all five 
permanent monitoring wells installed at Suspected Waste Area 2. 

BHHRA 

●		 A BHHRA was conducted for Suspected Waste Area 2 to document potential human 
health risks associated with exposure to environmental media at the site. 

SLERA 

●		 A SLERA was conducted to evaluate potential unacceptable risks to ecological 
receptors posed by site related contamination potentially present at Suspected Waste 
Area 2. 

The results of this remedial investigation identified pollutants present in site sediment, surface 
water, soil, and groundwater. Additionally, geophysical survey, exploratory test pits, and soil 
borings determined that no debris has been disposed of within the presumed boundary of 
Suspected Waste Area 2. The BHHRA and SLERA indicated that all exposure risks for site users 
and ecological receptors were within the acceptable risk management range. 

Based on the results of the remedial investigation, the BHHRA, and the SLERA, the 
U.S. Department of Defense seeks Environmental Quality Board, Commonwealth of Puerto Rico 
concurrence to remove Suspected Waste Area 2 from further investigation. 
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 1.0 Introduction
 

Through Contract No. W912DY-12-D-0011, Task Order No. 0004, the Jacksonville District of 
the U.S. Army Corps of Engineers (USACE) retained CB&I Federal Services LLC (CB&I) to 
conduct a remedial investigation (RI) for Landfill Area 1 and Suspected Waste Area 2 (formerly 
referred to as Landfill Area 2) at the former Ramey Air Force Base (RAFB), Aguadilla, 
Puerto Rico. This RI report summarizes the investigative activities conducted between June 2010 
and September 2011 at the above-referenced sites and includes a baseline human health risk 
assessment (BHHRA) and screening- level ecological risk assessment (SLERA). 

The RAFB is located north of the city of Aguadilla, on the extreme northwestern tip of the island 
of Puerto Rico (Figure 1-1). The approximately 4,357-acre Base was acquired by the 
U.S. government between 1939 and 1963 and utilized as a fully operational Air Force Base until 
its deactivation in 1973 (USACE, 1999). Figure 1-2 shows the locations of Landfill Area 1 and 
Suspected Waste Area 2. Landfill Area 1 is believed to cover approximately 5.4 acres on an 
18-acre tract leased by the Puerto Rico Ports Authority to a local farmer who uses the land for 
grazing. Suspected Waste Area 2 is believed to cover approximately 11 acres on a 65-acre tract 
leased by the Puerto Rico Ports Authority to another local farmer who uses the land for grazing 
and growing crops (Ecology and Environment, Inc. [E&E], 2001). 

1.1 Scope of Work 
The scope of the RI for Landfill Area 1 and Suspected Waste Area 2 includes conducting a 
document review; preparing a site-specific work plan, which includes a field sampling plan and 
site-specific safety and health plan; mobilizing and conducting the field investigation activities; 
and preparing this RI report. 

1.2 Project Objectives 
The objectives of this task order were to conduct an RI at Landfill Area 1 and Suspected Waste 
Area 2. The primary objective was to collect and analyze soil and groundwater samples to 
determine if past releases from the sites have resulted in contaminant concentrations above 
action criteria. Another objective was to evaluate data from the investigation to determine the 
need for additional investigation and/or corrective action at the sites in accordance with the 
Environmental Quality Board, Commonwealth of Puerto Rico (EQB). 

The results of this investigation are presented in this RI report. Chapter 1.0 presents the project 
description and installation history and description. The field investigation methods are described 
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in Chapter 2.0. Chapter 3.0 provides the site-specific history, geology, and hydrogeology. The 
analytical results from the sampling activities are discussed in Chapter 4.0. The BHHRA and 
SLERA are provided in Chapters 5.0 and 6.0, respectively. The summary and conclusions are 
provided in Chapter 7.0. References used in this report are listed in Chapter 8.0. Summary tables 
of historical data are presented in Appendix A. Appendix B contains the test pit logs and 
photographs, drilling logs, and a variance report. Well development logs are provided in 
Appendix C. Groundwater sampling purge logs are presented in Appendix D. Geotechnical data 
and aquifer test calculations are provided in Appendices E and F, respectively. Sample collection 
logs and the investigation-derived waste (IDW) manifest are presented in Appendix G, while the 
laboratory analytical report, analytical data quality control (QC) report, data summary, and 
chains of custody are provided in Appendix H. Appendices I and J contain the human health and 
ecological screening risk assessment information, respectively. Appendix K contains a 
background evaluation for select compounds. 

1.3 Installation Description 

1.3.1 Base History 
The RAFB is located north of the city of Aguadilla, on the extreme northwestern tip of the island 
of Puerto Rico. The area is currently owned and operated by the Puerto Rico Ports Authority. 
The approximately 4,357-acre Base was acquired by the U.S. government between 1939 and 
1963 and utilized as a fully operational Air Force Base until its deactivation in 1973. 

In March 1974, ownership of most of the property was transferred to the Puerto Rico Industrial 
Development Company. Since 1974, the U.S. government has transferred numerous parcels of 
land to federal and local agencies and private companies. The area is now operated by the 
Puerto Rico Ports Authority as the Rafael Hernandez Airport (a municipal airport) and as an 
industrial park. A 1978 Quitclaim Deed transferred title of the property to the Puerto Rico Ports 
Authority and established that the property can only be used for “airport purposes.” The Deed 
also states that no subsurface rights to minerals or other interests included in the property 
transferred hereby for airport purposes shall be exploited in such a way as to interfere with the 
efficient operation of the airport. Groundwater use will require a permit from the Department of 
Natural and Environmental Resources. The RAFB property is currently occupied by the 
Puerto Rico Ports Authority, the Puerto Rico National Guard, U.S. Customs, the U.S. Coast 
Guard, educational facilities, privately owned businesses, and private residences. 
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1.3.2 Topography 
The elevation at the RAFB ranges from 0 feet above mean sea level (msl) at the north and 
western coastlines to approximately 240 feet above msl. An escarpment is located on the north 
and west portions of the Base, producing a steep rise in elevation from sea level (the 
Atlantic Ocean) to approximately 175 feet above msl. The flightline portion of the Base is flat 
and higher than much of the facility, with an approximate elevation of 190 to 230 feet above msl 
(U.S. Geological Survey [USGS], 1960). Rough relief occurs in parts of the RAFB due to the 
chemical dissolution of the underlying limestone bedrock. This dissolution has produced such 
karst features as sinkholes, caves, mogotes (haystack hills), dead-end valleys, and many 
precipitous cliffs (USGS, 1976). 

1.3.3 Climate 
The climate at the RAFB is classified as tropical-maritime, with temperatures ranging from 
74 degrees Fahrenheit (°F) in January to 80°F in July. The average annual precipitation is 
approximately 60 inches, with the rainy season occurring from May through December 
(USGS, 1976). Tropical systems occasionally drift over the area, producing heavy rainfall and 
occasional flooding. The wind regime is generally under the influence of prevailing easterly 
trade winds but is also affected by land and sea breezes. In general, the strongest winds occur 
early in the afternoon and the lightest during the night. Usually, the wind is strongest in July and 
light in autumn (U.S. Department of Agriculture [USDA], 1975). 

1.3.4 Regional Geology 
The RAFB is located in the Coastal Plains physiographic region in the Mayaguez area. The 
coastal plains parallel nearly the entire northern coastline and include most of the area north of 
the towns of Aguadilla, Moca, San Sebastion, and Lares. The coastal plains are composed of 
alluvial and terrace deposits characterized as unstratified, fine- to medium-grained quartz sand, 
and light to moderate brown clays. These unconsolidated materials are between 0 and 100 feet 
thick (Monroe, 1969). 

The surficial deposits are underlain by limestone of Miocene age and located in a broad 
limestone belt that is Puerto Rico's best-developed karst region. The geologic formation found 
beneath the coastal sediments is the Early Miocene Aymamon Limestone. The upper member of 
this formation is characterized as very pale orange to bright yellow chalk containing fossils and 
interbedded with hard, vuggy, very pale orange to white limestone, some of which is 
fossiliferous (Monroe, 1969). The lower member of the Aymamon consists of white to very pale 
orange, very pure fossiliferous limestone; it is generally indurated into finely crystalline, dense 
limestone and is locally a re-cemented solution breccia (Monroe, 1966; 1969). The Aymamon 
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Formation is estimated to be up to 1,000 feet thick beneath the site (Rodriguez-Martinez, 1995). 
The middle and upper parts of the formation are highly permeable, with as much as 25 percent 
total porosity (Rodriguez-Martinez, 1995). 

Underlying the Aymamon Limestone is the Aguada Limestone, which is characterized as a hard, 
thick-bedded calcarenite interbedded with chalky limestone and marl (Monroe, 1969). The 
Aguada Limestone is approximately 300 feet thick. The Aguada is underlain by the Cibao 
Formation. The Cibao Formation is approximately 700 to 870 feet thick and consists of 
interbedded calcareous clay; earthy chalk; hard, very fine-grained calcarenite; and soft, 
nongranular limestone (Monroe, 1969). 

The RAFB is situated on the Aguadilla Uplift. This uplift has resulted in a northwest-plunging 
structural anticline with some faulting reported in the vicinity of the city of Aguadilla. The Base 
is situated on the east flank of the anticline, with the bedrock dipping to the northeast. 

1.3.5 Water Supply 
Groundwater at the RAFB is classified as potable and considered a potential future source of 
drinking water. However, results of the groundwater monitoring indicate that groundwater at the 
RAFB would require treatment prior to being considered a potable source of drinking water. 
Groundwater monitoring results are discussed in Chapter 4.0. Potable water at the RAFB is 
currently supplied by the Puerto Rico Aqueduct and Sewer Authority, which reports that 
domestic water supply in the vicinity of the RAFB is obtained from several surface water 
reservoirs located between 5 and 10 miles south and southeast and upgradient of the Base. A site 
visit and file review by E&E revealed no indication of private supply wells for domestic use 
(E&E, 2001). A water supply well used by U.S. Customs was discovered during a site visit. The 
RAFB did maintain a supply well (or wells) and a water tower for potable use, but this 
equipment has fallen into extreme disrepair and appears unusable (E&E, 2001). Mappable 
information for these wells is currently unavailable. A records search and physical survey was 
conducted for them during field operations. The records search indicated a U.S. Customs well 
located approximately 1.1 miles northwest of Landfill Area 1. However, no potable water supply 
wells were identified during the physical survey. 

1.4 Previous Investigations 
The initial investigation of environmental conditions of Landfill Area 1 and Suspected Waste 
Area 2 took place in 1996 and 1997 and was conducted by E&E of Pensacola, Florida. During 
that investigation, nine groundwater monitoring wells were drilled and samples collected from 
each well. There are four existing wells at Landfill Area 1 and five at Suspected Waste Area 2. 
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Construction details of these wells are shown in Table 1-1. Soil samples were collected during 
boring operations for the monitoring wells. Accordingly, the existing surface and subsurface soil 
analytical result locations are coincident with the existing monitoring well locations. The top 2 
feet of the soil borings was used to assess surface soil conditions, and the remainder of the boring 
was used for subsurface soil assessment. Also, a sediment and surface water sample was 
collected from the sinkhole at Landfill Area 1. All samples were analyzed for volatile organic 
compounds (VOC), base neutral/acid extractables, total petroleum hydrocarbons (TPH) 
(including gasoline range organics [GRO] and diesel range organics [DRO]), target analyte list 
(TAL) metals, pesticides, and polychlorinated biphenyls (PCB). 

Geophysical Survey. USACE conducted a geophysical survey of Landfill Area 1 and 
Suspected Waste Area 2 in 1996. The survey identified several anomalies that were expected to 
indicate areas where landfill material was buried. At Landfill Area 1, the anomalies detected 
appeared to include recently deposited material from public dumping not associated with past 
U.S. Department of Defense (DOD) activities and which extended beyond the limits of the 
USACE survey. At Suspected Waste Area 2, the survey concluded that the limits of the landfill 
activity extended beyond the north and west boundary of the survey (E&E, 2001). The 1996 
USACE geophysical report is included in Appendix A. 

E&E supplemented the USACE geophysical data by conducting an additional geophysical 
survey at Suspected Waste Area 2 in 1997. Based on discussions with USACE, it was 
determined that additional geophysical survey at Landfill Area 1 was not necessary. At 
Suspected Waste Area 2, E&E’s geophysical survey grid focused primarily in the north and west 
of the USACE survey, with several surface features aiding in the interpretation of probable 
landfill boundaries. The E&E geophysical survey did not address the central and eastern portions 
of Suspected Waste Area 2. Based on several surface features and the data collected during the 
geophysical survey, E&E concluded that landfill activities did not occur in the northwest and 
southwest sections of their survey grid (E&E, 2001). The E&E geophysical interpretations are 
included in Appendix A. 

Groundwater Sampling Results. Four groundwater samples collected from Landfill Area 1 
were analyzed. Chloroform (RMW1-4, screened interval: 222-237 feet below ground surface 
[bgs]) and trichloroethene (TCE) (RMW1-2, screened interval 229-244 feet bgs; RMW1-3, 
screened interval: 210-225 feet bgs; and RMW1-4) were detected at levels exceeding 
U.S. Environmental Protection Agency (EPA) Region 3 risk-based concentrations (RBC)
	
(EPA, 2007). Chloroform (RMW1-4), Aroclor (RMW1-3), and TCE (RMW1-2, RMW1-3, and 

RMW1-4) were detected at levels exceeding EPA primary maximum contaminant levels (MCL). 
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Iron (RMW1-1, screened interval: 238-273 feet bgs) was detected at a concentration exceeding 
the EPA secondary MCL. TCE (RMW1-2, RMW1-3, and RMW1-4) was detected at levels 
exceeding July 1990 Puerto Rico ambient water quality criteria (AWQC). These results are 
shown in Appendix A (Tables 2-3 [inorganics] and 2-4 [organics]). Five groundwater samples 
collected from Suspected Waste Area 2 were analyzed. Chloroform (RMW2-1, screened 
interval: 220-235 feet bgs and RMW2-3, screened interval: 215-230 feet bgs) and 
bromodichloromethane (RMW2-1, screened interval: 220-235 feet bgs) were detected at levels 
exceeding EPA Region 3 RBCs. Manganese (RMW2-1), iron (RMW2-1; RMW2-2, screened 
interval: 205-220 feet bgs; and RMW2-3), and aluminum (RMW2-1) were detected at levels 
exceeding EPA secondary MCLs. No contaminants were detected at levels exceeding 
Puerto Rico AWQCs. The groundwater analytical results from Suspected Waste Area 2 are 
provided in Appendix A (Tables 2-5 and 2-6) (E&E, 2001). 

Surface Soil Sampling Results. Surface soil was sampled during drilling operations for the 
installation of groundwater monitoring wells at both Landfill Area 1 and Suspected Waste Area 
2. The surface soil samples were collected from the first 2 feet in the soil boring for each of the 
nine wells. The analytes that were detected above established threshold levels at both landfills 
were arsenic, iron, thallium, antimony, and chromium. One sample from Suspected Waste Area 2 
was slightly above the EPA Region 3 residential RBC for manganese (E&E, 2001). An 
evaluation of these constituent concentrations versus those found in native soils was performed 
in the 2004 installation-wide background soil study (Shaw Environmental, Inc. [Shaw], 2004). 
Arsenic was the only analyte detected above established threshold levels and its established 
background value (BV) (Shaw, 2004). The results of previous surface soil sample analyses are 
summarized in Appendix A (Tables 2-7, 2-8, 2-9, and 2-10). 

Surface Water and Sediment Sampling Results. One surface water sample and one 
sediment sample were collected during the initial investigation at Landfill Area 1. No parameters 
were detected above Puerto Rico Water Quality Standards in the surface water sample. The 
analytes detected above screening values in the sediment sample were arsenic, magnesium, and 
three semivolatile organic compounds (SVOC). Appendix A (Tables 2-11 through 2-14) 
summarize the analytical results from the surface water and sediment sampling (E&E, 2001). 

Subsurface Soil Sampling Results. Subsurface soil samples were collected from seven of 
the boreholes that were converted into groundwater monitoring wells. Subsurface soil samples 
were collected from 4 to 6, 9 to 11, and 15 to 17 feet at Landfill Area 1 (RMW1-1 and RMW1-4) 
and from 4 to 6, 9 to 11, 14 to 16, 19 to 21, 24 to 26, 29 to 31, and 34 to 36 feet at Suspected 
Waste Area 2 (RMW2-1 through RMW2-5). The only constituents detected above the EPA 
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Region 3 industrial RBCs were arsenic, total chromium, acetone, toluene, thallium, and carbon 
disulfide. No VOCs, pesticides, or petroleum hydrocarbons were detected in subsurface soil 
samples. Acetone is a common laboratory contaminant. An evaluation of the inorganic 
constituent concentrations versus those found in native soils was performed for the 2004 
installation-wide background soil study (Shaw, 2004). Arsenic, chromium, and thallium were 
detected above established threshold levels and their respective established BVs (Shaw, 2004). 
These analytical results are included in Appendix A (Tables 2-15 through 2-28). 
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 2.0 Remedial Investigation Methodology
 

An installation-wide sampling and analysis plan (SAP) (Shaw, 2006) and the RI work plan for 
Landfill Area 1 and Suspected Waste Area 2 (Shaw, 2010) were prepared in accordance with the 
USACE-Savannah District SAP and EM200-1-3 (USACE, 2001). In cases where changes to the 
work plan methodologies occurred, a variance report was prepared. The contents of this variance 
are detailed in Appendix B. This chapter describes investigative activities conducted between 
June 2010 and September 2011 at Landfill Area 1 and Suspected Waste Area 2.  

2.1 Aerial Photograph Review 
Prior to the initiation of any intrusive investigative activities, a series of aerial photographs was 
reviewed to track the development and use of the Landfill Area 1 and Suspected Waste Area 2 
over time. The photographs were interpreted to identify land features and activities that were 
indicative of former disposal sites. Typically, former disposal areas are characterized by 
excavations, piles, and cleared areas. 

Aerial photographs covering the RAFB area for the period 1961 through 2011 were obtained 
from several sources, including the National Geologic Society, the National Oceanic and 
Atmospheric Administration, the National Aeronautics and Space Administration, and the 
USDA. Characteristics such as vegetation patterns and areas of disturbed land were documented. 
Identification of these features generally aided the selection of specific sample locations. 

The results of the aerial photograph review are discussed in Sections 3.1.1 and 3.1.2. 

2.2 Landfill Boundary Delineation 
Prior to the selection of specific soil boring and monitoring well locations, the approximate 
boundaries of Landfill Area 1 and Suspected Waste Area 2 were assessed. Delineation of the 
landfill boundaries was critical for the proper placement of soil borings. Initially, the original 
E&E investigation of environmental conditions of Landfill Area 1 and Suspected Waste Area 2 
was reviewed to identify the landfill area and its approximate boundaries over time. In addition, 
a geophysical survey and a test pit investigation were conducted in order to verify and/or amend 
the extent of buried debris present. 

2.2.1 Geophysical Survey 
A geophysical investigation of Landfill Area 1 and Suspected Waste Area 2 was conducted in 
July 2010 to further define the extent of buried debris. This investigation employed a 
combination of electrical resistivity and seismic refraction surveys to determine the type and 
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thickness of the landfill cover, the horizontal and vertical extent of waste burial, the location of 
subsurface anomalies, and the nature of the bedrock surface underlying waste and overburden 
and to detect voids and conduits within the bedrock that may affect contaminant transport. These 
surveys focused primarily on the upper 120 feet in the subsurface. Results of the geophysical 
survey are briefly discussed in Section 3.2 and included in Appendix E. The geophysical 
interpretations at both landfill areas were used to locate investigatory test pit and soil boring 
locations. 

2.2.2 Test Pit Excavation 
In order to confirm the perimeters of Landfill Area 1 and Suspected Waste Area 2 as defined in 
the original E&E investigation, a series of test pits was excavated during the July/August 2010 
field event. Due to the unknown extent of possible debris burial and content, test pits were 
initiated outside the assumed landfill boundary first and then continued inward. Test pits were 
excavated inside the boundaries to ascertain the presence and types of material that were 
disposed of in the landfills. 

A total of 18 test pits were excavated at Landfill Area 1 (10 within the burial area and 8 outside) 
and 30 test pits were dug in and around Suspected Waste Area 2 (8 within the interpreted fill area 
and 22 outside). Test pits were excavated using a track-mounted excavator to depths ranging 
from 1 to 16 feet bgs. The test pit locations are shown on Figures 2-1 and 2-2. Test pit logs were 
used to record the test pit location identification, soil/debris types encountered, depth to debris 
(if present), and vapor monitoring results (Appendix B). Each test pit was also photographed to 
document the excavations and any debris observed. Upon completion, all test pits were 
backfilled to grade with the removed soil and compacted with the backhoe bucket. Test pit 
findings are discussed in Section 3.3. 

2.3 Sampling and Field Procedures 
The procedures for field activities are discussed in Sections 2.3.1 through 2.3.13. Chapters 5.0 
and 6.0 of the SAP (Shaw, 2006) provide detailed instructions for sample collection and data 
acquisition activities that were followed during the RI at Landfill Area 1 and Suspected 
Waste Area 2.  

2.3.1 Soil Quality Sampling 

Surface Soil Sampling. A total of 47 surface soil samples were collected from soil boring and 
test pit locations at both landfill areas during the July/August 2010 field event (Figures 2-1 and 
2-2). At Landfill Area 1, 12 samples were collected from within the landfill and 9 from outside 
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the landfill boundary. At Suspected Waste Area 2, a total of 16 samples were collected within the 
area boundary and 10 from outside the interpreted area boundary. Surface soil samples collected 
within the area boundaries coincided with test pit locations. At both areas, the surface soil 
samples collected were collocated with subsurface soil samples. At all soil boring locations, 
surface soil samples were collected from 0 to 2 feet bgs via hand auger. At all test pit locations, 
surface soil samples were collected via stainless-steel spoon from 0 to 1 foot bgs due to the depth 
of buried debris. All sampling equipment that came in contact with samples or sampling surfaces 
was constructed of stainless steel and properly cleaned and decontaminated as described in 
Section 6.1.7 of the SAP (Shaw, 2006) before collecting samples and between sampling 
locations. 

Each sample interval was analyzed for VOCs, SVOCs, TPH-GRO, TPH-DRO, TAL metals, 
pesticides, and PCBs. In addition, five surface soil samples collected from within and five from 
outside the interpreted area boundaries were analyzed for total organic carbon at each area. 

The VOC and TPH-GRO aliquots were collected directly from the sampling device using 
Terra Core™ samplers. The remaining soil was transferred to a stainless-steel mixing bowl and 
homogenized. The homogenized sample was then transferred to the appropriate sample jars. 
After collection, the soil samples were labeled for proper identification and packed in an iced 
cooler pending shipment. 

Subsurface Soil Sampling. A total of 63 subsurface soil samples were collected from both 
soil boring and test pit locations at each landfill area during the July/August 2010 field event 
(Figures 2-1 and 2-2). At Landfill Area 1, 10 samples were collected from within the landfill 
boundary and 18 from outside the landfill boundary. At Suspected Waste Area 2, a total of 
14 samples were collected within the interpreted deep fill boundary and 21 from outside the 
interpreted deep fill boundary. In order to further define potential risk to humans and the 
environment in subsurface soils at both landfill areas, an additional 20 subsurface soil samples 
were collected from the landfill areas during the September 2011 field event. At Landfill Area 1, 
three samples were collected from within the landfill boundary and five from outside the landfill 
boundary. At Suspected Waste Area 2, a total of three samples were collected within the 
interpreted deep fill boundary and nine from outside the interpreted boundary. Descriptions of 
subsurface soil borings were recorded on the hazardous, toxic, and radiological waste (HTRW) 
drilling logs provided in Appendix B. 

All subsurface soil samples were continuously screened by moving a calibrated photoionization 
detector (PID) over the surface of the entire length of each soil core. All subsurface soil samples 
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were visually logged in accordance with ASTM International D-1452-85 using the Unified Soil 
Classification System and as described in Section 6.1.1 of the SAP (Shaw, 2006). Field 
observations (e.g., presence of buried debris, discoloration of soil, etc.) were recorded in the field 
notes. For direct-push technology (DPT) soil boring locations, subsurface soil samples were 
collected from the interval displaying the highest PID reading and immediately above bedrock. 
At soil boring locations where all field screening results were less than 10 parts per million, one 
subsurface soil sample was collected from the midpoint of the boring and one from immediately 
above bedrock or the boring terminus. For test pit locations and DPT soil boring locations where 
debris was encountered, a subsurface sample was collected immediately below the buried debris. 
At test pit locations where debris was not encountered, a subsurface soil sample was collected 
from the bottom of the test pit. At all DPT soil boring locations, after the DPT sampler was 
retrieved and inspected, the 2-foot sample interval was collected for laboratory analysis. Soil 
collected for VOC and TPH-GRO analysis were collected directly from the sampling device into 
Terra Core samplers as soon as possible after the sampler was opened to minimize volatilization. 
The remaining soil was then transferred to a stainless-steel mixing bowl and homogenized. The 
homogenized sample was then transferred to the appropriate sample jars. The soil samples were 
labeled for proper identification and packed in an iced cooler pending transport to the site office 
and shipment. Documentation procedures specified in Section 6.3.3 of the SAP were followed 
for the collection of all soil samples at the RAFB. Decontamination of sampling equipment 
followed Section 6.1.7 of the SAP. 

Each sample interval selected was analyzed for the specified suite of analytes, including VOCs, 
SVOCs, TPH-GRO, TPH-DRO, TAL metals, pesticides, and PCBs. In addition, three subsurface 
samples within Landfill Area 1 and five subsurface samples within Suspected Waste Area 2 were 
analyzed for explosives and perchlorate by Methods 6850 and 8330. No evidence of burning was 
discovered during subsurface soil sampling activities; therefore, no samples were analyzed for 
dioxins and furans. 

Upon completion, all soil borings were backfilled with the soil tailings to 1 foot bgs and 
bentonite from 1 foot bgs to the ground surface. Since all soil tailings were placed back in the 
borehole, no solid IDW was generated during subsurface soil sampling. 

2.3.2 Lithologic Soil Borings 
Six deep borings (TD – 40 feet bgs) were completed by DPT within the interpreted boundaries of 
Landfill Area 1 and Suspected Waste Area 2 during the initial investigation in July/August 2010. 
One lithologic soil boring was at completed at Landfill Area 1 and five lithologic soil borings 
were completed at Suspected Waste Area 2. At Landfill Area 1, the purpose of the lithologic soil 
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boring was to vertically define the extent of buried debris observed during test pit excavation at 
location TP1-17 (Figure 2-1). At Suspected Waste Area 2, the purpose of the lithologic soil 
borings was to confirm the absence of buried debris observed during test pit excavations at 
locations TP2-19, TP2-22, TP2-26, TP2-28, and TP2-30 (Figure 2-2).  

Descriptions were recorded on the HTRW drilling logs provided in Appendix B. Upon 
completion, all lithologic soil borings were backfilled with the soil tailings to 1 foot bgs and 
bentonite from 1 foot bgs to the ground surface. Since all soil tailings were placed back in the 
borehole, no solid IDW was generated during subsurface soil sampling. 

2.3.3 Geotechnical Soil Samples 
Selected soil samples from the vicinity of each landfill area were analyzed for geotechnical 
properties during the September 2011 field event. A total of six subsurface soil samples collected 
from outside the interpreted burial area at both landfill areas (two at Landfill Area 1 and four at 
Suspected Waste Area 2) were analyzed for grain size. In addition, six undisturbed subsurface 
soil samples from the soil borings (collocated with the grain size geotechnical samples) outside 
each landfill area were collected and analyzed for bulk soil density, total soil porosity, air-filled 
porosity, water-filled porosity, particle density, fractional organic carbon, vertical head 
permeability, and constant head permeability. All geotechnical samples were sent to Shaw’s 
Environmental Technology Development Center for analysis. (Shaw was acquired by CB&I in 
2013). Results of the geotechnical soil sampling are briefly discussed in Section 3.4 and can be 
found in Appendix H. 

2.3.4 Monitoring Well Development 
All nine pre-existing wells at Landfill Area 1 and 2 (Figures 2-1 and 2-2) were redeveloped to 
remove any sediment buildup that may have occurred since the previous E&E sampling event in 
the late 1990s. The primary objective of the well redevelopment was to ensure that well screens 
were clear of sedimentation in advance of the colloidal borescope and groundwater flow studies. 
Well development procedures followed those outlined in Section 6.1.3 of the SAP, except with 
the use of a Grundfos pump instead of a peristaltic pump (Shaw, 2006). 

Development was completed by pumping with a Grundfos pump and surging. Development was 
considered complete when the water ran clear to the unaided eye; the thickness of sediment in 
the well was less than 5 percent of the length of the well screen; field parameters, such as 
temperature, pH, turbidity, and conductivity stabilized. A YSI, Inc. Model 6820 water quality 
meter with a flow-through cell was used for well development to determine individual water 
quality readings. Descriptions of the well development technique and physical characteristics 
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such as clarity, color, turbidity, and odor of the water were recorded on well development logs. 
Water quality parameters including temperature, pH, conductivity, dissolved oxygen, oxidation-
reduction potential, and turbidity were recorded every 2 to 3 minutes until development was 
complete. Well development logs are presented in Appendix C. 

Upon initiation of the well redevelopment, groundwater was clear to the naked eye, very little 
sedimentation buildup in the wells had occurred, and all groundwater quality parameters 
stabilized rapidly. Therefore, redevelopment procedures required minimal surging and 
groundwater removal. 

2.3.5 Monitoring Well Groundwater Sampling 
Groundwater samples were collected twice from nine pre-existing monitoring wells to evaluate 
current water quality. The first sampling event occurred in July 2010 and the second event 
occurring 6 months later in December 2010. A well/purge log and groundwater sample collection 
log was completed for each well sampled during each sampling event. All wells were purged and 
sampled as specified in Appendix C and Section 6.1.3 of the SAP (Shaw, 2006).  

Water quality parameters such as pH, temperature, conductivity, salinity, turbidity, dissolved 
oxygen, and oxidation-reduction potential were measured using a YSI Model 6820 water quality 
meter. 

Purging continued until field parameters stabilized and turbidity was reduced below 
10 nephelometric turbidity units. Monitoring well purge logs are presented in Appendix D. After 
parameters stabilized, groundwater samples were collected by discharging directly into the 
appropriate containers. The sample bottles were labeled, placed in resealable plastic bags, and 
stored in ice-filled coolers until shipment. Each sample was analyzed for VOCs, SVOCs, 
TPH-GRO, TPH-DRO, TAL metals (total and dissolved), pesticides, PCBs, anions, total 
dissolved solids, total suspended solids, and alkalinity. Sample collection logs are included in 
Appendix G. 

2.3.6 Surface Water/Sediment Sampling 
A total of eight collocated surface water/sediment sample pairs were collected from the landfill 
areas (Figures 2-1 and 2-2). At Landfill Area 1, an attempt was made to collect collocated 
samples from the two drainage ditches and the sinkhole next to the landfill disposal area. 
However, both drainage ditches and the sinkhole were dry at the time of sampling in June 2010; 
therefore, only sediment samples were collected from those locations. At Suspected Waste 
Area 2, a total of two collocated sample pairs were collected from the pond near the northeast 
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corner of the landfill. In addition, two collocated sample pairs were collected from the sinkhole 
immediately north of the landfill. All surface water samples were collected using a glass beaker. 

Sediment samples were collected directly beneath the location selected for the surface water 
samples via stainless-steel slotted spoon. Sediment samples collected for VOC and TPH-GRO 
analysis were collected directly from the sampling device into Terra Core samplers to minimize 
volatilization. For Suspected Waste Area 2 collocated surface water and sediment sample 
locations, all surface water samples were collected prior to sediment sample collection. 

All surface water and sediment samples were labeled for proper identification and packed in an 
iced cooler pending shipment. Upon receipt of the samples, the fixed-base laboratory prepared 
all samples for analysis. Each sample was analyzed for VOCs, SVOCs, TPH-GRO, TPH-DRO, 
TAL metals, pesticides, and PCBs. 

2.3.7 Borehole Deviation and Colloidal Borescope Flowmeter Surveys 
A borehole deviation survey for each monitoring well and a colloidal borescope flowmeter 
survey for both landfill areas were initiated in order to document the groundwater flow direction 
and velocity in each existing monitoring well. The borehole deviation survey was conducted on 
July 12 through 14, 2010, prior to completion of the colloidal borescope flowmeter surveys. The 
flowmeter surveys were completed July 15 through 24, 2010. Borehole alignment was measured 
at each well to determine the degree of deviation from vertical in order to more accurately 
interpret groundwater elevation. The groundwater flow survey utilized a colloidal borescope 
flowmeter and downhole camera inserted into each monitoring well to measure the direction, 
velocity, and vector of suspended colloids passing through selected intervals of individual 
monitoring wells. The borehole deviation and colloidal borescope groundwater flow study are 
included in Appendix F.  

2.3.8 Landfill Gas Monitoring 

Surface Emissions Monitoring. Surface emissions monitoring was conducted for 
Landfill Area 1 and Suspected Waste Area 2 to determine whether landfill gas (LFG) is 
migrating through the cover soils. Satisfactory surface emissions monitoring results with no gas 
abatement system in place will indicate that no migration control measures will be required at the 
landfills. Testing was conducted utilizing a calibrated flame ionization detector (FID) and was 
done in accordance with applicable methods presented in the new source performance standards 
regulations and conforming to Title 40 Code of Federal Regulations, Part 60.755, b-d. In 
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addition, field personnel also perform background monitoring to conform to 40 Code of Federal 
Regulations, Part 60, Appendix A, Method 21. 

Concentrations of methane gas were recorded outside the landfill boundaries, upwind and 
downwind, to measure background levels. The surface areas of Landfills 1 and 2 were measured 
for methane by completing a serpentine pattern across the surface of the two landfills, with each 
traverse spaced approximately 50 feet apart. During the traverse, the PID monitoring probe was 
positioned approximately 2 to 4 inches above the ground surface. 

Barhole Probe Monitoring. Barhole probe monitoring was conducted at Landfill Area 1 in 
order to assess the potential for off-site migration of LFG to nearby residential areas to the south 
and southwest. A total of five barhole probes were installed along the southwest side of 
Landfill Area 1 as shown on Figure 2-1. Each barhole probe consisted of a 2-foot-long, 0.5-inch-
diameter polyvinyl chloride (PVC) screen installed to 3 feet bgs (1.0 to 3.0 feet bgs screened 
interval). Subsurface soils along the southwest of Landfill Area 1 were found to be 
predominantly silty clay, which could smear along the barhole probe screen during installation 
and potentially impact LFG measurements. Therefore, each barhole probe was installed by 
utilizing a 1-inch-diameter stainless-steel hand auger to advance a borehole to 3 feet bgs in order 
to allow adequate annular space to prevent any potential clay smearing along the barhole probe 
screen. The barhole probe screen was then inserted into the borehole and 20/30 silica sand was 
used to fill the annular space up to 6 inches bgs. It should be noted that the remaining (6 inches 
bgs to ground surface) was sealed with hydrated bentonite chips. Following barhole probe 
installation, LFG was monitored by inserting a sampling tube to the bottom of the PVC screen, 
connecting the sample tubing to a GEM 500 combustible gas indicator (CGI) capable of 
measuring the major components of LFG (methane, oxygen, carbon dioxide, and nitrogen), and 
recording the measurements. 

2.3.9 Quality Assurance/Quality Control Sampling 
To ensure the reliability of field sampling procedures and materials, field quality assurance 
(QA)/quality control (QC) samples were collected as appropriate for each medium sampled, each 
sample shipment, and/or each sampling event. All field activities were considered one event 
unless the field personnel left the site for more than 72 hours during the course of the 
investigation. All water used during field sampling as analyte free was deionized, organic-free 
water prepared to EPA standards. Chapter 6.0 of the SAP (Shaw, 2006) provides specified 
information regarding QA/QC samples and describes how to identify and document QA/QC 
samples. 
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2.3.10 Decontamination Procedures 
Sampling Equipment. Decontamination of sampling equipment was performed in accordance 
with Chapter 6.0 of the SAP (Shaw, 2006) to maintain the integrity of the soil and groundwater 
samples collected during the field investigation. 

Nonsampling Equipment. All equipment that contacted the interior of a borehole or other 
equipment entering the hole was thoroughly cleaned using high-pressure hot water. 
Decontamination was performed prior to setting up on the first sampling location, between each 
sampling location, following sampling, and at the last sampling location. No tools or equipment 
came into contact with the ground or became contaminated after cleaning until used in sampling. 
If contamination occurred, contaminated items were again cleaned before use. At the sampling 
location, cleaned equipment was kept off the ground by storing on polyethylene-covered pallets. 

2.3.11 Sample Custody, Shipping, and Tracking Procedures 
All sample custody and tracking procedures, including laboratory notification, field custody 
procedures, identification, and shipping, were performed as specified in Section 6.2 of the SAP 
(Shaw, 2006). All samples were pre-assigned a unique sample number prior to the start of 
fieldwork. Upon collection, each sample container was labeled, sealed in a resealable plastic bag, 
placed in a cooler packed with ice, and recorded on a field activity daily log. A sample collection 
log was completed. The sample interval was also recorded on the HTRW drill log, if appropriate. 
The samples were entered into the Environmental Data Management System by the sample 
coordinator and a chain-of-custody form was generated. Samples were packed in coolers chilled 
to 4 degrees Celsius, sealed with signed and dated custody seals on the outside of the coolers, 
and shipped by express overnight delivery to the laboratory. The laboratory and Data Manager 
were notified of sample shipments the same day coolers were sent. 

2.3.12 Documentation 
All field activities were documented on daily QC reports and/or field activity daily logs during 
July/August and December 2010 and September 2011. Field documentation forms used included 
field activity daily logs, sample collection logs, HTRW drilling logs, test pit logs, well 
development/purge logs, and analysis requests/chain-of-custody records. The procedures for 
identifying and documenting samples collected during the RI are presented in Section 6.3 of the 
SAP (Shaw, 2006). 

2.3.13 Field Instrument Calibration 
Field testing and monitoring equipment was inspected and calibrated daily before use. Testing 
and monitoring equipment includes hand-held organic vapor monitors used for health and safety 
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air monitoring and for screening soil vapors, combination pH/temperature/conductivity, oxidation-
reduction potential, dissolved oxygen, salinity, and turbidity meters. Calibration standards for 
these instruments were kept on site and in good condition. Each day an instrument was used, its 
calibration was compared against one of these certified standards. Additional information 
regarding instrument calibration procedures and records is presented in Section 6.4 of the SAP 
(Shaw, 2006). 

2.4 Sample Analysis 
Off-site analyses were performed by Accutest Laboratories, Inc. of Orlando, Florida (Accutest), 
using EPA methods and meeting the QA/QC requirements described in the referenced SW-846 
methods and the SAP (Shaw, 2006). Accutest analyzed all groundwater samples for VOCs 
(EPA 5030B/EPA 8260B), SVOCs (EPA 8270C), total and dissolved TAL metals 
(EPA 6010B/7471), TPH-GRO and TPH-DRO by EPA 8015M, pesticides (EPA 8081A), PCBs 
(EPA 8082), anions (EPA 9056), total dissolved solids and total suspended solids by SM 2540C, 
and alkalinity (SM 2320B). Surface water samples were analyzed for VOCs, SVOCs, total TAL 
metals, TPH-GRO, TPH-DRO, pesticides, and PCBs. All soil and sediment samples were 
analyzed for VOCs (EPA 5035/8260B), SVOCs, TAL metals, TPH-GRO (EPA 5035/8015M), 
TPH-DRO, pesticides, and PCBs. In addition, selected soil samples were also analyzed for 
explosives (EPA 8330), propellants/perchlorate (EPA 6850), total organic carbon by EPA 9060, 
grain size (ASTM D-422), and various geotechnical parameters (bulk density, porosity [total, air-
filled, and water-filled], density, and fractional organic carbon). These methods were chosen 
because they provide the most comprehensive set of constituents for analysis, which is necessary 
due to the unknown type of debris at the landfill. 

2.5 Data Management 
The data management process includes all aspects of data review and data validation. All data 
associated with the RAFB project were subjected to several evaluations in the laboratory and by 
Shaw/CB&I personnel prior to data release to an end user. General data management followed 
the guidance provided in Chapter 8.0 of the SAP (Shaw, 2006a). 

●		 Data Packages. The data packages received from the laboratory were reviewed 
internally by the analyst and a peer or supervisor prior to being sent to the Project 
Chemist for additional project-specific review. In the data review process, the data 
were compared to the planned objectives in the work plan and QC sample data to 
evaluate the validity of the results. 

●		 Data Validation. A thorough evaluation of the data was conducted to determine 
whether or not the project objectives had been met. Specific issues addressed 
included precision, accuracy, and representativeness such as duplicate results, matrix 
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spike/matrix spike duplicate, and blank sample results. An evaluation of completeness 
was performed, and data deficiencies were identified and rectified or documented for 
the report. 

●		 Data were validated in accordance with the SAP (Shaw, 2006). One hundred percent 
of the data collected were validated. During the data validation process, qualifiers 
were added to the data. The formal data validation qualifiers used for the project are 
listed and described in the National Functional Guidelines (EPA, 2008a; 2010a). All 
aspects of validation as defined in the National Functional Guidelines were evaluated 
for each set of data collected. The QA/QC guidance defined in EPA’s Test Methods 
for Evaluating Solid Waste (EPA SW-846) (EPA, 1986) were used unless more 
stringent criteria are defined in the SAP. 

A summary of all analytical data and the data QC summary report is provided in Appendix H. 

2.6 Investigation-Derived Waste 
IDW generated during the RI at Landfill Area 1 and Suspected Waste Area 2 consisted of 
monitoring well development water, groundwater sampling purge water, and 
instrument/equipment decontamination water. A total of 10 drums of IDW were generated 
during the RI fieldwork at Landfill Area 1 and Suspected Waste Area 2. IDW water was stored 
in steel U.S. Department of Transportation-approved 55-gallon drums. Each container was 
marked showing the date of collection, the area, the nature of the waste (e.g., solid or liquid), and 
the name and telephone number of the contact person. All drums were sealed to prevent leakage 
or introduction of contamination from external sources. 

As there was no definitive documentation of the contaminants released at the landfill areas or 
their date of release, the IDW is not classified as a listed hazardous waste. Liquid IDW was 
characterized on a per-well basis for well purge and development water. It was assumed that the 
purged groundwater had similar concentration of contaminants as the collected field samples; 
therefore, no additional sampling was required for characterization. The results of the field 
samples were evaluated upon receipt to determine the disposal options for the associated water 
IDW. 

Following the receipt of analytical results, the data were reviewed for determination of disposal 
options. The results indicated that none of the chemicals detected in the IDW exceeded toxicity 
characteristic leaching procedure limits. However, it was decided that the waste should be 
transported off site for disposal at a Subtitle D facility as a nonhazardous waste. 

Right Way Environmental (Right Way) of Naranjito, Puerto Rico, was contracted to provide 
transport and disposal of the liquid IDW. Prior to drum pickup, Right Way was provided with a 
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waste profile document. From the waste profile, Right Way provided nonhazardous waste 
manifests for the IDW. The manifests were reviewed and signed by a USACE representative 
prior to drum pickup. Drums were retrieved by Right Way on September 24, 2010. All drums 
were transported to the Penuelas Valley Landfill in Penuelas, Puerto Rico, for disposal 
(Appendix G). 
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 3.0 Site Characteristics
 

3.1 Site Description 

Landfill Area 1. Landfill Area 1 consists of the former burial area and is bordered by an 
adjacent sinkhole and a small hill. Topographic relief in the area of Landfill Area 1 is 
approximately 70 feet and slopes toward the sinkhole immediately west of the disposal area. The 
sinkhole is approximately 35 feet deep and approximately 0.8 acre in size. A 1-acre hill is 
located immediately north of the landfill area, and an aircraft apron used to store inoperable and 
scrap aircraft is located north of the site. The burial area occupies an estimated 5.4 acres. 
Figure 3-1 shows the locations of the aircraft apron, the sinkhole, the hill, and the area where the 
sanitary waste was disposed. The time period or nature of disposal at this site has not been 
determined from existing records. However, a 1966 map of the Base refers to Landfill Area 1 as 
a “sanitary fill” area. An aerial photograph indicates that disposal was occurring in 1970, but this 
is the only information on disposal discovered to date. 

Some of the landfilled material has become exposed at the surface due to erosional activities, 
especially along the western edge of the landfill where the sidewalls of a flightline drainage ditch 
have exposed buried debris. Construction debris and scrap metal are present on the ground 
surface and believed to be present below grade. Historically, medical waste of unknown origin 
has been observed in the sinkhole and is believed to have been transported into the sinkhole 
during storms (E&E, 2001). 

Suspected Waste Area 2. Suspected Waste Area 2 (Figure 3-2) is a flat-lying, grass-covered 
tract currently used by a tenant for grazing and crop growing. No records of disposal activities at 
this site have been located to date. Two geophysical surveys were previously conducted at 
Suspected Waste Area 2, one by the USACE in 1996 and one by E&E in 1997, but the results 
were not conclusive because of techniques used and spacing of the sensors. Based on the two 
previous geophysical surveys, the interpreted fill area for Suspected Waste Area 2 was thought to 
occupy approximately 23 acres. During the USACE geophysical survey in 1996, “landfill debris 
material” was observed to be exposed along the northern 400 feet of a ditch running north-south 
along the northwestern boundary of the site. A geophysical investigation of Suspected Waste 
Area 2 was conducted in July 2010 to refine the results of the two previous inconclusive 
geophysical surveys. In contrast of the 1996 and 1997 surveys, the 2010 geophysical 
investigation defined an area of potential deep fill material of only 10.86 acres with an 
undetermined average thickness, and no buried debris was interpreted. Additionally, “landfill 
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debris material” was not observed in the ditch along the northwestern boundary of the site during 
the 2010 geophysical survey. Suspected Waste Area 2 was reported to have received municipal 
household garbage from a former adjacent Air Force housing development called “Tropical 
Acres.” There are several old building foundations that appear to have been built when the Base 
was operating (E&E, 2001). A pond to the northeast of the burial area was constructed by 
USACE and altered by the tenant farmer to use for drinking water for cattle. A broad shallow 
sinkhole is located about 200 feet north of the burial area. Surface runoff from a small part of the 
burial area drains into the sinkhole, but for the most part, the slope of the landfill area is toward 
the south. 

3.1.1 Aerial Photograph Interpretation 
A thorough review of available aerial photographs was conducted to determine the history and 
use of both landfill areas. Pertinent aerial photographs reviewed and the site conditions observed 
on those dates are discussed in this section. 

October 19, 1961. The area occupied by Landfill Area 1 shows heavy industrial/municipal 
use. A man-made pond with several dirt road access points is visible. The drainage ditches to the 
northeast and northwest of the future landfill area are visible. The sinkhole immediately to the 
west of Landfill Area 1 is visible but dramatically less defined that at the time of the 2010 RI. 
The area occupied by Suspected Waste Area 2 shows evidence of agricultural use, and three 
distinct access roads are visible. However, no evidence of industrial/municipal use is apparent 
(Figure 3-3). 

January 28, 1975. The area occupied by Landfill Area 1 appears to have undergone significant 
alteration. The man-made pond has been filled and several access roads leading into and through 
the former pond location are visible, and it appears that all landfilling activities have ceased. The 
sinkhole is more defined and the vegetative cover has dramatically increased. The area occupied 
by Suspected Waste Area 2 again shows evidence of agricultural use but still does not show any 
visual evidence of industrial/municipal use (Figure 3-4).  

December 23, 1984. This is the first aerial photograph showing no industrial/municipal 
activity at the area occupied by Landfill Area 1. The area appears heavily vegetated, and the 
sinkhole is well defined. The area occupied by Suspected Waste Area 2 again shows evidence of 
agricultural use but still does not show any visual evidence of industrial/municipal use 
(Figure 3-5).  
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January 11, 1991. Landfill Area 1 appears heavily vegetated and no evidence of 
industrial/municipal use is evident. The sinkhole is less visible, mainly due to the increased 
vegetative cover. Suspected Waste Area 2 again only exhibits evidence of agricultural use 
(Figure 3-6).  

March 14, 1999. The vegetative cover for Landfill Area 1 has been dramatically reduced. The 
only areas that remain heavily vegetated are the sinkhole and the drainage ditches to the 
northeast and northwest. The sinkhole is very well defined. No evidence of industrial or 
municipal use is visible. Suspected Waste Area 2 again shows no sign of industrial or municipal 
use. A man-made square pond is visible in the northeast portion of area designated as Suspected 
Waste Area 2 (Figure 3-7). 

November 2006. Both landfill areas appear similar to the 1999 photograph. No new industrial 
or municipal utilization of either landfill area is evident (Figure 3-8).  

3.1.2 Summary of Photograph Interpretation 

Landfill Area 1. Based on a review of historical aerial photographs, municipal/industrial use 
occurred only at Landfill Area 1, with the man-made pond and several dirt access roads observed 
in 1961. Municipal/industrial activities appeared to continue at the site through 1975, with the 
man-made pond being filled and covered sometime between 1961 and 1975. Sometime between 
1975 and 1984, all industrial/municipal use of the area occupied by Landfill Area 1 ceased. The 
vegetative cover was cleared between 1991 and 1999.  

Suspected Waste Area 2. Based on a review of the historical aerial photographs, activity at 
the area occupied by Suspected Waste Area 2 has been agricultural in nature. No evidence of the 
area ever being utilized for industrial/municipal purposes is shown on the photographs. 

3.2 Geophysical Investigation 
Geophysical surveys were conducted at Landfill Area 1 and Suspected Waste Area 2 in order to 
evaluate the horizontal and vertical extents of the possible landfill materials and characterize any 
subsurface geologic features associated with the karstic nature of the site, with specific attention 
to features that may influence groundwater flow and the migration of possible contaminants from 
the landfill areas. The geophysical techniques employed included the OhmMapper capacitively 
coupled resistivity system, multi-electrode resistivity imaging, and seismic refraction 
tomography. 
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At Landfill Area 1, the interpreted fill area covers approximately 5.4 acres, as shown on 
Figure 3-1. Based on the geophysical interpretation, soil borings, and test pits, the thickness of 
the interpreted fill appears to range from 40 to 45 feet. Low resistivity values measured are 
indicative of silt and clay mixed with landfill debris. 

At Suspected Waste Area 2, the interpreted fill area was determined to cover approximately 
10.86 acres, as shown on Figure 3-2. Specific fill thickness was undetermined. It should be noted 
that numerous soil borings and test pit excavations within the interpreted sanitary fill area 
targeting the geophysically defined anomaly did not encounter debris, wastes, or unconsolidated 
material indicative of fill. 

The highly variable resistivity values found in the interpreted bedrock sections of both sites 
suggested the possibility of numerous soft areas, voids, solution channels, and similar structures. 
Bedrock depth was found to be highly variable at both sites, complicated by a well-developed 
saprolite interval. 

The complete geophysical investigation report for Landfill Area 1 and Suspected Waste Area 2 is 
included in Appendix E. 

3.3 Test Pit Results 

Landfill Area 1. A total of 18 test pits were excavated in an attempt to determine the extent of 
the debris burial area (Figure 2-1). A total of eight test pits were located outside the previously 
interpreted landfill boundary as designated by the 2001 E&E site investigation and the 
geophysical interpretation conducted in July 2010 (Appendix E). These test pits were intended to 
confirm those previous findings and further delineate the physical extent of burial debris. Soil 
encountered was generally red-orange sandy clay at the surface grading to relatively shallow 
weathered limestone. Seven of the eight external test pits displayed no evidence of buried debris. 
A total of 10 test pits were located within the interpreted landfill boundary designated by the 
2001 E&E site investigation. These test pits were intended to confirm the presence and nature of 
the burial debris. Buried debris was encountered at all 10 interior test pit locations. The types of 
material encountered ranged from municipal trash (tires, bottles, plastic bags, clothes, etc.) and 
construction debris (concrete, rebar, etc.). At some locations, municipal waste was observed at 
ground surface within the interpreted landfill boundary. It should be noted that no medical waste 
was observed at any exploratory test pit at Landfill Area 1. Groundwater was not encountered in 
any of the test pits completed at Landfill Area 1. 
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One lithologic soil boring, TP1-17-SUP, was completed at the location of test pit TP1-17 in 
September 2011 in order to vertically define the extent of buried debris observed during test pit 
excavation. Buried debris was encountered in the deep soil boring intermittently to the terminus 
of the boring at 38.5 feet bgs, on top of limestone bedrock.  

Suspected Waste Area 2. A total of 30 test pits were excavated in an attempt to determine 
the presence of buried debris at Suspected Waste Area 2 (Figure 2-2). Twenty-two test pits were 
located based on the landfill boundary interpretation in the 2001 E&E site investigation and the 
geophysical investigation conducted in July 2010 (Appendix E). No buried debris was observed 
in any of the 22 test pit excavations within or outside the E&E-interpreted landfill boundary. In 
addition, the July 2010 geophysical interpretation of Suspected Waste Area 2 did not detect 
buried debris. The only anomaly interpreted during the geophysical investigation was an area of 
low apparent resistivity that was interpreted as potential fill, but could not be confirmed. A total 
of eight test pits were located within this area of low resistivity to confirm the absence of buried 
debris. No debris was observed in the eight confirmation test pits. Soil encountered at all test pit 
locations was uniform in lithology, generally red-orange silty clay grading to relatively shallow 
weathered limestone at all test pit locations. 

Five deep lithologic borings were completed at test pit locations TP2-19, TP2-22, TP2-26, 
TP2-28, and TP2-30 in order to confirm the absence of buried debris and uniform lithology 
observed during test pit excavations. Buried debris was not encountered in any of the five deep 
lithologic borings. Additionally, a uniform, undisturbed, reddish-brown silty clay was observed 
directly above limestone bedrock at all five soil borings. 

3.4 Local Soils 
The majority of the soils at the RAFB are either of the Bejucos-Jobos Association or the Coto-
Aceitunas Association (USDA, 1975). The Bejucos-Jobos Association is composed of strongly 
leached soils that have a tight, dominantly clayey subsoil. The majority of soils in this 
classification are well drained and strongly acidic. The Bejucos soils have a dark yellowish-
brown, moderately coarse-textured surface layer and a subsoil that is dominantly fine textured 
and mottled below a depth of about 37 inches. The Jobos soils have a dark grayish-brown, 
coarse-textured surface layer and a thick, mottled, red and strong brown, compact, fine-textured 
subsoil. 

The Coto-Aceitunas Association consists of slightly leached and strongly leached porous soils 
that are dominantly clayey throughout (USDA, 1975). The major soils of this association are 
underlain by hard, fragmented limestone and characterized as deep, gently sloping to sloping, 
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well drained, and moderately permeable. The Coto soils are reddish brown, slightly acidic, and 
fine textured; the Aceitunas soils are dark reddish brown, fine-textured and moderately fine-
textured, and very strongly acidic. 

Landfill Area 1. The grain size analysis of two subsurface soil samples indicated that an 
average of 78.7 percent of soil collected was finer than 0.425 millimeter (mm) (#40 sieve) and 
55.4 percent was finer than 0.149 mm (#100 sieve). Therefore, the subsurface soil is 
predominantly silt and clay, with a percentage of coarse to very fine-grained sand. 

Landfill Area. The grain size analysis of four subsurface soil samples indicated that an average 
of 97.7 percent of soil collected was finer than 0.425 mm (#40 sieve) and 88.9 percent was finer 
than 0.149 mm (#100 sieve). Therefore, the subsurface soil is predominantly silt and clay, with a 
small percentage of coarse to very fine-grained sand. 

Geotechnical parameters such as bulk soil density, total soil porosity, air-filled and water-filled 
porosity, particle density, and fractional organic carbon were also reported for the six subsurface 
soil samples. Copies of the laboratory geotechnical reports are included in Appendix H. 

3.5 Local Hydrogeology 
The North Coast Limestone aquifer system is composed of three hydrogeologic units: an upper 
water table aquifer, a middle confining unit, and a lower confined aquifer. The water table aquifer 
consists of the Aymamon Limestone and the Aguada Limestone. The lower Aguada Limestone 
and the Cibao Formation form the middle confining unit. The lower confined aquifer is composed 
of the lower Cibao Formation. The lower aquifer is fragmented into several confined units in the 
western portion. The major hydrogeologic units of the aquifer system were based on the relative 
permeability and hydraulic continuity of the units (Rodriguez-Martinez, 1995). 

The water table aquifer is contained in karst limestone bedrock. Several sinkholes are present 
throughout the former RAFB and potentially affect groundwater flow direction and velocity. Most 
of the permeability of the aquifer is the result of secondary porosity caused by the dissolution of 
the bedrock along joints, fractures, and bedding planes, resulting in several sinkholes present 
throughout the former RAFB. Three distinct sinkholes are located within and adjacent to Landfill 
Area 1, and one distinct sinkhole is located north of Suspected Waste Area 2. Because of the karst 
nature of the aquifer, water levels may fluctuate greatly (plus or minus tens of feet), thereby 
affecting groundwater flow direction and velocity. The transmissivities in the water table aquifer 
range from 200 to more than 280,000 square feet per day (Rodriguez-Martinez, 1995). 
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The water table aquifer is encountered at depths ranging from approximately 195 to 280 feet bgs 
in the vicinity of the RAFB and the town of Isabella. The water table aquifer in the area of 
northwestern Puerto Rico ranges in thickness from approximately 900 to 1,035 feet 
(Rodriguez-Martinez and Hartley, 1994). 

The freshwater-saltwater interface was reported at a depth of approximately 190 feet below the 
top of the water table (455 feet bgs) at Isabella by Rodriguez-Martinez (1995). The freshwater-
saltwater mixing zone is included in the saltwater zone. The landward extent of the saltwater 
zone is unknown in the western part of the limestone aquifer. 

A borehole deviation survey for each monitoring well at both landfill areas was conducted in 
July 2010 in order to evaluate potential borehole deviation from plumb and provide true vertical 
depths to groundwater. From examination of the borehole deviation plots, it is apparent that none 
of the wells are truly plumb, although several of the wells are only slightly deviated. This results 
in measurement lengths along the well string that are longer than would be the case if the string 
were plumb. However, at the depths drilled and the deviations observed, this results in true 
vertical depths that are only fractions of a foot less than the measured depths. This may be 
inconsequential with respect to where the screened interval or bottom hole depth occurs. 
However, considering the depth to the water table at both landfill areas (212.96 to 241.26 feet 
below top of casing [btoc]) and low hydraulic gradient of the water table, these errors could 
impact the perceived direction of groundwater flow using measured heads. The complete 
borehole deviation study is included in Appendix F.  

In addition to the borehole deviation survey, a colloidal borescope flowmeter survey was also 
conducted in July 2010 for each monitoring well at both landfill areas in order to document the 
groundwater flow direction and velocity. The flowmeter survey concluded the following: 

●		 There does not appear to be a uniform gradient with flow towards the ocean, as 
typically assumed. 

●		 The flow directions measured in the Suspected Work Area 2 site wells (and 
Landfill Area 1 well RMW1-3) do tend to fit the presumed conceptual model but still 
show local deviations, suggesting the presence of preferred pathways of a local 
nature. 

●		 Flow directions observed in Landfill Area 1 wells RMW1-1, RMW1-2, and RMW1-4 
show groundwater flows in directions contrary to the conceptual model. In the case of 
RMW1-1 and RMW1-2, the flow is very clearly to the west and southwest, 
respectively. 
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●		 Three sinkholes (one on the flightline apron, one within Landfill Area 1, and another 
south of Perimeter Road) are aligned in a roughly north-south orientation, suggesting 
the presence of large conduit in the subsurface. Flow in RMW1-1 may be towards the 
axis of these sinkholes. The flow in RMW1-2 is away from the large sinkhole in the 
west half of the Landfill Area 1 site, as well as the line of sinkholes. It may be that a 
larger conduit or network of conduits lies to the west of Landfill Area 1 and 
groundwater in both of these wells is draining towards it. An alternative hypothesis is 
that groundwater is being drawn to a pumping well to the southwest of the site. 
However, there are no records of such a well. 

●		 Flow in RMW1-4 showed two distinct flow directions, one to the northwest and 
another (the more dominant) to the southeast, towards monitoring well RMW1-3. 

●		 In many of the wells, an overall (mean) flow direction was observed, but the flow 
direction and velocity varied within a constrained range. The flow direction appeared 
to shift with changes in velocity, whether directly or inversely. Monitoring the colloid 
movement on the video monitor, all of the colloids were acting in this way. This 
suggests a pulsed flow regime, but of a frequency that is much shorter than natural 
boundary condition changes (such as tides). Given the lack of pumping wells in the 
area, it is unclear what is causing this condition. 

●		 The highest (mean) flow velocity was observed in RMW2-5. This is consistent with 
the steep hydraulic gradient mapped in that area, with flow to the north parallel to or 
towards the large sinkhole feature. 

The complete colloidal borescope groundwater flow study is included in Appendix F. 

The water table at Landfill Area 1 and Suspected Waste Area 2 was gauged during sampling 
events in July and December 2010. Groundwater elevations are summarized in Table 3-1. 
Figures 3-9 through 3-12 present the water table configuration at each landfill area on July 12 
and December 9, 2010. These potentiometric maps utilized a combination of the head data 
(corrected for borehole deviation) and colloidal borehole flow vector information. The flowmeter 
surveys were performed contemporaneously with the July 2010 synoptic water level 
measurements. Consequently, the flowmeter results were used in generating the July mapping for 
both landfills, but not for the December potentiometric mapping, which was based solely on the 
measured head data. Flowmeter vectors are shown on the July mapping only, and then only for 
information purposes. Groundwater at Landfill Area 1 was encountered between approximately 
216.45 and 241.26 feet btoc and encountered between approximately 212.96 and 225.42 feet 
btoc at Suspected Waste Area 2. As a result of the potentiometric mapping, the flow direction at 
Landfill Area 1 is to the north and northwest during the July event and to the west-northwest 
during December. The flow direction at Suspected Waste Area 2 is consistently northward in 
July and December, concentric towards well RMW-2-5 
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Surface Water Hydrology. Surface water at Landfill Area 1 drains toward an adjacent 
sinkhole along drainage ditches (Figure 3-13). These narrow drainage ditches are approximately 
30 feet deep, with exposed bedrock at the bottom. There are swallows along the course of the 
ditches, allowing for direct transport of storm water to the underlying groundwater. The 
easternmost ditch has begun to expose landfill material, which is being transported into the 
sinkhole during storm events. Ponded storm water can remain in the sinkhole for up to a week 
after a storm, and water marks as high as 12 feet have been observed in the sinkhole 
(E&E, 2001). During the 2010-2011 investigation, leachate was not observed to be seeping from 
Landfill Area 1 into the sinkhole or drainage ditches. 

Inspection of a 1966 map of the Base indicates that the storm flow ditches that received runoff 
from the aircraft apron terminated into a naturally occurring low area (E&E, 2001). The sanitary 
fill from the Base was placed in the low area as well. A comparison of the 1966 map with current 
conditions indicates that the sinkhole next to Landfill Area 1 has probably developed during the 
last 30 years and now is gradually capturing the western edge of Landfill Area 1. 

3.6 Conceptual Site Model 
Based on the previous investigation and the site characteristics discussed above, a conceptual site 
model (CSM) for Landfill Area 1 and Suspected Waste Area 2 is presented on Figure 3-14. This 
CSM illustrates the relationship between the geophysical cross section of the two sites, the 
primary sources of contamination at Landfill Area 1 and Suspected Waste Area 2, and the routes 
of exposure for each of the potential receptors. The CSM exposure flow chart depicts the 
pathway for movement of a contaminant to a medium where the receptors may come into contact 
with the contaminant. 
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 4.0 Site Investigation Results
 

This chapter provides analytical results of the 2010 and 2011 RI. Surface and subsurface soil, 
sediment, surface water, and groundwater samples were collected at both Landfill Area 1 and 
Suspected Waste Area 2. In addition, a borehole deviation study and colloidal borescope 
flowmeter study was conducted at all existing monitoring wells at both sites. 

All analytical results were compared to the applicable standards in accordance with EPA’s 
April 2012 regional screening levels (RSL) (EPA, 2012a), with the values adjusted so that none 
exceeded a hazard quotient (HQ) of 0.1 or an incremental lifetime cancer risk (ILCR) of 1E-6. It 
should be noted that the screening level for TPH (C10-C28) was calculated based on residential 
exposure using the online RSL calculator (EPA, 2012b). An oral reference concentration of 
0.1 milligram per kilogram per day and a reference concentration of 0.2 milligram per cubic 
meter were used in the calculation (California Department of Toxic Substances Control [DTSC], 
2009; Massachusetts Department of Environmental Protection, 2002). Also, chemical properties 
of TPH from DTSC (DTSC, 2009) were used in the RSL calculator, as was the mean wind speed 
value of 5.1 meters per second, which was provided by EQB in the September 10, 2010 
comment letter on the Landfill Area 1 and Suspected Waste Area 2 work plan. Metals results 
from surface and subsurface soil samples were also compared to background concentrations 
(Shaw, 2004). Groundwater and surface water results were compared to EQB’s March 2010 
Puerto Rico Water Quality Standards Regulation (EQB, 2010a). 

4.1 Landfill Area 1 

4.1.1 Surface Soil Analytical Results 
A total of 21 surface soil samples were collected from 11 soil borings and 10 test pits both within 
and outside the interpreted Landfill Area 1 boundary. As described previously, the soil samples 
were analyzed for VOCs, SVOCs, TPH-GRO, TPH-DRO, TAL metals, pesticides, and PCBs. 

Organic compounds detected in surface soil are summarized in Table 4-1. The spatial 
distribution of organic compounds is shown on Figure 4-1. VOCs were not detected above RSLs 
in site surface soil. 

SVOCs were detected in 13 surface soil samples collected at Landfill Area 1. Six SVOCs 
exceeded their respective RSLs in 11 of the 13 surface soil samples. Benzo(a)pyrene was 
detected in 11 surface soil samples at concentrations above its RSL of 0.015 milligrams per 
kilogram (mg/kg). Concentrations ranged from 0.0562J mg/kg in test pit TP1-14 to 2.65 mg/kg 
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in test pit TP1-11. Benzo(a)anthracene was detected above its RSL of 0.15 mg/kg in eight 
surface soil samples. Concentrations ranged from 0.238 mg/kg in test pit TP1-9 to 3.11 mg/kg in 
test pit TP1-11. Benzo(b)fluoranthene was detected above its RSL of 0.15 mg/kg in seven 
Landfill Area 1 surface soil samples. Concentrations ranged from 0.203 mg/kg in test pit TP1-9 
to 2.83 mg/kg in test pit TP1-11. Indeno(1,2,3-cd)pyrene was detected above its RSL of 
0.15 mg/kg in six surface soil samples collected at Landfill Area 1. Concentrations ranged from 
0.218 mg/kg in soil boring LF1-SB20 to 2.03 mg/kg in test pit TP1-11. Dibenzo(a,h)anthracene 
was detected above its RSL of 0.015 mg/kg in five surface soil sample locations. Concentrations 
ranged from an estimated 0.047J mg/kg in test pit TP1-17 to an estimated 0.413J mg/kg in test 
pit TP1-11. Benzo(k)fluoranthene was detected above its RSL of 1.5 mg/kg in only one surface 
soil sample location at Landfill Area 1 (2.36 mg/kg at test pit TP1-11). All surface soil sample 
locations where SVOC concentrations exceeded RSLs (TP1-9, TP1-11, TP1-12, TP1-13, 
TP1-14, TP1-15, TP1-16, TP1-17, TP1-18, LF1-SB19, and LF1-SB20) are located within the 
interpreted boundary of buried debris at Landfill Area 1 (Figure 4-1). 

A total of four PCBs were detected in 10 surface soil samples. However, only two were detected 
at concentrations exceeding RSLs. Aroclor 1260 was detected in eight samples at concentrations 
ranging from 0.0279 mg/kg at LF1SB03 to an estimated 0.426J mg/kg at test pit TP1-18, with 
the concentrations at test pit TP1-15 (0.298 mg/kg), test pit TP1-16 (0.245 mg/kg), and test pit 
TP1-18 exceeding the RSL of 0.22 mg/kg. Aroclor 1242 was detected at test pit TP1-12 at a 
concentration (0.55 mg/kg) exceeding its RSL of 0.22 mg/kg. As with the SVOCs, all RSL 
exceedances were located within the interpreted boundary of buried debris at Landfill Area 1 
(Figure 4-1). 

Six pesticides were detected in nine surface soil samples. None were detected above the RSLs. 

TPH-DRO was detected in 11 samples at concentrations ranging from 9.62J mg/kg at soil boring 
LF1-SB20 to 481 mg/kg at test pit TP1-11. However, TPH-DRO concentrations did not exceed 
the RSL of 610 mg/kg. TPH-GRO was not detected in any of the Landfill Area 1 surface soil 
samples. 

Metals were detected above RSLs or background in all 21 surface soil samples; however, only 
3 samples exhibited metals concentrations exceeding both the RSL and background (Table 4-2). 
Analytes detected above background and RSLs included iron, thallium, and vanadium. Analytes 
detected above background only included barium, cadmium, lead, magnesium, mercury, nickel, 
selenium, and zinc. Analytes detected above RSLs only included aluminum, arsenic, cobalt, iron, 
manganese, thallium, and vanadium. The most common analyte exceeding its RSL value was 
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arsenic, with concentrations ranging from 3.1 to 31.5 mg/kg. Other maximum concentrations 
exceeding RSLs included aluminum at soil boring LF1SB19 (19,000 mg/kg), iron at test pit 
TP1-15 (63,600 mg/kg), and manganese at soil boring LF1SB21 (1,180 mg/kg). These samples 
were located both within and outside the interpreted boundary of buried debris at Landfill Area 1 
(Figure 4-2). 

4.1.2 Subsurface Soil Analytical Results 
A total of 35 subsurface soil samples were collected from 14 soil borings and 12 test pits both
	

within and outside the interpreted Landfill Area 1 boundary. As described previously, the soil
	
samples were analyzed for VOCs, SVOCs, TPH-GRO, TPH-DRO, TAL metals, pesticides, and
	

PCBs. The analytical results are summarized in Tables 4-3 and 4-4. The spatial distribution of
	
organic compounds is shown on Figure 4-3. 


No VOCs were detected above RSLs in subsurface soil samples. One SVOC, benzo(a)pyrene, 

was detected above the RSL at test pit locations TP1-13 (0.099J mg/kg) and TP1-14 

(0.0561J mg/kg). 


No PCBs or pesticides were detected above RSLs. 


Concentrations of TPH-DRO ranged from an estimated 5.87 mg/kg in the 2-3 feet bgs field
	

duplicate sample collected at soil boring LF1SB07 to 141 mg/kg in the 19-20 feet bgs sample 

collected from soil boring LF1SB04. TPH-GRO was detected in one sample collected from
	

TP1-13 at 13-13.5 feet bgs (3.29J mg/kg), but the RSL was not exceeded.
	

A total of 16 metals were detected in subsurface soil at concentrations above either RSLs or
	
background (Table 4-4). Two metals, arsenic and iron, were detected at concentrations that
	
exceeded both their respective RSLs and background levels. Concentrations of arsenic exceeding
	

both its RSL and BV, ranging from 38.4 mg/kg in the 37-38 feet bgs sample from test pit TP1-11 

to 40.6 mg/kg in the 10-11 feet bgs sample from soil boring LF1SB02. Iron exceeded both
	

screening values in the 10-11 feet bgs sample from soil boring LF1SB02 (Figure 4-4). Thallium
	

was detected exceeding its RSL in the 14.5-15.5 feet bgs sample from soil boring LF1SB08, the
	

37-38 feet bgs sample from test pit TP1-11, and the 12-12.5 feet bgs sample from test pit
	
TP1-15.  


4.1.3 Groundwater Analytical Results 
Groundwater samples were collected in July and December 2010 from all four permanent 
monitoring wells installed at Landfill Area 1. All samples were analyzed for VOCs, SVOCs, 
TPH-GRO, TPH-DRO, TAL metals (total and dissolved), pesticides, PCBs, anions, total 
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dissolved solids, total suspended solids, alkalinity, and various general chemistry parameters 
including nitrate. 

The only organic compounds detected in the permanent monitoring wells were chloroform and 
TCE. Both of these compounds were detected at concentrations exceeding their respective RSLs. 
Chloroform concentrations exceeded the RSL of 0.19 micrograms per liter (µg/L) in the four 
monitoring wells sampled during the 2010 sampling events, ranging from an estimated 0.34J 
µg/L in monitoring well RMW1-4 to an estimated 0.53J µg/L in monitoring well RMW1-3. The 
“J” flagged concentrations indicate that this data should be considered estimated. Additionally, 
these concentrations are less than the regulatory levels for drinking water, including the Puerto 
Rico Water Quality Standard (PRWQS) of 57 µg/L for chloroform (EQB, 2014) and the EPA 
Safe Drinking Water Act MCL of 70 µg/L for chloroform (EPA, 2016). TCE was also was 
detected at concentrations exceeded its RSL of 0.26 µg/L in at each monitoring well sampled 
during both 2010 sampling events, ranging from 6.5 µg/L in monitoring well RMW1-4 to an 
estimated 0.61J µg/L in monitoring well RMW1-1. Table 4-5 list organic compounds and water 
chemistry parameters detected in Landfill Area 1 monitoring wells. Figure 4-5 illustrates the 
organic compounds detected in site groundwater. Two of the nine Landfill Area 1 groundwater 
samples have TCE concentrations that marginally exceed the PRWQS and MCL value of 5 µg/L. 
Both of these TCE exceedances were detected in monitoring well RMW-1 (6.1 and 6.5 µg/L). 

Nitrate was detected in each of the Landfill Area 1 wells at concentrations that exceeded the RSL 
of 2,500 µg/L. The nitrate concentrations of these samples ranged from 4,300 to 4,900 µg/L. 
Each of these values is less than the PRWQS and MCL value of 10,000 µg/L for nitrate/nitrate. 

Total metals concentrations exceeding RSLs were not detected in any Landfill Area 1 monitoring 
well during either 2010 groundwater sampling event. However, concentrations of three filtered 
metals compounds, cobalt (1.1J µg/L), iron (1,360 µg/L), and manganese (47.2 µg/L) exceeded 
their respective RSLs during the December 2010 sampling event in monitoring well RMW1-4. 
Table 4-6 details the total and dissolved (filtered) metals results. Figure 4-6 details total and 
filtered metals detected in Landfill Area 1 groundwater. None of the metals detected in 
Landfill Area 1 groundwater exceeded their PRWQS or MCL regulatory values for drinking 
water. 

4.1.4 Sediment Sample Analytical Results 
Four sediment samples (including one duplicate) were collected from each of the two drainage 
ditches and the sinkhole adjacent to the landfill disposal area. The samples were analyzed for 
VOCs, SVOCs, TPH-GRO, TPH-DRO, TAL metals, pesticides, and PCBs. 
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Organic compounds were detected in all four samples collected during the June 2010 sampling 
event. However, only the SVOCs benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were detected at concentrations exceeding 
their respective RSLs. Benzo(a)anthracene was detected above its RSL of 0.15 mg/kg at 
sediment sample locations LF1SWSD03 (0.201J mg/kg in the field duplicate sample) and 
LF1SWSD04 (0.73 mg/kg). Benzo(a)pyrene was detected above its RSL of 0.015 mg/kg at 
LF1SWSD01 (0.129J mg/kg), LF1SWSD03 (0.218J mg/kg in field duplicate sample), and 
LF1SWSD04 (0.532 mg/kg). Dibenzo(a,h)anthracene was detected above its RSL of 
0.015 mg/kg at sediment sample locations LF1SWSD03 (0.0499J mg/kg in the field duplicate 
sample) and LF1SWSD04 (0.096J mg/kg). Indeno(1,2,3-cd)pyrene was detected above its RSL 
of 0.15 mg/kg at sediment sample locations LF1SWSD03 (0.173J mg/kg in the field duplicate 
sample) and LF1SWSD04 (0.364 mg/kg). The organic analytical results are summarized in 
Table 4-7. The distribution of organic compounds detected in sediment is shown on Figure 4-1. 

A total of 21 inorganic analytes were detected in the sediment samples at Landfill Area 1. 
However, only seven of the analytes (aluminum, arsenic, cobalt, iron, manganese, thallium, and 
vanadium) were detected exceeding their respective RSLs. All seven inorganic constituents were 
detected at sediment sampling locations LF1SWSD01 and LF1SWSD02 at concentrations above 
their respective RSLs. Only aluminum, arsenic, cobalt, iron , manganese, and vanadium were 
detected above their respective RSLs at sediment sampling location LF1SWSD03. Only arsenic, 
cobalt, iron, manganese, and thallium were detected above their respective RSLs at sediment 
sampling location LF1SWSD04. Table 4-8 summarizes the metals detected in sediment at 
Landfill Area 1. Figure 4-2 displays the distribution of metal analytes detected in sediment at 
Landfill Area 1. 

4.1.5 Surface Water Sample Analytical Results 
Surface water was not encountered at Landfill Area 1. The Landfill Area 1 drainage ditch 
contains water only during heavy rainfall events, when surface water runoff flows from the 
upgradient tarmac following the drainage ditches into the sinkhole near Landfill Area 1. All 
drainage ditches and the sinkhole were dry at the time of the RI. Therefore, surface water was 
not sampled at Landfill Area 1. 

4.1.6 Landfill Gas Monitoring Results 
Gas readings were collected from the surface of Landfill Area 1 and from barhole probes 
installed along the southwest side of Landfill Area 1. Both an FID and a GEM 500 CGI equipped 
with a carbon filter were used for the gas monitoring. Methane was not detected during the FID 
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surface emissions monitoring or GEM 500 CGI barhole probe monitoring. Table 4-9 provides all 
barhole probe monitoring information for Landfill Area 1. 

4.2 Suspected Waste Area 2 
As previously noted (Chapter 3.0), a geophysical investigation coupled with an exploratory test 
pit investigation did not identify the presence of buried municipal waste/debris within the area 
designated as Suspected Waste Area 2. Therefore, all surface and subsurface soil sample 
locations were based on the landfill boundary interpretation in the 2001 E&E site investigation 
and results of the July 2010 geophysical investigation. 

4.2.1 Surface Soil Analytical Results 
A total of 26 surface soil samples were collected from 14 soil borings and 12 test pits located 
both within and outside the interpreted area of deep fill in the July 2010 geophysical 
investigation (Appendix E) and the boundary interpretation in the 2001 E&E site investigation. 
As described previously, all surface soil samples were analyzed for VOCs, SVOCs, TPH-GRO, 
TPH-DRO, TAL metals, pesticides, and PCBs. Organic compounds detected in surface soil are 
summarized in Table 4-10. The spatial distribution of organic compounds is shown on 
Figure 4-7. 

SVOCs were not detected in site surface soil samples. 

VOCs were detected in 11 surface soil samples collected within and outside the interpreted 
boundary of Suspected Waste Area 2. Only three VOCs (acetone, methylene chloride, and 
2-butanone) were detected in the 11 surface soil samples; however, none exceeded their 
respective RSLs. 

PCBs were not detected in site surface soil samples. 

Pesticides were not detected in site surface soil samples. 

TPH-DRO was only detected in the surface soil sample from test pit location TP2-27 
(6.49J mg/kg), but at a concentration well below its RSL of 610 mg/kg. TPH-GRO was not 
detected in any of the surface soil samples collected from Suspected Waste Area 2. 

Metals were detected above RSLs or background in all 26 surface soil samples collected at 
Suspected Waste Area 2; however, only 3 samples exhibited metals concentrations exceeding 
both RSL and background (Table 4-11). Analytes detected above background and RSLs included 
arsenic, iron, and vanadium. Iron (56,200 mg/kg) and vanadium (117 mg/kg) exceeded 
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risk-based screening concentrations (RBSC) and background at soil boring LF2SB12. Iron 
(61,700 mg/kg) and vanadium (115 mg/kg) again exceeded RBSCs and background in the field 
duplicate sample collected from test pit TP2-21. Arsenic (56.5J mg/kg), iron (91,000 mg/kg), and 
vanadium (170J mg/kg) exceeded RBSCs and background in the field duplicate sample collected 
from test pit TP2-28. Analytes detected above background only included cadmium, nickel, 
chromium, magnesium, and selenium. Analytes detected above RSLs only included aluminum, 
cobalt, manganese, and thallium. The most common analyte exceeding its RSL was arsenic, with 
concentrations ranging from 5.8 to 56.5J mg/kg. Other maximum concentrations exceeding RSLs 
included aluminum in the field duplicate sample at test pit TP2-28 (23,100 mg/kg), manganese at 
test pit TP2-29 (1,650 mg/kg), and cobalt at soil boring LF2SB02 (16 mg/kg). These samples 
were located both within and outside the interpreted area of deep fill in the July 2010 
geophysical investigation (Appendix E) and the boundary interpretation in the 2001 E&E site 
investigation (Figure 4-8). 

4.2.2 Subsurface Soil Analytical Results 
A total of 48 subsurface soil samples were collected from 21 soil borings and 13 test pits located 
within and outside the interpreted deep fill boundary at Suspected Waste Area 2. The samples 
were analyzed for the same parameters as the surface soil. In addition, five subsurface samples 
were analyzed for explosives and perchlorate. Organic analyses results are summarized in 
Table 4-12 and displayed on Figure 4-9. 

Organic compounds were only detected in subsurface soil at two soil borings (LF2SB03 and 
LF2SB05-SUP) and three test pit locations (TP2-20, TP2-29, and TP2-30) at Suspected Waste 
Area 2. Only one SVOC, benzo(a)pyrene, exceeded its RSL of 0.015 mg/kg in soil boring 
LF2SB05-SUP (0.0481J mg/kg). No organic compounds exceeded RSLs in soil boring LF2SB03 
and test pits TP2-20, TP2-29, and TP2-30. 

Explosive compounds were not detected in subsurface soil at Suspected Waste Area 2. 
Perchlorate was detected in subsurface soil at test pit TP2-26-SUP only, but at a concentration 
below its RSL of 5.5 mg/kg. 

Metals were detected above RSLs or background in 46 subsurface soil samples collected at 
Suspected Waste Area 2; however, only 10 samples exhibited metals concentrations exceeding 
both RSLs and background (Table 4-13). Analytes detected above background and RSLs 
included arsenic, cobalt, iron, manganese, and vanadium. Arsenic was detected exceeding the 
RSL and background in nine subsurface soil sampling locations, ranging from 38.6 mg/kg in test 
pit TP2-20 to 49.1 mg/kg in soil boring LF2SB02. Concentrations of iron that exceeded the RSL 
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and background ranged from 69,800 mg/kg in soil boring LF2SB07 to 91,000 mg/kg in soil 
boring LF2SB12. Cobalt exceeded both the RSL and background in two soil borings, LF2SB02 
(50.5 mg/kg) and LF2SB07 (154 mg/kg). Manganese was detected exceeding the RSL and 
background in soil boring location LF2SB07 (8,700 mg/kg) only. Concentrations of vanadium 
exceeded the RSL and background in seven subsurface soil sampling locations, ranging from 
128 mg/kg in test pit TP2-20 to 175 mg/kg in soil boring LF2SB12. These samples were located 
both within and outside the interpreted area of deep fill in the July 2010 geophysical 
investigation (Figure 4-10). 

4.2.3 Groundwater Analytical Results 
Groundwater samples were collected in July and December 2010 from all five permanent 
monitoring wells installed at Suspected Waste Area 2. All samples were analyzed for VOCs, 
SVOCs, TPH-GRO, TPH-DRO, TAL metals (total and dissolved), pesticides, PCBs, anions, 
total dissolved solids, total suspended solids, alkalinity, and general chemistry parameters, 
including nitrate. 

The only organic compound detected in the permanent monitoring wells was TCE. TCE was 
detected at concentrations exceeded its RSL of 0.26 µg/L in each monitoring well sampled 
during both the July and December 2010 sampling events, ranging from 0.46J µg/L in 
monitoring well RMW2-2 to an estimated 1.1 µg/L in monitoring wells RMW2-1 and RMW2-3. 
These concentrations are less than the PRWQS and MCL regulatory value of 5 µg/L for TCE in 
drinking water. The VOC chloroform was detected below its RSL at well RMW2-1 during the 
July 2010 sampling event but was nondetect during the December 2010 sampling event. 
Table 4-14 list the organic compounds and general chemistry parameters detected in Suspected 
Waste Area 2 monitoring wells. Figure 4-11 illustrates the organic compounds detected in the 
groundwater at Suspected Waste Area 2.  

Nitrate was detected in each of the Suspected Waste Area 2 wells at concentrations that exceeded 
the RSL of 2,500 µg/L. The nitrate concentrations in these wells ranged from 3,300 to 
4,600 µg/L. Each of these is less than the PRWQS and MCL value of 10,000 µg/L for 
nitrate/nitrate. 

Total and filtered metals concentrations exceeding RSLs were not detected in any Suspected 
Waste Area 2 monitoring well during either 2010 groundwater sampling event. Neither did the 
concentrations of any metal detected in Suspected Waste Area 2 groundwater exceed its PRWQS 
or MCL regulatory values for drinking water. Table 4-15 details the total and dissolved (filtered) 
metals results. Figure 4-12 details total and filtered metals concentrations in groundwater. 
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4.2.4 Sediment Sample Analytical Results 
Four sediment samples (including one duplicate) were collected from a pond and water-filled 
sinkhole adjacent to Suspected Waste Area 2 in June 2010. The samples were analyzed for 
VOCs, SVOCs, TPH-GRO, TPH-DRO, TAL metals, pesticides, and PCBs. Two additional 
sediment samples were collected at the Suspected Waste Area 2 pond in September 2011 and 
analyzed for TPH-GRO and TPH-DRO only. 

Organic compounds were detected in all four samples collected during the June 2010 sampling 
event. However, none were detected exceeding their respective RSLs. Additionally, TPH was not 
detected above its RBSC during the follow-up sampling event in September 2011. The organic 
analytical results are summarized in Table 4-16. The distribution of organic compounds detected 
in sediment are shown alongside surface soil organic results on Figure 4-7. 

A total of 18 inorganic analytes were detected in the sediment samples at Suspected Waste Area 
2 collected during the June 2010 sampling event. However, only seven of the analytes 
(aluminum, arsenic, cobalt, iron, manganese, thallium, and vanadium) were detected exceeding 
their respective RSLs. All seven inorganic constituents were detected at sediment sampling 
locations LF2SWSD01, LF2SWSD02, and LF2SWSD03 at concentrations above their respective 
RSLs. Only aluminum, arsenic, cobalt, iron, manganese, and vanadium were detected above their 
respective RSLs at sediment sampling location LF1SWSD04. Metals results are summarized in 
Table 4-17. The distribution of metals compounds detected in sediment are shown alongside 
surface soil inorganic results on Figure 4-8. 

4.2.5 Surface Water Analytical Results 
Four surface water samples (including one duplicate) were collocated with the sediment sample 
locations at Suspected Waste Area 2 in June 2010. As with the sediment samples, these surface 
water samples were analyzed for VOCs, SVOCs, TPH-GRO, TPH-DRO, TAL metals, 
pesticides, and PCBs. Two additional surface water samples were collected at the Suspected 
Waste Area 2 pond in September 2011 and analyzed for TPH-GRO and TPH-DRO only. 

Table 4-18 summarizes the organic compounds detected in surface water as well as the general 
chemistry of the surface water. The distribution of organic compounds detected in surface water 
is shown on Figure 4-13. Only two VOCs, carbon disulfide at LF2SWSD01 and toluene at 
LF2SWSD04, were detected in surface water in June 2010, but both detections were below their 
respective RSLs. The SVOC bis(2-ethylhexyl)phthalate was detected at LF2SWSD02 at an 
estimated concentration (2.8J µg/L) above its RSL of 0.071 µg/L in June 2010. TPH exceeded its 
RSL of 160 µg/L at LF2SWSD01 (161 J µg/L), LF2SWSD02 (203J µg/L in the duplicate 
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sample), LF2SWSD03 (975 µg/L), and LF2SWSD04 (1,020 µg/L) during the June 2010 
sampling event. However, during the September 2011 follow-up surface water sampling event, 
TPH was only detected at one location, LF2SWSD04 (99.2 J µg/L), at a concentration below its 
RSL. 

Several total metals were detected in surface water at Suspected Waste Area 2 during the 
June 2010 sampling event (Table 4-19). However, only six of the analytes (aluminum, arsenic, 
cobalt, iron, manganese, and vanadium) were detected exceeding their respective RSLs. All six 
inorganic constituent concentrations above RSLs were detected at surface water sample locations 
LF2SWSD01 and LF2SWSD02. Mercury was also detected above RSL at LF2SWSD01 and 
LF2SWSD02, but was not detected above the levels found in the associated method blanks, field 
blanks, and/or equipment blanks and was therefore qualified as “R” (rejected). Four inorganics 
(arsenic, cobalt, iron, and manganese) were detected above RSLs at surface water sample 
location LF2SWSD04. Only arsenic and manganese were detected above their respective RSLs 
at surface water sample location LF1SWSD03. None of the metal concentrations detected in 
Suspected Waste Area 2 surface water exceed the respective PRWQS or MCL regulatory values 
for drinking water. The distribution of inorganic compounds detected in surface water is shown 
on Figure 4-14. 

4.2.6 Landfill Gas Monitoring Results 
LFG readings were collected outside the landfill boundaries, upwind, and downwind of 
Suspected Waste Area 2 in order to measure background concentrations. In addition, LFG was 
measured from the surface of Suspected Waste Area 2. A calibrated FID was used for the gas 
monitoring. Methane was not detected during the background or surface emissions monitoring. 
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5.0 Baseline Human Health Risk Assessment
 

5.1 Introduction 
A BHHRA was prepared as part of this RI to document potential human health risks associated 
with exposure to environmental media at Landfill Area 1 and Suspected Waste Area 2. This 
investigation has included the collection and analysis of groundwater, soil, surface water, and 
sediment. The BHHRA evaluates the analytical results from these samples for potential human 
health risks in accordance with the final work plan (Shaw, 2010) and incorporates subsequent 
comments from EQB (2010b). 

The primary objective of the BHHRA is to provide risk-based information for site management 
decisions involving the environmental media at the site. Specifically, this includes the following 
tasks: 

●		 Identify and evaluate baseline risks (i.e., risks that may exist if no remediation or 
institutional controls were to be applied) associated with environmental media. 

●		 Identify and evaluate uncertainties and potential data gaps associated with potential 
risks. 

Information from the BHHRA is intended to be used by decision-makers to 1) provide a basis for 
determining whether further study and/or site remediation is appropriate, and 2) provide a basis 
for comparing potential health and environmental impacts associated with various remedial 
alternatives evaluated in the feasibility study. 

The BHHRA was prepared following Risk Assessment Guidance for Superfund, Part D, 
(RAGS D) (EPA, 2001a). The RAGS D tables are included as Appendix I-1. 

5.1.1 Background Information 
The RAFB is located on the extreme northwestern tip of Puerto Rico, near the city of Aguadilla 
(Figure 1-1). The former Base, which occupies approximately 4,357 acres, was acquired by the 
U.S. Government between 1939 and 1963 and fully operational until its deactivation in 1973. 
The Base property is currently occupied by the Puerto Rico Port Authority, Puerto Rico National 
Guard, U.S. Customs, U.S. Coast Guard, educational facilities, several privately owned 
businesses, and residential property. Portions of the former Base also are leased to local farmers 
(E&E, 2001). Landfill Area 1 and Suspected Waste Area 2 are in the southeast corner of the 
RAFB (Figure 1-2). 

KN17\Ramey\LF1_2\RI \Final\F LF1_SWA2 RI\2/22/2017 8 02 AM 5-1 



 
    

            
             

            
    

            
              

                
                 
         

              
                  

                 
               
           

                 
  

                   
               

       
                

             
             

            
               
              

      

               
                 

           

                 
            

 

   

5.1.2 Site Description 
The summarized descriptions for Landfill Area 1 and Suspected Waste Area 2 provided below 
are based on observations made as part of the fieldwork performed for this RI, including 
geophysical study, test pit excavation, borehole drilling, and general reconnaissance. Please refer 
to Chapter 3.0 for additional information. 

Landfill Area 1. Landfill Area 1 proper consists of the former burial area and an adjacent 
sinkhole toward the southwest (Figure 2-1). The former burial area is approximately 5.4 acres, 
and the sinkhole is about 0.8 acre. A small (approximately 1 acre) hill is located immediately 
north of the burial area. Topographic relief in the area of Landfill Area 1, including the small 
hill, is approximately 70 feet and slopes toward the sinkhole, which is approximately 35 feet 
deep. An aircraft apron used to store inoperable and scrap aircraft is located approximately 
400 feet north of the site. The time period or nature of disposal at this site has not been 
determined from existing records. However, a 1966 map of the Base refers to Landfill Area 1 as 
a “sanitary fill” area. An aerial photograph indicates that disposal was occurring in 1970, but this 
is the only historic information on disposal discovered to date. Two drainage ditches run north to 
south, one on each side of the apron, to the sinkhole. These ditches contain water only during 
precipitation events. 

A total of 18 test pits were excavated in an attempt to determine the extent of the debris burial 
area (Figure 2-1). A total of eight test pits were located outside the previously interpreted landfill 
boundary (E&E, 2001) and the geophysical interpretation conducted in July 2010 (Appendix E). 
Seven of the eight external test pits thought to be external displayed no evidence of buried 
debris. Ten test pits were excavated within the interpreted landfill boundary to confirm the 
presence and nature of the burial debris. Buried debris was encountered at all 10 interior test pit 
locations. The types of material encountered included municipal trash (tires, bottles, plastic bags, 
clothes, etc.) and construction debris (concrete, rebar, etc.), some of which is present at ground 
surface. Figure 2-1 represents the current interpretation of fill extent, which has been adjusted 
based on test pit and soil boring results. 

Some of the landfilled material has become exposed at the surface due to erosion, especially 
along the western edge of the landfill, adjacent to the sinkhole. There has also been some public 
dumping of refuse south and east of the landfill area. 

Reportedly, the 5.4-acre Landfill Area 1 site had been leased to a local farmer as part of an 
18-acre tract and used for grazing cattle (E&E, 2001). The property was not being used for cattle 
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grazing during field activities. The sinkhole is heavily barricaded to prevent cattle (and perhaps 
trespassers) from gaining access to the sinkhole. 

Suspected Waste Area 2. Suspected Waste Area 2 (Figure 2-2) is a flat-lying, grass-covered 
tract currently used by a tenant for grazing and crop growing. Two geophysical surveys were 
conducted at Suspected Waste Area 2 in 1996 and 1997, but the results were inconclusive, 
perhaps because of techniques used and spacing of the sensors. Based on the previous 
geophysical surveys, the presumed burial area for Suspected Waste Area 2 occupied 
approximately 23 acres. However, the 2010 geophysical survey identified an area of potential 
unconsolidated fill of only 10.86 acres and failed to detect any buried material at the site. 
Suspected Waste Area 2 is reported to have received municipal household garbage from a former 
adjacent Air Force housing development called “Tropical Acres.” However, no official records 
of disposal activities at this site have been located. There are several old building foundations 
that appear to have been built when the Base was operating (E&E, 2001). A pond to the 
northeast of the burial area was constructed by USACE and altered by the tenant farmer to use 
for drinking water for cattle. A broad shallow sinkhole is located about 200 feet north of the 
burial area. Surface runoff from a small part of the burial area drains into the sinkhole, but for the 
most part, the slope of the Suspected Waste Area 2 is toward the south. 

A total of 30 test pits were excavated in an attempt to determine the presence of buried debris at 
Suspected Waste Area 2 (Figure 2-2). Of these, 22 were located based on the landfill boundary 
interpretation in the site investigation (E&E, 2001). No buried debris was observed in any of the 
22 test pit excavations within or outside the E&E-interpreted landfill boundary. The July 2010 
geophysical study of Suspected Waste Area 2 did not detect buried debris (Appendix E). The 
only anomaly interpreted during the geophysical investigation was an area of low apparent 
resistivity that was interpreted as potential fill but could not be confirmed. A total of eight test 
pits were located within this area of low resistivity to confirm the absence of buried debris. No 
debris was observed in the eight confirmation test pits. Soil encountered at all test pit locations 
was uniform in lithology, generally red-orange silty clay grading to relatively shallow weathered 
limestone at all test pit locations. 

The absence of debris in any test pit excavation, the uniformity of lithology, and the absence of 
buried debris in the geophysical survey indicate that the area known as Suspected Waste Area 2 
does not contain municipal buried debris and was never utilized as a waste dump or landfill. 
Currently, the Suspected Waste Area 2 property is leased by a local farmer as part of a 65-acre 
tract. The farmer uses it to graze cattle, and the property has reportedly been used in the past to 
grow crops (E&E, 2001). 
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5.1.3 Organization of the BHHRA 
The BHHRA presents the methods used, the results generated, and the interpretation of these 
results. This chapter is organized as follows: 

●		 Data Evaluation (Section 5.2). Identifies data sources, evaluates data quality, 
identifies chemicals of potential concern (COPC), and provides a background 
screening. 

●		 Exposure Assessment (Section 5.3). Presents a conceptual site exposure model 
(CSEM), including contaminant sources, contaminant release mechanisms, receptors, 
and exposure pathways; describes exposure-point concentrations (EPC); and presents 
methods for calculating chemical intake and contact rates. 

●		 Toxicity Assessment (Section 5.4). Describes the potential for cancer and/or 
noncancer human health effects, provides an estimate of the quantitative relationship 
between the magnitude of dose or contact rate and the probability and/or severity of 
adverse effects, identifies the toxicity values that are used in the BHHRA, and 
describes the development of dermal toxicity values. 

●		 Risk Characterization (Section 5.5). Combines the output of the exposure 
assessment and toxicity assessment to quantify the risk to each receptor in each area 
of concern. 

●		 Uncertainties Analysis (Section 5.6). Identifies uncertainties in all phases of the 
BHHRA and discusses their individual effects on the risk assessment results, 
emphasizing those items that are most likely to have the greatest effect on risk 
estimates and/or site management decisions. 

●		 Summary/Conclusions (Section 5.7). Provides a brief summary of the entire 
BHHRA, including quantitative results, uncertainties, and pertinent site information. 
Summary and discussion is focused on those results and issues that are most likely to 
directly affect site management decisions. 

5.2 Data Evaluation 
Data evaluation consists of a description of the appropriate data sources for each environmental 
medium associated with the Landfill Area 1 and Suspected Waste Area 2 BHHRA, a discussion 
of data quality, a description of the methodology for and the identification of COPCs, and a 
presentation of the COPCs for Landfill Area 1 and Suspected Waste Area 2 environmental 
media. 

5.2.1 Data Sources 
Data used in the BHHRA include the analytical results of surface soil, subsurface soil (to a depth 
of 6 feet), groundwater, sediment, and surface water samples collected during the investigation 
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efforts. Sampling locations for Landfill Area 1 and Suspected Waste Area 2 are shown on 
Figures 2-1 and 2-2, respectively. Samples used in the BHHRA for Landfill Area 1 and 
Suspected Waste Area 2 are listed in Tables 5-1 and 5-2, respectively. 

5.2.2 Evaluation of Data Quality 
The quality of the analytical data is evaluated to select data for inclusion in the BHHRA. Data 
quality is expressed by the assignment of qualifier codes during the analytical laboratory QC 
process or during data validation that reflect the level of confidence in the data. The following 
are some of the more common qualifiers and their meanings (EPA, 1989a): 

U - Chemical was analyzed for but not detected; the associated value is the sample 
quantitation limit. 

J - Value is estimated, probably below the contract-required limit of quantitation. 

N - The analysis indicates an analyte for which there is presumptive evidence to make a 
tentative identification. 

NJ- The analysis indicates a tentatively identified analyte, and the reported value 
represents its approximate concentration. 

UJ- The analyte was not detected above the reported sample limit of quantitation. 
However, the reported limit is approximate and may or may not represent the actual 
limit of quantitation necessary to accurately and precisely measure the analyte in 
the sample. 

R - QC indicates that the data are unusable (chemical may or may not be present). 

B - The concentration in the sample is not sufficiently higher than concentration in the 
blank, using the 5-times, 10-times rule: A chemical is considered a nondetect 
unless its concentration exceeds five times the blank concentration. For common 
laboratory contaminants (acetone, 2-butanone [methyl ethyl ketone], methylene 
chloride, toluene, and the phthalate esters), the sample concentration must exceed 
10 times the blank concentration to be considered a detection. 

Data qualified “J,” “N,” and “NJ” were used in the BHHRA; “R”-qualified data were not. The 
use of data with other, less common qualifiers was evaluated on a case-by-case basis. Generally, 
data for which the identity of the chemical is unclear are not used in the BHHRA. When 
confidence is reasonably high that the chemical is present, but the actual concentration is 
somewhat in question, the data generally are used in the BHHRA. The results of field duplicates 
were averaged for that sample, and these average values were used as the representative values in 
that sample for the respective analytes. 
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5.2.3 Chemicals of Potential Concern 
The purpose of identifying COPCs is to focus the analysis on a set of chemicals that may be 
pertinent to human health risks. The COPC process includes a screening protocol that considers, 
in order, status as essential macronutrients, risk-based screening, and frequency of detection. 
A chemical that passes each of the screening criteria presented in the following sections is 
retained as a COPC. Please note that Landfill Area 1 and Suspected Waste Area 2 media are 
screened separately because they are evaluated separately. Also, please note that soils inside the 
burial area are screened separately from soils outside the burial area. These are likewise 
evaluated separately because of different exposure assumptions associated with their potential 
uses (Section 5.3). 

5.2.3.1 Exclusion of Essential Macronutrients 
Elements that are identified as essential macronutrients (calcium, sodium, potassium, and 
magnesium) are excluded from consideration in the BHHRA. The nutritional element iron was 
carried through the COPC selection process and evaluated quantitatively for risks. However, due 
to concerns with the uncertainty of the provisional oral reference dose (RfD) for iron 
(EPA, 2006), the potential for health effects from this human macronutrient are further discussed 
in the uncertainty analysis (Section 5.6.2.7). 

5.2.3.2 Regional Screening Levels 
This step of the human health risk assessment screening consists of comparing the maximum 
detected concentration (MDC) with screening criteria derived from EPA RSL tables for all site 
samples (EPA, 2012a). 

RSLs are screening levels that reflect an ILCR of 1E-6 and a hazard index (HI) of 1.0. For the 
Landfill Area 1 and Suspected Waste Area 2 sites, the RSLs were adjusted as necessary to reflect 
an HI of 0.1 for noncancer effects, providing additional protection for simultaneous exposure to 
multiple chemicals. Chemicals with MDCs that are less than their RSLs are not considered 
further in the risk assessment because it is very unlikely that they would contribute significantly 
to risk. If no chemical within a medium exceeds its RSL, then that medium and its exposure 
pathways are eliminated from the risk assessment process. If the MDC exceeds the RSL, the 
chemical is selected as a COPC for that medium. Chemical concentrations in surface soil, 
subsurface soil, and sediment are compared with “residential soil” RSLs. Chemical 
concentrations in groundwater and surface water are compared to “tap water” RSLs. 
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5.2.3.3 Frequency of Detection 
When confidence is high that a given chemical is present, the data generally are used in the 
BHHRA. For most chemicals, their detection is presumptive evidence of their presence. As 
suggested by EPA (1989a), chemicals that are reported infrequently may be artifacts in the data 
that do not reflect the actual presence of the chemical in question. For the Landfill Area 1 and 
Suspected Waste Area 2 BHHRA, chemicals that are reported only at low concentrations in less 
than 5 percent of the samples from a given medium were excluded from further consideration, 
unless their presence would have been expected based on historical information about the site. 
Chemicals detected infrequently at high concentrations (i.e., the MDC exceeds 10 times the 
[adjusted] RSL) may identify the existence of contaminant plumes or limited “hot spots” and are 
retained as COPCs. Please note that no such infrequent detections at high concentrations were 
observed for Landfill Area 1 or Suspected Waste Area 2 media. 

5.2.3.4 Chemicals of Potential Concern Identification 
The screening process described in the previous sections and COPC identification for each 
Landfill Area 1 and Suspected Waste Area 2 environmental medium are presented in the RAGS 
D tables included in Appendix I-1 of this report. The COPCs for each medium in Landfill Area 1 
and Suspected Waste Area 2 are presented in the following sections. COPCs that are not 
demonstrated to be attributable to non-site-related background conditions (Section 5.2.4) are 
carried forward into the exposure assessment (Section 5.3), toxicity assessment (Section 5.4), 
and risk characterization (Section 5.5). 

5.2.3.4.1 Landfill 1 COPCs 

●		 Surface Soil, Inside Burial Area – Aluminum, arsenic, chromium, cobalt, iron, 
manganese, thallium, vanadium, Aroclor 1242, Aroclor 1260, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenz(a,h)anthracene, 
and indeno(1,2,3-c,d)pyrene 

●		 Surface Soil, Outside Burial Area – Aluminum, arsenic, chromium, cobalt, iron, 
manganese, thallium, and vanadium 

●		 Total Soil, Outside Burial Area – Aluminum, arsenic, chromium, cobalt, iron, 
manganese, thallium, and vanadium 

●		 Groundwater – Chromium, TCE, and nitrate 

●		 Sediment - Aluminum, arsenic, chromium, cobalt, iron, manganese, thallium, and 
vanadium, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
dibenz(a,h)anthracene, and indeno(1,2,3-c,d)pyrene. 
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5.2.3.4.2 Suspected Waste Area 2 COPCs 

●		 Surface Soil - Aluminum, arsenic, chromium, cobalt, iron, manganese, thallium, 
and vanadium 

●		 Total Soil - Aluminum, arsenic, chromium, cobalt, iron, manganese, thallium, 
vanadium, and benzo(a)pyrene 

●		 Groundwater – Chromium, trichlorethene, fluoride, and nitrate 

●		 Surface Water - Aluminum, arsenic, chromium, cobalt, iron, manganese, 
vanadium, and bis(2-ethyhexyl)phthalate 

●		 Sediment - Aluminum, arsenic, chromium, cobalt, iron, manganese, thallium, and 
vanadium. 

5.2.4 Soil Background Evaluation 
A number of the COPCs identified for Landfill Area 1 and Suspected Waste Area 2 are inorganic 
constituents that are part of normal background concentrations associated with the native soil 
and/or deposition from ambient air. An installation-wide background study was prepared and a 
protocol developed to evaluate concentrations of inorganic chemical constituents found in RAFB 
site surface and subsurface soils to those of background surface soils and subsurface soils 
(Shaw, 2004). Based on the installation-wide background soil data sets, upper tolerance limit 
concentrations were calculated separately for inorganics detected in surface and subsurface 
background soil (Shaw, 2004). These upper tolerance limit BVs were used as part of a weight of 
evidence to exclude inorganics that are clearly not associated with former site RAFB site 
activities from the quantitative evaluation in the BHHRA. The installation-wide background 
study presents the background data sets, BVs, and associated information, such as range of 
concentrations, means, medians, and frequency of detection. 

Landfill Area 1 and Suspected Waste Area 2 surface and subsurface soil concentrations of 
COPCs were compared to background soil concentrations using three general methods: a 
comparison of the site MDC to the BV, a statistical comparison of complete site data sets to 
background data sets, and if necessary, a geochemical evaluation. Please note that Landfill Area 
1 and Suspected Waste Area 2 were evaluated as separate sites and surface soil and subsurface 
soil were evaluated as separate media. Surface soil inside the Landfill Area 1 burial area was 
evaluated separately from surface soil outside the burial area. 

In the first step of the background soil evaluation for Landfill Area 1 and Suspected Waste Area 
2, MDCs of the inorganic COPCs were compared to background BVs from the installation-wide 
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study as a means of preliminarily identifying the presence of potential hot spots. Second, the 
Landfill Area 1 and 2 soil data sets were statistically compared to the background soil data sets. 
This statistical comparison was performed using the Wilcoxon Rank Sum (WRS) statistical test 
(also known as the Mann-Whitney U test). The WRS test, described in the installation-wide 
background study report (Shaw, 2004), is a nonparametric test that compares the medians 
between two sets of data and provides a determination as to whether the two data sets may be 
from the same population. Box plots were also developed and used to visually compare the site 
and background distributions and properly interpret the results of the WRS test. Site data sets 
were interpreted as being significantly different from installation-wide background if the 
associated p-level was less than 0.05. If the WRS results indicate significant difference, the box 
plots were then observed to determine whether this difference results from the concentrations of 
a given inorganic in the site soil data set being significantly greater than or less than those in the 
installation-wide background data set. 

If the MDC of the inorganic COPC is greater than the BV or the WRS/box-and-whisker plot 
results indicate that the concentration of the COPC in the site data set exceeds that of the 
installation-wide background, then a geochemical evaluation is performed. The purpose of the 
geochemical evaluation was to determine if the apparently elevated concentrations are 
attributable to background conditions. The geochemical evaluation, which is described in detail 
in the installation-wide background soil report (Shaw, 2004), evaluates relationships of trace 
elements that tend to naturally co-vary with major element concentrations in the soil matrix. 
Correlation plots are used to depict these relationships and identify aberrantly high 
concentrations of an element (in relation to other elements) that may signify the presence of 
contamination. If the geochemical evaluation indicated that the chemical was naturally 
occurring, it was considered to be background related and not evaluated further. 

WRS statistical output and the associated box plots are presented in Appendix I-2. The 
geochemical analyses performed for Landfill Area 1 and Suspected Waste Area 2 are provided in 
Appendix K. The results of the background evaluations are presented in Tables 5-3 through 5-7 
and summarized in the following sections. 

5.2.4.1 Landfill Area 1 Inside the Burial Area Surface Soil 
The following COPCs were identified for Landfill Area 1 surface soil from inside the burial area: 
aluminum, arsenic, chromium, cobalt, iron, manganese, thallium, and vanadium. Table 5-3 
provides a summary of the Landfill Area 1 inside the burial area surface soil data as compared to 
the installation-wide background surface soil data set. Of the eight inorganic COPCs, only iron 
was found to be site related. In addition, thallium was detected in Landfill Area 1 surface soil 
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inside the burial area surface soil but was not detected in the installation-wide background 
surface soil data set. Therefore, thallium was carried forward into the exposure assessment under 
the assumption that it is site related. Thallium is a typical component of soils. The lack of 
thallium detections in the background soil is likely because of lower sensitivities in the 
laboratory analysis performed as part of the background study (Shaw, 2004); please note that 
most reported limits for thallium in soil for this RI were less than 1 mg/kg, whereas all of those 
in the background study were 2 mg/kg or greater (Shaw, 2004). The other six inorganic COPCs 
were found to be background related. Aluminum, arsenic, chromium, cobalt, and iron, and 
manganese all had MDC values less than the BVs and were also shown to be present at 
background based on WRS and box plot results. 

5.2.4.2 Landfill Area 1 Surface Soil Outside the Burial Area 
The following COPCs were identified for Landfill Area 1 surface soil from outside the burial 
area: aluminum, arsenic, chromium, cobalt, iron, manganese, thallium, and vanadium. Table 5-4 
provides a summary of data from Landfill Area 1 surface soil outside the burial area compared to 
the installation-wide background surface soil data set. Concentrations of seven of the eight 
inorganic COPCs were shown to be background related. Thallium was detected in Landfill Area 
1 surface soil outside the burial area but was not detected in the installation-wide background 
surface soil data set. Therefore, thallium was carried forward into the exposure assessment under 
the assumption that it is site related. However, as discussed in Section 5.2.4.1, thallium is a 
typical component of natural soils. Aluminum, arsenic, chromium, cobalt, and manganese all had 
MDC values less than the BVs and were also shown to be present at background based on WRS 
and box plot results. Iron and vanadium had MDC values that slightly exceed the respective BVs 
but were shown to be at background levels based on the WRS test and geochemical results. 

5.2.4.3 Landfill Area 1 Subsurface Soil Outside the Burial Area 
The following COPCs were identified for Landfill Area 1 subsurface soil from outside the burial 
area: aluminum, arsenic, chromium, cobalt, iron, manganese, and vanadium. Table 5-5 provides 
a summary of data from Landfill Area 1 subsurface soil outside the burial area compared to the 
installation-wide background subsurface soil data set. Concentrations of all seven inorganic 
COPCs were shown to be background related. The MDC of each was shown to be less than the 
corresponding BV, and the WRS and box plot results show that each data set is consistent with 
background concentrations. 

5.2.4.4 Suspected Waste Area 2 Surface Soil 
The following COPCs were identified for Suspected Waste Area 2 surface soil: aluminum, 
arsenic, chromium, cobalt, iron, manganese, thallium, and vanadium. Table 5-6 provides a 
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summary of the Suspected Waste Area 2 surface soil data compared to the installation-wide 
background surface soil data set. Concentrations of seven of the eight inorganic COPCs were 
shown to be background related. Thallium was detected in Suspected Waste Area 2 surface soil 
thallium was carried forward into the exposure assessment under the assumption that it is site 
related. However, as discussed in Section 5.2.4.1, thallium is a typical component of natural 
soils. Please note that based on the findings of this RI, there have not been any disposal activities 
at Suspected Waste Area 2, and no evidence has been found of other DOD activities at this site 
that may have resulted in environmental impacts. That being the case, the concentrations of 
thallium found in Suspected Waste Area 2 surface soil are likely associated with background 
concentrations. In addition, aluminum, arsenic, chromium, cobalt, and manganese all had MDC 
values less than the BVs and were also shown to be present at background based on WRS and 
box plot results (Appendix I-2). Iron and vanadium had MDC values that slightly exceed the 
respective BVs but were shown to be at background levels based on the WRS test and 
geochemical results. 

5.2.4.5 Suspected Waste Area 2 Subsurface Soil 
The following COPCs were identified for Suspected Waste Area 2 subsurface soil: aluminum, 
arsenic, chromium, cobalt, iron, manganese, and vanadium. Table 5-7 provides a summary of the 
Suspected Waste Area 2 subsurface soil data as compared to the installation-wide background 
subsurface soil data set. Concentrations of all seven inorganic COPCs were shown to be 
background related. The MDC of each was shown to be less than the corresponding BV, and the 
WRS and box plot results show that each data set is consistent with background concentrations. 

5.2.4.6 Sediment and Other Media 
No installation-wide background data are available for groundwater, surface water, or sediment. 
For Landfill Area 1, two dry sediment samples were collected from the drainage ditches that feed 
into the sinkhole. These were used as qualitative reference samples to determine upgradient dry 
sediment concentrations, especially with respect to organic COPCs, and whether COPCs found 
in the sinkhole sediment may be related to upgradient conditions. A comparison of the analytical 
results of these upgradient samples to the sediment samples from the sinkhole reveals that the 
sinkhole samples have somewhat higher concentrations of polynuclear aromatic hydrocarbons 
(PAH) (Table 4-7), which are the only organics COPCs. The five PAH COPCs also occur in at 
least one Landfill Area 1 surface soil sample within the burial area, which suggests that the 
PAHs in the sinkhole sediment most likely are site related. 
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5.2.5 Evaluation of the Groundwater-to-Indoor Air Pathway 
As part of the risk assessment process, the potential for vapors from contaminants in 
groundwater to be released via the groundwater-to-indoor air pathway, or vapor intrusion (VI) 
pathway, was evaluated. Currently, there are no buildings at either Landfill Area 1 or at 
Suspected Waste Area 3. As stated in current VI guidance (EPA, 2015), soil gas concentrations 
generally decrease with increasing distance from a subsurface vapor source, and at some distance 
these concentrations become negligible. EPA (2015) recommends that a distance of 100 feet, 
either laterally or vertically, be used as an exclusion zone for VI investigations. The depth to 
groundwater underlying Landfill Area 1 and Suspected Waste Area 3 is more than 200 feet. 
Therefore, it was determined that further evaluation of the VI pathway as not warranted, as vapor 
concentrations from groundwater at a depth of over 200 feet were regarded as negligible. 

5.3 Exposure Assessment 
Exposure is the contact of a receptor with a chemical or physical agent. An exposure assessment 
estimates the type and magnitude of potential exposure of a receptor to COPCs found at or 
migrating from a site (EPA, 1989a). An exposure assessment includes the following steps: 

● Characterize the physical setting. 
● Identify the contaminant sources, release mechanisms, and migration pathways. 
● Identify the potentially exposed receptors. 
● Identify the potential exposure pathways. 
● Estimate exposure concentrations. 
● Estimate chemical intakes or contact rates. 

5.3.1 Conceptual Site Exposure Model 
The CSEM provides the basis for identifying and evaluating the potential risks to human health 
in the BHHRA. The CSEMs for Landfill Area 1 inside the burial area, Landfill Area 1 outside 
the burial area, and Suspected Waste Area 2 are shown in RAGS D Tables 1.1, 1.2, and 1.3, 
respectively (Appendix I-1). These tables include the receptors appropriate to all plausible 
current and future land-use scenarios and associated exposure pathways. The CSEMs present all 
possible pathways by which a potential receptor may be exposed, including all sources, release 
and transport pathways, and exposure routes. Contaminant release mechanisms and transport 
pathways are not relevant for direct receptor contact with a contaminated source medium. 

Specifically, the RAGS D Table 1 CSEM elements include the following parameters: 

● Site 
● Time frame 
● Medium 
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● Exposure medium 
● Exposure point 
● Receptor population 
● Receptor age group 
● Exposure route 
● Type of analysis 
● Selection/exclusion rationale of pathway. 

The receptors and pathways shown in the RAGS D tables reflect plausible scenarios developed 
from information regarding site background and history, topography, climate, and demographics 
discussed in earlier sections of this document. 

5.3.1.1 Physical Setting 

Landfill Area 1. Landfill Area 1 consists of the burial area and adjacent sinkhole. The burial 
area comprises approximately 5.4 acres, and the sinkhole comprises approximately 0.8 acre. 
Samples collected inside of and outside of the burial area are evaluated separately in the 
BHHRA; the latter evaluation includes the dry sediment samples from the sinkhole. 
Landfill Area 1 is predominantly an open grassy area, with a patch of sparse shrub/scrub 
vegetation on the south-central portion of the landfill and a few deciduous trees on the southeast 
side. Topographic relief in the vicinity of Landfill Area 1, including a small hill north of the 
burial area, is approximately 70 feet and slopes toward the sinkhole, which is approximately 
35 feet deep. 

Currently, this 6.2-acre site (i.e., burial area and sinkhole) does not appear to be used for any 
purpose but had been leased to a local farmer as part of an 18-acre tract which is fenced with 
barbed wire. The farmer had used this property for grazing cattle (E&E, 2001). The sinkhole is 
heavily barricaded to prevent cattle (and perhaps trespassers) from gaining access to the 
sinkhole, which has steep, treacherous terrain. The entire surface of the burial area appears to be 
unstable, and waste material (including municipal waste and construction debris) are at and near 
the surface throughout the burial area. These features render the burial area unfit for 
development, tilling, or virtually any purpose other than grazing of livestock. 

The burial area slopes from east to west, with a large drainage ditch that terminates in the large 
sinkhole on the western side. The drainage ditch, situated along the northwest side of the landfill, 
is entirely canopied by deciduous trees and thick underbrush. A second drainage ditch farther 
west also drains into the sinkhole. The nearer ditch is approximately 4 to 6 feet wide at the base, 
and the walls are approximately 10 to 15 feet in height. The walls of the ditch are very steep and 
the inherent hazards would minimize regular access by any receptor, except perhaps a trespasser 
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(e.g., an adolescent) who may access the ditch to visit the sinkhole. The bed and walls of the 
ditch show evidence of large volumes of water rushing through the ditch. Presumably, heavy 
rains create surges of overland runoff, which is channeled through the ditch and into the 
sinkhole. The ditch appears to be eroding into the sinkhole. Neither the ditches nor the sinkhole 
contained water during field activities. The ditches and sinkhole apparently contain water only 
during precipitation events. Ponded storm water can reportedly remain in the sinkhole for up to a 
week after a storm (E&E, 2001). 

Landfill Area 1 property adjacent to the burial area is currently used for grazing cattle. However, 
crop farming or residential/commercial development of most of this property outside of the 
burial area appears to be plausible, as long as such activities are not conducted too near the 
sinkhole. An aircraft apron used to store inoperable and scrap aircraft is located approximately 
400 feet north of the site. A residential area is located across the road from the landfill. Industrial 
and commercial buildings are located next to and across from a frontage road on the eastern side 
of the landfill. 

Suspected Waste Area 2. The Suspected Waste Area 2 site includes approximately 23 acres 
that reportedly had been used for disposal within a larger, fenced agricultural field surrounded by 
other agricultural fields, cow pastures, and abandoned Base housing. Currently, the Suspected 
Waste Area 2 property is leased to a local farmer as part of a 65-acre tract. The farmer uses it to 
graze cattle and has reportedly been used in the past to grow crops (E&E, 2001). 

The landfill terrain consists of flat to very gently rolling hills, with the highest point in the 
northeastern corner. A broad, shallow sinkhole is located about 200 feet north of the burial area. 
Surface runoff from a small part of the burial area drains into the sinkhole, but for the most part, 
the slope of Suspected Waste Area 2 is toward the south. This sinkhole contained water during 
the field activities. 

A pond is located to the northeast of Suspected Waste Area 2. It is man-made and surrounded by 
a barbed wire fence. Local field workers indicate that the pond is filled with water from a 
municipal reservoir. The water is used to irrigate crops via gravity feed and provide water for 
cattle. Because the pond is located at the highest point of the area, is fed from an off-site source, 
and is not located in an area identified as containing disposed material, it is not expected that 
potential contaminants from Suspected Waste Area 2, if present, would migrate via groundwater 
or surface runoff into the pond. 
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No records of disposal activities at Suspected Waste Area 2 have been located to date. The 
absence of debris in any test pit excavation, the uniformity of lithology, and the absence of 
buried debris in the geophysical survey indicate that the area known as Suspected Waste Area 2 
does not contain municipal buried debris and was never utilized as a waste dump or landfill. 

The physical setting of Suspected Waste Area 2 does not appear to preclude any specific future 
uses of this property. 

5.3.1.2 Source of Contamination Potentially Released at Site 
The source of the contamination potentially released at the landfills is the waste materials 
dumped or buried at the site. Please note that, as described in Section 5.3.1.1, no evidence of 
disposal or waste materials was found with respect to Suspected Waste Area 2. 

5.3.1.3 Media of Interest 
Potentially contaminated source media are probably limited to surface and subsurface soil. The 
water table is located more than 200 feet bgs; therefore, waste would not have been disposed 
directly into groundwater. Potential exposure media relevant to the RAFB landfills include 
surface soil, total soil, groundwater, sediment, surface water, air, and agricultural food products. 
Groundwater may be contaminated by leaching and, possibly, preferential flow pathways 
associated with the karst geology. 

At Landfill Area 1, the dry sinkhole sediment is evaluated because sediment from the sinkhole 
may have been impacted from landfill materials as a result of overland flow and erosion of 
materials in soil. Both surface water and sediment were evaluated at Suspected Waste Area 2. 
This includes surface water and sediment from the sinkhole to the north and surface water and 
sediment from the agricultural pond to the northeast. Surface water and sediment from the 
sinkhole north of Suspected Waste Area 2 may be impacted as a result of overland flow and 
erosion of materials in soil. Surface water and sediment in the agricultural pond associated with 
Suspected Waste Area 2 seemingly would not contain contamination from materials at Suspected 
Waste Area 2, as this pond is supplied by an off-site source, is of fairly recent construction, is 
within a topographic high, and is outside of the area that had been interpreted as containing 
disposed material (E&E, 2001). However, surface water and sediment were evaluated to ensure 
that this pond was not impacted in some way by reported former Suspected Waste Area 2 
operations. 
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5.3.1.4 Release Mechanisms and Transport Pathways 
Potential contaminant release mechanisms and transport pathways relevant to risk assessment of 
the landfills include the potential migration of contaminated leachate through soil to groundwater 
(potentially a potable water source), release of soil dust as airborne particulates, volatilization of 
VOCs from soil into the air, and volatilization of VOCs from groundwater into the air, assuming 
household use of groundwater. In addition, fruits and vegetables grown on contaminated soil 
may accumulate contaminants and be ingested by humans, or other vegetation grown on site may 
accumulate contaminants and be ingested by livestock that provide food for humans. 

5.3.1.5 Identification of Receptors and Exposure Pathways 
Several different types of receptors may be exposed to environmental media at the RAFB landfill 
areas under both current and future site-use assumptions, as there is no formal land-use control in 
these areas. The receptors and the environmental media are evaluated in the following sections. 
A summary of these receptors is presented on the RAGS D tables in Appendix I-1. The receptors 
and their selection are further described and discussed in Section 5.3.2. 

The Landfill Area 1 burial area is unstable, and waste is present near and at the surface. 
Therefore, this property cannot be developed or tilled for growing crops. However, property just 
outside of the Landfill Area may be used for other purposes. For this reason, separate sets of 
receptors are used for the Landfill Area 1 property inside the burial area as compared to outside 
the burial area. 

5.3.1.5.1 Landfill Area 1 Receptors Inside the Burial Area 
There are no plans to develop Landfill Area 1 for any future use (Federal Aviation 
Administration, 2006). As previously noted, the presence of the nearby sinkhole, the unstable 
nature of the terrain, and the presence of waste materials render the site unsuitable for future 
development or the growing of crops. Therefore, it is assumed that future site use will be for 
cattle grazing; a recreational scenario is also assumed plausible under current site conditions. The 
receptor scenarios developed for current site use also apply to future site use. The appropriate 
receptors evaluated in this BHHRA for this site area are listed below with routes of exposure 
included in parentheses. 

●		 Adult Recreational User, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation) 

●		 Youth Recreational User, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation) 
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●		 Child Recreational User, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation) 

●		 Adult (Cattle) Farm Worker, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation, beef ingestion, milk ingestion) 

●		 Child of Cattle Farm Worker, current/future – Surface soil (beef ingestion, 
milk ingestion). 

5.3.1.5.2 Landfill Area 1 Receptors Outside the Burial Area 
The area outside the burial area includes the property immediately outside of the burial area that 
was investigated as part of the RI. This includes the sinkhole. The area exclusive of the sinkhole 
had been used for grazing beef cattle (E&E, 2001). Potential uses include a variety of residential, 
commercial, agricultural, and recreational purposes. Environmental media include surface soil, 
subsurface soil, groundwater, and dry sinkhole sediment. Under the future residential, 
groundskeeper, and indoor worker scenarios, it is assumed that the surface and subsurface soils 
(to a depth of 6 feet) will be mixed as part of a future residential surface soil (evaluated as “total 
soil”). For each COPC, either the EPC for surface soil or subsurface soil, whichever is higher, is 
used as the total soil EPC. Please refer to Section 5.3.3 for discussion of the EPC. 

The appropriate receptors evaluated in this BHHRA for this site area are listed below with routes 
of exposure that are included evaluated in parentheses. 

●		 Adult Recreational User, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation) 

●		 Youth Recreational User, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation) 

●		 Child Recreational User, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation) 

●		 Adult Farm Worker current/future – Surface soil (incidental ingestion, dermal 
contact, inhalation, beef ingestion, milk ingestion, produce ingestion) 

●		 Child of Farm Worker, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation, beef ingestion, milk ingestion, produce ingestion) 

●		 Adult Trespasser, current/future – Dry sinkhole sediment (incidental ingestion, 
dermal contact 

●		 Youth Trespasser, current/future – Dry sinkhole sediment (incidental ingestion, 
dermal contact) 
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●		 Adult Farm Worker, future – Surface soil (incidental ingestion, dermal contact, 
inhalation, beef ingestion, milk ingestion, produce ingestion) and groundwater 
(ingestion, dermal contact) 

●		 Child of Farm Worker, future – Surface soil (incidental ingestion, dermal contact, 
inhalation, beef ingestion, milk ingestion, produce ingestion) and groundwater 
(ingestion, dermal contact) 

●		 Adult Resident, future – Total soil (incidental ingestion, dermal contact, 
inhalation, produce ingestion) and groundwater (ingestion, dermal contact, inhalation) 

●		 Child Resident, future – Total soil (incidental ingestion, dermal contact, 
inhalation, produce ingestion) and groundwater (ingestion, dermal contact) 

●		 Groundskeeper, future – Total soil (incidental ingestion, dermal contact, 
inhalation) and groundwater (ingestion, dermal contact) 

●		 Indoor Worker, future – Total soil (incidental ingestion) and groundwater 
(ingestion, dermal contact) 

●		 Construction Worker, future – Total soil (incidental ingestion, dermal contact, 
inhalation of construction zone dust). 

5.3.1.5.3 Suspected Waste Area 2 Receptors 
Suspected Waste Area 2 is currently used for grazing beef cattle. Potential uses include a variety 
of residential, commercial, agricultural, and recreational purposes. Environmental media include 
surface soil, total soil (combined surface and subsurface soil to a depth of 6 feet), groundwater, 
and dry sinkhole sediment. Under the future residential, groundskeeper, and indoor worker 
scenarios, it is assumed that the surface and subsurface soils (to a depth of 6 feet) will be mixed 
as part of a future residential surface soil (evaluated as total soil). For each COPC, either the 
EPC (Section 5.3.3) for surface soil or subsurface soil, whichever is higher, is used for total soil. 

The appropriate receptors evaluated in the BHHRA for this site area are listed below with routes 
of exposure included in parentheses. 

●		 Adult Recreational User, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation), sediment (incidental ingestion, dermal contact), and 
surface water (incidental ingestion, dermal contact) 

●		 Youth Recreational User, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation), sediment (incidental ingestion, dermal contact), and 
surface water (incidental ingestion, dermal contact) 
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●		 Child Recreational User, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation), sediment (incidental ingestion, dermal contact, 
inhalation), and surface water (incidental ingestion, dermal contact) 

●		 Adult Farm Worker, current/future – Surface soil (incidental ingestion, dermal 
contact, inhalation, beef ingestion, milk ingestion, produce ingestion) 

●		 Child of Farm Worker, current/future – Surface soil (incidental ingestion, 
dermal contact, inhalation, beef ingestion, milk ingestion, produce ingestion) 

●		 Adult Farm Worker, future – Surface soil (incidental ingestion, dermal contact, 
inhalation, beef ingestion, milk ingestion, produce ingestion) and groundwater 
(ingestion, dermal contact) 

●		 Child of Farm Worker, future – Surface soil (incidental ingestion, dermal contact, 
inhalation, beef ingestion, milk ingestion, produce ingestion) and groundwater 
(ingestion, dermal contact) 

●		 Adult Resident, future – Total soil (incidental ingestion, dermal contact, 
inhalation, produce ingestion), groundwater (ingestion, dermal contact, inhalation), 
sediment (incidental ingestion, dermal contact), and surface water (incidental 
ingestion, dermal contact) 

●		 Child Resident, future – Total soil (incidental ingestion, dermal contact, 
inhalation, produce ingestion), groundwater (ingestion, dermal contact), sediment 
(incidental ingestion, dermal contact), and surface water (incidental ingestion, dermal 
contact) 

●		 Groundskeeper, future – Total soil (incidental ingestion, dermal contact, 
inhalation) and groundwater (ingestion, dermal contact) 

●		 Indoor Worker, future – Total soil (incidental ingestion) and groundwater 
(ingestion, dermal contact) 

●		 Construction Worker, future – Total soil (incidental ingestion, dermal contact, 
inhalation of construction zone dust). 

5.3.2 Receptor Descriptions and Exposure Assumptions 
This section more fully describes the assumptions used in the exposure scenarios for the 
receptors identified in Section 5.3.1.5. The paragraphs below present exposure assumptions, 
parameters, and parameter values common to all or several of the receptors. The sections that 
follow provide more detailed descriptions and parameter values used to quantify exposure to 
each of the separate receptors. The exposure variable values for each receptor/medium 
combination are summarized in the RAGS D tables provided in Appendix I-1. 
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First, it is noted that the only current use for any of these sites is for grazing beef cattle. 
Therefore, a beef cattle farmer is the only known current receptor. It is also possible that 
trespassers may frequent the property. The EQB (2010b) requested that a recreational user be 
used to evaluate exposure to the trespasser, and this recreational user was included in this 
BHHRA (Section 5.3.2.1). Other than these receptors, there are no known or suspected site uses 
for either landfill area. 

Most BHHRAs are based on a reasonable maximum exposure (RME) assumption. The intent of 
the RME assumption is to estimate the highest exposure level that could reasonably be expected 
to occur, but not necessarily the worst possible case (EPA, 1989a; 1991). It is interpreted as 
reflecting the 90 to 95th percentile on exposure. In keeping with EPA guidance, variables chosen 
for the RME evaluation for intake or contact rate, exposure frequency (EF), and exposure 
duration (ED) are generally upper bounds. Other variables, e.g., body weight (BW) and exposed 
skin surface area (SA), are generally central or average values. In the case of contact rates 
consisting of multiple components (e.g., dermal contact with soil, which consists of a dermal 
absorption factor [ABS] and soil-to-skin adherence factor [AF]), only one variable, i.e., ABS, 
needs to be an upper bound. The conservativeness built into the individual variables ensures that 
the entire estimate for contact rate is more than sufficiently conservative. 

The averaging time (AT) for noncancer evaluation is computed as the product of ED (years) 
times 365 days per year, to estimate an average daily dose over the entire exposure period 
(EPA, 1989a). For cancer evaluation, AT is computed as the product of 70 years, the assumed 
human lifetime, times 365 days per year, to estimate an average daily dose prorated over a 
lifetime, regardless of the frequency or duration of exposure. Please note that for the inhalation 
pathway, AT is converted to hours based on current EPA (2009) guidance. 

The set of receptors evaluated in this BHHRA include three different age groups: adult, youth 
(ages 7 through 16 years), and child (ages 1 through 6 years). Some of the standard age-group 
exposure parameters that are used for multiple receptors in the various exposure pathways are 
provided in this paragraph. The EDs for the adult, youth, and child are 24 years, 10 years, and 
6 years, respectively, for the recreational, farm worker, and residential scenarios. Note that the 
ED value for the other worker scenarios is 25 years (EPA, 2002), except for the construction 
worker (Section 5.3.2.7). The adult is assumed to have a BW of 70 kilograms (kg), an SA 
available for dermal exposure of 5,700 square centimeters (cm2), and a soil ingestion rate (IRs) 
of 100 milligrams per day (mg/day) (EPA, 2002). The youth is assumed to have a BW of 39 kg, 
an SA of 4,100 cm2, and an IRs of 100 mg/day (EQB, 2010b). The child is assumed to have a 
BW of 15 kg, an SA of 2,800 cm2, and an IRs of 200 mg/day (EPA, 2002). For drinking water 
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pathways, all adult receptors are assumed to have a water ingestion rate of 2 liters per day and 
the child is assumed to ingest 1 liter per day (EPA, 2011a). As applicable to inhalation pathway, 
an exposure time (ET) of 8 hours is selected for each nonresidential scenario, and an ET of 
24 hours is selected for the residential scenario. A fractional term (FI) is introduced into the 
chemical intake equations to account for scenarios in which exposure to a potentially 
contaminated medium associated with the site is less than total daily exposure to that medium. 
The default FI value of 1 was used for each exposure pathway, including all media and receptors 
evaluated. 

5.3.2.1 Recreational User 
This receptor scenario assumes that the site may be used regularly for recreational purposes such 
as hiking, playing, or other recreational activities. Recreational use of Landfill Area 1 or 
Suspected Waste Area 2 has not been observed and is not believed to occur. This receptor, 
however, is considered a current scenario because it is used as a conservative surrogate for the 
current trespasser at the request of EQB (2010b). At Landfill Area 1, this receptor is evaluated 
separately for exposure to soil inside the burial area and those outside the burial area. The adult, 
youth, and child recreational user are evaluated separately. This receptor may be directly 
exposed to surface soil. Site access is not assumed to be restricted by existing fences. Potentially 
complete direct exposure routes include incidental ingestion and dermal contact with surface 
soil, and inhalation of dust and volatiles, if present. For Suspected Waste Area 2, where sediment 
and surface water are present, incidental ingestion and dermal contact with these media are also 
evaluated. 

With respect to the soil exposure pathway, an EF of 104 days per year was assumed, equaling 
2 days per week, and a dermal soil-to-skin AF of 0.2 milligrams per square centimeter (mg/cm2) 
for each receptor (EQB, 2010b). The sediment exposure pathway assumes a sediment ingestion 
rate of 50 mg/day for each receptor and a sediment-to-skin AF of 0.36 mg/cm2 for each 
recreational user age group (EQB, 2010b). The soil SA is used for sediment and surface water. 
A surface water ingestion rate of 0.09 milliliters per day is based on an assumption of 1 hour per 
recreational day spent in the water (EPA, 2011a). 

Please note that the assumption of regular recreational use at Landfill Area 1 seems particularly 
conservative, given the uneven surface and exposed materials at the surface of the burial area and 
the rather limited area outside of the burial area. Such features seemingly would preclude 
activities such playing ball (e.g., baseball or soccer). However, as stated, the area could be used 
for hiking or other play activities. 
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5.3.2.2 Farm Worker Scenarios 
The landfill area sites are currently or have been used in the past to graze beef cattle, and 
Suspected Waste Area 2 was reportedly used previously for growing crops. Therefore, 
current/future (soil pathways only) and future (soil and groundwater pathways) farming-related 
exposure scenarios have been developed in this BHHRA, specific to the conditions and potential 
conditions at the specific sites. The BHHRA also includes separate farm worker scenarios to 
evaluate adult and child receptors. 

The adult farm worker may be directly exposed to surface soil. Potentially complete direct 
exposure routes include incidental ingestion and dermal contact with surface soil, inhalation of 
fugitive dust and volatiles if present, and ingestion of beef and milk from cattle that have grazed 
in these areas. The farm worker scenario for Suspected Waste Area 2 and for Landfill Area 1 
outside the burial area also includes exposure to fruit and vegetable produce grown in these 
areas. Biotransfer models are used to estimate concentrations (Sections 5.3.3.3 and 5.3.3.4) 
and/or intake rates (Sections 5.3.4.4 through 5.3.4.6) of COPCs associated with these food items. 
The current/future farm worker is also evaluated for direct exposure to COPCs in soils via 
incidental ingestion, dermal contact, and inhalation of airborne particulates. The future farm 
worker is assumed to be exposed to COPCs in groundwater, which is assumed to be developed 
as a potable source. Please note that municipal water is currently used in vicinity of the Landfill 
Areas. 

Because of the presence of waste materials at and near the surface within the burial area at 
Landfill Area 1, tilling of the property for agriculture is not regarded as plausible. Therefore, the 
ingestion of agricultural crops (e.g., fruit/vegetables) is not evaluated for the Landfill Area 1 
burial area. Direct exposure by a young child to the soil within the Landfill Area 1 burial area is 
not considered a complete pathway because a young child (age 1 through 6) is not expected to 
regularly work or play among the cattle. Additionally, due to the presence of surficial waste 
materials within the burial area at Landfill Area 1, exposure to COPCs in groundwater is 
evaluated only for the future farm worker outside of the burial area. Exposure is assumed to 
occur via ingestion and dermal contact during washing and irrigating. 

The EF for direct exposure to on-site soil is assumed to be 250 days per year (EPA, 2002), and 
the EF for exposure to groundwater and food items is assumed to be 350 days per year. The SA 
values for dermal exposure to groundwater are assumed to be the same as for soil 
(3,300 mg/cm2), representing exposure to the face, forearms, and hands (EPA, 2002). The ET for 
dermal exposure to groundwater is assumed to be 1 hour per day (hr/day). Ingestion rates for 
food items are based on the 95th percentile for agricultural scenarios (EPA, 2011a). The child 
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ingestion rates for each of the home-farmed food items are as follows: beef, 5.7 grams per 
kilogram of body weight per day (g/kg-day); milk, 65 g/kg-day; vegetables, 12 g/kg-day; and 
fruit, 7.0 g/kg-day. The rates are age-weighted averages over the age groups provided in source 
document tables (Table 13-70 of EPA [2011a]). The adult ingestion rates for each of the 
home-farmed food items are as follows: beef, 2.8 g/kg-day; milk, 8.3 g/kg-day; vegetables, 
5.7 g/kg-day; and fruit, 1.3 g/kg-day (Table 13-70 of EPA [2011a]). 

5.3.2.3 On-Site Residential Scenario 
The residential scenario was evaluated as a plausible future receptor under the assumption that 
the property may be developed for residential use. This receptor was evaluated for the portion of 
Landfill Area 1 located outside of the burial area and for Suspected Waste Area 2. Currently, 
municipal water serves the area. However, it is possible that in the future, groundwater could be 
used as a source of tap water. Therefore, a future resident that assumes groundwater use as 
household tap water and exposure to total soil (i.e., combined surface soil and subsurface soil to 
a depth of 6 feet) was evaluated. Note that as described in Sections 5.3.1.5.2 and 5.3.1.5.3, for 
each COPC, either the surface soil or subsurface soil EPC (whichever has a higher 
concentration) is conservatively used. 

Potentially complete direct exposure routes to soil include incidental ingestion and dermal 
contact with soil and inhalation of fugitive dust and volatiles, if present. Additionally, it is 
assumed that future resident receptors are exposed to fruit and vegetable produce grown in these 
areas. Soil-to-produce bioconcentration factors (Bag) are used to estimate intake rates (Section 
5.3.4.6) of COPCs associated with these food items. Ingestion rates for food items are based on 
the 95th percentile for home garden scenarios (EPA, 2011a). The child ingestion rates are 
6.1 g/kg-day for home garden vegetables and 3.7 g/kg-day for fruit. The rates are age-weighted 
averages over the age groups provided in source document tables (EPA, 2011a). The adult 
ingestion rates are 3.0 g/kg-day for home garden vegetables and 0.7 g/kg-day for fruit. 

The future resident is assumed to be exposed to COPCs in groundwater, which is assumed to be 
developed as a potable source. Municipal water is currently used in the vicinity of the Landfill 
Areas. Exposure is assumed to occur via ingestion, dermal contact, and the release of volatile 
COPCs during household use. The SA value for dermal exposure to groundwater during 
showering for the adult resident is 20,000 cm2, and the SA for the child during bathing is 
6,600 cm2. The ET for dermal exposure during showering for the adult is 0.58 hr/day (or 
35 minutes per day), and the ET for dermal exposure for the child during bathing is 1 hr/day 
(EPA, 2011a). The exposure to volatile COPCs is quantitatively evaluated for the adult receptor. 
The assumed ET for the showering scenario assumes a showering time of a 0.58 hr/day plus an 
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additional 0.33 hr/day (20 minutes per day) in the showering room (EPA, 2011a). The showering 
model is presented in Section 5.3.3.5. 

For Suspected Waste Area 1, where surface water and sediment are present, the future adult and 
child resident were evaluated for exposure to these media as well, via incidental ingestion and 
dermal contact. The recreational receptor exposure parameter values for the adult and child 
exposed to surface water and sediment (Section 5.3.2.1) were also adopted for the adult and child 
residential receptor. 

5.3.2.4 Groundskeeper 
The groundskeeper was developed as a plausible future receptor for Suspected Waste Area 2 and 
Landfill Area 1 outside the burial area, assuming development of the property. This receptor is 
an adult site worker who spends the majority of his time outdoors tending yards and gardens, 
trimming shrubs, and performing other general outdoor duties. The future groundskeeper is 
evaluated for exposure to COPCs in total soil and groundwater. 

This receptor is assumed to be directly exposed to COPCs in soil. Potentially complete exposure 
routes include incidental ingestion and dermal contact with soil and inhalation of fugitive dust 
and volatiles, if present. The groundskeeper is assumed to be exposed to COPCs in groundwater 
via ingestion and dermal contact during washing. 

The groundskeeper is assumed to work on the site for 225 days per year for 25 years 
(EPA, 2002). It is assumed that the groundskeeper ingests 2 liters of groundwater during the 
work day (EPA, 2011). An exposed skin SA of 3,300 mg/cm2 was assumed for exposure to soil, 
as described in Section 5.3.2.2 for the farm worker. An AF value of 0.1 mg/cm2 was used in the 
BHHRA, which is the 95th percentile value for the groundskeeper (EPA, 2004). The SA value 
for dermal exposure to groundwater during washing is assumed to be 3,300 cm2, which is the 
same as for soil exposure and includes the face, arms, and hands (EPA, 2002). The ET for 
dermal exposure to groundwater during washing is assumed to be a total of 1 hr/day. 

5.3.2.5 Indoor Worker 
The indoor worker was developed as a plausible future receptor for Suspected Waste Area 2 and 
Landfill Area 1 outside the burial area, assuming commercial development of the property. This 
receptor is an adult site worker who spends the majority of his time working indoors. The future 
indoor worker is evaluated for exposure to COPCs in total soil and groundwater. 

This receptor is assumed to be directly exposed to COPCs in soil. Potentially complete exposure 
routes include incidental ingestion and the inhalation of fugitive dust and volatiles, if present 
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(EPA, 2002). The indoor worker is assumed to be exposed to COPCs in groundwater via 
ingestion and dermal contact during washing. 

The indoor worker is assumed to work on the site for 250 days per year for 25 years 
(EPA, 2002). An exposed skin SA of 3,300 mg/cm2 was assumed for exposure to soil, as 
described in Section 5.3.2.2 for the farm worker. It is assumed that the indoor worker ingests 
2 liters of groundwater during the work day (EPA, 2011). The SA value for dermal exposure to 
groundwater during washing is assumed to be 3,300 cm2, which includes the face, arms, and 
hands (EPA, 2002). It is noted that this SA value is a conservative assumption for an indoor 
worker. The ET for dermal exposure to groundwater during washing is assumed to be a total of 
1 hr/day. 

5.3.2.6 Trespasser 
This receptor scenario is used specifically to evaluate the sinkhole and steep ditch adjacent to the 
Landfill Area 1 burial area. The only environmental medium sampled was sediment; no surface 
water was present. Surface water is present in the ditch only during heavy precipitation events. 
During field activities, the sampling team had considerable difficulty gaining access because of 
the steep sides of the sinkhole. It is noted that multiple barricades blocked access to prevent 
cattle (and trespassers) from access. Even though this BHHRA does not assume access 
restriction by fencing, the observation of multiple intact barricades suggests that access has been 
and will likely continue to be infrequent. This scenario includes the adult trespasser and youth 
trespasser. Because of the treacherous terrain, regular access by a young child (ages 1 through 6) 
was regarded as implausible. 

This receptor may be directly exposed to dry sediment. An EF of 52 day per year was assumed. 
A frequency greater than this was not regarded as reasonable, given the difficult access and 
apparent lack of any particular attraction that would entice an individual to return more than 
52 times per year; even this EF may be overly conservative. Potentially complete direct exposure 
routes include incidental ingestion and dermal contact with sediment. This medium was 
evaluated similar to soil for these exposure routes, except that a more conservative adherence 
factor of 0.36 mg/cm2 was used (EQB, 2010b). 

5.3.2.7 Construction Worker 
The construction worker was developed as a plausible future receptor for Suspected Waste 
Area 2 and Landfill Area 1 outside the burial area, assuming development of the property that 
would require construction. As mentioned in Section 5.3.1.1, the burial area is unstable because 
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of the buried waste and is thus unfit for construction. The construction worker is an adult site 
worker who performs excavation, grading, and other construction activities. 

Because of the assumed earthmoving activities, it is assumed that construction worker will be 
exposed to both surface soil and subsurface soil. Therefore, this receptor is assumed to be 
directly exposed to COPCs in total soil via incidental ingestion and dermal contact with soil, and 
the inhalation of fugitive dust arising from construction activities and volatiles, if present. 

The construction worker is assumed to work on each site for 250 days per year for one full year 
(EPA, 2002). An exposed skin SA of 3,300 mg/cm2 was assumed for exposure to soil, as 
described in Section 5.3.2.2 for the farm worker. An AF value of 0.3 mg/cm2 was used in the 
BHHRA (EPA, 2002). The soil ingestion rate of the construction worker is assumed to be 
330 mg/kg (EPA, 2011a). 

5.3.3 Quantification of Exposure-Point Concentrations 
The EPC is an estimate of the concentration of a COPC in a given medium to which a receptor 
may be exposed over the duration of the exposure. An EPC may be based on concentrations that 
have been directly measured in a medium, or it may be derived based on environmental medium-
to-medium transport modeling. For the Landfill Area 1 and Suspected Waste Area 2 BHHRA, 
the EPCs of COPCs in soil, sediment, surface water, and groundwater are based on measured 
analytical data. Concentrations of COPCs in air and food items were not measured (and in most 
cases cannot reasonably be measured) but were calculated based on models, which use the EPC 
of the measured environmental media as input values. The following sections describe the 
statistical approaches and the models used to derive EPCs for each environmental medium. 

5.3.3.1 Exposure-Point Concentrations in Measured Environmental Media 
The 95th percent upper confidence limit (UCL) or the MDC of the measured concentrations, 
whichever is lower, was selected as the EPC. The MDC was used as the EPC for data sets having 
fewer than five samples (e.g., sediment and surface water). This value is understood to represent 
a conservative estimate of average concentration for use in the exposure assessment for RME 
evaluation. 

Exposure to an environmental medium is generally assumed to be random, and the EPC should 
be the arithmetic average encountered over the ED (EPA, 1989a). Therefore, the population 
mean concentration, if known, would be the ideal value selected as the EPC. The sample mean is 
an obvious estimate of the population mean. However, uncertainties exist as to how well the 
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sample mean represents the population mean. Therefore, EPA (1989a; 2010b) has recommended 
the inclusion of a UCL of 95 percent on the mean for RME evaluation. 

The UCL is estimated by employing statistical calculations on the sample data set. The type of 
calculation performed is dependent on type of distribution, variability, skewness, and size of the 
sample data set. For the BHHRA, the ProUCL Version 4.1 software program (EPA, 2011b) was 
used to determine distribution type and various calculated estimates of the UCL based on 
distribution type. ProUCL 4.1 has a built-in UCL selection matrix, which yields one or more 
recommendations (EPA, 2010b). 

Analytical results are presented as "nondetects" ("U" qualifier) whenever chemical 
concentrations in samples do not exceed the limit of quantitation for the analytical procedures for 
those samples. Generally, the limit of quantitation is the lowest concentration of a chemical that 
can be quantified above the normal, random noise of an analytical instrument or method. 
ProUCL Version 4.1 uses Kaplan-Meier statistical methods to evaluate data sets with nondetects 
(EPA, 2010b). ProUCL input and output are included as Appendix I-3. 

5.3.3.2 Exposure-Point Concentrations in Ambient Air 
Exposure to airborne dust and VOCs from soil is a potential exposure pathway for the 
recreational user, farm worker, resident, groundskeeper, indoor worker, and construction worker. 
However, no VOCs were identified as COPCS in Landfill Area 1 or Suspected Waste Area 2 
soil; only a few VOCs were reported as detected in any of the soil samples, and these were 
common laboratory contaminants (e.g., acetone, 2-butanone, and methylene chloride) at 
concentrations less than the limit of quantitation and the RSLs. Therefore, this section describes 
only COPC concentrations in air associated with fugitive dust. 

Two phenomena give rise to dust in the air to which a receptor might be exposed: 

● Receptor activity on the site 
● Action of the wind. 

Airborne dust to which the construction worker would be exposed may more likely result from 
the nature of their activities rather than the action of the wind, because the receptor would 
operate equipment that raises dust and because of potential traffic on unpaved construction roads. 
Conversely, the other receptors are more likely to be exposed to dust primarily raised by wind 
erosion. EPA (2002) assumes that a resident and an outdoor worker such as a groundskeeper 
would be exposed to fugitive dusts via wind erosion but that a construction worker would be 
exposed to fugitive dusts primarily through construction activities. 
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The construction worker scenario applies only to the area outside of the burial area of Landfill 1 
and to Suspected Waste Area 2; construction is implausible within the burial area of Landfill 1. 
None of the COPCs identified for soils outside the burial area at Landfill 1 or at Suspected Waste 
Area 2 have reference concentrations (RfC) or cancer unit risk (UR) values for inhalation 
toxicity (Section 5.4.2). Therefore, the quantification of dust emissions associated with 
construction activities is not pertinent and thus is not presented in this discussion, as the 
construction worker scenario cannot be quantified for risk via inhalation of airborne soil 
particulates. 

EPA (2002) has developed models to estimate dust particulate emission factors (PEF) under a 
variety of scenarios (e.g., wind erosion, particulates resulting from vehicle traffic or various 
activities) based on an "unlimited reservoir" model and the assumption that the source area is 
square. The following equation was used to estimate the PEF for receptors inside the burial area 
at Landfill Area 1. As discussed above, RfCs and URs are not available for the COPCs identified 
for soils outside the burial area at Landfill Area 1 or at Suspected Waste Area 2, so quantification 
of the inhalation pathway at these areas is not pertinent to risk characterization. The PEF for the 
receptors exposed to dust resulting from wind erosion is calculated using the following equation 
(EPA, 2002). Note that separate wind-erosion PEF values calculated for Landfill Area 1 and 
Suspected Waste Area 2 are provided in Appendix I-4, although risks associated with this 
pathway could only be calculated for receptors within the burial area at Landfill Area 1. 

3600 PEFwind = Q/C wind × 
/ U )3 	 Eq. 1 

0.036 × (1 -V)× (U m t × F(x) 

where: 

PEFwind =		 particulate emission factor associated with wind erosion (cubic meters 
per kilogram [m3/kg], calculated) 

Q/Cwind =		 inverse of the mean concentration at center of square source (62.7 grams 
per square meter-second per kilograms per cubic meter, value calculated 
from Exhibit E-3 (assume 90th percentile), an area of 5.4 acres for 
Landfill 1, and Equation E-4 in EPA [2002]), as presented in 
Appendix I-4 

3600 = seconds/hour 
V = fraction of surface covered with vegetation (0.5, unitless, default) 
Um = mean annual wind speed (site-specific 5.1 meters per second; EQB 

[2010b]) 
Ut = equivalent threshold value of wind speed at 7 meters (site-specific or 

default, 11.32 meters per second) 
F(x) = function dependent on Um/Ut (default 0.194). 
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The concentration of a COPC in air is calculated using either of the PEF value as follows: 

CsCa = Eq. 2 
PEF 

where: 

Ca = contaminant concentration in air (milligrams per cubic meter [mg/m3], 
calculated) 

Cs = contaminant concentration in soil (mg/kg) 
PEF = particulate emission factor (m3/kg, calculated). 

5.3.3.3 Exposure-Point Concentrations in Beef 
The potential for beef to accumulate COPCs is considered for metals and SVOCs; VOCs are 
generally too mobile and labile to contribute significantly to food-chain pathways. It is assumed 
that beef cattle graze on pasture growing on potentially contaminated soil and that pasture 
provides 100 percent of forage intake, which is equivalent to 11.8 kg forage dry matter per day 
(EPA, 2005a). During grazing, cattle are assumed to ingest 0.5 kg of soil per day (EPA, 2005a). 
The following equation is used to estimate the COPC concentrations in beef from soil-to-plant 
uptake (EPA, 2005a): 

Cbf = [(Qfg)(Cs)(Bfg) + (Qs)(Cs)] (BA-bf) Eq. 3 

where: 

Cbf = concentration of contaminant in edible beef tissue (mg/kg, calculated)
	
Qfg = beef cattle forage dry matter ingestion rate (11.8 kg/day)
	
Cs = COPC EPC in soil (mg/kg)
	
Bfg = bioconcentration factor for forage (unitless; chemical-specific)
	
Qs = beef cattle soil ingestion rate (0.5 kg/day)
	
BA-bf = beef biotransfer factor (day per kg of fresh beef); chemical specific. 


Values of Bfg and BA-bf for metals were taken from Baes et al. (1984); values for the vegetative 
parts of plants (Bpv) were used for pasture grasses. The Bfg and BA-bf for organic COPCs are 
calculated as described in EPA (2005a). The calculated and referenced Bfg and BA-bf values are 
provided in Appendix I-5.  

Although PAHs may be modeled for bioaccumulation in food, they are subject to breakdown in 
mammals and other higher organisms (Agency for Toxic Substances and Disease Registry 
[ATSDR], 1995). For this reason, EPA recommends that the accumulation of PAHs into 
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mammalian prey (e.g., beef) be zero (EPA, 2008b). In this BHHRA, the soil-to-beef modeling of 
PAHs is performed as for other COPCs and the associated risks are reported for informational 
purposes in the RAGS D tables for the farm worker scenarios (Appendix I-1). These results are 
also discussed in the risk characterization. However, the ILCR values for these receptors are not 
included in the tables because the empirical evidence indicates that the associated estimated 
ILCR values are likely to be highly conservative and unreliable for decision making. Please note 
that only the area inside the burial area at Landfill Area 1 is affected because this is the only one 
of the three areas evaluated where PAHs are surface soil COPCs. The soil-to-vegetable/fruit 
pathway is evaluated for PAHs and the resultant ILCR values are reported in the tables. The 
ILCR results for the other COPCs associated with this pathway are included in the tables 
(Appendix I-1). 

5.3.3.4 Exposure-Point Concentrations in Milk 
The potential for milk to accumulate COPCs is considered for metals and SVOCs; VOCs are 
generally too mobile and labile to contribute significantly to food-chain pathways. It is assumed 
that dairy cattle graze on pasture growing on potentially contaminated soil and that pasture 
provides 100 percent of forage intake, which is equivalent to 20.3 kg forage dry matter per day 
(EPA, 2005a). During grazing, cattle are assumed to ingest 0.4 kg of soil per day (EPA, 2005a). 
The following equation is used to estimate the COPC concentrations in milk from soil-to-plant 
uptake (EPA, 2005a): 

Cm = [(Qfg)(Cs)(Bfg) + (Qs)(Cs)] (BA-m) Eq. 4 

where: 

Cm = concentration of contaminant in milk issue (mg/kg, calculated)
	
Qfg = dairy cattle forage dry matter ingestion rate (20.3 kg/day)
	
Cs = COPC EPC in soil (mg/kg)
	
Bfg = bioconcentration factor for forage (unitless; chemical-specific)
	
Qs = dairy cattle soil ingestion rate (0.4 kg/day)
	
BA-m = milk biotransfer factor (day per kg of milk). 


Values of Bfg and BA-m for metals were taken from Baes et al. (1984); values for the vegetative 
parts of plants (Bpv) were used for pasture grasses. The Bfg and BA-m for organic COPCs are 
calculated as described in EPA (2005a). The calculated and referenced Bfg and BA-m values are 
provided in Appendix I-5.  

Please see Section 5.3.3.3 with respect to lack of the bioaccumulation of PAHs in animal 
products. Therefore, the results of the soil-to-milk exposure/risks associated with PAHs are 
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presented in the RAGS D tables and discussed in the risk characterization. However, because the 
modeled PAH concentrations are regarded as unreliable based on empirical data, these ILCRs 
estimated using of soil-to-milk exposure calculations are not listed in the RAGS D tables. The 
ILCR results for the other COPCs associated with this pathway are included in the tables 
(Appendix I-1). 

5.3.3.5 Concentrations in Shower Room Air from Groundwater Use 
Inhalation of VOC COPCs released from groundwater and used as tap water were evaluated for 
the resident scenarios. Chemicals that have a Henry’s Law value exceeding 1E-05 atmosphere 
per cubic meter per mole and a molecular weight less than 200 grams per mole are considered to 
be VOCs and subject to evaluation via this pathway. Other groundwater contaminants may be 
evaluated on a case-by-case basis for their potential contribution to risk via the inhalation 
pathway based on the degree of departure from the Henry’s Law and molecular weight criteria, 
groundwater concentration, and toxicity. 

The Andelman (1990) model as modified by Schaum et al. (1994) was used in the BHHRA to 
estimate the air concentrations of VOCs released from tap water during showering. Note that 
groundwater is assumed in the BHHRA to be used as residential tap water. A showering model is 
used for the inhalation pathway because exposure to VOC vapors released from tap water is 
generally greatest during showering. The Schaum et al. (1994) model is represented by the 
following equations. 

𝐶𝐶𝑎𝑎 = ((Ca_max /2) × t1 + (Ca_max × t2))/(t1 + 𝑡𝑡2 ) Eq. 5 

where: 

Ca = Modeled VOC concentration in shower room air (mg/m3) 
C_max = Maximum VOC concentration attained in shower room during 

shower/post-shower time (mg/m3) 
t1 = Shower duration (0.58 hour [EPA, 2004]) 
t2 = Time spent in shower room after showering (estimated at 0.33 hour based 

on Schaum et al. [1994]). 

The maximum VOC concentration attained in the shower room (Ca_max) is estimated using the 
following equation: 

Cgw × fv ×FR×t1𝐶𝐶𝑎𝑎_𝑚𝑚𝑎𝑎𝑚𝑚 = 
V 

Eq. 6 
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where: 

C_max = Maximum VOC concentration attained in shower room during 
shower/post-shower time (mg/m3) 

Cgw = EPC of VOC in groundwater (milligrams per liter [mg/L]) 
fv = fraction in groundwater volatilized (0.9 [unitless] [EQB, 2010b]) 
FR = water flow rate (12.5 liters per minute [Schaum et al., 1994]) 
t1 = Shower duration (0.58 hour [EPA, 2004]) 
V = shower room volume (estimated at 16 m3 [EQB, 2010b]). 

Note that this model is designed as a closed system; that is, it assumes no ventilation either via a 
ventilation fan, window, or an open shower room door throughout the 35-minute shower 
duration and the 20-minute post-showering duration. 

It is noted that volatilization of VOCs from household water during showering reduces the 
concentration remaining available for dermal contact (Andelman, 1990; Schaum et al., 1994; 
EPA, 1991). The assumed fv value means that 90 percent of the COPC is assumed to have 
volatilized and would not be available for dermal uptake. However, in this BHHRA, the full 
VOC concentration is assumed to be available for dermal uptake. This is a conservative 
assumption that is included at the request of EQB (2010b). 

5.3.4 Quantification of Chemical Intake Rates 
This section describes the models used to quantify doses or intakes of the COPCs by the 
receptors and exposure pathways previously identified. The intake model variables generally 
reflect 50th (e.g., BW) or 95th percentile values (e.g., ingestion rate) that when applied to the 
EPCs derived as described previously ensure that the estimated intake rates represent the RME. 
Specific exposure-related parameter values for the various receptors are discussed in Section 
5.3.2. Parameter-specific values for each receptor are listed in the RAGS D tables
	

(Appendix I-1). Models were taken or modified from EPA (1989a) unless otherwise indicated. 


5.3.4.1 Inhalation of COPCs in Air 
The inhaled dose of a COPC in air is estimated as follows (EPA, 2009): 

( Ca )( ET a )(EF)(ED) EC = Eq. 7 
(AT) 

where: 

EC = exposure concentration of COPC (mg/m3, calculated) 
Ca = EPC of COPC in air (mg/m3) 
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ETa = exposure time (hours/day)
	
EF = exposure frequency (days/year)
	
ED = exposure duration (years)
	
AT = averaging time (hours).
	

5.3.4.2 Incidental Ingestion of COPCs in Soil and Sediment 
The ingested dose of a COPC in soil is estimated from the following equation: 

( Cs )( IRs )( FI s )(EF)(ED)(CF 3 )I s = Eq. 8 
(BW)(AT) 

where: 

Is = ingested dose of COPC in soil or sediment (milligrams per kilogram 
per day [mg/kg-day], calculated) 

Cs = EPC of COPC in soil or sediment (mg/kg) 
IRs = soil or sediment incidental ingestion rate (mg/day) 
FIs = fraction of daily soil/sediment exposure attributed to site (unitless) 
EF = exposure frequency (days/year) 
ED = exposure duration (years) 
CF3 = conversion factor (1E-6 kilograms per milligram [kg/mg]) 
BW = body weight (kg) 
AT = averaging time (days). 

5.3.4.3 Dermal Contact with COPCs in Soil 
Unlike the methodologies for estimating inhaled or ingested dose of COPCs, which quantify the 
dose presented to the barrier membrane (the pulmonary or gastrointestinal mucosa, respectively), 
dermal dose is estimated as the dose that crosses the skin and is systemically absorbed. For this 
reason, dermal toxicity values are also based on absorbed dose. The absorbed dose of a COPC is 
estimated as follows (EPA, 2004): 

(DA)(SA) (EF )(ED) DAD = Eq. 9 
(BW)(AT) 

where: 

DAD = average dermally absorbed dose of COPC (mg/kg-day, calculated)
	
DA = dose absorbed per unit body surface area per day (mg/cm2)
	
SA = body surface area exposed to soil (cm2/day)
	
EF = exposure frequency (days/year)
	
ED = exposure duration (years)
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BW = body weight (kg)
	
AT = averaging time (days).
	

It is assumed that one exposure event occurs each exposure day to maintain the dimensional 
integrity of the equation. 

Dermal uptake of COPCs from soil or sediment assumes that absorption is a function of the 
fraction of a dermally applied dose that is absorbed. It is calculated from the following equation 
(EPA, 2004): 

= ( C s )( CF 3 )(AF)(ABS) ) Eq. 10DAEvent 

where: 
DAevent = dose absorbed per unit body surface area per event (mg/cm2, 

calculated) 
Cs = EPC of COPC in soil or sediment (mg/kg) 
CF3 = conversion factor (1E-6 kilograms per milligram) 
AF = soil/sediment-to-skin adherence factor (mg/cm2) 
ABS = dermal absorption fraction (unitless, chemical-specific value). 
AT = averaging time (days). 

5.3.4.4 Ingestion of COPCs in Beef 
The farm worker receptors may be indirectly exposed to soil by consumption of home-raised 
beef. The ingested dose of a COPC in beef is estimated from the following equation: 

(AT) 
(EF)(ED)( CF )( C )( IR=I bb 

b 
4) Eq. 11 

where: 

Ib 
Cb 
IRb 
EF 
ED 
CF4 
BW 
AT 

= 
= 
= 
= 
= 
= 
= 
= 

ingested dose of COPC in beef (mg/kg-day, calculated) 
EPC of COPC in home-raised beef (mg/kg, calculated) 
beef ingestion rate (g/kg-day) 
exposure frequency (days/year) 
exposure duration (years) 
conversion factor (1E-3 kilograms per gram [kg/g]) 
body weight (kg) 
averaging time (days). 
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5.3.4.5 Ingestion of COPCs in Milk 
The farm worker receptors may be indirectly exposed to soil by consumption of home-raised 
milk. The ingested dose of a COPC in home-raised milk is estimated from the following 
equation: 

( Cm )( IRm )(EF)(ED)( CF 4 )I m = Eq. 12 
(AT) 

where: 

Im = ingested dose of COPC in milk (mg/kg-day, calculated)
	
Cm = EPC of COPC in milk (mg/kg, calculated)
	
IRm = milk ingestion rate (g/kg-day)
	
EF = exposure frequency (days/year)
	
ED = exposure duration (years)
	
CF4 = conversion factor (1E-3 kg/g)
	
BW = body weight (kg)
	
AT = averaging time (days).
	

5.3.4.6 Ingestion of COPCs in Fruits and Vegetables 
The farm worker and resident receptors may be indirectly exposed to soil by consumption of 
homegrown fruits and vegetables. The ingested dose of a COPC in fruits and vegetables is 
estimated from the following equation: 

Eq. 13 [IRv + IRf )](Cs)(Bag )(EF )(ED)(CF4 )I p = 
( AT ) 

where: 

Ip = ingested dose of COPC in plants (fruits and vegetables) (mg/kg-day, 
calculated)
	

Cs = EPC of COPC in soil (mg/kg)
	
IRv = vegetable (dry weight) ingestion rate (g/kg-day)
	
IRf = fruit (dry weight) ingestion rate (g/kg-day)
	
Bag = Bioconcentration factor for aboveground produce
	
EF = exposure frequency (days/year)
	
ED = exposure duration (years)
	
CF4 = conversion factor (1E-3 kg/g)
	
AT = averaging time (days).
	

KN17\Ramey\LF1_2\RI \Final\F LF1_SWA2 RI\2/22/2017 8 02 AM 5-35 



 
                 

             
   

 
 
              

         
      

        

    
              

 

 
 

              
           
           
        
        
        
        

    
              

            
                

       
               

 

       

  

 

   


	

	


	

	


	

	


	

Values of Bag for metals were taken from Baes et al. (1984), using the soil-to-plant tissue values 
described therein. Values of Bag for SVOCs were calculated using the following equation 
(Travis and Arms, 1988): 

log Bag = 1.588 - 0.578 log Kow Eq. 14 

where: 

log Bag = soil-to-plant bioconcentration factor (mg of chemical per kg of dry 
plant/mg of chemical per kg of dry soil, calculated) 

Kow = octanol-water partition coefficient. 

The soil-to-plant Bag values are included in Appendix I-5. 

5.3.4.7 Ingestion of COPCs in Groundwater and Surface Water 
The ingested dose of a COPC in groundwater is estimated from the following equation: 

( Cw )( IRw )(EF)(ED) 
I w = Eq. 15 

(BW)(AT) 

where: 

Iw = ingested dose of COPC in water (mg/kg-day, calculated)
	
Cw = EPC of COPC in water (mg/L)
	
IRw = water ingestion rate (liters per day)
	
EF = exposure frequency (days/year)
	
ED = exposure duration (years)
	
BW = body weight (kg)
	
AT = averaging time (days).
	

5.3.4.8 Dermal Contact with COPCs in Water 
Unlike the methodologies for estimating inhaled or ingested doses of a COPC, which quantify 
the dose presented to the barrier membrane (the pulmonary or gastrointestinal mucosa, 
respectively), the dermal dose is estimated as the dose that crosses the skin and is systematically 
absorbed. For this reason, dermal toxicity values are also based on absorbed dose. The absorbed 
dose of a COPC from groundwater or surface water is estimated using the following equation 
(EPA, 2004): 
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(DA)( SA )(EF)(ED) 
DAD = Eq. 16 

(BW)(AT) 

where: 

DAD = average dermally absorbed dose of COPC (mg/kg-day, calculated) 
DA = dose absorbed per unit body surface area per event (milligrams per square 

centimeter per event [mg/cm2-event]) 
SA = surface area of the skin available for contact with water (cm2) 
EF = exposure frequency (days/year) 
ED = exposure duration (years) 
BW = body weight (kg) 
AT = averaging time (days). 

Quantification of dermal uptake of constituents from water depends on a permeability coefficient 
(Kp), which describes the rate of movement of a constituent from water across the dermal barrier 
to the systemic circulation (EPA, 2004). Separate calculation methods are applied to estimate the 
dose absorbed (DA) term (defined above) for inorganic and organic chemicals in water. 
Calculations related to DAevent values, calculated using the following equations (Nos. 18 through 
22), are provided in Appendix I-6.  

For inorganic chemicals, DA is calculated from the following equation: 

= ( Cw )(K p )( ET w )( CF ) Eq. 17 DAEvent 

where: 

DAEvent = dose absorbed per unit body surface area per event (mg/cm2-event, 
calculated) 

Cw = EPC of COPC in water (mg/L) 
Kp = permeability coefficient (centimeters per hour [cm/hour]) 
ETw = time of exposure (hour/day) 
CF = conversion factor (0.001 liters per cubic centimeter). 

Kp values are available for some inorganics (EPA, 2004). A default Kp value of 0.001 cm/hour 
(EPA, 2004) was used for those inorganics for which no chemical-specific values were available. 

Kp values for organic chemicals vary by several orders of magnitude, largely dependent on 
lipophilicity, expressed as a function of the octanol/water partition coefficient. Because the 
stratum corneum (the outer skin layer) is rich in lipid content, it may act as a sink, initially 
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reducing the transpo1t of chemical to the systemic circulation. With continued exposm·e and the 

attainment of steady-state conditions, the rate of transfer to the systemic circulation increases. 

Therefore, different equations are used to estimate DA, depending on whether the ET is less or 

greater than the estimated time to reach steady state. Non-steady-state exposm·es occm· when 

either the ET is relatively brief (e.g., showering, for Imst chemicals) or when intennittent 

exposm·e occurs throughout the day (e.g., wading exposln·e to slll'face water or washing of 

hands). For exposm·e scenarios under which steady state is not reached for a given organic 

chemical (t>ET, see below), the following equation is used to calculate DA (EPA, 2004): 

where: 

DA dose absorbed per unit body smfuce area per day (milligrams per square 
centimeter per day [mg'cm2-day], calculated) 

Eq. 18 

Cw CS\v for Sln·face water, Cgw for groundwate1~ = concentration of COPC in water 
(mg/L) 

FA fraction absorbed from the water (uni:tless) 
Kp penneability coefficient ( cmfhom) 
CF conversion factor (IE-3 liters per cubic centimeter [Ucm3

]) 

-r tnne for concentration of contaminant in stratum comemn to reach steady state 
per event (homs) 

ETw ETsw for smfuce water, ETgw for grOlmdwater, =time of contact (hom·(s)/day). 

In cases where steady state is reached (t<ET), such as where the dm·ation of a bath exceeds the 

time to reach steady state for a given organic compmmd, the following equation is used to 

calculate DA (EPA, 2004): 

where: 

Eq. 19 

DA= (FA)(Kp)(Cw)(CF )[ ETw + 2r ( l + 
3

B + ~B2 )] 
l +B (l+B) 

DA dose absorbed per unit body smfuce area per day (1nglcnl-day, calculated) 
Cw Csw for Sln·face water, Cgw for groundwater, =concentration of COPC in water 

(mg/L) 
FA fraction abso1bed from the water (uni:tless) 
Kp permeability coefficient ( cmfhOln) 
CF conversion factor (lE-3 :Ucm3) 

-r time for concentration of contaminant in stratum comemn to reach steady state 
per event (hom·s) 

ETw ETsw for smfuce water, ETgw for groundwater, =time of contact (hom·(s)/day) 
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B =		 Ratio of the permeability coefficient of a compound through the stratum 
corneum relative to its permeability coefficient across the viable epidermis 
(unitless). 

Assuming one exposure event/day allows expressing ET as hour(s)/day, which preserves the 
dimensional integrity of the equation. 

Where values for τ are not available, they are calculated as follows (EPA, 2004): 

0.105 × 10(0.0056 × MW) τ =	 Eq. 20 

where: 

τ = time for concentration of contaminant in stratum corneum to reach steady 
state (hours, calculated) 

MW = molecular weight. 

5.4 Toxicity Assessment 
Toxicity is defined as the ability of a chemical to induce adverse effects in biological systems. 
The purpose of the toxicity assessment is two-fold: 

●		 Identify the cancer and noncancer effects that may arise from exposure of humans to 
the COPCs (hazard assessment). 

●		 Provide an estimate of the quantitative relationship between the magnitude and 
duration of exposure and the probability or severity of adverse effects (dose-response 
assessment). 

The latter is accomplished by the derivation of cancer and noncancer toxicity values, as 
described in the following subsection. 

5.4.1	 Evaluation of Carcinogenic Effects 
A few chemicals are known, and many more are suspected, to be human carcinogens. The 
evaluation of the potential carcinogenicity of a chemical includes both a qualitative and a 
quantitative aspect (EPA, 2005b). The qualitative aspect is a weight-of-evidence evaluation of 
the likelihood that a chemical might induce cancer in humans. EPA (2005b) recognizes five 
weight-of-evidence group classifications for carcinogenicity. Formerly, EPA (1986) used a 
letter-based system to describe the weight of evidence for carcinogenicity. Reference to this 
former system is included because many of the carcinogenicity assessments listed on the 
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Integrated Risk Information System (IRIS) use the former letter-based system (EPA, 2013). The 
five EPA weight-of-evidence classifications are as follows: 

●		 Carcinogenic to Humans (corresponds to the former Group A - Human 
Carcinogen) 

●		 Likely to be Carcinogenic to Humans (includes both the former Group B1 and 
Group B2-Probable Human Carcinogens) 

●		 Suggestive Evidence of Carcinogenic Potential (corresponds to the former 
Group C - Possible Human Carcinogen) 

●		 Inadequate Information to Assess Carcinogenic Potential (corresponds to 
the former Group D - Not Classifiable as to Human Carcinogenicity) 

●		 Not Likely to be Carcinogenic to Humans (corresponds to the former Group E 
- Evidence of Noncarcinogenicity to Humans). 

The toxicity value for carcinogenicity, called a cancer slope factor (SF) or cancer UR, is an 
estimate of potency. Potency estimates are developed only for chemicals in the first three groups 
listed above, and only if the data are sufficient. The potency estimates are statistically derived 
from the dose-response curve from the best human or animal study or studies of the chemical. 
Although human data are often considered to be more reliable than animal data because there is 
no need to extrapolate the results obtained in one species to another, most human studies have 
one or more of the following limitations: 

●		 The duration of exposure is usually considerably less than lifetime. 

●		 The concentration or dose of chemical to which the humans were exposed can be only 
crudely approximated, usually from historical data. 

●		 Concurrent exposure to other chemicals frequently confounds interpretation. 

●		 Data regarding other factors (tobacco, alcohol, illicit or medicinal drug use, 
nutritional factors and dietary habits, heredity) are usually insufficient to eliminate 
confounding or quantify its effect on the results. 

●		 Most epidemiologic studies are occupational investigations of workers, which may 
not accurately reflect the range of sensitivities of the general population. 

●		 Most epidemiologic studies lack the statistical power (i.e., sample size) to detect a 
low, but chemical-related increased incidence of tumors. 
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Most potency estimates are derived from animal data, which present different limitations: 

●		 It is necessary to extrapolate from results in animals to predict results in humans, 
usually done by estimating an equivalent human dose from the animal dose. 

●		 The range of sensitivities arising from genotypic and phenotypic diversity in the 
human population is not reflected in the animal models ordinarily used in cancer 
studies. 

●		 Usually very high doses of chemical are used, which may alter normal biology, 
creating a physiologically artificial state and introducing substantial uncertainty 
regarding the extrapolation to the low-dose range expected with environmental 
exposure. 

●		 Individual studies vary in quality (e.g., duration of exposure, group size, scope of 
evaluation, adequacy of control groups, appropriateness of dose range, absence of 
concurrent disease, sufficient long-term survival to detect tumors with long induction 
or latency periods). 

The SF is expressed as risk per mg/kg-day ([mg/kg-day]-1). To be appropriately conservative, the 
SF is usually the 95 percent upper bound on the slope of the dose-response curve extrapolated 
from high (experimental) doses to the low-dose range expected in environmental exposure 
scenarios. EPA (2005b) assumes that there are no thresholds for carcinogenic expression; 
therefore, any exposure represents some quantifiable risk. 

The oral SF is usually derived directly from the experimental dose data, because oral dose is 
usually expressed as mg/kg-day. When the test chemical is administered in the diet or drinking 
water, oral dose first must be estimated from data for the concentration of the test chemical in the 
food or water, food or water intake data, and BW data. 

IRIS (EPA, 2013) expresses inhalation cancer potency as a UR based on concentration, or risk 
per microgram of chemical/m3 in ambient air (µg/m3]-1). The SFs, UR, and related information is 
provided in the RAGS D tables included in Appendix I-1. 

Mutagenic Effects. Some carcinogens are recognized as being mutagens. Some chemicals 
with a mutagenic mode of action may be expected to cause irreversible changes to DNA and 
exhibit a greater effect in early-life versus later-life exposure. EPA (2005c) has provided 
guidelines to address the potentially increased susceptibility of children to cancer. For most 
mutagens, this is accomplished mathematically by the introduction of age-dependent adjustment 
factors (ADAF) for mutagenicity. EPA (2005c) suggest an ADAF of 10 for infant (ages 0 
through 1 year) and an ADAF of 3 for children ages 2 through 15 years of age. 
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ADAFs were applied to mutagens in the BHHRA to the young child (ages 1 through 6) and 
youth (ages 7 through 16). An ADAF of 3 was applied to the youth, as all but the last year of this 
receptor’s age range falls under the recommended range for this ADAF. For the young child, an 
age-weighted ADAF was applied. Only the first year of the age range technically falls under the 
infant ADAF; however, as an added measure of protection in the BHHRA, for purposes of 
mutagenicity, the infant ADAF was assumed to include 2 years of the young child receptor. The 
other 4 years are included in the ADAF of 3. Averaged over the 6-year exposure period for this 
receptor, an ADAF of 5.3 was used for the young child in the BHHRA: (2 years × 10) + (4 years 
× 3) = 5.3. 

The ADAFs were applied in the BHHRA by multiplying the SF or UR by the ADAF. The SF 
and UR values shown in the tables (Appendix I-1) for TCE, chromium VI, and the carcinogenic 
PAHs for the youth and young child pathways reflect this application of the respective ADAF 
values. This approach is mathematically consistent with that used by EPA (2012b). 

5.4.2 Evaluation of Noncancer Effects 
Many chemicals, whether or not associated with carcinogenicity, have associated 
noncarcinogenic effects. The evaluation of noncancer effects (EPA, 1989b) involves: 

●		 Qualitative identification of the adverse effect(s) associated with the chemical; these 
may differ depending on the duration (acute or chronic) or route (oral or inhalation) 
of exposure. 

●		 Identification of the critical effect for each duration of exposure (i.e., the first adverse 
effect that occurs as dose is increased). 

●		 Estimation of the threshold dose for the critical effect for each duration of exposure. 

●		 Development of an uncertainty factor (UF); i.e., quantification of the uncertainty 
associated with interspecies extrapolation, intraspecies variation in sensitivity, 
severity of the critical effect, slope of the dose-response curve, and deficiencies in the 
database, in regard to developing an RfD for human exposure. 

●		 Identification of the target organ(s) for the critical effect for each route of exposure. 

These information points are used to derive an exposure route- and duration-specific toxicity 
value called an RfD, expressed as mg/kg-day, which is considered to be the dose for humans, 
with uncertainty of an order of magnitude or greater, at which adverse effects are not expected to 
occur. Mathematically, it is estimated as the ratio of the threshold dose to the UF. For purposes 
of risk assessment, chronic exposure is defined as equal to or greater than 7 years, i.e., at least 
10 percent of expected life span; subchronic exposure is defined as 2 weeks to 7 years. Although 
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the childhood ED and construction worker ED are less than 7 years, only chronic toxicity data 
were used to evaluate childhood exposure. 

IRIS (EPA, 2013) expresses the inhalation noncancer reference value as an RfC in units of 
mg/m3. The inhalation RfC is based on continuous exposure of an adult human (assumed to 
inhale 20 m3 of air per day and to weigh 70 kg). RfD and RfC values are derived for both chronic 
and subchronic exposure. Under the assumption of monotonicity (incidence, intensity, or severity 
of effects can increase, but cannot decrease, with increasing magnitude or duration of exposure), 
a chronic RfD may be considered sufficiently protective for subchronic exposure, but a 
subchronic RfD may not be protective for chronic exposure. Currently, subchronic RfD values 
exist for few chemicals. Only chronic RfDs and RfCs were used in this BHHRA. 

The oral and dermal (discussed in Section 4.4.3) RfDs, RfCs, and related information are 
provided in the RAGS D tables included in Appendix I-1. 

5.4.3 Dermal Toxicity Values 
Dermal RfDs and SFs are derived from the corresponding oral values, provided there is no 
evidence to suggest that dermal exposure induces exposure route-specific effects that are not 
appropriately modeled by oral exposure data. In the derivation of a dermal RfD, the oral RfD is 
multiplied by the oral absorption efficiency factor (OAE), expressed as a decimal fraction. The 
resulting dermal RfD, therefore, is based on absorbed dose. The RfD based on absorbed dose is 
the appropriate value with which to compare a dermal dose, because dermal doses are expressed 
as absorbed rather than exposure doses. The dermal SF is derived by dividing the oral SF by the 
OAE. The oral SF is divided, rather than multiplied, by the OAE because the SF is expressed as 
a reciprocal dose. 

5.4.4 Target Organ Toxicity 
As a matter of science policy, EPA assumes dose and effect to be additive for noncarcinogenic 
effects (EPA, 1989a). This assumption provides the justification for adding the HQs or HIs in the 
risk characterization for noncancer effects (Section 5.5.2) resulting from exposure to multiple 
chemicals, pathways, or media. However, EPA (1989a) acknowledges that adding all HQ or HI 
values may overestimate hazard, because the assumption of additivity is probably appropriate 
only for those chemicals that exert their toxicity by the same mechanism. 

Mechanisms of toxicity data sufficient for predicting additivity with a high level of confidence 
are available for very few chemicals. In the absence of such data, EPA (1989a) assumes that 
chemicals that act on the same target organ may do so by the same mechanism of toxicity; that 
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is, the target organ serves as a surrogate for mechanism of toxicity. When total HI for all media 
for a receptor exceeds 1 due to the contributions of several chemicals, it is appropriate to 
segregate the chemicals by route of exposure and mechanism of toxicity (i.e., target organ) and 
estimate a separate HI value for each target organ. 

As a practical matter, because human environmental exposures are likely to involve near- or 
sub-threshold doses, the target organ chosen for a given chemical is the one associated with the 
critical effect. If more than one organ is affected by a given chemical at the threshold, then the 
affected target organs are selected for this chemical. The target organ is also selected on the basis 
of duration of exposure (i.e., the target organ for chronic or subchronic exposure to low or 
moderate doses is selected rather than the target organ for acute exposure to high doses) and 
route of exposure. Because dermal RfD values are derived from oral RfD values, the oral target 
organ is adopted as the dermal target organ. For some chemicals, no target organ is identified. 
This occurs when no adverse effects are observed or when adverse effects such as reduced 
longevity or growth rate are not accompanied by recognized organ- or system-specific functional 
or morphologic alteration. Target organs for the oral and inhalation pathway are provided in the 
RAGS D tables. 

5.4.5 Sources of Toxicity Information Used in the Risk Assessment 
The EPA Office of Solid Waste and Emergency Response Directive 9285.7-53 (EPA, 2003) 
prescribes the following hierarchy in the selection of human health toxicity values for risk 
assessment: 

●		 Tier 1 values: IRIS database (EPA, 2013). 

●		 Tier 2 values: EPA’s provisional peer-reviewed toxicity values. The provisional 
peer-reviewed toxicity values are developed by the Office of Research and 
Development, the National Center for Environmental Assessment, and the Superfund 
Health Risk Technical Support Center on a chemical-specific basis when requested 
by the Superfund program. 

●		 Tier 3 values: Other toxicity values from additional EPA and non-EPA sources of 
toxicity information. As stated in the EPA Office of Solid Waste and Emergency 
Response directive, “priority should be given to those sources of information that are 
the most current, the basis for which is transparent and publicly available, and which 
have been peer reviewed.” Two common examples of Tier 3 values are the EPA’s 
Health Effects Assessment Summary Tables (EPA, 1997a) and the California 
Environmental Protection Agency (2013) Office of Environmental Health Hazard 
Assessment Toxicity Criteria Database. 
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The DOD follows the Environmental Council of the States (ECOS)-DOD toxicity value
	

hierarchy (ECOS-DOD, 2007). The ECOS-DOD hierarchy essentially supports the EPA
	

hierarchy presented above, but places higher emphasis on the necessity for external peer review.
	
The toxicity values in the BHHRA were thus selected based on the ECOS-DOD and EPA (2003)
	
hierarchy.
	

OAEs, used to derive dermal RfD values and SFs from the corresponding oral toxicity values,
	
are obtained from the following sources:
	

●		 Oral absorption efficiency data compiled by the National Center for Environmental 
Assessment for the Superfund Health Risk Technical Support Center of EPA 

●		 Federal agency reviews of the empirical data, such as ATSDR toxicological profiles 
and various EPA criteria documents 

●		 Other published reviews of the empirical data 

●		 The primary literature. 

OAEs obtained from reviews are compared to empirical (especially more recent) data, when 
possible, and evaluated for suitability for use for deriving dermal toxicity values from oral 
toxicity values. The suitability of the OAE increases when the following similarities are present 
in the oral pharmacokinetic study from which the OAE is derived and in the key toxicity study 
from which the oral toxicity value is derived: 

●		 The same strain, sex, age, and species of test animal were used. 

●		 The same chemical form (e.g., the same salt or complex of an inorganic element or 
organic compound) was used. 

●		 The same mode of administration (e.g., diet, drinking water, or gavage vehicle) was 
used. 

●		 Similar dose rates were used. 

The OAE for each chemical is included in the RAGS D tables which included in Appendix I-1. 

5.5 Risk Characterization 
Risk characterization is the process of applying numerical methods and professional judgment to 
determine the potential for adverse human health effects to result from the presence of site-
specific contaminants. 
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This is done by combining the intake rates estimated during the exposure assessment with the 
appropriate toxicity information identified during the toxicity assessment. Noncancer hazards 
and cancer risks are characterized separately. 

Quantitative expressions are calculated during risk characterization that describe the probability 
of developing cancer (expressed as ILCRs) or the nonprobabilistic comparison of estimated dose 
with an RfD for noncancer effects (expressed as HQs and HIs). Quantitative estimates are 
developed for individual chemicals, exposure pathways, and exposure media for each receptor. 
These quantitative risk characterization expressions, in combination with qualitative information, 
are used to guide risk management decisions. Risk characterization, as described in this section, 
is applied only to COPCs. 

Generally, the risk characterization follows the methodology prescribed by EPA (1989a), as 
modified by more recent information and guidance. EPA methods are designed to be health 
protective and tend to overestimate, rather than underestimate, risk. The risk results, however, 
may be overly conservative because risk characterization involves multiplication of the 
conservative assumptions built into the estimation of EPCs, the exposure (intake) estimates, and 
the toxicity dose-response assessments. 

5.5.1 Carcinogenic Effects of Chemicals 
The risk from exposure to potential chemical carcinogens is estimated as the probability of an 
individual developing cancer over a lifetime (the ILCR). In the low-dose range, which would be 
expected for most environmental exposures, cancer risk is estimated from the following linear 
equation (EPA, 1989a): 

ILCR =(CDI)(SF) Eq. 21 

where: 

ILCR = incremental lifetime cancer risk, a unitless expression of the probability of 
developing cancer, adjusted for background incidence, calculated 

CDI = chronic daily intake, averaged over 70 years (mg/kg-day) 
SF = cancer slope factor (mg/kg-day)-1 . 

The CDI term in Equation 23 is equivalent to the "I" or "DAD" terms (intake or dose) in the 
exposure assessment equations (Section 5.3), when these equations are evaluated for cancer 
intakes/doses. 
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For the inhalation pathway, ILCR values are calculated as follows: 

ILCR = (EC)(UR)	 Eq. 22 

where: 

ILCR =		 incremental lifetime cancer risk, a unitless expression of the probability of 
developing cancer, adjusted for background incidence, calculated 

EC = exposure concentration based on intake, averaged over 70 years (µg/m3) 
UR = inhalation unit risk (µg/m3)-1 . 

The use of Equations 23 and 24 assumes that chemical carcinogenesis does not exhibit a 
threshold and that the dose-response relationship is linear in the low-dose range. Because this 
equation could generate theoretical cancer risks greater than 1 for high dose levels, it is 
considered to be inaccurate at cancer risks greater than 1E-2. In these cases, cancer risk is 
estimated by the one-hit model: 

[-(CDI) (SF) ]	 Eq. 23 ILCR = 1 - e

where: 

ILCR =		 incremental lifetime cancer risk, a unitless expression of the probability of 
developing cancer, adjusted for background incidence, calculated 

(-CDI)(SF) e =		 the exponential of the negative of the risk calculated using Equation 23. 
Note that for the inhalation route, the ILCR is calculated by replacement 
in the exponent of “(CDI)(SF)” with “(EC)(UR)”. 

As a matter of policy, EPA (1986) considers the carcinogenic potency of simultaneous exposure 
to low doses of carcinogenic chemicals to be additive, regardless of the chemical's mechanisms 
of toxicity or sites (organs of the body) of action. Cancer risk arising from simultaneous 
exposure by a given pathway to multiple chemicals is estimated from the following equation: 

ILCR p = ILCR (chem 1) + ILCR (chem 2) + ... ILCR (chem i)	 Eq. 24 

where: 

ILCRp = total pathway incremental lifetime cancer risk, calculated 
ILCR(chemi) = individual chemical cancer risk. 
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Similarly, the ILCR of a chemical may be summed across pathways. Cumulative cancer risk for 
a given receptor across pathways and across media is summed in the same manner. The sum of 
the ILCRs summed across pathways is the total ILCR as shown in the following equation: 

Total ILCR = ILCR(p 1)+ ILCR(p 2)+ ... ILCR(p i) Eq. 25 

where: 

Total ILCR = total incremental lifetime cancer risk across all pathways 
ILCRpi = incremental lifetime cancer risks associate with pathway “I.” 

The total ILCR represents all additional cancer risks posed to a given receptor by contact with 
contaminants in site environmental media. 

Total ILCRs in the range of 1E-6 to 1E-4 are regarded as acceptable (EPA, 1990); this range is 
hereinafter referred to as the risk management range. Risks less than this range are regarded as 
negligible. 

5.5.2 Noncancer Effects of Chemicals 
The hazards associated with noncancer effects of chemicals are evaluated by comparing an 
exposure level or intake with an RfD. The HQ, defined as the ratio of intake to RfD, is estimated 
as follows (EPA, 1989a): 

HQ= I / RfD Eq. 26 

where: 

HQ = hazard quotient (unitless, calculated)
	
I = intake of chemical averaged over exposure duration (mg/kg-day)
	
RfD = reference dose (mg/kg-day).
	

The I term in Equation 28 is equivalent to the "I" or "DAD" terms (intake or dose) in the 
exposure assessment equations (Section 5.3) when these equations are evaluated for noncancer 
intakes/doses. 

For the inhalation pathway, the HQ is derived by the following equation: 

HQ = EC / RfC Eq. 27 
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where: 

HQ = hazard quotient (unitless, calculated)
	
EC = concentration of chemical in air averaged over exposure duration (mg/m3)
	
RfC = reference concentration (mg/m3).
	

As shown in Equation 28, both the “I” and the RfD are in units of mg/kg-day. Similarly, in 
Equation 29, the EC and RfC are in units of mg/m3. The RfD (or RfC) has been developed to 
represent a dose rate (or concentration) unlikely to result in any adverse noncancer health effects, 
even to the most susceptible members of the population. Therefore, if the “I” is equal to or less 
than the RfD or the EC is equal to the RfC (i.e., HQ<1), adverse noncancer health effects are 
unlikely. HQ values exceeding 1 do not indicate that noncancer hazard is likely to occur, but 
rather that the occurrence of an adverse noncancer health effect cannot be termed “unlikely.” The 
HQ does not define a particular risk level, nor can it be used to infer information regarding a 
dose-response curve. That is, an HQ of 0.01 does not imply a 1-in-100 chance of an adverse 
effect, but indicates that the estimated intake or exposure concentration is 100 times lower than 
the respective RfD or RfC. This approach is different from the probabilistic approach described 
in Section 5.5.1 to evaluate cancer risks. 

In the case of simultaneous exposure of a receptor to several chemicals, an HI is calculated as the 
sum of the HQs as follows: 

HI = I 1 / RfD + I 2 / RfD + ...I i / RfD Eq. 28 1 2 i 

where: 

HI = hazard index (unitless, calculated)
	
Ii = intake for the ith toxicant
	
RfDi  = reference dose for the ith toxicant.
	

If the HI for a given pathway exceeds 1, individual HI values may be calculated for each target 
organ. A total HI is calculated by summing the HI values, associated by target organ(s), across 
exposure pathways as follows: 

Total HIa = HI p1-a + HI p2-a + ...HI pi-a Eq. 29 

where: 

Total HIa = total hazard index for target organ “a” (unitless, calculated) 
HIpi-a = hazard index for target organ “a” via pathway “i.” 

KN17\Ramey\LF1_2\RI \Final\F LF1_SWA2 RI\2/22/2017 8 02 AM 5-49 



 
   
             

        
             

               
             

               
                 

              
                   

              
          

             
               

                 
   

     
 

    
               
              

             
             

                  
                 

       

     
               
              

            
              

                 

 

   

5.5.3 Risk Characterization Results 
Cancer and noncancer risk characterization results were evaluated for each receptor and each 
environmental medium, using the methods described in Sections 5.5.1 and 5.5.2. The detailed 
quantitative evaluation, showing intake values and toxicity values (RAGS D tables) and summed 
risks for each COPC at each exposure point (RAGS D tables) is provided in Appendix I-1. “Risk 
driver” chemicals have been identified on the RAGS D tables, as applicable, on a receptor-by-
receptor basis. These include chemicals for which the ILCR either exceeds a value of 1E-6 or 
contributes significantly to an HI for at least one target organ exceeds a value of 1. A significant 
chemical-specific contribution to the target organ HI of more than 1 is assumed for purposes of 
the tables to be a value greater than 0.1. Please note that the appearance of the chemical in the 
tables does not necessarily indicate that remediation or other action is required. It is 
acknowledged that such decisions are reserved for the risk managers. 

The following sections discuss the result of risk characterization by receptor and either 
current/future or future time frame for each landfill area. The estimated risks and hazards for 
Landfill Area 1 are evaluated separately for the area inside the burial area and the area outside 
the burial area. 

5.5.3.1 Landfill Area 1, Inside the Burial Area 

5.5.3.1.1 Current/Future Adult Recreational User 
The total ILCR for the current/future adult recreational user exposed to Landfill Area 1 burial 
area surface soil both through direct contact and via inhalation of suspended particulates is 
estimated as 6E-6. This is well within the 1E-6 to 1E-4 risk management range. The COPCs 
contributing the most to this ILCR are PAHs via direct contact (Appendix I-1, Table 9-1). 

The total HI for the current/future adult recreational user is 0.07, which is far less than the HI 
target criterion of 1. These results indicate that exposure to site soils is unlikely to result in 
adverse noncancer health effects (Appendix I-1, Table 9-1). 

5.5.3.1.2 Current/Future Youth Recreational User 
The total ILCR for the current/future youth recreational user exposed to Landfill Area 1 burial 
area surface soil both through direct contact and via inhalation of suspended particulates is 
estimated as 1E-5. This is well within the 1E-6 to 1E-4 risk management range. The COPCs 
contributing the most to this ILCR are PAHs via direct contact (Appendix I-1, Table 9-2). The 
total HI for the current/future youth recreational user is 0.1, which is less than the HI target 
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criterion of 1 (Appendix I-1, Table 9-2). These results indicate that exposure to site soils is 
unlikely to result in adverse noncancer health effects. 

5.5.3.1.3 Current/Future Child Recreational User 
The total ILCR for the current/future child recreational user exposed to Landfill Area 1 burial 
area surface soil both through direct contact and via inhalation of suspended particulates is 
estimated as 4E-5. This is within the 1E-6 to 1E-4 risk management range. The COPCs 
contributing most to this ILCR are PAHs via direct contact (Appendix I-1, Table 9-3). 

The total HI for the current/ future child recreational user is 0.7, which is less than the HI target 
criterion of 1. These results indicate that exposure to site soils is unlikely to result in adverse 
noncancer health effects. The COPCs contributing to this value are thallium and iron 
(Appendix I-1, Table 9-3). 

5.5.3.1.4 Current/Future Adult Farm Worker 
The total ILCR for the current/future adult farm worker exposed to Landfill Area 1 burial area 
surface soil through direct contact, inhalation of suspended particulates, or indirect exposure via 
beef and milk ingestion is estimated as 6E-5. This is within the 1E-6 to 1E-4 risk management 
range. Approximately 40 percent of this ILCR is associated with direct soil contact (PCBs and 
PAHs), 40 percent is associated with the ingestion of beef (PCBs), and 20 percent is associated 
with the ingestion of milk (PCBs) (Appendix I-1, Table 9-4). 

It is noted that PAHs were modeled for beef and milk concentrations and that these concentration 
values were included in the RAGS D tables to compute ILCR values for informational purposes. 
The total ILCR assuming indirect exposure to PAHs via the ingestion of beef and milk is 6E-4. 
This value exceeds the risk management range. However, as described in Sections 5.3.3.3 and 
5.3.3.4, modeled concentrations of PAHs in beef and milk are regarded as unrealistic; empirical 
evidence has shown that PAHs do not accumulate in these animal-based food items 
(ATSDR, 1995).  

The total HI for the current/future adult farm worker is 23. This value exceeds the HI goal of 1. 
Virtually all of this HI value is associated with exposure to thallium and iron in milk; the HI 
value associated with all other pathways combined is less than 1. The thallium HI for milk is 
18 and the iron HI is 5 (Appendix I-1, Table 9-4). As is discussed in the uncertainties analysis 
(Section 5.6.2.3), the concentration of thallium in the burial area at Landfill Area 1 appears to be 
associated with background soil conditions and the toxicity value is regarded as inadequate for 
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risk assessment purposes. Also, most or all of the HI associated with iron in milk appears to be 
associated with natural background soil concentrations. 

Note that for iron inside the burial area, 1) the WRS test results indicate that the iron 
concentrations in surface soil are consistent with background surface soil, 2) the geochemical 
evaluation results indicate that only at sample location TP1-15 was the iron concentration 
(63,600 mg/kg) not completely attributable to background levels, and 3) the magnitude of 
exceedance of the BV (54,490 mg/kg) by this sample is minimal ( approximately 17 percent). 
The mean iron concentration in Landfill Area 1 burial area soil (34,900 mg/kg) is less than the 
arithmetic mean concentration of iron in RAFB basewide background subsurface soil 
(37,610 mg/kg), though somewhat greater than the mean basewide surface soil iron 
concentration (27,550 mg/kg). Also, the MDC of the site surface soil (63,600 mg/kg) is less than 
the BV for sitewide subsurface soil (68,910 mg/kg). The subsurface background is mentioned 
because as a burial area, the soil in this portion of Landfill Area 1 has been disturbed. Therefore, 
some of the current surface soil within the burial may be native subsurface soil which appears to 
have higher naturally occurring iron concentrations in the vicinity of the RAFB. Further, 
non-native surface/subsurface soil may have been placed atop landfill waste as cover. 
Additionally. as mentioned in Section 5.2.3.1 and discussed further in Section 5.6.2, the RfD 
available for iron is a provisional value (EPA, 2006) with considerable associated uncertainties. 

5.5.3.1.5 Current/Future Child Farm Worker 
The total ILCR for the current/future child of a farm worker exposed to Landfill Area 1 burial 
area surface indirectly via ingestion of beef and milk ingestion is estimated as 4E-5 
(Appendix I-1, Table 9-5). This is within the 1E-6 to 1E-4 risk management range. 
Approximately 70 percent of this ILCR is associated with the ingestion of milk (PCBs) and 
30 percent is associated with the ingestion of beef (PCBs). It is noted that if a combined 
child/adult scenario were assumed for the farm worker, the ILCR would be 1E-5, which is within 
the cancer risk management range. 

It is noted that PAHs were modeled for beef and milk concentrations and that these concentration 
values were included in the RAGS D tables to compute ILCR values for informational purposes. 
The total ILCR assuming indirect expose to PAHs via the ingestion of beef and milk is 3E-3. 
This value exceeds the risk management range. However, as described in Sections 5.3.3.3 and 
5.3.3.4, modeled concentrations of PAHs in beef and milk are regarded as unrealistic; empirical 
evidence has shown that PAHs do not accumulate in these animal food items. 
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The total HI for the child of a current/future farm worker is 175. This value exceeds the HI goal 
of 1. Virtually all of this HI value is associated with exposure to thallium and iron in milk; the HI 
value associated with all other pathways combined is less than 1. The thallium HI for milk is 
138 and the iron HI is 36 (Appendix I-1, Table 9-5). As discussed in the uncertainties analysis 
(Section 5.6.2.3), the concentration of thallium in the burial area at Landfill Area appears to be 
associated with background soil conditions and the toxicity value is regarded as inadequate for 
risk assessment purposes. Also, most or all of the HI associated with iron in milk appears to be 
associated with natural background soil concentrations (Section 5.5.3.1.4). Also, as mentioned in 
Section 5.2.3.1.4 and discussed further in Section 5.6.2, the RfD used for iron is a provisional 
value with considerable associated uncertainties. 

5.5.3.2 Landfill Area 1, Outside the Burial Area 

5.5.3.2.1 Current/Future Adult Recreational User 
The total ILCR for the current/future adult recreational user exposed to Landfill Area 1 surface 
soil from outside the burial area both through direct contact and inhalation of suspended 
particulates is regarded as negligible because no carcinogenic COPCs were identified for surface 
soil (Appendix I-1, Table 9-6). 

The total HI for the current/future adult recreational user is 0.1, which is far less than the HI 
target criterion of 1. These results indicate that exposure to site soils is unlikely to result in 
adverse noncancer health effects (Appendix I-1, Table 9-6). 

5.5.3.2.2 Current/Future Youth Recreational User 
The total ILCR for the current/future youth recreational user exposed to Landfill Area 1 surface 
soil from outside the burial area both through direct contact and via inhalation of suspended 
particulates is regarded as negligible because no carcinogenic COPCs were identified for surface 
soil (Appendix I-1, Table 9-7). 

The total HI for the current/future youth recreational user is 0.2, which is less than the HI target 
criterion of 1 (Appendix I-1, Table 9-7). These results indicate that exposure to site soils is 
unlikely to result in adverse noncancer health effects. 

5.5.3.2.3 Current/Future Child Recreational User 
The total ILCR for the current/future child recreational user exposed to surface soil both through 
direct contact and inhalation of suspended particulates is regarded as negligible because no 
carcinogenic COPCs were identified for surface soil (Appendix I-1, Table 9-8).  
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The total HI for the current/ future child recreational user is 0.9, which is less than the HI target 
criterion of 1 (Appendix I-1, Table 9-8). These results indicate that exposure to site soils is 
unlikely to result in adverse noncancer health effects. The only COPC contributing to this value 
is thallium. 

5.5.3.2.4 Current/Future Adult Farm Worker 
The total ILCR for the current/future adult farm worker exposed to Landfill Area 1 surface soil 
from outside the burial area through direct contact; inhalation of suspended particulates; or 
indirect beef, milk, and produce (fruit and vegetables) ingestion is regarded as negligible because 
no carcinogenic COPCs were identified for surface soil (Appendix I-1, Table 9-9).  

The total HI for the current/future adult farm worker is 45 (Appendix I-1, Table 9-9). This value 
exceeds the HI goal of 1. Virtually all of this HI value is associated with exposure to thallium in 
milk and produce, with only minor contributions from thallium exposure via beef ingestion 
(HI=0.7) and direct soil contact (HI=0.2). The thallium HI for milk is 37 and the thallium HI for 
produce is 7. As is discussed in the uncertainties analysis (Section 5.6.2.3), the concentration of 
thallium outside the burial area at Landfill Area appears to be associated with background soil 
conditions, and the toxicity value is regarded as inadequate for risk assessment purposes. 

5.5.3.2.5 Current/Future Child Farm Worker 
The total ILCR for the current/future child of a farm worker exposed to Landfill Area 1 surface 
soil from outside the burial area through direct contact; inhalation of suspended particulates; and 
indirect beef, milk, and produce (fruit and vegetables) ingestion is regarded as negligible because 
no carcinogenic COPCs were identified for surface soil (Appendix I-1, Table 9-10).  

The total HI for the child of a current/future child of a farm worker outside the burial area is 
312 (Appendix I-1, Table 9-10). This value exceeds the HI goal of 1. Over 99 percent of this HI 
value is associated with exposure to thallium in milk and produce, with only relatively minor 
contributions from thallium exposure via beef ingestion (HI=1.5) and direct soil contact 
(HI=1.1). The thallium HI for milk is 292 and thallium HI for produce is 18. As is discussed in 
the uncertainties analysis (Section 5.6.2.3), the concentration of thallium outside the burial area 
at Landfill Area 1 appears to be associated with background soil conditions, and the toxicity 
value is regarded as inadequate for risk assessment purposes. 

5.5.3.2.6 Current/Future Adult Trespasser 
The total ILCR for the current/future adult trespasser exposed to Landfill Area 1 sinkhole 
sediment via direct contact is estimated as 3E-6 (Appendix I-1, Table 9-11). This is well within 
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the 1E-6 to 1E-4 risk management range. The COPCs contributing the most to this ILCR are 
PAHs. 

The total HI for the current/future adult trespasser is 0.03, which is far less than the HI target 
criterion of 1 (Appendix I-1, Table 9-11). These results indicate that exposure to site soils is 
unlikely to result in adverse noncancer health effects. 

5.5.3.2.7 Current/Future Youth Trespasser 
The total ILCR for the current/future youth trespasser exposed to Landfill Area 1 sinkhole 
sediment via direct contact is estimated as 4E-6 (Appendix I-1, Table 9-12). This is well within 
the 1E-6 to 1E-4 risk management range. The COPCs contributing the most to this ILCR are 
PAHs. 

The total HI for the current/future youth trespasser is 0.05, which is far less than the HI target 
criterion of 1 (Appendix I-1, Table 9-12). These results indicate that exposure to site soils is 
unlikely to result in adverse noncancer health effects. 

5.5.3.2.8 Future Adult Farm Worker 
The total ILCR for the current/future adult farm worker exposed to Landfill Area 1 surface soil 
from outside the burial area (direct contact; inhalation of suspended particulates; and ingestion of 
beef, milk, and produce) and groundwater (incidental ingestion and dermal contact) is 9E-6 
(Appendix I-1, Table 9-9), which is within the 1E-6 to 1E-4 risk management range. This ILCR 
is entirely associated with exposure to TCE and chromium VI in groundwater. Cancer risks 
associated with surface soil are regarded as negligible because no carcinogenic COPCs were 
identified for surface soil. 

The total HI for the current/future adult farm worker is 45 (Appendix I-1, Table 9-9). This value 
exceeds the HI goal of 1. Virtually all of this HI value is associated with exposure to thallium in 
milk and produce, with only minor contributions from thallium exposure via beef ingestion 
(HI=0.7) and direct soil contact (HI=0.2). The thallium HI for milk is 37 and the thallium HI for 
produce is 7. As is discussed in the uncertainties analysis (Section 5.6.2.3), the concentration of 
thallium outside the burial area at Landfill Area appears to be associated with background soil 
conditions, and the toxicity value is regarded as inadequate for risk assessment purposes. None 
of the groundwater COPCs contribute to a target organ-specific HI of greater than 1, indicating 
that use of groundwater as a potable source would not adversely affect this receptor. 
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5.5.3.2.9 Future Child Farm Worker 
The total ILCR for the current/future child of a farm worker exposed to Landfill Area 1 outside 
the burial surface soil (direct contact; inhalation of suspended particulates; and ingestion of beef, 
milk, and produce) and groundwater (incidental ingestion and dermal contact) is 3E-5 
(Appendix I-1, Table 9-10), which is within the 1E-6 to 1E-4 risk management range. This ILCR 
is entirely associated with exposure to TCE and chromium VI in groundwater. Cancer risks 
associated with surface soil are regarded as negligible because no carcinogenic COPCs were 
identified for surface soil. 

The total HI for the child of a current/future child of a farm worker outside the burial area is 
313 (Appendix I-1, Table 9-10). This value exceeds the HI goal of 1. Over 99 percent of this HI 
value is associated with exposure to thallium in milk and produce, with only relatively minor 
contributions from thallium exposure via beef ingestion (HI=1.5) and direct soil contact 
(HI=1.1). The thallium HI for milk is 292 and the thallium HI for produce is 18. As discussed in 
the uncertainties analysis (Section 5.6.2.3), the concentration of thallium outside the burial area 
at Landfill Area 1 appears to be associated with background soil conditions, and the toxicity 
value is regarded as inadequate for risk assessment purposes. The summed HI for groundwater is 
0.8, which is less than the target HI of 1. This indicates that potable use of the groundwater for 
this receptor cannot be regarded as unlikely to result in adverse human health effects. 

5.5.3.2.10 Future Adult Resident 
The total ILCR for the hypothetical future adult resident exposed to Landfill Area 1 total soil 
from outside the burial area (direct contact and via inhalation of suspended particulates) and 
groundwater (direct contact and inhalation of VOCs) is estimated as 1E-5 (Appendix I-1, 
Table 9-13). This is within the 1E-6 to 1E-4 risk management range. This ILCR is associated 
entirely with exposure to chromium VI and TCE in groundwater. 

The total HI for the future adult resident is 5, which exceeds the HI target criterion of 
1 (Appendix I-1, Table 9-13). Only thallium in soil (HI=3) contributes to a target organ-specific 
(hair) HI that exceeds a value of 1. As discussed in the uncertainties analysis (Section 5.6.2.3), 
the concentration of thallium outside the burial area at Landfill Area 1 appears to be associated 
with background soil conditions, and the toxicity value is regarded as inadequate for risk 
assessment purposes. 

5.5.3.2.11 Future Child Resident 
The total ILCR for the hypothetical future child resident exposed to Landfill Area 1 total soil 
from outside the burial area (direct contact and via inhalation of suspended particulates) and 
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groundwater (direct contact and inhalation of VOCs) is estimated as 3E-5 (Appendix I-1, 
Table 9-14). This is within the 1E-6 to 1E-4 risk management range. This ILCR is associated 
entirely with exposure to chromium VI and TCE in groundwater. 

It is noted that if a combined child/adult scenario is assumed for the future resident, the ILCR is 
5E-5, which is within the cancer risk management range. 

The total HI for the future child resident is 13, which exceeds the HI target criterion of 
1 (Appendix I-1, Table 9-14). Thallium in soil (HI=12) is the only COPC that has an associated 
target organ HI value that exceeds a value of 1. The soil HI is chiefly associated with the 
ingestion of crops which take up thallium from the soil (HI=9), but the direct exposure pathway 
also contributes significantly (HI=3). As discussed in the uncertainties analysis (Section 5.6.2.3), 
the concentration of thallium outside the burial area at Landfill Area 1 appears to be associated 
with background soil conditions and the toxicity value is regarded as inadequate for risk 
assessment purposes. 

5.5.3.2.12 Future Groundskeeper 
The total ILCR for the future groundskeeper exposed to Landfill Area 1 total soil from outside 
the burial area (direct contact and via inhalation of suspended particulates) and groundwater 
(direct contact) is estimated as 6E-6 (Appendix I-1, Table 9-15). This is within the 1E-6 to 1E-4 
risk management range. This ILCR is associated entirely with exposure to chromium VI and 
TCE in groundwater. 

The total HI for the future groundskeeper is 0.5, which is less than the HI target criterion of 
1 (Appendix I-1, Table 9-15). Therefore, exposure to COPCs in total soil and groundwater is 
unlikely to result in adverse noncancer health effects. 

5.5.3.2.13 Future Indoor Worker 
The total ILCR for the future indoor worker exposed to Landfill Area 1 total soil from outside 
the burial area (direct contact and via inhalation of suspended particulates) and groundwater 
(direct contact) is estimated as 6E-6 (Appendix I-1, Table 9-16). This is within the 1E-6 to 1E-4 
risk management range. This ILCR is associated entirely with exposure to chromium VI and 
TCE in groundwater. 

The total HI for the future indoor worker is 0.4, which is less than the HI target criterion of 
1 (Appendix I-1, Table 9-16). Therefore, exposure to COPCs in total soil and groundwater is 
unlikely to result in adverse noncancer health effects. 
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5.5.3.2.14 Future Construction Worker 
The total ILCR for the future construction worker exposed to Landfill Area 1 total soil from 
outside the burial area via direct contact and inhalation of suspended particulates is regarded as 
negligible because no carcinogenic COPCs were identified for total soil (Appendix I-1, 
Table 9-17). 

The total HI for the future construction worker is 0.8, which is less than the HI target criterion of 
1 (Appendix I-1, Table 9-17). Therefore, exposure to COPCs in total soil is unlikely to result in 
adverse noncancer health effects. 

5.5.3.3 Suspected Waste Area 2 

5.5.3.3.1 Current/Future Adult Recreational User 
The total ILCR for the current/future adult recreational user exposed to Suspected Waste Area 2 
surface soil (direct contact and via inhalation of suspended particulates), sediment (direct 
contact), and surface water (direct contact) is estimated as 7E-6 (Appendix I-1, Table 9-18). This 
value is within the risk management range. Virtually all of the ILCR value is associated with 
exposure to arsenic and chromium in sediment and surface water. Neither of these chemicals was 
identified as a COPC in Suspected Waste Area 2 surface soil or total soil. Approximately 
60 percent of this ILCR is associated with exposure to arsenic in sediment. Please note that the 
maximum detected arsenic concentration in sediment (16.4 mg/kg) is approximately only-half of 
the BV for arsenic in total soil (31.1 mg/kg). Similarly, the maximum detected chromium 
concentration in sediment (153 mg/kg) is less than the BV for chromium in total soil 
(240 mg/kg). This suggests that concentrations of arsenic and chromium in sediment are likely 
associated with natural background conditions of the local soils. 

The total HI for the current/future adult recreational user is 0.2, which is far less than the HI 
target criterion of 1 (Appendix I-1, Table 9-18). These results indicate that exposure to site soils 
is unlikely to result in adverse noncancer health effects. 

5.5.3.3.2 Current/Future Youth Recreational User 
The total ILCR for the current/future youth recreational user exposed to Suspected Waste Area 2 
surface soil (direct contact and via inhalation of suspended particulates), sediment (direct 
contact), and surface water (direct contact) is estimated as 6E-6 (Appendix I-1, Table 9-19). This 
value is within the risk management range. Virtually all of the ILCR value is associated with 
exposure to arsenic and chromium in sediment and surface water. Neither of these chemicals was 
identified as a COPC in Suspected Waste Area 2 surface soil or total soil. As described in 
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Section 5.5.3.3.1, the arsenic and chromium in sediment appear to be associated with natural 
background conditions of the local soil. 

The total HI for the current/future youth recreational user is 0.3, which is less than the HI target 
criterion of 1 (Appendix I-1, Table 9-19). These results indicate that exposure to site soils is 
unlikely to result in adverse noncancer health effects. 

5.5.3.3.3 Current/Future Child Recreational User 
The total ILCR for the current/future child recreational user exposed to Suspected Waste Area 2 
surface soil (direct contact and via inhalation of suspended particulates), sediment (direct 
contact), and surface water (direct contact) is estimated as 1E-5 (Appendix I-1, Table 9-20).This 
value is within the risk management range. Virtually all of the ILCR value is associated with 
exposure to arsenic and chromium in sediment and surface water. Neither of these chemicals was 
identified as a COPC in Suspected Waste Area 2 surface soil or total soil. As described in 
Section 5.5.3.3.1, the arsenic and chromium in sediment appear to be associated with natural 
background conditions of the local soil. 

The total HI for the current/future child recreational user is 0.9 (Appendix I-1, Table 9-20), 
which is less than the HI target criterion of 1. These results indicate that exposure to site soils is 
unlikely to result in adverse noncancer health effects. 

5.5.3.3.4 Current/Future Adult Farm Worker 
The total ILCR for the current/future adult farm worker exposed to Suspected Waste Area 2 
surface soil through direct contact; inhalation of suspended particulates; and indirect ingestion of 
beef, milk, and produce (fruit and vegetables) is regarded as negligible because no carcinogenic 
COPCs were identified for surface soil (Appendix I-1, Table 9-21). 

The total HI for the current/future adult farm worker is 18 (Appendix I-1, Table 9-21). This value 
exceeds the HI goal of 1. Virtually all of this HI value is associated with exposure to thallium in 
milk and produce, with only minor contributions from thallium exposure via beef ingestion 
(HI=0.3) and direct soil contact (HI=0.1). The thallium HI for milk is 15 and the thallium HI for 
produce is 3. As is discussed in the uncertainties analysis (Section 5.6.2.3), the concentrations of 
thallium in Suspected Waste Area 2 soils appear to be associated with background soil 
conditions, and the toxicity value is regarded as inadequate for risk assessment purposes. 

5.5.3.3.5 Current/Future Child Farm Worker 
The total ILCR for the current/future child of a farm worker exposed to Suspected Waste Area 2 
surface soil through direct contact; inhalation of suspended particulates; and indirect beef, milk, 
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and produce (fruit and vegetables) ingestion is regarded as negligible because no carcinogenic 
COPCs were identified for surface soil (Appendix I-1, Table 9-22). 

The total HI for the child of a current/future child of a farm worker outside the burial area is 127. 
This value exceeds the HI goal of 1 (Appendix I-1, Table 9-22). Over 99 percent of this HI value 
is associated with exposure to thallium in milk and produce, with only relatively minor 
contributions from thallium exposure via beef ingestion (HI=0.6) and direct soil contact 
(HI=0.4). The thallium HI for milk is 118 and thallium HI for produce is 7. As discussed in the 
uncertainties analysis (Section 5.6.2.3), the concentrations of thallium in Suspected Waste Area 2 
soils appear to be associated with background soil conditions. 

5.5.3.3.6 Future Adult Farm Worker 
The total ILCR for the future adult farm worker exposed to Suspected Waste Area 2 surface soil 
(direct contact; inhalation of suspended particulates; and ingestion of beef, milk, and produce) 
and groundwater (incidental ingestion and dermal contact) is 6E-6 (Appendix I-1, Table 9-21), 
which is within the 1E-6 to 1E-4 risk management range. This ILCR is entirely associated with 
exposure to TCE and chromium VI in groundwater. Cancer risks associated with surface soil are 
regarded as negligible because no carcinogenic COPCs were identified for surface soil. 

The total HI for the future adult farm worker is 18. This value exceeds the HI goal of 1 
(Appendix I-1, Table 9-21). Nearly all of this HI value is associated with exposure to thallium in 
milk and produce, with only minor contributions from thallium exposure via beef ingestion 
(HI=0.3) and direct soil contact (HI=0.1). The thallium HI for milk is 15 and the thallium HI for 
produce is 3. As discussed in the uncertainties analysis (Section 5.6.2.3), the concentrations of 
thallium in Suspected Waste Area 2 soils appear to be associated with background soil 
conditions, and the toxicity value is regarded as inadequate for risk assessment purposes. None 
of the groundwater COPCs contribute to a target organ-specific HI of greater than 1, indicating 
that use of groundwater as a potable source would not adversely affect this receptor. 

5.5.3.3.7 Future Child Farm Worker 
The total ILCR for the current/future child of a farm worker exposed to Suspected Waste Area 2 
surface soil (direct contact; inhalation of suspended particulates; and ingestion of beef, milk, and 
produce) and groundwater (incidental ingestion and dermal contact) is 2E-5 (Appendix I-1, 
Table 9-22), which is within the 1E-6 to 1E-4 risk management range. This ILCR is entirely 
associated with exposure to TCE and chromium VI in groundwater. Cancer risks associated with 
surface soil are regarded as negligible because no COPCs were identified for surface soil. 
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The total HI for the child of a current/future child of a farm worker outside the burial area is 127. 
This value exceeds the HI goal of 1 (Appendix I-1, Table 9-22). Over 99 percent of this HI value 
is associated with exposure to thallium in milk and produce, with only relatively minor 
contributions from thallium exposure via beef ingestion (HI=0.6) and direct soil contact 
(HI=0.9). The thallium HI for milk is 118 and thallium HI for produce is 7. As discussed in the 
uncertainties analysis (Section 5.6.2.3), the concentrations of thallium in Suspected Waste Area 2 
soils appear to be associated with background soil conditions, and the toxicity value is regarded 
as inadequate for risk assessment purposes. The summed HI for exposure to groundwater is 0.3, 
which is less than the target HI of 1. This indicates that potable use of the groundwater for this 
receptor is unlikely to result in adverse human health effects. 

5.5.3.3.8 Future Adult Resident 
The total ILCR for the hypothetical future adult resident exposed to Suspected Waste Area 2 
total soil (direct contact and inhalation of suspended particulates) sediment (direct contact), 
surface water (direct contact), and groundwater (direct contact and inhalation of VOCs) is 
estimated as 2E-5 (Appendix I-1, Table 9-23). This is within the 1E-6 to 1E-4 risk management 
range. This ILCR is associated mostly with the ingestion of produce (benzo[a]pyrene, 
ILCR=4.9E-6), direct contact with sediment (ILCR=4.6 E-6, associated entirely with chromium 
VI and arsenic), direct contact with surface water (ILCR=2.3 E-6, associated with chromium VI 
and arsenic), and direct contact with groundwater (chromium VI, ILCR=7.7E-6). As described in 
Section 5.5.3.3.1, the arsenic and chromium in sediment appear to be associated with natural 
background conditions of the local soil. 

The total HI for the future adult resident is 2, which exceeds the HI target criterion of 1. 
However, none of the target organ-specific ILCR values exceed a value of 1. These results 
indicate that exposure to site soils is unlikely to result in adverse noncancer health effects 
(Appendix I-1, Table 9-23). 

5.5.3.3.9 Future Child Resident 
The total ILCR for the hypothetical future child resident exposed to Suspected Waste Area 2 
total soil (direct contact and via inhalation of suspended particulates) sediment (direct contact), 
surface water (direct contact), and groundwater (direct contact and inhalation of VOCs) is 
estimated as 6E-5 (Appendix I-1, Table 9-24). This is within the 1E-6 to 1E-4 risk management 
range. This ILCR is associated mostly with the ingestion of produce (benzo[a]pyrene, 
ILCR=1.7E-5), direct contact with sediment (ILCR=7.9E-6, associated entirely with chromium 
VI and arsenic), direct contact with surface water (ILCR=3.6E-6, associated with chromium VI 
and arsenic), and direct contact with groundwater (chromium VI, ILCR=2.6E-5). As described in 
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Section 5.5.3.3.1, the arsenic and chromium in sediment appear to be associated with natural 
background conditions of the local soil. 

It is noted that if a combined child/adult scenario is assumed for the future resident, the ILCR is 
8E-5, which is within the cancer risk management range. 

The total HI for the future child resident is 6, which exceeds the HI target criterion of 1 
(Appendix I-1, Table 9-24). Thallium in soil (HI=5) is the only COPC with associated target 
organ HI values that exceed a value of 1. The soil HI is chiefly associated with the ingestion of 
crops that take up thallium from the soil (HI=4), but the direct exposure pathway also contributes 
significantly (HI=1). As discussed in the uncertainties analysis (Section 5.6.2.3), the 
concentration of thallium in Suspected Waste Area 2 appears to associated with background soil 
conditions, and the toxicity value is regarded as inadequate for risk assessment purposes. 

5.5.3.3.10 Future Groundskeeper 
The total ILCR for the future groundskeeper exposed to Suspected Waste Area 2 total soil (direct 
contact and via inhalation of suspended particulates) and groundwater (direct contact) is 
estimated as 5E-6 (Appendix I-1, Table 9-25). This is within the 1E-6 to 1E-4 risk management 
range. Approximately 90 percent of this value is associated with chromium VI in groundwater. 

The total HI for the future groundskeeper is 0.2, which is less than the HI target criterion of 1 
(Appendix I-1, Table 9-25). Therefore, exposure to COPCs in total soil and groundwater is 
unlikely to result in adverse noncancer health effects. 

5.5.3.3.11 Future Indoor Worker 
The total ILCR for the future indoor worker exposed to Suspected Waste Area 2 total soil (direct 
contact and via inhalation of suspended particulates) and groundwater (direct contact) is 
estimated as 4E-6 (Appendix I-1, Table 9-26). This is within the 1E-6 to 1E-4 risk management 
range. Approximately 90 percent of this value is associated with chromium VI in groundwater. 

The total HI for the future indoor worker is 0.2, which is less than the HI target criterion of 
1 (Appendix I-1, Table 9-26). Therefore, exposure to COPCs in total soil and groundwater is 
unlikely to result in adverse noncancer health effects. 

5.5.3.3.12 Future Construction Worker 
The total ILCR for the future construction worker exposed to Suspected Waste Area 2 total soil 
via direct contact and inhalation of suspended particulates is estimated as 2E-8 (Appendix I-1, 
Table 9-27). This value is less than the risk management rank and regarded as negligible. 
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The total HI for the future construction worker is 0.3, which is less than the HI target criterion of 
1 (Appendix I-1, Table 9-27). Therefore, exposure to COPCs in total soil is unlikely to result in 
adverse noncancer health effects. 

5.6 Uncertainty Analysis 
The primary objective of the BHHRA is to characterize and quantify potential human health 
risks. However, these risks are estimated using incomplete and imperfect information that 
introduces uncertainties at various stages of the risk assessment process. Uncertainties associated 
with earlier stages of the risk assessment become magnified when they are concatenated with 
other uncertainties in the latter stages. Reliance on a simplified numerical presentation of dose 
rate and risk without consideration of uncertainties, limitations, and assumptions inherent in their 
derivation can be misleading. For example, the calculated ILCR for a given scenario “A” may be 
5E-5 (within the risk management range) and that of scenario “B” given as 5E-4 (exceeding the 
risk management range). However, if the uncertainties associated with scenario “B” span, for 
instance, orders of magnitude and the ILCR is regarded as biased high, it is not unlikely that 
scenario “A” actually presents a higher cancer risk. 

The chief goal of this analysis is to evaluate uncertainties and present them in the context of their 
potential impact on the interpretation of the risk assessment results and the types of 
environmental management decisions that may be based on these results. The uncertainty 
analysis does not exhaustively describe all potential uncertainties but presents those that have the 
largest implications for the interpretation of the risk assessment results. Although the BHHRA 
includes generic uncertainties that are common to the state of human health risk assessment 
practice (e.g., additivity of health effects in the risk characterization), overall, the uncertainty 
analysis focuses on the sets of uncertainties that are specific to the landfill areas and this 
BHHRA. 

5.6.1 Types of Uncertainty 
Uncertainties in risk assessment are categorized into two general types: 1) variability inherent in 
the (true) heterogeneity of the data set, measurement precision, and measurement accuracy and 
2) uncertainty that arises from data gaps. Estimates of the degree of variability tend to decrease 
as the sample size increases, because larger data sets are less impacted by individual 
samples/measurements and typically allow for greater accuracy. Uncertainty that arises from data 
gaps is addressed by applying models and assumptions. Models are applied because they 
represent a level of understanding to address certain exposure parameters that are impractical or 
impossible to measure (e.g., COPC concentrations in air that would result from construction 
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activities that have not yet occurred [or may never occur] at the site). Assumptions represent an 
educated estimate to address information that is not available (e.g., additivity of carcinogens). 

5.6.2 Sources of Uncertainty 
The following discussion provides an overview of general sources of uncertainty, with a focus on 
those sources that are most likely to affect the interpretation of the BHHRA results. 

5.6.2.1 Sample Selection 
The placement of soil samples at Landfill Area 1 and Suspected Waste Area 2 were based on 
geophysical surveys, historical information, and results of test pit excavations. The sample 
locations at Landfill Area 1 were well placed either inside of or outside of the burial area. The 
investigation at Suspected Waste Area 2 revealed no evidence of disposal activities at Suspected 
Waste Area 2. Nonetheless, the samples at Suspected Waste Area 2 adequately represent a large 
area and thoroughly focused on a geophysical anomaly (Sections 3.2 and 3.3). The sediment and 
surface water samples were well placed at areas downgradient from the respective sites, as 
applicable, and at the cattle/irrigation pond. The monitoring wells also appear to be placed to 
adequately monitor groundwater contamination. There is no information to suggest that sampling 
locations contributed any bias to the BHHRA. 

5.6.2.2 Exposure-Point Concentration Estimates 
Uncertainty is introduced in the statistical approach used to calculate the EPCs. As stated in the 
Human Health Evaluation Manual (Part A) (EPA, 1989a), the average concentration of the site 
should be used as the concentration term, generally with a 95 percent UCL used to account for 
the uncertainty of using a sample data set to estimate the true population mean concentration for 
the site. ProUCL Version 4.1 software (EPA, 2010b) was used to calculate the EPCs. However, 
the calculation of the UCL can vary greatly with methodology. It is unclear if the UCL value of a 
specific COPC would result in an underestimate or overestimate of the true population mean. 
However, the general use of a UCL on all the data sets, even given the uncertainty as to whether 
a given method provides full coverage at 95 percent confidence, would result in general 
overestimation of the population mean and associated risks. Therefore, as intended by EPA 
(1989a) guidance, this practice of using the UCL as the EPC (note that the MDC is used as the 
EPC if the UCL exceeds the MDC) introduces bias that tends to overestimate the EPC and the 
resultant risk values. 

5.6.2.3 Site Relatedness 
Inorganic COPCs in soil were identified as either site related or associated with naturally 
occurring background conditions. A three-part background soil evaluation was conducted in an 
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attempt to limit the quantitative evaluation of inorganics in soil to those chemicals that appear to 
be truly site related. For site-related inorganic COPCs, it is noted that a portion of their 
concentration is associated with background conditions. This practice tends to overestimate the 
level of site-related risk for those inorganics COPCs that were quantitatively evaluated in the 
BHHRA. This background evaluation was conducted only for soil. 

Thallium in soil was the main noncancer risk-driving chemical, with HI values of up to 3 
associated with direct contact for resident in Landfill Area 1 soil from outside the burial area. As 
discussed in Section 5.2.4, thallium was treated as site related at each of the three site areas 
evaluated in this BHHRA because it was not detected in the background data set. However, it is 
likely that the reason for a lack of thallium detections in the background soil is the lower 
sensitivity for thallium in the laboratory analysis performed as part of the background study 
(Shaw, 2004) as compared to the RI analysis; please note that most limit of quantitation for 
thallium in soil for the RI were less than 1 mg/kg, whereas all of those in the background study 
were 2 mg/kg or greater (Shaw, 2004).  

An evaluation of the lack of contamination at Suspected Waste Area 2 leads to the conclusion 
that the presence of thallium in Suspected Waste Area 2 soil is not associated with former DOD 
activities. Thallium is the only COPC identified for surface soil at Suspected Waste Area 2. Not 
only were no other COPCs identified in Suspected Waste Area 2 surface soil, but virtually no 
organics were detected in Suspected Waste Area 2 surface soil, aside from a few reported 
detections of common laboratory contaminants (2-butanone, acetone, and methylene chloride) at 
concentrations less than the limit of quantitation and far less than the RSLs. Also, the 
investigation revealed no evidence of waste disposal or other activities that may generate 
contaminants. In fact, the results of the geophysical survey and the excavation of 30 test pits at 
Suspected Waste Area 2 show no evidence of any disposed materials or related activities, 
including no unconsolidated material indicative of fill material. In summary, thallium in 
Suspected Waste Area 2 is concluded to be at background concentrations because there is no 
evidence of any DOD activities at Suspected Waste Area 2 or of contamination from any source 
that may have contributed thallium to the surface soil. 

Thallium was detected in 69 percent (18 of 26) of Suspected Waste Area 2 surface soil samples 
at an MDC of 2.8 mg/kg and an EPC of 0.98 mg/kg. This percent detection is higher than at 
Landfill Area 1 inside the burial area, where only 25 percent (3 of 12) of surface soil samples 
had detectable levels of thallium, and is higher than the 44 percent (4 of 9) detections for the area 
at Landfill Area 1 that is outside the burial area. The thallium MDCs for Landfill Area 1 surface 
soil inside the burial area (3.2 mg/kg) and outside the burial area (3.5 mg/kg) are similar to that 
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of Suspected Waste Area 2 (2.8 mg/kg). Additionally, the percentage of samples with thallium 
concentrations exceeding 2 mg/kg are similar for all three site areas: Landfill Area 1 inside the 
burial area, 11 percent (1 of 9); Landfill Area 1 outside the burial area, 8 percent (1 of 12); and 
Suspected Waste Area 2, 12 percent (3 of 26).  

Please note that the thallium EPC for Landfill Area 1 surface soil inside the burial area 
(1.15 mg/kg) is nearly the same as that of Suspected Waste Area 2 (0.98 mg/kg). Although the 
EPC for Landfill Area 1 soil outside the burial area is slightly higher (2.4 mg/kg), this is not 
unexpected because this data set is relatively small and the statistical variability associated with a 
small data set is expected to be higher. This variability has a direct effect on the EPC. Also, the 
burial area contains obvious waste materials and debris, as several organic COPCs were 
identified for the Landfill Area 1 burial area; no waste or debris are seen outside of the burial 
area, and no organic COPCs identified for Landfill Area 1 soil are outside the burial area. 
Therefore, given the lack of site-related thallium in surface soil within the burial area, the higher 
thallium EPC outside of the Landfill Area 1 burial area is unlikely to indicate thallium impact. 

Iron is the only other metal found to be site related in soil from any of the site areas. Based on 
the background evaluation (Appendix K), only a single surface soil sample (Location TP 1-15) 
within the Landfill Area 1 burial area indicated potential site impact above background. This 
sample had an iron concentration of 63,600 mg/kg, which is only slightly greater than the iron 
BV for RAFB basewide background surface soil (54,500 mg/kg). Note that for iron inside the 
burial area 1) the WRS test results indicate that the iron concentrations in surface soil are 
consistent with background surface soil, 2) the geochemical evaluation results indicate that only 
at sample location TP1-15 was the iron concentration (63,600 mg/kg) not completely attributable 
to background levels, and 3) the magnitude of exceedance of the BV (54,490 mg/kg) by this 
sample is minimal (approximately 17 percent). Also, the mean concentration in the Landfill 
Area 1 surface soil (34,900 mg/kg) is only slightly higher than that of background surface soil 
(27,600 mg/kg) and is slightly less than the mean concentration of iron in background subsurface 
soil (37,600 mg/kg). Also, the MDC of the site surface soil (63,600 mg/kg) is less than the BV 
for sitewide subsurface soil (68,910 mg/kg). The subsurface background is mentioned because as 
a burial area, the soil in this portion of Landfill Area 1 has been disturbed. Therefore, some of 
the current surface soil within the burial may be native subsurface soil which appears to have 
higher naturally occurring iron concentrations in the vicinity of the RAFB. Further, non-native 
surface/subsurface soil may have been placed atop landfill waste as cover. In summary, surface 
soil at a single location within the Landfill Area 1 burial area may be slightly impacted with 
respect to iron, although concentrations of iron in this disturbed area are consistent with those of 
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background subsurface soil. Regardless, a large majority of the iron in Landfill Area 1 soil 
within the burial area appears to be associated with background soil conditions. 

There is no background screening of inorganics in site groundwater. Chromium is the only 
inorganic that contributes appreciably to a cancer risk: 4E-5 for the future child/adult resident at 
Landfill Area 1 and 3E-5 for the future child/adult resident at Suspected Waste Area 2. The 
inherent assumption is that 100 percent of chromium in groundwater is site related, because there 
is no background evaluation for this medium. This conservative assumption may contribute a 
high bias to the ILCR. It is noted that only the nonfiltered samples were used in the BHHRA. In 
the filtered sample aliquots, which may be more representative of potable use conditions, the 
samples with the chromium concentrations were typically about one-half the concentration found 
in the unfiltered Landfill Area 1 aliquot (Table 4-6) and Suspected Waste Area 2 aliquots 
(Table 4-15). Also, it is assumed in the BHHRA that 100 percent of the chromium is present as 
chromium VI. However, based on the redox measurements, which ranged from –238 to 
51 (Appendix D), most of the groundwater wells were found to have reducing conditions, which 
favors the dominance of chromium III. Note that chromium III is not regarded as carcinogenic 
and its noncancer effects are 500 times less toxic than those of chromium VI. Therefore, the 
ILCR values for exposure to groundwater are biased high for chromium. 

There is no background screening for inorganics in site sediment and surface water at Suspected 
Waste Area 2. Therefore, inorganic COPCs in these media are inherently assumed to be site 
related. This is a conservative assumption, as inorganics occur naturally in these environmental 
media. However, the human health risks and hazards contributed by pathways associated with 
these media are relatively low. 

5.6.2.4 Land-Use Assumptions/Receptor Selection 
Based on current land use, the only apparent current receptors are a cattle farm worker 
(Suspected Waste Area 2 and Landfill Area 1 outside of the burial area) and perhaps the child of 
the farm worker who may ingest beef from cattle raised on site (Section 5.3.2). There may also 
currently be an occasional trespasser. Because agricultural land use may continue into the future, 
the farm worker and child of farmer scenarios are regarded as “current/future” scenarios. Other 
receptors are classified as “current/future” in this BHHRA, not because these receptors currently 
use the site but because they represent potential uses under current physical site conditions, 
without appreciable soil disturbance and without the development of groundwater as a source of 
potable tap water. However, most of the “current/future” condition scenarios would exaggerate 
actual current exposure and associated risks. 
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The selected receptors are generally reasonable and cover a wide spectrum of potential current 
and/or future uses. It is noted that the current/future recreational user for Landfill Area 1 inside 
the burial area is likely conservative because this property is unstable because of buried waste 
and debris, some of which extends to the surface. Thus, before this property could be used as a 
ball field or play area, improvements (e.g., debris/waste removal and/or adding fill materials) 
that would change the surface of the site would be required. Such actions would be likely to 
greatly reduce contact with the current surface soil, thereby reducing exposure to COPCs. 
Therefore, the recreational use scenario is likely conservative. However, risks to these receptors 
were within the risk management range, and the HI did not exceed a value of 1. 

Under the future residential and long-term worker scenarios, it is assumed that groundwater will 
be developed for potable use (Section 5.3.2). Although this assumption is plausible, it appears 
unlikely and thus conservative. This is because the water table at the landfill areas is at a depth of 
over 200 feet, whereas municipal water is readily available from the Puerto Rico Aqueduct and 
Sewer Authority. Therefore, municipal water would represent a more economical source. If this 
is the case, then the inclusion of the groundwater pathway in the future use scenarios introduces 
a high bias to the risk estimates. 

5.6.2.5 Exposure Assumption Values 
Under the RME assumption, the exposure assumption values used in the exposure assessment 
are selected to represent either an upper bound (e.g., 95th percentile) or mid-range value, 
depending on the particular parameter. Mathematically combining these terms in exposure 
equations may result in decidedly conservative exposure estimations (Cogliano, 1997; 
Burmaster and Harris, 1993). However, this is a comment on the exposure assumptions of the 
practice of human health risk assessment in general, rather than any specific assumptions 
regarding this BHHRA in particular. 

5.6.2.6 Use of Exposure Concentration Models 
Concentrations of COPCs in air and food items were not measured (and in most cases cannot 
reasonably be measured) but were calculated based on models which use the EPC of the 
measured environmental media as input values. There is considerable uncertainties in the use of 
these models, largely associated with a general lack of corresponding empirical data to 
confidently support their use. Uncertainties associated with each of these is briefly discussed in 
the following paragraphs. 

Soil-to-Air as Suspended Particulates. Soil-to-air model calculations and assumptions are 
presented in Appendix I-4. The particulate emission model used for wind erosion of soil surface 
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is based on an unlimited reservoir of soil using a conservative default aggregate particle size and 
friction velocity (EPA, 1996) and an assumed ground cover of 50 percent (most of the site is 
currently covered with vegetation). Although this model introduced a conservative bias, the 
inhalation pathway contributed negligibly to overall exposure. Therefore, use of this model had a 
negligible impact on overall uncertainty of the exposure/risk estimates. 

The particulate emission model described for construction scenarios by EPA (2002) was used for 
the construction worker scenario. Use of this model is highly uncertain for future land use for 
which no specifics can be known about construction; this considerable uncertainty is recognized 
by EPA (2002). The input parameters for this model include the site acreage and vehicle traffic. 
Currently, there is no vehicle traffic or construction activities at either landfill area. Therefore, 
the selection of parameters is based on the EPA (2002) example and conservative professional 
judgment with respect to the size and duration of any construction operation at Landfill Area 1 
site outside the burial area and Suspected Waste Area 2 and how these might affect the number 
and size of construction vehicles. Because of these substantial uncertainties associated with the 
model, it cannot be ascertained whether these uncertainties introduce a high bias or low bias. 
However, the contribution to overall risk for the relevant COPCs in total soil via the inhalation 
pathway was two orders of magnitude less than for the ingestion and dermal pathways. 
Therefore, use of this model had a very minor impact on overall uncertainty of the exposure/risk 
estimates. 

Shower Room Air Concentrations. The shower model (Schaum et al., 1994) was used to 
estimate shower room air concentrations during and immediately after showering for the adult 
resident. Parameter values were selected to be generally conservative; for example, the water 
flow rate was based on a nonconserving shower head, VOCs were assumed to volatilize at 
90 percent, and the time spent in the shower room reportedly represents a 95th percentile 
(EPA, 2011b). Please note that the showering time used in the BHHRA is 35 minutes 
(0.58 hour), whereas the 90th percentile value used by Schaum et al. (1994) was only 12 minutes 
(0.2 hour). The model does not take into account the possibility that air concentrations in the 
breathing zone within the shower may be somewhat higher than the average air concentrations 
modeled for the shower room; this likely introduces a bias which tends to underestimate intake 
and associated risk. Additionally, the contribution of VOCs to overall air concentrations within a 
residence (from the shower and other household uses) is not included in this model, adding a 
potential component of underestimation of exposure. Therefore, some components of the shower 
model introduce a conservative bias, but others may introduce a nonconservative bias. The 
magnitude of the uncertainties associated with this model is judged to be relatively small. 
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The only volatile COPC in groundwater was TCE. The ILCR associated with this pathway for 
the Landfill Area 1 adult resident and was 3.7E-6 (RAGS D Table 9-17). The ILCR for the 
Suspected Waste Area 2 resident was negligible (7.4E-7; RAGS D Table 9-31). The HI value for 
the Landfill Area 1 adult was 1 for the showering pathway (equaling the overall thymus target 
organ-specific HI for this receptor), and the HI for the Suspected Waste Area 2 was only 0.2; 
both of these HI values indicate no adverse noncancer effects. Although the other receptors were 
not quantitatively evaluated for the groundwater-to-air pathway, exposure to these receptors 
would have been significantly less. Therefore, the lack of quantitative evaluation of volatilization 
for these receptors likely does not appreciably affect the overall risks/hazards for these receptors. 

Soil-to-Produce Uptake. Concentrations of COPCs in fruits and vegetables were not 
separately calculated, but the Bag multiplied by the Cs (i.e., soil concentration) in the equation 
described in Section 5.3.4.6 equals the fruit/vegetable concentration. The only inorganic soil 
COPCs were thallium (all sites) and iron (Landfill 1 burial area only). Following EPA (2005b) 
guidance, the Bag values for thallium and iron were taken from Baes et al. (1984). EPA (2005b) 
states that estimated soil Bag values do not reflect site-specific conditions. The guidance 
specifically recommends an alternative source (EPA, 1992) of Bag values which are available for 
certain inorganics; thallium and iron are not among them. Therefore, it is apparent that 
considerable uncertainties are associated with the Bag values for thallium and iron. 

The Bag values for organic COPCs were calculated as described in EPA (2005a) guidance. It is 
assumed that these likely have less uncertainty than do the Bag values for inorganics, but they do 
not take site-specific conditions into account and thus have inherent uncertainty (EPA, 2005a). 

Beef/Milk Concentrations. Models were used as described in Sections 5.3.3.3 and 5.3.3.4 to 
estimate the concentration of COPCs in beef and milk. The models themselves for beef and milk 
are essentially identical; only the input parameters, especially the biotransfer factors, are 
different. Uncertainties include those associated with the Bag factor discussed above for plant 
uptake, because the same value is used for forage uptake in cattle (EPA, 2005b). Thus, the 
considerable uncertainties discussed above, especially for thallium, are also inherent as a part of 
this model. Certain other assumptions bias the beef/milk concentrations high. These include the 
assumption that 100 percent of vegetation and soil ingested by the cattle are from the areas being 
evaluated, the COPCs are not metabolized (applies especially to organic COPCs), and the 
COPCs are 100 percent bioavailable from the soil. It is noted that as described in Section 5.3.3.3, 
PAHs are assumed not to bioaccumulate based on EPA (2008b) guidance and empirical data 
described in ATSDR (1995). This assumption regarding PAHs is nonconservative, but based on 
empirical data (ATSDR, 1995; EPA, 2008b), is unlikely to bias the exposure to COPCs. 
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5.6.2.7 Toxicity Assessment 
Uncertainties associated with the toxicity assessment include those regarding development of the 
health effects criteria values, the classification of potential carcinogenicity, the extrapolation of 
exposure route-specific toxicity values to other routes of exposure, and the extrapolation of toxic 
effects observed in animal studies to potential adverse effects in humans. A general summary of 
these uncertainties is provided in the following paragraphs, followed by a discussion of toxicity 
assessment values that are specifically related to uncertainties associated with the BHHRA. 

The development of health effects criteria for noncancer effects involves considerable 
professional judgment. A UF of up to 10 may be applied to a toxicologically identified 
benchmark dose or concentration to address the unknown regarding each of the following 
(EPA, 989b): lowest-observed-adverse-effects level to no-observed-adverse-effects level, 
subchronic-to-chronic extrapolation, route-to-route extrapolation, and species-to-species 
extrapolation. A “modifying factor” of 10 or less is likewise applied in the development of RfDs 
and RfCs, using professional judgment. This modifying factor is intended to address gaps in the 
database and the steepness of the dose-response curve. In practice, the overall UF, derived by 
multiplying the individual UFs by the modifying factor, associated with RfD and RfC values 
may span more than three orders of magnitude. 

The EPA weight-of-classification system for carcinogens is used to examine and classify 
chemical agents with respect to their carcinogenic potential. Most EPA potential carcinogens are 
classified based on animal data, without sufficient human data to support a causal association 
(Section 5.4.1). EPA’s guidelines recommend the use of the linearized multistage model to 
develop SFs and URs as a default approach (EPA, 1989a). This is consistent with EPA’s 
approach to take default positions regarding the interpretation of toxicological and 
epidemiological data that are protective of public health, wherein animal tumor findings are 
assumed to be relevant to humans and cancer risks are assumed to conform with low-dose 
linearity (EPA, 2005a). The use of this health-protective default position in the derivation of 
cancer toxicity values lends a conservative bias that is more likely to overestimate than 
underestimate cancer potency. Application of the ADAF values (Section 5.4.1) adds uncertainty, 
as specific mutagenic effects on children and youth may either be exaggerated or underestimated 
for a given carcinogen. 

Overall, the toxicity values, assuming similar effects between humans and test species, tend to 
result in overestimates of noncancer hazards or cancer risks. However, it is possible that a given 
chemical can elicit a toxic response in humans that is not observed in the laboratory species 
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studied, or humans may be more sensitive to a given chemical. In this instance, it is possible for 
the use of the toxicity values to result in underestimates of risks/hazards. 

Please note that chronic RfDs were used for the construction worker, even though the ED was 
assumed to be 6 months for each of the two sites evaluated. Because this is a subchronic period 
(i.e., less than 10 percent of lifetime), use of the chronic RfDs may add an additional 
conservative bias to estimations of noncancer risk. 

The impacts of uncertainties associated with the toxicities of specific COPCs are discussed in the 
following paragraphs. These COPCs are selected because of their contribution to hazard/risk and 
uncertainties in the toxicity values themselves, which are described as either provisional or 
screening. 

Thallium. The IRIS database (EPA, 2013) states that the toxicity studies performed on thallium 
and thallium compounds are of generally poor quality and that a verified RfD could thus not be 
derived. The EPA National Center for Environmental Assessment recently reviewed thallium 
and its compounds to derive a provisional RfD (EPA, 2012c). Their finding was that because of 
inadequacy of the database, it was inappropriate to derive an RfD for thallium. However, EPA 
appended a screening toxicity value appendix value dose rate of 1E-5 mg/kg-day that it refers to 
as “being of limited use to risk assessors (italics added).” EPA (2012c) cautions the user as 
follows: “Users of screening toxicity values in an appendix to a PPRTV assessment should 
understand that there is considerably more uncertainty associated with the derivation of a 
supplemental screening toxicity value than for a value presented in the body of a (PPRTV) 
assessment (italics added).” It is also noted that the screening toxicity value includes a UF of 
3,000, which is the maximum value used by EPA (2013) for verified RfD values. 

This screening toxicity value (1E-5 mg/kg-day) was used in the BHHRA. Its use adds 
considerable uncertainty to the BHHRA, especially given that it was the major risk driver for 
noncancer hazards in soil. Please note that this uncertainty is concatenated by the uncertainty of 
the soil-to-food items (produce/beef/milk) models (Section 5.6.2.6) and the observation that 
thallium in the landfill area soils appears to be associated with background conditions 
(Section 5.6.2.3). 

Iron. Care should be taken in the application of the oral RfD for iron. EPA (2006) established a 
provisional RfD based on mild gastrointestinal effects associated with iron supplements 
administered to iron-deficient humans. These supplements are forms of ferrous iron used 
therapeutically and especially selected and formulated to optimize bioavailability. Iron released 
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to the environment is likely to oxidize to the ferric (+3) valence state, which forms complexes 
with other constituents in the environment (Hazardous Substances Data Bank, 2013) and is likely 
to be much less bioavailable than the forms used to treat iron deficiency anemia. It should be 
noted that iron toxicity due to environmental exposure has not been observed. Therefore, it is 
likely that the oral RfD for iron exaggerates noncancer human hazards beyond the conservative 
assumptions typically associated with EPA toxicity values. 

5.6.2.8 Risk Characterization 
It is assumed that the effects of simultaneous exposures to multiple carcinogens at a site are 
additive. Likewise, it is assumed that noncancer effects of contaminants are additive if they have 
a similar mechanism of toxicity. In risk assessment practice, it is assumed that the effects of 
chemicals that affect the same target organ are additive unless chemical-specific information 
would dictate otherwise. However, chemicals in combination may act additively, synergistically, 
or antagonistically or not influence one another at all. Therefore, depending on the interactive 
effects (if any), the risk characterization approach to multiple contaminants may lead to either 
underestimates or overestimates of potential risk/hazard. 

For the farmer exposure pathways, the risks and hazards for produce, beef, and milk ingestion 
are added together. This is plausible, as it is possible that a cattle farmer could keep both beef 
and dairy cattle, as well as grow produce for family use (and perhaps to sell). This scenario 
would also be possible if the farmer kept dairy cattle and occasionally slaughtered one for family 
use. However, it should be noted that cattle farmers more typically keep either beef cattle or 
dairy cattle but not both. In these cases, the summing of milk and beef path risks and hazards 
may introduce a high bias. 

5.7 Summary and Conclusions 
The BHHRA was conducted for surface soil, total soil, groundwater, surface water, and sediment 
associated with Landfill Area 1 and Suspected Waste Area 2 following the RAGS D protocol. 
Landfill Area 1 was evaluated separately for the burial area and for areas outside of the burial 
area. COPCs were identified for the environmental media at each site, and EPCs were derived 
for all COPCs, except for certain inorganics which were eliminated from further consideration 
based on the background evaluation (Section 5.2.4). EPCs were also modeled for air 
concentrations associated with groundwater use, air concentrations associated with fugitive dust 
that originated from site soil, and beef and milk concentrations based on COPC concentrations in 
site soil, assuming that cattle grazed on site. Exposure to vegetable and fruit grown on site was 
also evaluated for site farmers and residents. 
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5.7.1 Landfill Area 1 Inside the Burial Area 
Cancer risk for the recreational users and farmer scenarios were within the risk management 
range, with a maximum ILCR for the adult cattle farmer of 6E-5. Human health risks associated 

with the development of property inside the burial area were not evaluated because the instability 
of the property and the presence of buried waste would render development infeasible. The 
maximum ILCR is entirely associated with exposure to PAHs and PCBs in soil, including beef 
and milk ingestion. The HI values were less than 1 for all direct exposure pathways and for beef 
ingestion. Although the HI for the adult farmer and the child of the adult farmer exceeded a value 
of 1, these values exceeding 1 were associated solely with thallium in milk. As described in 
Section 5.6.2.3, thallium surface soil within the burial area at Landfill Area 1 appears to be 
associated with natural background soil conditions. Additionally, as described in Section 5.6.2.6, 
there is considerable uncertainty associated with the biotransfer models, especially for 
inorganics. Finally, EPA (2012c) has concluded that the toxicity data base for thallium is 
inadequate for the derivation of even a provisional RfD. 

In conclusion, the risk/hazards associated with Landfill Area 1 soil inside the burial area are 
likely attributable to background soil conditions that are unrelated to former DOD activities. 
Even if thallium were not solely attributable to background, no toxicity value exists for thallium 
to adequately quantify toxicity for risk assessment. No other COPCs in Landfill Area 1 burial 
area media represent a cancer risk exceeding the risk management range, and no other COPCs 
are present that would result in target organ-specific HI that exceeds a value of 1. 

5.7.2 Landfill Area 1 Outside the Burial Area 
Cancer risks for all Landfill Area 1 receptors outside the burial area were either less than or 
within the risk management range. No carcinogenic COPCs were identified for surface or total 
soil. The highest ILCR for any Landfill Area 1 receptor outside the burial area is for the future 
resident, with a combined child/adult ILCR of 5E-5 (1.4E-5 for adult; 3.4E-5 for child). These 
ILCR values are associated with TCE and chromium in groundwater. 

The HI values were 1or less for all Landfill Area 1 receptors outside the burial area except for 
the residential and farm worker scenarios. These HI values are associated with thallium in soil 
(direct contact and food-based, especially milk). As described in Section 5.6.2.3, thallium surface 
soil within the burial area at Landfill Area 1 appears to be associated with natural background 
soil conditions. Additionally, as described in Section 5.6.2.6, there is considerable uncertainty 
associated with the biotransfer models, especially for inorganics. Finally, EPA (2012c) has 

KN17\Ramey\LF1_2\RI \Final\F LF1_SWA2 RI\2/22/2017 8 02 AM 5-74 



 
               
  

               
                

             
          

                 
               

                
             

        

     
                

                
        

              
         

       

                
               

        
             

          
             

                

               
             

              
             

             
             

               

 

   

concluded that the toxicity database for thallium is inadequate for the derivation of even a 
provisional RfD. 

In conclusion, all cancer risks are within the risk management range, and the hazards associated 
with Landfill Area 1 soil outside of the burial area are likely attributable to background soil 
conditions that are unrelated to former DOD activities. Even if thallium were not solely 
attributable to background, no toxicity value exists for thallium to adequately quantify toxicity 
for risk assessment. There are no Landfill Area 1 outside the burial area COPCs that represent a 
cancer risk exceeding the risk management range, and no other COPCs are present that would 
result in target organ-specific HI that exceeds a value of 1. This indicates that adverse noncancer 
health effects associated with COPCs resulting from former DOD activities outside the burial 
area at Landfill Area 1 are unlikely. 

5.7.3 Suspected Waste Area 2 
Cancer risks for all Suspected Waste Area 2 receptors were either less than or within the risk 
management range. The highest ILCR for any Suspected Waste Area 2 receptor is for the future 
resident, with a combined child/adult ILCR of 8E-5 (2.1E-5 for adult; 5.7E-5 for child). These 
ILCR values are associated mostly with a combination of exposure to benzo(a)pyrene in total 
soil (2.5E-5; mostly associated with the ingestion of produce), arsenic (7.0E-6) and chromium 
(5.5 E-6) in sediment, and chromium (3.3E-5) in groundwater. 

The HI values were 1or less for all Suspected Waste Area 2 receptors except for the residential 
and farm worker scenarios. These HI values are associated with thallium in soil (direct contact 
and food-based, especially milk). As described in Section 5.6.2.3, thallium in Suspected Waste 
Area 2 surface soil appears to be associated with natural background soil conditions. 
Additionally, as described in Section 5.6.2.6, there is considerable uncertainty associated with 
the biotransfer models, especially for inorganics. Finally, EPA (2012c) has concluded that the 
toxicity data base for thallium is inadequate for the derivation of even a provisional RfD. 

In conclusion, all cancer risks are within the risk management range, and the noncancer hazards 
associated with Suspected Waste Area 2 soil are likely attributable to background soil conditions 
and unrelated to former DOD activities. Even if thallium were not solely attributable to 
background, no toxicity value exists for thallium to adequately quantify toxicity for risk 
assessment. No Suspected Waste Area 2 COPCs represent a cancer risk exceeding the risk 
management range, and no site-related COPCs are present that would result in target 
organ-specific HI that exceeds a value of 1. This indicates that adverse noncancer health effects 

KN17\Ramey\LF1_2\RI \Final\F LF1_SWA2 RI\2/22/2017 8 02 AM 5-75 



 
              

 

 

   
	

associated with COPCs resulting from former DOD activities at Suspected Waste Area 2 are 
unlikely. 
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 6.0 Screening-Level Ecological Risk Assessment
 

A SLERA was conducted for Landfill Area 1 and Suspected Waste Area 2. The SLERA was 
designed to evaluate potential unacceptable risks to ecological receptors posed by site-related 
contamination potentially present at the two sites. The SLERA was conducted in accordance 
with the EPA Ecological Risk Assessment Guidance for Superfund: Process for Designing and 
Conducting Ecological Risk Assessments (EPA, 1997b), known as the “Process Document,” and 
other supplemental guidance (e.g., EPA [2001b]). The SLERA methodology generally followed 
the eight-step risk assessment process presented in the Process Document, but with Steps 1 and 2 
collapsed and Step 3 modified to reflect the current interpretation of guidance that stipulates that 
the SLERA incorporates multiple lines of evidence to refine the list of chemicals of potential 
ecological concern (COPEC) prior to further investigation in a baseline ecological risk 
assessment, if needed (Figure 6-1): 

● Step 1:  Problem formulation 
● Step 2: Preliminary exposure estimate and risk calculation 
● Step 3a: COPEC refinement. 

Landfill Area 1 and Suspected Waste Area 2 are both presented in this SLERA. However, they 
represent separate and distinct potential source areas, and exposure to these two sites by 
ecological receptors is assumed to be independent. Therefore, these two sites were evaluated 
separately. 

6.1 SLERA Problem Formulation 
The goal of the screening-level problem formulation is to develop an ecological site conceptual 
model for the site that addresses the following: 

● The environmental setting 
● The contaminants known or suspect of being present at the site 
● The presence or absence of contaminant fate or transport mechanisms 
● The presence or absence of viable exposure pathways and receptors. 

The screening- level problem formulation provides a detailed description of the site, including 
historical uses, current habitat descriptions, the potential for the presence or absence for various 
types of receptors, and a list of chemicals that may be linked to previous site activities. This 
information is incorporated into an initial CSM that describes the ecological properties of the site 
and their potential interactions with contaminants. A general description of these chemicals’ fate 
and transport and toxicological properties is also provided. 
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6.1.1 Site Description 
The following description of the landfills was compiled from existing site reports, maps 
(e.g., jurisdictional wetlands determination, defined under criteria administered by USACE, 
Department of the Army, and DOD), available photographs (including aerial), communication 
with appropriate agencies (e.g., U.S. Fish and Wildlife Service [USFWS] and National Heritage 
Program), and interviews with personnel that have visited the site. Photographs documenting the 
sites’ conditions and ecological features are presented in Appendix J. 

6.1.1.1 Site History and Setting 
Section 1.3 of this RI report presents general information regarding the RAFB, which was a fully 
operational Air Force Base until its deactivation in 1973 (USACE, 1999). The Base property is 
currently occupied by the Puerto Rico Ports Authority, the Puerto Rico National Guard, 
U.S. Customs, the U.S. Coast Guard, educational facilities, several privately owned businesses, 
and residential property (E&E, 2001). The RAFB is located on the extreme northwestern tip of 
the island of Puerto Rico. The installation is approximately 4,357 acres in size and bordered on 
the east, southeast, and south by the towns of Montaña, Arenales, and Aguadilla. The Atlantic 
Ocean borders the RAFB to the north and northwest and is separated by steep, vegetated slopes 
immediately outside the RAFB boundary. 

Landfill Area 1 and Suspected Waste Area 2 are located in the southeast corner of the RAFB
	

(Figure 1-2). Landfill Area 1 consists of the former burial area, an adjacent sinkhole, and a small
	
hill. Topographic relief in the area of Landfill Area 1 is approximately 70 feet and slopes toward
	

the sinkhole immediately west of the disposal area. The sinkhole is approximately 35 feet deep
	

and approximately 0.8 acre in size. A 1-acre hill is located immediately north of the landfill area,
	
and an aircraft apron used to store inoperable and scrap aircraft is located north of the site. The
	

burial area occupies an estimated 5.4 acres. Figure 3-1 shows the locations of the aircraft apron,
	
the sinkhole, the hill, and the area where the sanitary waste was disposed. Some of the landfilled
	

material has become exposed at the surface due to erosion, especially along the western edge of
	
the landfill (Appendix J, Photo 1). Some public dumping of refuse south and east of the landfill 

area has also occurred in the past. Medical waste of unknown origin has been observed in the
	

sinkhole and is believed to have been transported into the sinkhole during storms.
	

The medical waste appears to have been placed in fabric bags, then disposed of in the landfill. 

The medical waste includes intravenous bags and tubing, latex gloves, and syringes
	
(E&E, 2001). Cows were observed grazing in the open fields to the west of the sinkhole during
	

field investigation activities in July 2010.
	

KN17\Ramey\LF1_2\RI \Final\F LF1_SWA2 RI\2/22/2017 8 02 AM 6-2 



 
              

                
            
             

           
                 
              

              
           
               

              
                
                  

           
            

             
                  

                
                 

          

  
               

            
             

               

              
              
            

           
 

              
           

                
             

 

   

Suspected Waste Area 2 (Figure 3-2) is a flat-lying, grass-covered tract currently used by a 
tenant for grazing and crop growing. No records of disposal activities at this site have been 
located to date. Suspected Waste Area 2 is reported to have received municipal household 
garbage from a former adjacent Air Force housing development called “Tropical Acres.” Two 
geophysical surveys were previously conducted at Suspected Waste Area 2, one by USACE and 
one by E&E, but the results were not conclusive because of the techniques used and spacing of 
the sensors. Based on these previous geophysical surveys, the burial area for Suspected Waste 
Area 2 was believed to occupy approximately 23 acres. However, a more recent geotechnical 
evaluations performed in 2010 identified an area of potential unconsolidated fill of only 
10.86 acres and failed to identify the presence of a landfill material at the site (Section 3.2); 
therefore, the extent of the current investigatory area is based on previous assumptions regarding 
the presence and extent of the landfill. A square pond was constructed by USACE and altered by 
the tenant farmer to use for drinking water for cattle. This pond is at a higher elevation than 
Suspected Waste Area 2. A broad shallow sinkhole is located about 200 feet north of the 
presumed burial area. Surface runoff from the north portion of Suspected Waste Area 2 drains to 
this sinkhole directly. The western portion of Suspected Waste Area 2 drains to the sinkhole 
indirectly; surface runoff in this portion of the site drains to a ditch that runs adjacent to the 
fenceline to the west of the site, which flows to the northwest. A shallow channel connecting this 
ditch to the sinkhole is present just to the west and north of monitoring well RMW 2-4. The 
eastern portion of the landfill area drains toward the south. 

6.1.1.2 Ecological Description 
The ecological description for Landfill Area 1 and Suspected Waste Area 2 were compiled from 
observations made by project scientists during a site visit in 2000 and accounts from other 
personnel present during the current RI sampling events, as well as available photographs, land-
use maps, and reports describing natural resources present in the vicinity (e.g., USDA [2001]). 

The RAFB is located within the northern limestone region of Puerto Rico. This region contains 
Puerto Rico’s largest continuous expanse of mature forest as well as extensive coastal wetland, 
estuary, and underground cave systems. Karst forests in this region support high diversities of 
flora and fauna, including many rare, threatened, endangered, and migratory species 
(USDA, 2001).  

Although the dominant drainage pattern in this region is vertically downward through joints and 
bedding openings, both forested and nonforested wetlands do occur in the karst belt. No wetlands 
are indicated as being present in either Landfill Area 1 or Suspected Waste Area 2 by the 
National Wetland Inventory (NWI) area map (USFWS, 2012). It should be noted that the 
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accuracy of NWI maps is limited, especially in relatively flat landscapes (such as Landfill Area 1 
and Suspected Waste Area 2) because minor depressions often contain isolated wetlands not 
easily identified through aerial photograph interpretation (the process used by the USFWS in 
preparing NWI maps). 

Although much of the vegetation in the vicinity of the RAFB has been cleared, the predominant 
flora communities in the karst belt are transitional between the wet forests over volcanic rocks 
and the dry forests over limestone rocks (USDA, 2001). The fauna of Puerto Rico are similar to 
other island archipelagos and reflect high endemism and relatively low species richness but high 
diversity. The northern karst belt supports aquatic macrofauna, cave invertebrates, herpetofauna 
(reptiles and amphibians), birds, and mammals. Bats are the only remaining native terrestrial 
mammals of Puerto Rico. 

According to the threatened and endangered species interactive map for Puerto Rico on the 
USFWS Web page for ecological services in the Caribbean, the following six threatened and 
endangered species have been identified in the Aguadilla municipality: 

Scientific Name Common Name Group Status Distribution 
Chelonia myda Green Sea Turtle Reptile T, CH Coastal Zones 
Patagioenas (Columba) Puerto Rican Plain Bird E Lower Montane Forest 
inornata wetmorei Pigeon and Riparian Habitats 

Dermochelys coriacea Leatherback Sea Turtle Reptile E, CH Coastal Zones 
Epicrates inornatus Puerto Rican Boa Reptile E Forested Volcanic and 

Limestone (Karst) Hills 

Eretmochelys imbricata Hawksbill Sea Turtle Reptile E, CH Coastal Zones 
Trichechus manatus Antillean Manatee Mammal E Coastal Zones 
manatus 
Status: 
E = Endangered 
T = Threatened 
CH = Critical habitat 

Source: United States Fish and Wildlife, 2016, Ecological Services in the Caribbean interactive endangered species 
map for endangered species map for Puerto Rico (Aguadilla), http://www.fws.gov/caribbean/es/PDF/Map.pdf 

None of these threatened and endangered species are known or suspected to be present at 
Landfill Area 1 or Suspected Waste Area 2.  

Landfill Area 1. Landfill Area 1 is predominantly an open, grassy area, with a patch of sparse 
shrub/scrub vegetation in the south-central portion of the landfill and a few deciduous trees on 
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the southeast side (Appendix J, Photos 2, 3, and 4). The landfill appears to slope from east to 
west towards the sinkhole. During the site walk in January 2000, exposed medical waste was 
observed on the western side, indicating that the soil cover may be thinner on that side of the 
landfill. It was also noted that medical waste was predominantly exposed along cattle trails. No 
medical waste was observed at any test pit or soil boring during the 2010 investigation. 

The sinkhole, immediately west of the landfill, is ringed by deciduous vegetation and covered by 
dense underbrush (Appendix J, Photos 5, 6, and 7). Vegetation at the bottom of the sinkhole is 
composed of forbs and terrestrial grasses (Appendix J, Photos 8 and 9). Medical refuse exists 
near the bottom of the sinkhole along the eastern side. It is presumed this was buried waste that 
has been exposed through erosional processes, as there is also medical waste in the wall of the 
sinkhole near the top. Larger pieces of metallic waste may have been simply pushed over the 
side of the sinkhole. There is no evidence of any type of aquatic habitat within the sinkhole. 

Two steeply sloped ditches lead into the sinkhole at its northern edge (Appendix J, Photos 10 and 
11). These ditches are entirely canopied by deciduous trees and covered by thick underbrush. 
The ditches are approximately 4 to 6 feet wide at the base, and the walls are approximately 10 to 
15 feet in height. The bed and walls of the ditches show evidence of large volumes of water 
passing through the ditch. Presumably, heavy rains create surges of overland runoff, which is 
channeled through the ditches and into the sinkhole. During the site walk in 2000, it was 
observed that the banks of the ditch appeared to be eroding into the landfill, as medical waste is 
exposed on the east wall of the ditch. Drums and other debris were identified in the bottom of the 
ditches (Appendix J, Photo 12). There are no signs of aquatic habitat within either ditch. 

During sample collection events and other visits to the site, it was confirmed that the two ditches 
that drain into the sinkhole, and the sinkhole itself, are typically dry and only inundated for 
relatively short periods of time during heavy rain events. Due to the geological characteristics of 
the area, any water that has accumulated in the sinkhole quickly drains vertically to groundwater. 
Therefore, the ditches and the sinkhole do not retain standing water for a sufficient amount of 
time to allow an aquatic or semiaquatic ecosystem to become established. Therefore, it was 
judged that ecological exposure to the dry ditch channels and sinkhole would be terrestrial in 
nature. Surface water was not present in the ditches or the sinkhole during the RI sampling event, 
and surface water samples were not collected at Landfill Area 1. Thus, due to the lack of aquatic 
and semiaquatic habitat, the ecological risk assessment for Landfill Area 1 focuses on terrestrial 
receptors. Sediment samples collected from the ditches and sinkhole are evaluated assuming 
terrestrial exposure scenarios. 
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Suspected Waste Area 2. Suspected Waste Area 2 is presently used in an agricultural 
capacity (Appendix J, Photos 13 and 14). Prior to this use, it was used for grazing cattle, and 
parts of the site (particularly the northwest part or the site) are still used for cattle grazing. Only 
the northwest corner of the site is not presently tilled or planted with commercial/subsistence 
crops. This corner is vegetated with tall grasses (Appendix J, Photo 15). The landfill terrain can 
be described as very gently rolling hills with the highest point in the northeastern corner. Low 
points of the landfill are along the western boundary, the southeastern corner, and the north-
central boundary. 

A drainage ditch runs along the western fence line of the site (Appendix J, Photo 16) and flows 
in a northerly direction when water is present. The ditch begins abruptly and does not appear to 
lead to any surface water body, but rather gently spreads out until it blends in with flat earth. 
A shallow channel appears to connect this ditch with the sinkhole north of the site. This ditch is 
located approximately 600 feet west of the interpreted landfill boundary, and no refuse material 
was observed in the ditch. Although the ditch is inundated with water during heavy rain events 
(Appendix J, Photos 17 and 18), there is no evidence of permanent aquatic habitat, and it is 
presumed that the ditch only contains water during storm events. 

A square, man-made pond surrounded by a barbed wire fence is located to the northeast of the 
historical landfill boundary (Appendix J, Photo 19). Through interviews with local field workers 
during the site walk in January 2000, it was learned that the pond is filled by pumping water 
from a water distribution pipe that runs from a municipal reservoir past the landfill area and into 
the RAFB. The water is used to irrigate crops via gravity feed. Because the pond is located at the 
highest point in the area and fed by an off-site source, it is not expected that potential 
contaminants from the landfill could migrate via groundwater or surface runoff into the pond 
water and/or sediments. Pond surface water and sediment were sampled as part of this 
investigation to verify this assumption. 

A sinkhole is located to the north of the Suspected Waste Area 2. As previously stated, this 
sinkhole likely receives runoff from the site that is transported into the western ditch during rain 
events via a shallow channel that appears to connect the western ditch to the sinkhole. Unlike the 
sinkhole at Suspected Waste Area 2, this sinkhole appears to retain water for significant periods 
of time, and water was present during several site visits (Appendix J, Photos 20 and 21). 
Hydrophilic vegetation was observed on the perimeter of the pond filling the sinkhole. Although 
no samples from the sinkhole were identified for sampling in the RI work plan (Shaw, 2010), the 
decision was made in the field during RI sample collection activities to collect two surface water 
and two sediment samples from the sinkhole pond. Because water is commonly observed in this 
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sinkhole and hydrophilic vegetation is present in and around the edge of the pond, this area is 
considered to represent permanent or semipermanent aquatic habitat, and aquatic receptors and 
pathways were evaluated for this sinkhole pond. 

6.1.2 Summary of Historical Sampling Results 
Historical surface soil, surface water, and sediment samples were collected in 1997. At Landfill 
Area 1, all three media were analyzed for inorganic analytes, VOCs, SVOCs, and 
pesticides/PCBs. Additionally, surface soil was analyzed for explosive compounds. Surface soil, 
the only matrix sampled at Suspected Waste Area 2 during this investigation, was analyzed for 
inorganic analytes, VOCs, SVOCs, pesticides/PCBs, and explosive compounds. Results from the 
historical data were used to inform the current RI sampling efforts. The historical data were not 
included in the analysis for the current SLERA. 

6.1.2.1 Landfill Area 1 Historical Findings 
Four surface soil samples, one surface water sample, and one sediment sample were collected in 
1997 from Landfill Area 1. A total of 21 inorganic analytes were detected in Landfill Area 1 
surface soil. Four VOCs (acetone, ethyl benzene, total xylene, and toluene) were also detected at 
low concentrations. No SVOCs, pesticides/PCBs, or explosive compounds were detected in 
surface soil. 

Nine inorganic analytes were detected in Landfill Area 1 surface water. No VOCs, SVOCs, or 
pesticides/PCBs were detected in surface water. 

A total of 19 inorganic analytes were detected in Landfill Area 1 sediment. Two VOCs (toluene 
and total xylene) were detected in sediment at very low concentrations. A total of 12 SVOCs 
were detected. However, 8 of the 12 detections were J qualified. Four pesticides were detected in 
Landfill Area 1 sediment, and all four were reported as J qualified as well. 

6.1.2.2 Suspected Waste Area 2 Historical Findings 
No historical surface water or sediment samples were collected at Suspected Waste Area 2. Five 
historical surface soil samples from Suspected Waste Area 2 were analyzed in 1997. A total of 
21 inorganic analytes were detected in Suspected Waste Area 2 surface soil. Two VOCs (acetone 
and toluene) were detected in only one of the five samples at estimated concentrations. No 
SVOCs were detected in Suspected Waste Area 2 surface soil. Three pesticides were also 
detected in one of five samples. 
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6.1.3 Ecological Conceptual Site Model 
Figures 6-2 and 6-3 present ecological CSMs for Landfill Area 1 and Suspected Waste Area 2, 
respectively. These CSMs, which depict potential contaminant pathways from impacted media to 
generic ecological receptors, were developed based on the ecological site descriptions presented 
in Section 6.1.1.2. 

Figure 6-2 presents exposure routes at Landfill Area 1. The primary potential pathways for 
contaminant migration include groundwater percolation and overland runoff to the sinkhole 
adjacent to the landfill. Exposure pathways from contaminated media at Landfill Area 1 to 
ecological receptors may include the following routes or mechanisms: 

● Direct (passive) uptake (e.g., root or foliar absorption) 
● Ingestion of contaminated food items 
● Incidental ingestion of soil and/or sediment 
● Dermal contact 
● Inhalation of vapors or dust. 

The major exposure routes for chemical toxicity from surface soil include ingestion and direct 
contact. The ingestion exposure route for upper trophic level receptors includes soil, as well as 
plant and/or animal food items (i.e., food chain transfer) that were also exposed to the surface 
soil. Inhalation is typically not assessed in terrestrial ecological risk assessments because this 
exposure route is not well studied for wildlife. Additionally, most wildlife also has protective 
features such as fur or feathers which typically result in dermal contact being a negligible 
exposure pathway (though dermal contact with soil is a potentially significant exposure route for 
soil-dependent terrestrial animals such as invertebrates). 

Exposure pathways from contaminated media at Suspected Waste Area 2 to receptors may 
include the following routes or mechanisms (Figure 6-3): 

● Direct (passive) uptake (e.g., root or foliar absorption) 
● Direct contact with surface water (bioconcentration) 
● Ingestion of contaminated food items 
● Incidental ingestion of soil and/or sediment 
● Ingestion of water 
● Dermal contact 
• Inhalation of vapors or dust. 

The major exposure routes for chemical toxicity from surface soil, surface water, and sediment 
include ingestion and direct contact. The ingestion exposure route for upper trophic level 
receptors includes soil, as well as plant and/or animal food items (i.e., food chain transfer) that 
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were also exposed to the surface soil. Inhalation is typically not assessed in terrestrial ecological 
risk assessments because this exposure route is not well studied for wildlife. Additionally, most 
wildlife also has protective features such as fur or feathers which typically result in dermal 
contact being a negligible exposure pathway (though dermal contact with soil is a potentially 
significant exposure route for soil-dependent terrestrial animals such as invertebrates). The major 
exposure routes for surface water include ingestion (as drinking water) and direct contact (for 
aquatic biota and benthic invertebrates). The major exposure routes for sediment include 
ingestion and direct contact. The ingestion exposure routes for aquatic biota include direct 
ingestion of sediment and surface water (as applicable), as well as from the food chain via plant 
and/or animal dietary items (plants or prey) that were exposed to the sediment or surface water. 

6.2 Review, Evaluation, and Presentation of Analytical Data 
Data from samples collected during the 2010 and 2011 field efforts were evaluated for their 
potential threat to ecological receptors in the SLERA for each landfill. The placement of the 
2010 and 2011 samples was informed by historical findings, and in many instances the current 
samples spatially overlap the historical sample locations. Therefore, the historical data were not 
included in the SLERA data set because the samples collected for the RI were judged to provide 
a complete representation of the two landfill areas. Detections that were below the limit of 
quantitation but above the method detection limit (i.e., “J” qualified) are considered estimates 
and were treated as nonqualified (i.e., detected) data in the SLERAs. 

Data for the two landfills were evaluated separately for each medium. Data for Landfill Area 1 
include surface soil and dry sediment. Data for Suspected Waste Area 2 include surface soil, 
surface water, and sediment. For ecological impacts, soil collected from 0 to 1 foot bgs is 
generally considered surface soil. However, some samples were collected with an end depth of 
2 feet bgs, and these were also conservatively evaluated as surface soil. 

6.2.1 Landfill Area 1 Analytical Data 
Surface soil and dry sediment samples were collected at Landfill Area 1. Figure 2-1 depicts the 
sample locations. Table 6-1 presents samples used for the Landfill Area 1 SLERA. 

Surface Soil. Twenty-one locations were sampled. All samples were analyzed for general 
chemistry parameters, metals, PCBs, pesticides, SVOCs, TPH, and VOCs. Because TPH consists 
of a complex mixture of organic compounds, it was not included in the SLERA. The VOC and 
SVOC suites include most (if not all) of the individual chemicals responsible for the toxicity 
associated with petroleum compounds (e.g., naphthalene); therefore, the uncertainty associated 
with the exclusion of TPH is considered very minor. 
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Dry Sediment. Four sediment sample locations were sampled at Landfill Area 1. Two sample 
locations, LF1SWSD02 and LF1SWSD03, were situated in the two ditches that flow into the 
sinkhole from the north. Banks of the ditch where sample LF1SWSD02 was collected were 
observed eroding into the landfill with debris and waste material visible. However, no waste was 
observed in the ditch where LF1SWSD03 was collected, and this sample is used as an upgradient 
dry sediment reference location. The two sediment samples collected from within the sinkhole 
itself, LF1SWSD01 and LF1SWSD04, as well as sample LF1SWSD02, are evaluated as 
potentially site-impacted dry sediment samples. The ditches and the sinkhole area are only 
inundated with water during storm events. All sediment samples were analyzed for general 
chemistry parameters, metals, PCBs, pesticides, SVOCs, TPH, and VOCs. For the reasons stated 
for surface soil, TPH is not evaluated in the SLERA. Because the ditches and sinkhole are 
typically dry, chemical concentrations were compared to soil ecological screening values (ESV) 
rather than sediment ESVs to reflect the fact that exposure and affected receptors are likely 
terrestrial in nature rather than aquatic. 

6.2.2 Suspected Waste Area 2 Analytical Data 
Surface soil, surface water, and sediment samples were collected at Suspected Waste Area 2. 
Figure 2-2 depicts the sample locations. Table 6-2 presents samples used for the Suspected 
Waste Area 2 SLERA. 

Surface Soil. Twenty-six locations were sampled at Suspected Waste Area 2. All samples were 
analyzed for general chemistry parameters, metals, PCBs, pesticides, SVOCs, TPH, and VOCs. 
For the reasons stated for Landfill Area 1 surface soil, TPH is not evaluated in the SLERA. 

Surface Water. Four surface water locations were sampled at Suspected Waste Area 2. 
LF2SWSD01 and LF2SWSD02 were located in the man-made pond to the northeast of 
Suspected Waste Area 2, and LF2SWSD03 and LF2SWSD04 were located in the sinkhole north 
of the site. Although samples were collected from two separate and unconnected water bodies, 
surface water data were initially combined for simplicity. Samples were analyzed for total 
metals, PCBs, pesticides, SVOCs, TPH, and VOCs. LF2SWSD03 and LF2SWSD04 were 
resampled in 2011 for TPH only to confirm elevated TPH concentrations detected in 2010; the 
2010 elevated results could not be reproduced in the 2011 samples, which contained TPH at very 
low to nondetect concentrations. For the reasons stated for Landfill Area 1 surface soil, TPH is 
not evaluated in the SLERA. 

Sediment. Four sediment locations were sampled. Sediment samples were collocated with 
surface water samples. LF2SWSD01 and LF2SWSD02 were located in the man-made pond to 
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the northeast of Suspected Waste Area 2, and LF2SWSD03 and LF2SWSD04 were located in 
the sinkhole north of the site. Although samples were collected from two separate and 
unconnected water bodies, sediment data were initially combined for simplicity. LF2SWSD03 
and LF2SWSD04 were resampled in 2011 for TPH only (LF2SW03-SUP and LF2SW04-SUP) 
to confirm elevated TPH concentrations detected in 2010; the 2010 elevated results could not be 
reproduced in the 2011 samples, which contained TPH at nondetect to very low concentrations. 
All other samples were analyzed for general chemistry parameters, metals, PCBs, pesticides, 
SVOCs, TPH, and VOCs. For the reasons stated for Landfill Area 1 surface soil, TPH is not 
evaluated in the SLERA. 

6.3 Preliminary Exposure Estimate and Risk Calculation 
The preliminary exposure estimate and risk calculation indicates whether chemicals detected in 
site media have the potential to result in adverse ecological effects. This is accomplished by 
screening the MDC against a conservative ESV. If the MDC exceeds the screening value, there 
is the potential for environmental impacts, and the chemical is initially retained as a COPEC. 
The analytical data described in Sections 6.2.1 and 6.2.2 were evaluated in the initial risk 
calculation. 

For the surface soil comparison, the lowest ecological soil screening levels (Eco SSL) available 
among the major receptor groups and guilds for which they were developed (EPA, 2008b) were 
used as the ESVs, when available. For chemicals that lack Eco SSLs, EPA Region 5 ecological 
screening levels were selected (EPA, 2003). This represents a deviation from the RI work plan 
(Shaw, 2010), in which it was stated that EPA Region 3 Biological Technical Assistance Group 
(BTAG) (EPA, 1995) values would be second in the ESV hierarchy if Eco SSLs were not 
available. The EPA Region 5 values were judged to be preferable over the EPA Region 3 BTAG 
values because they were finalized much more recently (2003 compared with 1995 for the EPA 
Region 3 BTAG values) and are based on more recent toxicological data and studies. If neither 
EPA Region 5 nor EPA Region 3 screening values were available, ESVs obtained from other 
sources in the open literature (e.g., Efroymson et al. [1997]) were used. Because the dry 
condition at the bottom of the sinkhole of Landfill Area 1would typically result in exposure to 
terrestrial rather than aquatic receptors, chemicals detected in the Landfill 1 dry sediment 
samples were also compared to surface soil ESVs. The soil ESVs used in this SLERA are 
presented in Appendix J. 

Surface water and sediment were collected from water bodies in Suspected Waste Area 2 that 
represent viable aquatic habitats, and surface water and sediment ESVs protective of aquatic 
and/or semiaquatic receptors were used to evaluate these two media. In comments received on 
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the RI work plan (Shaw, 2010), the EQB provided the RAFB with a list of preferred surface 
water and sediment ESVs that have been previously used at other sites in Puerto Rico. Therefore, 
these ESVs were used preferentially for these two media. If the ESV for a chemical was not 
included on this list, other sources were consulted. These alternate sources included Puerto Rico 
or federal chronic AWQC (surface water only), EPA Region 5 ecological screening levels 
(EPA, 2003), EPA Region 3 BTAG values (EPA, 1995), and other screening values or 
benchmarks presented in the open literature. The surface water and sediment ESVs used in this 
SLERA are presented in Appendix J.  

The preliminary risk calculation is presented as a ratio described by the following formula: 

HQ = MDC / ESV Eq. 30 

where: 

HQ = hazard quotient 
MDC = maximum detected concentration 
ESV = ecological screening value. 

Chemicals with HQs less than or equal to 1.0 are regarded as having insignificant risk potential 
to ecological receptors and are eliminated from further evaluation. In contrast, chemicals with 
HQs greater than 1.0 are identified initially as COPECs and retained for further refinement in 
Step 3a. HQs for PAHs were calculated for low molecular weight (LMW) and high molecular 
weight (HMW) PAHs after summing the maximum detected concentrations for each group of 
compounds, and dividing by the appropriate (LMW or HMW) ESV. 

6.3.1 Identification of Chemicals of Potential Ecological Concern 
COPECs may vary from site to site based on historical use and activities that have taken place. 
Summary tables for each medium at each site present the following information: 

● Chemical name 
● Frequency of detection 
● Range of detected concentrations 
● Range of reporting limits or limits of quantitation 
● Mean chemical concentration 
● Chemical-specific ESV 
● HQ value 
● COPEC identification conclusion: No (excluded) or Yes (selected). 

The COPECs selected at this stage are described as initial COPECs. The list of initial COPECs is 
refined further during Step 3a (Section 6.4). 
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6.3.1.1 COPEC Summary for Landfill Area 1 

Surface Soil. As presented in Table 6-3, 17 inorganic analytes, 4 PCBs, 4 pesticides, and 
15 SVOCs (including 11 HMW PAHs) were selected as initial COPECs in Landfill Area 1 
surface soil either because they were detected at concentrations that exceeded their ESVs or 
lacked ESVs. These chemicals were carried forward for additional refinement in Step 3a. 

Dry Sediment. As presented in Table 6-4, 13 inorganic analytes, 3 PCBs, and 11 SVOCs 
(including 10 HMW PAHs) were selected as initial COPECs in Landfill Area 1 dry sediment 
either because they were detected at concentrations that exceeded their ESVs or lacked ESVs. 
These chemicals were carried forward for additional refinement in Step 3a. 

6.3.1.2 COPEC Summary for Suspected Waste Area 2 

Surface Soil. As presented in Table 6-5, 12 inorganic analytes were selected as initial COPECs 
in Suspected Waste Area 2 surface soil either because they were detected at concentrations that 
exceeded their ESVs or lacked ESVs. These chemicals were carried forward for additional 
refinement in Step 3a. 

Surface Water. As presented in Table 6-6, five inorganic analytes and one VOC were selected 
as initial COPECs in Suspected Waste Area 2 surface water either because they were detected at 
concentrations that exceeded their ESVs or lacked ESVs. These chemicals were carried forward 
for additional refinement in Step 3a. 

Sediment. As presented in Table 6-7, 10 inorganic analytes, 2 pesticides, 1 SVOC, and 1 VOC 
were selected as initial COPECs in Suspected Waste Area 2 sediment either because they were 
detected at concentrations that exceeded their ESVs or lacked ESVs. These chemicals were 
carried forward for additional refinement in Step 3a. 

6.3.2 Uncertainty in the Screening-Level Effects Evaluation 
As the SLERA is broad in scope and designed as an initial step in the determination of whether 
site contaminants present potential risk to ecological receptors, uncertainties exist that must be 
considered in the evaluation of risk. Several of these uncertainties are addressed in the Step 3a 
COPEC refinement. 

By design, SLERAs have a high degree of uncertainty. The assumptions employed in a SLERA 
result in the “margin of error” being on the conservative or protective side of the risk scale. It is 
therefore safe to assume that chemical levels resulting in HQ values less than 1.0 do not pose a 
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significant risk to ecological receptors. Additionally, chemicals present at levels resulting in HQ 
values greater than 1.0 may not necessarily pose risk to ecological receptors at the site, as ESVs 
are generally interpreted to be protective of 95 percent of the floral and faunal species 95 percent 
of the time. The basis of the ESVs used, presence of receptors, and likelihood of exposure are 
additional factors that need to be considered before ecological stress can be evaluated. For 
example, the comparison of an MDC to an ESV as a reflection of potential toxicity essentially 
assumes that the chemical is 100 percent bioavailable, i.e., the organism’s entire exposure is to 
the most contaminated area all the time. Further, toxicity tests used to develop ESVs often use 
the most toxic form of the chemical (even if that form is rarely encountered in the environment) 
using “naive” test organisms that have little or no natural resistance (even if resistances can and 
often do develop as a result to low-level exposures). Therefore, it is important to note that HQs 
exceeding 1.0, even greatly so, do not indicate that an impact has occurred or will occur in the 
future. 

Ideally, the sampling program should reflect selection of sample locations with a range of 
contaminant concentrations. In addition, the number of collected samples should be adequate to 
characterize the areal extent of contamination. The MDC, as representative of the level of 
contamination at a site, may overestimate the threat posed to widely dispersed wildlife. To 
reduce this uncertainty, an evaluation of the number and locations of samples exceeding BSVs as 
well as background levels is necessary. 

Certain inorganic analytes such as calcium, magnesium, potassium, and sodium are considered to 
be macronutrients essential to many organisms for normal healthy development. These analytes 
are not expected to produce adverse ecological effects unless the detected concentration 
substantially exceeds background levels. 

Due to the conservative nature of the ESVs, many of these screening values are less than 
concentrations of naturally occurring metals and ambient concentrations of PAHs. COPECs at 
concentrations at or below naturally occurring or ambient levels do not represent contribution 
from site-related activities. Inorganic and PAH COPECs exceeding both the ESV and the 
background levels are considered to be the highest priority candidates for closer evaluation at the 
site. 

6.4 Step 3a, COPEC Refinement 
Because of the conservative nature of the initial exposure estimate, an additional COPEC 
refinement step was administered prior to deciding whether further ecological investigation at the 
site in the form of a baseline ecological risk assessment is necessary. At the beginning of this 
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activity, COPECs carried from Steps 1 and 2 were subjected to a secondary screening evaluation 
to ensure that subsequent efforts focus on those contaminants from site-related activities that are 
realistically capable of posing ecological risk. During COPEC refinement, additional factors 
were considered for each chemical that exceeded its ESV, such as the following: 

● Is the chemical an essential nutrient? 
● Is the chemical naturally occurring, or present at ambient environmental levels? 
● Was the chemical detected only sporadically? 

If the answer to any of these questions is “yes,” then there is reduced concern for the ecological 
risk associated with that chemical. Additional factors were also considered, such as the nature of 
the ESV (e.g., the form of chemical on which the ESV was based), bioaccumulation potential, 
spatial pattern of elevated concentrations, number of samples that exceed the ESV and/or 
background concentration, etc. 

6.4.1 Step 3a Considerations and Criteria 
The following considerations and criteria were used to refine the COPEC list for Landfill Area 1 
and Suspected Waste Area 2. 

6.4.1.1 Nutrient Evaluation 
Some naturally occurring analytes, such as calcium, magnesium, potassium, and sodium, are 
nutritionally essential to most organisms and do not require further consideration. Unless the 
essential nutrient is present at extraordinarily high concentrations (e.g., 10 times greater than its 
screening value), such chemicals were excluded from further analysis. 

6.4.1.2 Background Evaluation 
A background evaluation was performed on metals and PAHs detected in soil at the RAFB to 
determine whether they are naturally occurring and/or present at ambient levels as the result of 
typical anthropogenic processes in the area (e.g., PAH deposition resulting from fossil fuel 
emissions). The background evaluation was performed according to the methodology outlined in 
the Installation-Wide Background Soil Study Report (Shaw, 2004). The surface soil background 
evaluation includes multiple lines of evidence to determine whether a chemical is background 
related. First, the MDCs for both metals and PAHs were compared with BVs, which are defined 
as calculated upper tolerance limits of metals and PAHs detected in background samples 
(Shaw, 2004), to identify the presence of potential hot spots. Second, a statistical comparison 
between on-site and background data was performed using the WRS test, which is a 
nonparametric test that compares the medians between two sets of data and provides a 
determination as to whether they are from the same population. The WRS calculation is 
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described in the Installation-Wide Background Soil Study Report (Shaw, 2004). The WRS test 
was not performed when either the site or background data sets contained 50 percent or more 
nondetects; the medians of such data sets are unknown, and hence the test would lack sufficient 
power to yield reliable results. Box plots were also developed and used to visually compare the 
site and background distributions and to properly interpret the results of the WRS test. Because 
the detection limits for the PAHs in the RAFB background data set are considerably lower than 
the site data set, the surrogate concentrations based on these detection limits could lead to 
misleading results; for example, the WRS test could determine that the two data sets are from 
different populations solely based on the different surrogate values used for the nondetects. 
Therefore, the WRS test and box plots analyses were only performed for metals. 

Metals that did passed both the BV comparison and the WRS test were considered background 
related and were not considered further. A geochemical evaluation was performed on metals that 
failed the BV comparison or the WRS test (or both). The purpose of the geochemical evaluation 
was to determine if the elevated concentrations are attributed to ambient (background) 
conditions. The geochemical evaluation, which is described in detail in the Installation-Wide 
Background Soil Study Report (Shaw, 2004), evaluates relationships of trace elements that tend 
to naturally covary with major element concentrations in the soil matrix. Correlation plots are 
used to depict these relationships and identify aberrantly high concentrations of an element (in 
relation to other elements) that may signify the presence of contamination. If the geochemical 
evaluation indicated that the chemical was naturally occurring, it was considered to be 
background related and not evaluated further. 

For PAHs, a comparison to the BV was performed during the Step 3a evaluation. If the PAH 
failed this comparison, a more detailed evaluation similar to the geochemical evaluation was 
performed to determine if the chemical is site related or associated with ambient anthropogenic 
background. This PAH evaluation, which is not described in the background study report 
(Shaw, 2004), examines PAH compound ratios to provide evidence of the sources of detected 
PAHs. Unlike the geochemical evaluation, the results of the PAH evaluation were not used to 
“refine” or screen out COPECS during Step 3a; rather, they are discussed as an additional 
consideration to support the recommendation as to whether additional evaluation of one or more 
PAHs is justified for the protection of ecological resources. 

No installation-wide background data are available for surface water or sediment. For 
Landfill Area 1, one of two dry sediment samples that were collected from the drainage ditches 
that feed into the sinkhole was used as a reference sample to determine upgradient dry sediment 
concentrations. Analytical data from this sample were used to help determine if any potential 
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contaminants detected in the sinkhole are site related or associated with upgradient sources. The 
range of concentrations detected in this sample was compared with concentrations detected in the 
sinkhole. If the results of this comparison indicated that chemicals detected in the sinkhole are 
similar to (i.e., within or below) the reference sample range, these chemicals were not 
recommended for further evaluation. 

Details on the WRS (including box plots) are presented in Appendix J. The geochemical and 
PAH background analysis performed for Landfill Area 1 and Suspected Waste Area 2 are 
provided in Appendix K. 

6.4.1.3 Frequency of Detection 
Chemicals detected at a low frequency (i.e., in less than 5 percent of the samples from a given 
medium) may be artifacts in the data that may not reflect site-related activity. Unless other 
considerations suggest that they should be retained, these chemicals were not considered further. 
A minimum of 21 samples are needed to make frequency of detection (FOD)-based decisions on 
eliminating COPECs; because of the limited number of samples collected from other media at 
Landfill Area 1 and Suspected Waste Area 2, this criterion was only applicable to surface soil at 
both landfills. Additional considerations were made before the chemical was eliminated as a 
COPEC, including site history and a spatial evaluation for each chemical detection with a low 
FOD to other detections and to potential source areas where a release may have occurred 
(EPA, 2001b). Chemicals with a low overall FOD may still warrant further evaluation if their 
presence is expected based on historical information regarding the site, all detected values occur 
in one location or in association with a known release in one area (e.g., a “hot spot”), or their 
limits of quantitation are elevated such that the low FOD resulted from an inability to detect the 
chemical at environmentally relevant concentrations (EPA, 2001b). If a chemical with an FOD 
less than 5 percent does not appear to be located in an area where a release occurred and was not 
detected infrequently due to elevated limits of quantitation , then it is eliminated during the Step 
3a refinement step. 

6.4.1.4 Additional Considerations and COPEC Refinement Conclusions 
Chemicals that are not screened out during the Step 3a COPEC refinement are discussed in 
additional detail that considers actual site conditions. The latter component of the COPEC 
refinement involves an integration with the problem formulation for the site. Details of the 
exposure setting are the context within which contamination levels are evaluated and appropriate 
ecological receptors are evaluated and selected. The overall quality of the habitat at each site is 
examined, particularly in conjunction with expected receptor pathways and receptors likely to be 
present given site conditions. Specifically, this evaluation considers the potential for receptor 
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populations to be exposed to any elevated concentrations of contaminants given the areas and 
types of habitat where COPECs are located. 

6.4.2 Step 3a COPEC Refinement Results for Landfill Area 1 
This section presents the refinement of COPECs that were retained following the initial 
comparison to conservative ESVs at Landfill Area 1.  

6.4.2.1 Landfill Area 1 Surface Soil COPEC Refinement 
Table 6-8 presents the COPEC refinement for soil at Landfill Area 1. Seventeen metals, 4 PCBs, 
4 pesticides, and 12 SVOCs were retained after the initial toxicity screening step (Table 6-3) and 
evaluated in the Step 3a refinement step, as described below. 

Nutrient Evaluation. Two of the metals (calcium and potassium) were identified as essential 
nutrients and were not detected at elevated concentrations. Therefore, they were not retained as 
Step 3a COPECs. 

Background Evaluation. The BV and WRS background evaluation indicated that aluminum, 
arsenic, chromium, and manganese were naturally occurring concentrations because they passed 
both the BV and WRS comparison. In addition to these chemicals, the geochemical evaluation 
indicated that all detected concentrations of antimony, barium, cadmium, selenium, and 
vanadium in the surface samples are naturally occurring and not site related (Appendix K). 
Therefore, all nine of these metals were eliminated as Step 3a COPECs because they were not 
considered site related. However, the geochemical evaluation identified anomalously high 
concentrations of copper (7 samples), iron (1 sample), lead (5 samples), mercury (7 samples), 
and zinc (13 samples) in Landfill Area 1 surface soil. The samples with anomalously high 
concentrations of these five metals are presented in Appendix K. Given the available data, these 
concentrations cannot be explained as the result of natural processes and may contain a 
component of site-related contamination. Additionally, thallium could not be adequately 
evaluated using the geochemical approach because of uncertainties in the interpretation of the 
data. 

Frequency of Detection. Two PCBs and two pesticides were eliminated as Step 3a COPECs 
because they were detected in less than 5 percent of samples. Their limits of quantitation were 
not aberrantly high, and no known or suspected release of PCBs and pesticides has occurred at 
Landfill Area 1. A cluster (i.e., hot spot) of samples with elevated HQs was not apparent. 
Therefore, these chemicals were eliminated as Step 3a COPECs. 
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Additional Considerations and Lines of Evidence. Based on these initial Step 3a 
refinement parameters, 6 metals (copper, iron, lead, mercury, thallium, and zinc); 2 PCBs 
(PCB-1254 and PCB-1260); 2 pesticides (4,4’-dichlorodiphenyldichloroethene [DDE] and 
4,4’-dichlorodiphenyltrichloroethane [DDT]); and all 15 SVOCs, which included 11 PAHs 
(benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, benzo[ghi]perylene, 
benzo[k]fluoranthene, chrysene, dibenzo[a,h]anthracene, fluoranthene, fluorine, 
indeno[1,2,3-cd]pyrene, and pyrene) and 4 non-PAHs (bis[2-ethylhexyl]phthalate, carbazole, 
dibenzofuran, and di-n-butyl phthalate), were not screened out in Step 3a. The additional lines of 
evidence used to further evaluate these chemicals are discussed in greater detail in the following 
paragraphs. These additional lines of evidence are used to support a recommendation for further 
evaluation or no further evaluation for the Step 3a COPECs. 

Benchmark screening values are intentionally highly conservative to avoid the potential for 
eliminating chemicals early in the risk assessment that could, in fact, pose a risk to ecological 
receptors. For example, screening values are typically based on no-effect concentrations 
observed during toxicity testing when the actual threshold concentration for toxicity may be 
much higher. Also, toxicity tests typically use the most bioavailable and toxic form a chemical, 
which may not bear much similarity in terms of its overall toxicity profile to the form of the 
chemical that is bound to the soil (or other) matrix that the ecological receptor is exposed to in 
the wild. Further, toxicity tests typically use “naïve” laboratory organisms that have no previous 
exposure to (and, therefore, no accumulated resistance to) the chemical being tested, whereas 
animals and plants in nature tend to build up tolerances to chemicals they are exposed to in their 
environment over time. Therefore, HQs greater than 1 are not unexpected, and should not be 
interpreted to mean that an adverse effect is occurring to organisms that encounter the chemical, 
or that such adverse effects have occurred in the past. Further, the HQ method yields only a point 
estimate and does not reflect or specify probabilities. Therefore, although there is near universal 
agreement that HQs less than 1 represent negligible ecological risk, to account for the highly 
conservative nature of the initial toxicity screening step, HQs less than 10 may also be 
interpreted as having very low to negligible potential for resulting in adverse effects 
(Wentsel et al., 1996).  

Another line of evidence presented for consideration in the COPEC refinement step is a 
comparison of BVs to a representative site-related concentration other than the MDC, such as the 
average concentration detected at the site. Because the BVs are 95 percent upper tolerance limits 
of background concentrations, the comparison of mean concentrations detected in Landfill Area 
1 soil to the BVs are only provided to illustrate the magnitude by which Landfill Area 1 metal 

KN17\Ramey\LF1_2\RI \Final\F LF1_SWA2 RI\2/22/2017 8 02 AM 6-19 



 
         

                
           

             
                

                
               

           
             

             
            

             
            

                 
             

              
                 

   

              
                   

             
              

           
         

             
                

    

           
           

               
            
                  
               

 

   

concentrations exceed site-specific background. Although one or more of the background 
comparisons utilized thus far in the SLERA have shown that some metals in Landfill Area 1 soils 
exceed naturally occurring concentrations, these comparisons provide no indication regarding the 
magnitude of this exceedance (e.g., the MDC comparison only determines whether the highest 
concentration does or does not exceed the BV, and the WRS test and the geochemical evaluation 
present only a pass or fail result). A comparison of the mean detected concentration to the BV 
provides context for how the average EC experienced by a mobile receptor compares with an 
upper-bound representation of naturally occurring concentrations at RAFB. Whether a metal 
exceeds the BV over an average ecological exposure area (represented by the mean 
concentration) and if so, whether the exceedance is marginal or more extreme can provide an 
additional line of evidence to consider when making a risk management decision. 

All five metals that had anomalously high concentrations based on the geochemical evaluation 
had HQs that were below 10, except for lead, which had an HQ of 13.1. All detections of copper 
were below the BV of 360.5 mg/kg; however, the site failed the WRS test and the geochemical 
evaluation indicated that there were seven samples with copper concentrations that are likely 
contamination. Nevertheless, because the HQ for copper was below 10 and the MDC for copper 
was nearly an order of magnitude lower than its BV, copper is not considered a COPEC that 
requires further evaluation. 

An HQ could not be calculated for iron, because current regulatory guidance recommends using 
soil pH as an initial screening parameter for this metal due to the fact that iron toxicity is only 
observed when soil pH is below 5 (EPA, 2008b). Soil this acidic is not expected in an area such 
as RAFB, which has limestone bedrock that would weather to soil with basic properties. Soil pH 
data are not available for Landfill Area 1. However, the MDC for iron of 63,600 mg/kg 
approximates the BV of 54,490 mg/kg, and the geochemical evaluation identified only one 
sample with an anomalously high concentration. Therefore, insufficient data exist to suggest that 
iron poses a significant threat to ecological receptors, and iron is not considered a COPEC that 
requires further evaluation. 

The MDC for lead of 144 mg/kg exceeded the BV of 52.6 mg/kg, but the WRS test indicated that 
site and background lead concentrations were not significantly different. The geochemical test 
indicated that lead was detected at anomalously high concentrations in five samples, all of which 
exceeded the BV. Therefore, because multiple samples had elevated concentrations of lead that 
exceeded its BV and the HQ was moderately high (HQ = 13.1), lead in surface soil is not 
summarily rejected as a Step 3a COPEC in surface soil at Landfill Area 1. 
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Mercury was detected at concentrations that exceeded its BV in seven samples, all of which were 
identified as being anomalously high by the geochemical evaluation. The HQ for mercury was 
6; therefore, concentrations were not particularly elevated. However, mercury is a 
bioaccumulative compound, and elemental mercury in soil can be transported to waterways, 
where anaerobic organisms can convert it to methyl mercury, its more toxic organometallic form. 
Because of the finding that multiple samples had anomalously high concentrations of this 
bioaccumulative metal, mercury in surface soil is not summarily rejected as a Step 3a COPEC in 
surface soil at Landfill Area 1. 

Thallium was detected in 7 out of 21 surface soil samples with an MDC of 3.5 mg/kg, which 
resulted in an HQ of 62. A BV was not available for thallium, and the WRS test could not be 
performed due to the fact that thallium was not detected in the background data set. It should be 
noted that the limits of quantitation for the background data set ranged from 2 to 3.1 mg/kg; 
given the fact that the MDC of the Landfill 1 Area surface soil was 3.5 mg/kg, it is likely that 
most, if not all, of the low concentrations detected in Landfill Area 1 surface soil are naturally 
occurring. Further, defensible conclusions regarding thallium could not be developed in the 
geochemical evaluation because the element does not covary with any of the major elements, a 
phenomenon that is not uncommon for this metal, especially given the high proportion of 
estimated (i.e., “J-qualified”) results. However, because of the relatively low detected 
concentrations and detection frequency and the lack of a known or suspected thallium release, 
thallium is not recommended for additional evaluation at Landfill Area 1. 

Zinc was detected at concentrations exceeding its BV of 92.9 mg/kg in 12 samples, all of which 
were determined to be anomalously high in the geochemical evaluation (one additional sample 
with a detected concentration below the BV was also determined to have a component of 
contamination). The WRS test indicated that zinc was elevated with respect to background as 
well. Although the HQ for zinc was not particularly high (HQ = 7.3), the widespread distribution 
of samples with elevated zinc suggests that zinc should not be summarily rejected as a Step 3a 
COPEC in surface soil at Landfill Area 1. 

Two PCB compounds, PCB-1254 and PCB-1260, were selected as Step 3a COPECs because 
they did not meet any of the Step 3a criteria. PCB-1254 was detected in 3 out of 21 surface soil 
samples, and PCB-1260 was detected in 8 out of 21 surface soil samples. All detected 
concentrations exceeded the highly conservative ESV of 0.000332 mg/kg by several orders of 
magnitude. As presented in Table J-1 of Appendix J, alternate ESVs ranging from 0.1 to 
40 mg/kg are available for PCBs. Using the most conservative of these alternate ESVs would 
result in HQs only slightly greater than 1.0. Samples with detectable levels of PCBs did not 
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co-occur; for example, of the eight samples where PCB-1260 was detected, only one sample 
location (LF1SB20) also contained detectable levels of PCB-1254. Because of the low overall 
concentrations and lack of spatial pattern of detections, it is likely that the PCBs present at 
Landfill Area 1 are associated with ambient industrial processes at the RAFB that have been 
transported to the landfill area rather than associated with a source at the landfill itself. Given the 
low concentrations (particularly compared with alternate ESVs) and sporadic detection pattern, 
PCBs are not recommended for additional ecological evaluation. 

As noted in Section 6.4.1.2, a supplemental PAH evaluation was performed on 9 of the 11 PAHs 
that slightly exceeded their BVs. This PAH evaluation, presented in Appendix K, concluded that 
many of the PAHs exhibit PAH ratios that are consistent with those in the background samples, 
which suggests that they may have a common source. However, all nine PAHs also occur in at 
least one Landfill Area 1 surface soil sample at concentrations that result in PAH ratios that are 
different from the PAH ratios of the background samples, which suggests that the PAHs most 
likely have a site-related source. The abnormal PAH ratios occurred at sample location TP1-11 
(all nine PAHs), TP1-13 (six PAHs), and TP1-18 (two PAHs). Although PAHs are known to 
bioaccumulate in terrestrial invertebrates, they are subject to high metabolic breakdown in higher 
trophic level organisms. Therefore, ecological risk associated with food chain effects is 
considered negligible for these types of compounds (Eisler, 1987; EPA, 2008b). Thus, although 
some site-related PAHs appear to occur at Landfill Area 1, because of the relatively low detected 
concentrations, the ubiquitous nature of PAHs in industrial settings, and the lack of 
bioaccumulation potential for PAHs in most receptors, further evaluation of PAHs in soil at this 
site is not recommended. 

Four non-PAH SVOCs were identified as Step 3a COPECs in Landfill Area 1 surface soil: 
bis(2-ethylhexyl)phthalate (HQ = 2.9; FOD = 9 out of 21 samples), carbazole (no ESV; FOD = 6 
out of 21 samples), dibenzofuran (no ESV; FOD = 2 out of 21 samples), and di-n-butyl phthalate 
(HQ = 6.5; FOD = 2 out of 21 samples). The two phthalate esters are plasticizers that are 
ubiquitous industrial contaminants and also common laboratory contaminants. Given their low 
HQ values and sporadic detection frequencies, they are not recommended for further ecological 
evaluation. Carbazole is a heterocycle, which is a PAH in which one of the carbons within the 
aromatic structure is substituted by a nitrogen atom. Carbazole occurs as a natural constituent of 
creosote and coal tar (ATSDR, 2002). This chemical had a similar detection frequency as PAHs, 
and its MDC of 0.607 mg/kg is consistent with detected concentrations of other PAHs. The 
sample locations where carbazole was detected also show good agreement with PAH detections. 
All carbazole detections were estimated (i.e., “J”-qualified) concentrations below the limits of 
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quantitation , and this chemical was carried forward as a COPEC because no ESV was available. 
Several soil toxicity studies have shown that heterocycles, including carbazole, do not exhibit 
significantly different toxicity to soil invertebrates compared with their unsubstituted 
hydrocarbon counterparts (i.e., PAHs) (Wassenberg et al., 2005; Sverdrup et al., 2001, 2002). 
Therefore, these studies suggest that the toxicity of carbazole is not expected to exceed that of 
PAHs. If the most conservative PAH ESV of 1.1 mg/kg (Table J-1 in Appendix J, Attachment 2) 
is applied to carbazole, its HQ would be below 1.0. Because of its similarity and association with 
PAH compounds, no additional investigation for carbazole itself is recommended for ecological 
purposes. Dibenzofuran was only detected in 2 out of 21 surface soil samples at estimated 
(i.e., “J”-qualified) concentrations below its limit of quantitation . Dibenzofuran was carried 
forward as a Step 3a COPEC due to its lack of ESV, and it was retained as a Step 3a COPEC 
because no background screening could be performed for this organic chemical and its FOD, 
although very low, exceeded 5 percent. Although the lack of toxicity data represents an 
uncertainty in the SLERA, the presence of low-level concentrations of dibenzofuran in fewer 
than 10 percent of samples is unlikely to impact ecological receptors at the site. Therefore, 
dibenzofuran is not recommended for further evaluation. 

Based on the above observations, several inorganic and organic chemicals in surface soil were 
retained as Step 3a COPECs; however most of these chemicals are unlikely to pose a realistic 
threat to ecological receptors. After taking into account multiple considerations and lines of 
evidence, only lead, mercury, and zinc appear to be present at elevated concentrations in enough 
samples to warrant some level of concern. However, the HQs for these metals were not 
particularly elevated (HQ range = 6 to 13.1) , and several other considerations reduce the overall 
level of concern for these three metals. First, the EPCs used throughout the SLERA are the 
MDCs for each chemical. This is an overly conservative assumption because most ecological 
receptors are motile and would be exposed to a much larger area than the area represented by the 
MDC on a daily basis. The use of the site average concentration is likely a much more 
appropriate EPC, as it represents the concentration that the receptor would be exposed to if it 
utilized all areas of the site equally during its daily movement patterns. If the average 
concentrations for lead, mercury, and zinc are compared with their respective ESVs and BVs, the 
margin of exceedance is much less drastic, as illustrated in the following table: 

Chemical 
Mean 

Concentration ESV BV 
Lead 40.8 11 52.6 

Mercury 0.2 0.1 0.26 
Zinc 111.1 46 92.9 

All units in mg/kg. 
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Although the ESVs are still exceeded by a factor of approximately 2 to 4, the mean 
concentrations of all three metals are either below or approximate their established BVs. Thus, 
although limited areas of elevated concentrations are present, the average concentrations of lead, 
mercury, and zinc in site soil to which a receptor would be exposed are not appreciably different 
from naturally occurring concentrations. 

Second, the endpoints of concern for ecological assessments are based on populations rather than 
individual organisms (except when threatened or endangered species are present). Therefore, for 
ecological receptors to potentially be impacted, an area sufficiently large to support a local 
population must be affected. Because the area under investigation is likely not large enough to 
impact local populations of most receptors, adverse ecological impacts are unlikely even if 
contamination is present. The following sample locations had concentrations of lead, mercury, 
and/or zinc that exceeded both their ESVs and BVs: 

Lead LF1SB19, LF1SB20, TP1-11, TP1-15, TP1-16, TP1-18 
Mercury LF1SB19, LF1SB20, TP1-10, TP1-11, TP1-12. TP1-15, TP1-16 

Zinc LF1SB19, LF1SB20, TP1-9, TP1-10, TP1-11, TP1-13. TP1-14, TP1-15, TP1-16, TP1-17, 
TP1-18 

These sample locations are bounded by samples that had concentrations of these metals that were 
below screening criteria. The area covered by these samples is approximately 5 acres. Based on 
photographs taken during site visits and aerial photographs, the habitat in the immediate vicinity 
of Landfill Area 1 is not qualitatively different from the investigated site itself, consisting 
primarily of grassy habitat interspersed with small trees. Thus, ecological receptors would not be 
expected to utilize Landfill Area 1 preferentially from adjacent habitat, which would result in 
higher than expected exposure to Landfill Area 1 soil. According to a study performed using 
average home ranges and published density estimates for multiple terrestrial mammalian 
receptors commonly evaluated in ecological risk assessments, only one species had a sufficiently 
small home range and sufficiently high density to potentially be affected at the population level 
by contamination at a 5-acre site (Tannenbaum, 2005). Therefore, for a majority of ecological 
receptors of concern, the area where slightly elevated concentrations of lead, mercury, and zinc 
were detected at Landfill Area 1 is spatially irrelevant. Although localized impacts cannot be 
completely discounted due to exposure to these COPECs, adverse ecological impacts on a 
population level associated with exposure to surface soil are not expected at Landfill Area 1, and 
surface soil is not recommended for further evaluation for ecological purposes alone. 
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6.4.2.2 Landfill Area 1 Dry Sediment COPEC Refinement 
Table 6-9 presents the COPEC refinement for dry sediment at Landfill Area 1. Thirteen metals, 
3 PCBs, 10 PAHs, and 1 non-PAH SVOC were retained after the initial toxicity screening step 
(Table 6-4) and evaluated in the Step 3a refinement step, as described below. 

Nutrient Evaluation. Two of the metals (calcium and potassium) were identified as essential 
nutrients and were not detected at elevated concentrations (i.e., substantially above 
concentrations in the reference sample). Therefore, they were not retained as Step 3a COPECs. 

Background Evaluation. The background evaluation for dry sediment consisted of 
comparisons to a reference dry sediment samples that was collected from upgradient ditches that 
drain into the sinkhole. No WRS test was performed on any of the metals due to limited sample 
sizes. No geochemical evaluation was performed because it was judged that the dry sediment in 
the Landfill Area 1 sinkhole was too dissimilar in origin to native soil to perform this exercise 
with any degree of confidence. One metal (manganese) was detected at concentrations lower 
than in the upgradient reference sediment samples and was therefore eliminated as a site-related 
COPEC.  

Frequency of Detection. Because only three dry sediment samples were collected from 
Landfill Area 1 and the potentially impacted ditch, an FOD evaluation could not be performed as 
part of the Step 3a COPEC refinement. 

Additional Considerations and Lines of Evidence. Based on these initial Step 3a 
refinement parameters, only three chemicals in dry sediment were eliminated by the Step 3a 
COPEC refinement. The chemicals not eliminated in the Step 3a screen are discussed in greater 
detail in the following paragraphs. 

With the exception of cadmium (HQ = 12.8) and thallium (HQ = 14.8), all metals HQs were 
below 10. Metals in the sinkhole dry sediment were consistently higher than in the upgradient 
dry sediment reference samples, although the differences were minor (all metals in the sinkhole 
were higher than reference concentrations by less than a factor of 2, with the exception of 
cadmium, which exceeded reference concentrations by slightly less than a factor of 10). Because 
the dry sediment in the sinkhole and impacted ditch is likely native soil that has been deposited 
in the depression via surface runoff, a comparison to soil BVs was performed for informational 
purposes. As presented below, when compared to soil BVs, the MDCs of aluminum, chromium, 
iron, and vanadium in dry sediment were lower than naturally occurring soil concentrations, 
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while cadmium, lead, and zinc exceeded their respective soil BVs. Selenium and thallium lacked 
soil BVs. 

Chemical 
MDC 

mg/kg 
Soil BV 
mg/kg 

Aluminum 12400 23560 
Cadmium 4.6 0.88 

Chromium 132 228 

Iron 31400 54490 
Lead 83.3 52.6 

Mercury 0.27 0.26 

Selenium 1.8 ND 
Thallium 0.84 ND 

Vanadium 65.3 107 

Zinc 188 92.9 

ND - No data. 

The concentration ranges of cadmium, lead, and zinc in the four sediment samples are consistent 
with the detected concentrations in surface soil, as shown in the following table: 

COPEC 

Surface Soil Dry Sediment 

Min Max Mean Min Max Mean 

Cadmium 0.27 1.7 1.4 0.375 4.6 1.7 

Lead 4.3 144 40.8 12.6 83.3 46.9 

Zinc 9.3 338 111 30.5 188 118.4 
All values in mg/kg. 

Because the ditches are surface runoff conveyance ditches, not streams, and along with the 
sinkhole, are typically dry between heavy rain events, potential risk for aquatic receptors is 
unlikely to be of concern; thus, it is reasonable to assume that exposure pathway scenarios for 
the sediment at Landfill Area 1 are similar to those for soil. Although concentrations of 
cadmium, lead, and zinc were slightly higher in sediment than in surface soil, the concentrations 
were comparable. Also, as previously noted, the “sediment” at Landfill Area 1 is likely surface 
soil that has been transported to the ditches and sinkhole via overland runoff. Thus, decisions for 
these three chemicals in sediment should be tied to their decisions in soil. Cadmium in surface 
soil was not determined to be site related (Table 6-8) and was not selected as a Step 3a COPEC. 
Lead and zinc were identified as Step 3a COPECs, but the spatial area where elevated 
concentrations were detected is not sufficiently large enough to warrant concern for most 
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ecological receptors (see the discussion in Section 6.4.2.1). Likewise, the sinkhole and drainage 
ditches would compose a small spatial area that is insufficient for ecological concern. 

Three PCBs (PCB-1248, PCB-1254, and PCB-1260) were also retained as Step 3a COPECs in 
dry sediment because they were not detected in the upgradient sediment sample. As discussed in 
Section 6.4.2.1, alternative soil ESVs for PCBs are available, and none of the PCBs in dry 
sediment exceeded these alternate ESVs. 

Nine PAHs were selected as initial COPECs in dry sediment, one of which 
(dibenzo[a,h]anthracene) was detected at concentrations below its upgradient sample. A 
supplemental PAH evaluation was not performed on the dry sediment samples due to the lack of 
a robust background data set for this medium. As noted in Section 6.4.2.1, high metabolic 
breakdown of efficiency in higher trophic level organisms results in low biomagnification 
potential for these chemicals, despite the fact that they tend to bioaccumulate in lower trophic 
level organisms. The relatively low concentrations detected in dry sediment may slightly exceed 
upgradient concentrations for most of the PAHs, but the magnitude of exceedance was minor. 
Thus, further evaluation of PAHs in dry sediment at this site is not recommended. 

Carbazole was detected in one out of three dry sediment samples at a concentration that was 
consistent with soil and dry sediment PAH concentrations. The carbazole detection was an 
estimated (i.e., “J”-qualified) concentration of 0.0764 mg/kg that was below the limit of 
quantitation, and this chemical was carried forward as a COPEC because no ESV was available. 
As discussed in Section 6.4.2.1, the presence of carbazole in surface soil and dry sediment at the 
detected concentrations is unlikely to result in adverse ecological impacts. 

Based on the above observations, it is apparent that low-level metals, PCB, PAH, and SVOC 
contamination may be present in the sinkhole at Landfill Area 1. However, most chemicals were 
detected at concentrations that only slightly exceeded their reference concentrations, soil BVs, 
and/or ESVs. The sinkhole does not appear to have any habitat features that would make it 
particularly attractive to wildlife, and exposure of species to the dry sediment is expected to be 
relatively low. Therefore, adverse impacts to populations of wildlife receptors resulting from 
exposure to dry sediment are not expected, and no chemicals in dry sediment are recommended 
for further evaluation for ecological purposes alone. 

6.4.3 Step 3a COPEC Refinement Results for Suspected Waste Area 2 
This section presents the refinement of COPECs that were retained following the initial 
comparison to conservative ESVs at Suspected Waste Area 2.  
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6.4.3.1 Suspected Waste Area 2 Surface Soil COPEC Refinement 
Table 6-10 presents the COPEC refinement for soil at Suspected Waste Area 2. Twelve metals 
were retained after the initial toxicity screening step (Table 6-5) and evaluated in the Step 3a 
refinement step, as described below. 

Nutrient Evaluation. Two of the metals (calcium and potassium) were identified as essential 
nutrients and were not detected at elevated concentrations. Therefore, they were not retained as 
Step 3a COPECs. 

Background Evaluation. The background evaluation indicated that aluminum and 
manganese were naturally occurring because they passed both the BV and WRS comparison. In 
addition, the geochemical evaluation (Appendix K) indicated that all detected concentrations of 
antimony, arsenic, cadmium, iron, manganese, selenium, and vanadium in the surface samples 
are naturally occurring and not site related. Thallium could not be eliminated by the geochemical 
evaluation because of uncertainties in the interpretation of the data.  

Frequency of Detection. No chemicals in Suspected Waste Area 2 surface soil were 
eliminated due to FOD considerations. 

Additional Considerations and Lines of Evidence. Based on these initial Step 3a 
refinement parameters, the only chemical not eliminated as a Step 3a COPEC was thallium. 
Thallium was detected in 18 out of 26 surface soil samples (9 of which were estimated), with an 
MDC of 2.8 mg/kg, which resulted in an HQ of 59. A BV was not available for thallium, and the 
WRS test could not be performed due to the fact that thallium was not detected in the 
background data set. It should be noted that the limits of quantitation for the background data set 
ranged from 2 to 3.1 mg/kg; given the fact that the MDC of the Suspected Waste Area 2 surface 
soil was 2.8 mg/kg, it is highly possible that most, if not all, of the low concentrations detected in 
Suspected Waste Area 2 surface soil are naturally occurring. Further, defensible conclusions 
regarding thallium could not be developed in the geochemical evaluation because the element 
does not covary with any of the major elements, a phenomenon that is not uncommon for this 
metal, especially given the high proportion of estimated (i.e., “J-qualified”) results. However, 
because of the relatively low detected concentrations and the lack of a known or suspected 
thallium release, thallium is not recommended for additional evaluation at Suspected Waste 
Area 2.  

Based on the Step 3a evaluation, no further evaluation is recommended for chemicals detected in 
Suspected Waste Area 2 surface soil. 

KN17\Ramey\LF1_2\RI \Final\F LF1_SWA2 RI\2/22/2017 8 02 AM 6-28 



 
     

             
              

          

              
              

          
             

           
             

        
               

              
           

              
            

             
                
               
           

                
          

    
                 

            
              

                  
              
              
             

                 
           

 

   

6.4.3.2 Suspected Waste Area 2 Surface Water COPEC Refinement 
Table 6-11 presents the COPEC refinement for surface water at Suspected Waste Area 2. Five 
metals and one VOC were retained after the initial toxicity screening step (Table 6-6) and 
evaluated in the Step 3a refinement step, as described below. 

Nutrient Evaluation. One metal (calcium) was identified as an essential nutrient and was not 
detected at elevated concentrations. This metal was not retained as a Step 3a COPEC. 

Background Evaluation. No background data are available for surface water. Therefore, a 
background evaluation was not performed as part of the Step 3a COPEC refinement. 

Frequency of Detection. Because only four surface water samples were collected, an FOD 
evaluation could not be performed as part of the Step 3a COPEC refinement. 

Additional Considerations and Lines of Evidence. The metals aluminum, barium, iron, 
and manganese and the VOC carbon disulfide were retained as COPECs following the Step 3a 
refinement. Due to the lack of background and FOD analysis, the only Step 3a criterion 
applicable to surface water was the nutrient evaluation, which eliminated calcium. 

The HQs for the Step 3a COPECs ranged from 2 (manganese) to 21 (aluminum). Although the 
detected concentration of manganese slightly exceeded its screening value, the estimated hazard 
for manganese (as well as other inorganic constituents) may be exaggerated somewhat because 
water quality criteria upon which the ESVs are based are expressed in terms of the dissolved 
metal in the water column, whereas the surface water samples collected at the Suspected Waste 
Water 2 sinkhole pond were analyzed for total recoverable metals. Thus, a significant portion of 
the metals detected in surface water may be bound to suspended material that is not bioavailable. 
The EPA National Water Quality Criteria Guidance (available online at 
http://water.epa.gov/scitech/swguidance/standards/criteria/index.cfm) presents conversion factors 
for dissolved metals that can be used to adjust screening values for comparison to data based on 
total recoverable metals. However, manganese is not particularly toxic in aquatic systems, and a 
water quality criterion (and conversion factor) has not been developed for this metal; therefore, 
an adjustment of the ESV used in the SLERA is not feasible. Given its low toxicity, its low HQ, 
and the overestimation of toxicity associated with comparing total recoverable metals data to an 
ESV based on only the dissolved fraction, the potential for adverse ecological effects associated 
with the concentrations of manganese detected in site surface water is low. 

Three of the Step 3a COPEC MDCs for surface water were detected in the square, artificial pond 
to the northeast of the Suspected Waste Area 2 (MDCs for aluminum, iron, and carbon disulfide) 
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and two were detected in the sinkhole pond to the north-northwest of the site (barium and 
manganese). All of the COPECs except carbon disulfide, which was only detected in the square 
pond, were detected in both water bodies. The square pond is upgradient from Suspected Waste 
Area 2, and no transport pathways to that water body are considered realistic. The pond in the 
sinkhole to the north of the site could receive runoff from Suspected Waste Area 2 via the 
western ditch and the drainage that feeds into it; however, none of the inorganic surface water 
COPECs were identified as Step 3a COPECs in surface soil at Suspected Waste Area 2 
(Table 6-10) because they were determined to be background related (aluminum, iron, and 
manganese) or were not carried forward to Step 3a because they were detected at concentrations 
less than their soil ESV (barium). Carbon disulfide was not detected in Suspected Waste Area 2 
soil. 

The square pond to the northeast is a man-made pond that is upgradient from Suspected Waste 
Area 2. The sinkhole pond may receive some runoff from Suspected Waste Area 2, but detected 
concentrations in surface water are not aberrantly high and could be background related and/or 
associated with metals and organics in colloidal particles (i.e., turbidity). 

In summary, HQs were likely overestimated for many of the metals, because water in the area is 
likely much harder than typically assumed by water quality criteria adopted as ESVs. Three of 
the four metals and the one VOC selected as Step 3a COPECs had MDCs located in the artificial 
pond upgradient from Suspected Waste Area 2. This pond is upgradient of Suspected Waste 
Area 2 and is not recommended for further evaluation. Barium (HQ = 12) and manganese 
(HQ = 2) had MDCs that occurred in the sinkhole that may receive runoff from Suspected Waste 
Area 2; however, concentrations were not particularly elevated and may be background related 
or associated with turbidity. None of the surface water Step 3a COPECs were Step 3a COPECs 
in Suspected Waste Area 2 soil, which suggests that surface transport of chemicals from source 
area soil to the ponds is unlikely. Also, none of the surface water COPECs are considered 
strongly bioaccumulative and are unlikely to be significant in food chain pathways. For these 
reasons, chemicals detected in Suspected Waste Area 2 surface water are not expected to 
adversely impact wildlife populations, and no chemicals in Suspected Waste Area 2 surface 
water are recommended for further evaluation for the protection of ecological receptors. 

6.4.3.3 Suspected Waste Area 2 Sediment COPEC Refinement 
Table 6-12 presents the COPEC refinement for sediment at Suspected Waste Area 2. Ten metals, 
two pesticides, one SVOC, and one VOC were retained after the initial toxicity screening step 
(Table 6-7) and evaluated in the Step 3a refinement step, as described below. 
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Nutrient Evaluation. Three metals (calcium, magnesium, and potassium) were identified as 
essential nutrients and were not detected at elevated concentrations. Therefore, they were not 
retained as Step 3a COPECs. 

Background Evaluation. No background data are available for sediment. Therefore, a 
background evaluation was not performed as part of the Step 3a COPEC refinement. 

Frequency of Detection. Because only four sediment samples were collected, an FOD 
evaluation could not be performed as part of the Step 3a COPEC refinement. 

Additional Considerations and Lines of Evidence. The metals arsenic, beryllium, 
chromium, iron, manganese, thallium, and vanadium, the pesticides 4,4’-DDE and 4,4’-DDT, the 
SVOCs 3- and 4-methylphenol, and the VOC toluene were retained as COPECs following the 
Step 3a screen. Beryllium, thallium, vanadium, 3- and 4-methylphenol, and toluene lacked ESVs 
and represent an uncertainty in the SLERA. Due to the lack of background and FOD analysis, the 
only Step 3a criteria applicable to sediment was the nutrient evaluation, which eliminated 
calcium, magnesium, and potassium. 

The HQs for the Step 3a COPECs ranged from 1.6 (manganese) to 4 (chromium). Of these 
sediment Step 3a COPECs, only thallium was identified as a Step 3a COPEC in soil at Suspected 
Waste Area 2, but it was not recommended for further evaluation in that medium based on a 
weight-of-evidence discussion (Section 6.4.3.1). Therefore, there is little evidence to support that 
a site-related release has occurred in sediment, or that adverse impacts to wildlife populations are 
likely to occur. For these reasons, no chemicals in Suspected Waste Area 2 sediment are 
recommended for further evaluation for the protection of ecological receptors. 

6.5 SLERA Conclusions 
No COPECs are recommended for further evaluation in Landfill Area 1 dry sediment or 
Suspected Waste Area 2 surface soil, surface water, or sediment. Although some COPECs were 
identified in each of these media, additional weight-of-evidence considerations strongly suggest 
that adverse impacts to populations of ecological receptors associated with exposure to chemicals 
in these media are unlikely to occur. 

For Landfill Area 1 surface soil, several metals were detected at elevated concentrations. 
Although additional lines of evidence indicated that most of the Step 3a COPECs were likely 
innocuous, lead, mercury, and zinc were detected in multiple samples at anomalously high 
concentrations, as listed in the following table (Appendix K): 
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Location Sample Date Start End 
Lead 

(mg/kg) VQ 
Mercury 
(mg/kg) VQ 

Zinc 
(mg/kg) VQ 

LF1SB03 AA0009 30-Jul-10 0 2 33.3 

LF1SB19 AA0068 9-Aug-10 0 2 144 J 273 J 
LF1SB20 AA0070 9-Aug-10 0 2 92.5 0.37 158 
TP1-10 AA0034 3-Aug-10 0 1 0.36 338 

TP1-11 AA0037 3-Aug-10 0 1 67.2 0.29 138 
TP1-12 AA0042 3-Aug-10 0 1 0.3 J 84.2 J 
TP1-13 AA0045 3-Aug-10 0 1 97.7 

TP1-14 AA0048 3-Aug-10 0 1 187 
TP1-15 AA0053 3-Aug-10 0 1 119 0.64 J 289 
TP1-16 AA0056 3-Aug-10 0 1 0.29 132 

TP1-17 AA0059 3-Aug-10 0 1 126 J 
TP1-18 AA0062 3-Aug-10 0 1 72.8 107 J 

TP1-9 AA0031 3-Aug-10 0 1 0.24 108 

The calculated HQs for these three metals were not particularly elevated (lead HQ = 13.1, 
mercury HQ = 6, and zinc HQ = 7.3), particularly given the conservative assumptions on which 
the ESVs used to calculate these HQs are based. Also, the mean concentrations of these three 
metals across Landfill Area 1 were either below (lead) or approximated (mercury and zinc) 
naturally occurring concentrations. Further, the relatively small size of Landfill Area 1 
(5.4 acres) reduces the likelihood that exposure to multiple individuals (i.e., populations) of 
ecological receptors would regularly occur such that adverse population- level impacts would 
result. Because protection of populations is the critical endpoint of concern for ecological risk 
assessments, the spatial extent of contamination must be sufficient for local populations to be 
regularly exposed. For these reasons, it is unlikely that exposure to lead, mercury, or zinc would 
adversely affect local populations, but the potential for highly localized impacts to individual 
receptors cannot be completely discounted in this SLERA. 
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7.0 Summary and Conclusions
 

7.1 Summary 
An RI was conducted for Landfill Area 1 and Suspected Waste Area 2 at the RAFB in order to 
evaluate conditions at Landfill Area 1 and an area suspected of having buried debris from a 
previous housing development. The areas were designated a Landfill Area 1 and Suspected 
Waste Area 2. The objectives of this RI were to define the extent of potential landfill-derived 
contamination and determine the need for additional investigation and/or corrective action. The 
investigation consisted of a historical records search, historical aerial photograph review, 
geophysical survey, test pit excavation, lithologic soil boring, sediment sample collection, 
surface and subsurface soil sampling, groundwater sample collection, LFG monitoring, a 
borehole deviation and groundwater flow study, completion of a BHHRA, and completion of a 
SLERA. The results and conclusions are summarized below. 

7.1.1 Landfill Area 1 
As described in Section 3.1, Landfill Area 1 consists of the former burial area and is bordered by 
an adjacent sinkhole two flight line drainage ditches, and a small hill. Buried municipal and 
construction debris were found to be present below grade within the former burial area. Human 
health risks associated with the development of property inside the burial area were not evaluated 
because common practice does not permit future construction or development over the area. 
Some of the landfilled material has become exposed at the surface due to erosional activities, 
especially along the western edge of the landfill where the sidewalls of a flightline drainage ditch 
have exposed buried debris. 

Geophysical Investigation 

●		 A geophysical investigation of Landfill Area 1 was conducted in July 2010 to further 
define the extent of buried debris observed during previous geophysical surveys 
(1996 USACE survey and 1997 E&E survey). The geophysical investigation 
determined that an area of approximately 5.4 acres was interpreted as fill material 
and/or buried debris with varied thicknesses up to 40 to 45 feet bgs. 

Exploratory Test Pits 

●		 Based on the results of the geophysical surveys, a total of 18 test pits were excavated 
at Landfill Area 1 in July 2010 in order to determine the extent of the burial area. 
Eight test pits were located outside the landfill boundary and 10 test pits were located 
within the interpreted area of buried debris. Buried debris was not observed in seven 
of the eight test pits outside the interpreted landfill boundary; however, buried debris 
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was encountered at all 10 interior test pit locations. The types of material encountered 
ranged from municipal trash (tires, bottles, plastic bags, clothes, etc.) and construction 
debris (concrete, rebar, etc.). At some locations, municipal waste was observed at 
ground surface within the interpreted landfill boundary. Debris has become exposed 
at the ground surface in places due to erosional activities, especially along the western 
edge of the landfill along the drainage ditch leading to the sinkhole. Some medical 
waste of unknown origin had been observed in the adjacent sinkhole during previous 
investigations and was believed to have been transported into the sinkhole during 
storm events. However, no medical waste was observed at any exploratory test pit at 
Landfill Area 1. One lithologic soil boring was completed at the location of test pit 
TP1-17 in order to vertically define the extent of buried debris observed during test 
pit excavation. Buried debris was encountered in the deep soil boring intermittently to 
the terminus of the boring at 38.5 feet bgs on top of limestone bedrock. 

Borehole Deviation Survey and Colloidal Borescope Flowmeter Survey 

●		 The borehole deviation survey of monitoring wells at Landfill Area 1 found that all 
wells were slightly deviated from plumb, resulting in true vertical depths that are less 
than the measured depths. These true vertical depths were used in order to more 
accurately interpret groundwater elevation and flow direction. The colloidal 
borescope flowmeter survey conducted at Landfill Area 1 found that there does not 
appear to be a uniform gradient with flow towards the ocean, as typically assumed. 
Flow directions observed in Landfill Area 1 wells RMW1-1, RMW1-2, and RMW1-4 
show groundwater flows in directions contrary to the conceptual model. In the case of 
RMW1-1 and RMW1-2, the flow is very clearly to the west and southwest, 
respectively. Additionally, groundwater flow at Landfill Area 1 appears to be variable 
with depth, potentially due to the largely karst environment. Three sinkholes (one on 
the flight line apron, one within Landfill Area 1, and another south of Perimeter 
Road) are aligned in a roughly north-south orientation, suggesting the presence of 
large conduit in the subsurface. 

Sediment 

●		 Four sediment samples were collected from each of the two drainage ditches and the 
sinkhole adjacent to the landfill disposal area. Three of the four samples contained 
concentrations of SVOCs benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene exceeding their respective RSLs 
(Table 4-7). Benzo(a)anthracene was detected above its RSL of 0.15 mg/kg at 
sediment sample locations LF1SWSD03 (0.201J mg/kg in the field duplicate sample) 
and LF1SWSD04 (0.73 mg/kg). Benzo(a)pyrene was detected above its RSL of 
0.015 mg/kg at LF1SWSD01 (0.129J mg/kg), LF1SWSD03 (0.218J mg/kg in field 
duplicate sample), and LF1SWSD04 (0.532 mg/kg). Dibenzo(a,h)anthracene was 
detected above its RSL of 0.015 mg/kg at sediment sample locations LF1SWSD03 
(0.0499J mg/kg in the field duplicate sample) and LF1SWSD04 (0.096J mg/kg). 
Indeno(1,2,3-cd)pyrene was detected above its RSL of 0.15 mg/kg at sediment 
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sample locations LF1SWSD03 (0.173J mg/kg in the field duplicate sample) and 
LF1SWSD04 (0.364 mg/kg). 

●		 All four sediment samples contained concentrations of inorganic compounds 
exceeding RSLs (Table 4-8). Seven of the analytes (aluminum, arsenic, cobalt, iron, 
manganese, thallium, and vanadium) were found exceeding their respective RSLs. All 
seven inorganic constituents were detected at sediment sampling locations 
LF1SWSD01 and LF1SWSD02 at concentrations above their respective RSLs. Only 
aluminum, arsenic, cobalt, iron, manganese, and vanadium were detected above their 
respective RSLs at sediment sampling location LF1SWSD03. Only arsenic, cobalt, 
iron, manganese, and thallium were detected above their respective RSLs at sediment 
sampling location LF1SWSD04. 

Surface Water 

●		 The two drainage ditches and the sinkhole were dry during the July 2010 
investigation; therefore, surface water samples could not be collected. 

Surface Soil 

●		 A total of 12 surface soil samples were collected from within the interpreted burial 
area of Landfill Area 1, and a total of 9 surface soil samples were collected from 
outside the interpreted burial area. 

●		 The analytical results indicated the presence of six SVOCs, two PCB compounds, and 
four inorganic compounds at concentrations exceeding RSLs (Table 4-1). 
Benzo(a)pyrene was detected in 11 surface soil samples at concentrations above its 
RSL of 0.015 mg/kg. Concentrations ranged from an estimated 0.0562J mg/kg in test 
pit TP1-14 to 2.65 mg/kg in test pit TP1-11. Benzo(a)anthracene was detected above 
its RSL of 0.15 mg/kg in eight surface soil samples. Concentrations ranged from 
0.238 mg/kg in test pit TP1-9 to 3.11 mg/kg in test pit TP1-11. Benzo(b)fluoranthene 
was detected above its RSL of 0.15 mg/kg in seven Landfill Area 1 surface soil 
samples. Concentrations ranged from 0.203 mg/kg in test pit TP1-9 to 2.83 mg/kg in 
test pit TP1-11. Indeno(1,2,3-cd)pyrene was detected above its RSL of 0.15 mg/kg in 
six surface soil samples collected at Landfill Area 1. Concentrations ranged from 
0.218 mg/kg in soil boring LF1-SB20 to 2.03 mg/kg in test pit TP1-11. 
Dibenzo(a,h)anthracene was detected above its RSL of 0.015 mg/kg in five surface 
soil sample locations. Concentrations ranged from an estimated 0.047J mg/kg in test 
pit TP1-17 to an estimated 0.413J mg/kg in test pit TP1-11. Benzo(k)fluoranthene 
was detected above its RSL of 1.5 mg/kg in only one surface soil sample location at 
Landfill Area 1 (2.36 mg/kg at test pit TP1-11). Only two PCBs were detected at 
concentrations exceeding RSLs. Aroclor 1260 was detected in eight samples at 
concentrations ranging from 0.0279 mg/kg at LF1SB03 to an estimated 0.426J mg/kg 
at test pit TP1-18, with the concentrations at test pit TP1-15 (0.298 mg/kg), test pit 
TP1-16 (0.245 mg/kg), and test pit TP1-18 exceeding the RSL of 0.22 mg/kg. 
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Aroclor 1242 was detected at test pit TP1-12 (0.55 mg/kg) at a concentration 
exceeding its RSL of 0.22 mg/kg. 

●		 All organic RSL exceedances detected were located within the interpreted burial fill 
boundary. 

●		 Metals were detected above RSLs or background in all 21 surface soil samples; 
however, only 4 samples exhibited metals concentrations exceeding both the RSL and 
background (Table 4-2). Analytes detected above background and RSLs included 
iron, thallium, and vanadium. Analytes detected above background only included 
barium, cadmium, lead, magnesium, mercury, nickel, selenium, and zinc. Analytes 
detected above RSLs only included aluminum, arsenic, cobalt, iron, manganese, 
thallium, vanadium. The most common analyte exceeding its RSL values was arsenic, 
with concentrations ranging from 3.1 to 31.5 mg/kg. Other maximum concentrations 
exceeding RSLs included aluminum at soil boring LF1SB19 (19,000 mg/kg), iron at 
test pit TP1-15 (63,600 mg/kg), and manganese at soil boring LF1SB21 
(1,180 mg/kg). 

●		 All inorganic RSL or background exceedances detected were located both within and 
outside the interpreted boundary of buried debris at Landfill Area 1.  

Subsurface Soil 

●		 Subsurface soil samples were collected from 14 soil borings and 12 test pits, both 
within and outside the interpreted Landfill Area 1 boundary. Subsurface soil 
encountered was predominantly silt and clay, with a small percentage of coarse to 
very fine-grained sand. 

●		 The results indicate the presence of one SVOC: benzo(a)pyrene was detected above 
its RSL of 0.015 mg/kg at test pit locations TP1-13 (0.099J mg/kg) and TP1-14 
(0.0561J mg/kg) (Table 4-3). 

●		 A total of 16 metals were detected in subsurface soil at concentrations above either 
RSLs or background (Table 4-4). Two metals, arsenic and iron, were detected at 
concentrations that exceeded both their respective RSLs and background levels. 
Concentrations of arsenic exceeding both screening values ranged from 38.4 mg/kg in 
the 37-38 feet bgs sample at test pit TP1-11 to 40.6 mg/kg in the 10-11 feet bgs 
sample from soil boring LF1SB02. Iron was detected exceeded both screening values 
in the 10-11 feet bgs sample from soil boring LF1SB02. 

Groundwater 

●		 Groundwater samples were collected in July and December 2010 from all four 
permanent monitoring wells installed at Landfill Area 1. Groundwater was 
encountered from 216.45 to 241.56 feet bgs in the four Landfill Area 1 monitoring 
wells. 
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●		 The only organic compounds detected in the permanent monitoring wells were 
chloroform and TCE. Both of these compounds were detected at concentrations 
exceeding their respective RSLs. Chloroform concentrations exceeded its RSL of 
0.19 µg/L in the four monitoring wells sampled during the 2010 sampling events, 
ranging from an estimated 0.34J µg/L in monitoring well RMW1-4 to an estimated 
0.53J µg/L in monitoring well RMW1-3. TCE was also was detected at 
concentrations exceeded its RSL of 0.26 µg/L in at each monitoring well sampled 
during both 2010 sampling events, ranging from 6.5 µg/L in monitoring well 
RMW1-4 to an estimated 0.61J µg/L in monitoring well RMW1-1. The TCE 
breakdown products cis-1,2-dichloroethene, trans-1,2-dichloroethene, and vinyl 
chloride were all nondetect during both groundwater sampling events. SVOCs, TPH, 
pesticides, and PCBs were not detected in site monitoring wells during either 
sampling event (Table 4-5).  

●		 Total metals concentrations exceeding RSLs were not detected in any Landfill Area 1 
monitoring well during either 2010 groundwater sampling event. However, 
concentrations of three filtered metals compounds, cobalt (1.1J µg/L), iron 
(1,360 µg/L), and manganese (47.2 µg/L) exceeded their respective RSLs during the 
December 2010 sampling event in monitoring well RMW1-4 (Table 4-6. 

Landfill Gas Monitoring 

●		 LFG (i.e., methane) measurements were collected from the surface of Landfill Area 1 
and from five barhole probes installed along the southwest side of the interpreted 
burial area. LFG was not detected during the surface emissions monitoring or barhole 
probe monitoring during this RI at Landfill Area 1.  

BHHRA 

●		 The BHHRA concluded that the risk/hazards associated with Landfill Area 1 soil 
inside the burial area that are likely attributable to background soil conditions and 
unrelated to former DOD activities. Additionally, the cancer risks for all Landfill 
Area 1 receptors within and outside the burial area were either less than or within the 
risk management range. No carcinogenic COPCs were identified for surface or total 
soil. Note that residential land use was evaluated only for the property outside the 
burial area. Constructing a residence on top of the buried waste is considered 
implausible. 

SLERA 

●		 The SLERA identified 40 COPECs (17 inorganics, 4 PCBs, 4 pesticides, 15 SVOCs 
[including 11 HMW PAHs]) for surface soil, and 27 COPECs (13 inorganics, 
3 PCBs, and 11 SVOCs [including 10 HMW PAHs]) for sediment. The following 
compounds and associated media could potentially warrant further 
investigation/evaluation within the burial area to determine their potential ecological 
risk: lead, mercury, and zinc in surface soil. However, although COPECs were 
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identified in site media, additional weight-of-evidence considerations strongly 
suggest that adverse impacts to populations of ecological receptors associated with 
exposure to chemicals in these media are unlikely to occur. No COPECs are 
recommended for further evaluation in Landfill Area 1 sediment. 

7.1.2 Suspected Waste Area 2 
Suspected Waste Area 2 is a flat-lying, grass-covered tract just east of Landfill Area 1 currently 
used by a tenant for grazing and crop growing. No records of disposal activities at this site have 
been located to date. Suspected Waste Area 2 is reported to have received municipal household 
garbage from a former adjacent Air Force housing development called “Tropical Acres.” 

An RI was conducted for the area known as Suspected Waste Area 2 at the RAFB concurrently 
with the investigation of Landfill Area 1. As with Landfill Area 1, the purpose of this 
investigation was to evaluate potential landfill derived contamination and determine the need for 
additional investigation and/or corrective action. The investigation consisted of a historical 
records search, historical aerial photograph review, geophysical survey, test pit excavation, 
lithologic soil boring, surface water and sediment sample collection, surface and subsurface soil 
sampling, groundwater sample collection, LFG monitoring, a borehole deviation and 
groundwater flow study, completion of a BHHRA, and completion of a SLERA. 

Geophysical Surveys 

●		 Two geophysical surveys were previously conducted at Suspected Waste Area 2, one 
by USACE in 1996 and one by E&E in 1997, but the results were not conclusive due 
to the techniques used and improper spacing of the sensors. Based on the two 
previous inconclusive geophysical surveys, the interpreted fill area for Suspected 
Waste Area 2 was thought to occupy approximately 23 acres. In order to more 
accurately reflect the suspected fill area, a geophysical investigation of Suspected 
Waste Area 2 was conducted in July 2010 to refine the results of the two previous 
inconclusive geophysical surveys. In contrast to the 1996 and 1997 surveys, the 2010 
geophysical investigation defined a potential fill area of only 10.86 acres with an 
undetermined average thickness and no interpreted buried debris. 

Exploratory Test Pits 

●		 A total of 30 exploratory test pits were excavated in order to determine the presence 
or absence of buried debris at Suspected Waste Area 2. Twenty-two test pits were 
located based on the 1996 and 1997 landfill boundary interpretations in order to 
confirm the previous findings of the two surveys. No buried debris was observed in 
any of the 22 test pit excavations within or outside the previously interpreted landfill 
boundary. It should be noted that homogenous lithology was described in all 22 test 
pit excavations, suggesting a lack of historical disturbance, or fill, occurring. In 
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addition, the 2010 geophysical interpretation of Suspected Waste Area 2 did not 
identify the presence of buried debris. The only anomaly detected during the 
geophysical investigation was an area of low apparent resistivity that was interpreted 
as potential fill but could not be confirmed. A total of eight test pits were located 
within this area of low resistivity to confirm the absence of buried debris. No debris 
and homogenous lithology was again observed in the eight confirmation test pits. 
Subsequently, a total of five deep lithologic borings were completed at test pit 
locations TP2-19, TP2-22, TP2-26, TP2-28, and TP2-30 in order to confirm the 
absence of buried debris and uniform lithology at depth observed during test pit 
excavations. Buried debris was not encountered in any of the five deep lithologic 
borings. Additionally, a uniform, undisturbed reddish-brown silty clay was observed 
directly above limestone bedrock at all five soil borings. The absence of debris in any 
test pit excavation and soil boring, the uniformity of lithology in each test pit and soil 
boring, and the absence of the identification of buried debris in the geophysical 
survey indicate that the area known as Suspected Waste Area 2 does not contain 
municipal buried debris and suggest it was never utilized as a waste dump or landfill. 

Borehole Deviation Survey and Colloidal Borescope Flowmeter Survey 

●		 The borehole deviation survey of monitoring wells at Suspected Waste Area 2 found 
that all wells were slightly deviated from plumb, resulting in true vertical depths that 
are less than the measured depths. These true vertical depths were used in order to 
more accurately interpret groundwater elevation. The colloidal borescope flowmeter 
survey conducted at Suspected Waste Area 2 found that there does not appear to be a 
uniform gradient with flow towards the ocean, as typically assumed. Similar to 
Landfill Area 1, the flow directions measured in the site wells tend to fit the presumed 
conceptual model but still show local deviations, suggesting the presence of preferred 
pathways of a local nature and variable groundwater flow at depth. The highest 
(mean) flow velocity was observed in RMW2-5. This is consistent with the steep 
hydraulic gradient mapped in that area, with flow to the north parallel to or towards 
the large sinkhole feature. 

Sediment 

●		 Two sediment samples were collected from a pond approximately 300 feet northeast 
of Suspected Waste Area 2 and two sediment samples were collected from a water-
filled sinkhole approximately 400 feet north-northwest of Suspected Waste Area 2 in 
June 2010. Two additional sediment samples were collected at the Suspected Waste 
Area 2 pond in September 2011. 

●		 Organic compounds were detected in all four samples collected during the June 2010 
sampling event. However, none were detected exceeding their respective RSLs. 
Additionally, TPH was not detected above its RSL during the follow-up sampling 
event in September 2011 (Table 4-16). 
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●		 Several inorganic compounds were detected exceeding their respective RSLs at all 
four sediment sample locations during the July 2010 sampling event. However, 
organic compounds were not detected exceeding RSLs in site sediment samples 
during either sampling event (Table 4-17).  

Surface Water 

●		 Four surface water samples were collocated with the sediment sample locations at 
Suspected Waste Area 2 in June 2010. Two additional surface water samples were 
collected at the Suspected Waste Area 2 pond in September 2011. 

●		 Only two VOCs, carbon disulfide at LF2SWSD01 and toluene at LF2SWSD04, were 
detected in surface water in June 2010, but both detections were below their 
respective RSLs. The SVOC bis(2-ethylhexyl)phthalate was detected at LF2SWSD02 
at a concentration (2.8J µg/L) above its RSL of 0.071 µg/L in June 2010. TPH 
exceeded its RSL of 160 µg/L at LF2SWSD01 (161 J µg/L), LF2SWSD02 
(203J µg/L in the duplicate sample), LF2SWSD03 (975 µg/L), and LF2SWSD04 
(1,020 µg/L) during the June 2010 sampling event. However, during the September 
2011 follow-up surface water sampling event, TPH was only detected at one location, 
LF2SWSD04 (99.2 J µg/L), at a concentration below its RSL (Table 4-18). 

●		 Additionally, six inorganics (aluminum, arsenic, cobalt, iron, manganese, and 
vanadium) were detected above RSLs. All six inorganic constituent concentrations 
above RSLs were detected at surface water sample locations LF2SWSD01 and 
LF2SWSD02. Mercury was also detected above the RSL at LF2SWSD01 and 
LF2SWSD02 but was not detected above the levels found in the associated method 
blanks, field blanks, and/or equipment blanks and was therefore qualified as “R” 
rejected. Four inorganics (arsenic, cobalt, iron, and manganese) were detected above 
RSLs at surface water sample location LF2SWSD04. Only arsenic and manganese 
were detected above their respective RSLs at surface water sample location 
LF1SWSD03. However, it is believed that agricultural activity occurring within 
Suspected Waste Area 2 may be the contributing source of the low levels of organics, 
inorganics, and TPH identified in site surface water. 

Surface Soil 

●		 A total of 26 surface soil samples were collected from 14 soil borings and 
12 exploratory test pits locations both within and outside the previously interpreted 
suspected waste area boundary and the 2010 interpreted area of deep fill. Subsurface 
soil encountered was predominantly silt and clay, with a small percentage of coarse to 
very fine-grained sand. 

●		 The analytical results indicated the presence of three VOCs (acetone, methylene 
chloride, and 2-butanone) were detected in the 11 surface soil samples; however, 
none exceeded their respective RSLs. TPH was only detected in the surface soil 
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sample from test pit location TP2-27 but at a concentration well below its RSL 
(Table 4-10). 

●		 Metals were detected above RSLs or background in all 26 surface soil samples 
collected at Suspected Waste Area 2; however, only 3 samples exhibited metals 
concentrations exceeding both RSL and background (Table 4-11). Analytes detected 
above background and RSLs included arsenic, iron, and vanadium. Iron 
(56,200 mg/kg) and vanadium (117 mg/kg) exceeded RBSCs and background at soil 
boring LF2SB12. Iron (61,700 mg/kg) and vanadium (115 mg/kg) again exceeded 
RBSCs and background in the field duplicate sample collected from test pit TP2-21. 
Arsenic (56.5J mg/kg), iron (91,000 mg/kg), and vanadium (170J mg/kg) exceeded 
RBSCs and background in the field duplicate sample collected from test pit TP2-28. 
Analytes detected above background only included cadmium, nickel, chromium, 
magnesium, and selenium. Analytes detected above RSLs only included aluminum, 
cobalt, manganese, and thallium. The most common analyte exceeding its RSL was 
arsenic, with concentrations ranging from 5.8 to an estimated 31.5J mg/kg. Other 
maximum concentrations exceeding RSLs included aluminum in the field duplicate 
sample at test pit TP2-28 (23,100 mg/kg), manganese at test pit TP2-29 
(1,650 mg/kg), and cobalt at soil boring LF2SB02 (16 mg/kg). 

Subsurface Soil 

●		 A total of 48 subsurface soil samples were collected from 21 soil borings and 30 test 
pits located both within and outside the boundary interpretations of the 1996 and 
1997 surveys and the interpreted area of deep fill in the 2010 survey. 

●		 Only one SVOC, benzo(a)pyrene, exceeded its RSL of 0.015 mg/kg in soil boring 
LF2SB05-SUP (0.0481J mg/kg) (Table 4-12). 

●		 Explosive compounds were not detected in subsurface soil at Suspected Waste Area 
2. Perchlorate was detected in subsurface soil at test pit TP2-26-SUP only, but at a 
concentration below its RSL of 5.5 mg/kg (Table 4-12). 

●		 Metals were detected above RSLs or background in 46 subsurface soil samples 
collected at Suspected Waste Area 2; however, only 10 samples exhibited metals 
concentrations exceeding both RSLs and background (Table 4-13). Analytes detected 
above background and RSLs included arsenic, cobalt, iron, manganese, and 
vanadium. Arsenic was found exceeding the RSL and background in nine subsurface 
soil sampling locations, ranging from 38.6 mg/kg in test pit TP2-20 to 49.1 mg/kg in 
soil boring LF2SB02. Concentrations of iron that exceeded the RSL and background 
ranged from 69,800 mg/kg in soil boring LF2SB07 to 91,000 mg/kg in soil boring 
LF2SB12. Cobalt exceeded both the RSL and background in two soil borings, 
LF2SB02 (50.5 mg/kg) and LF2SB07 (154 mg/kg). Manganese was found exceeding 
the RSL and background in soil boring location LF2SB07 (8,700 mg/kg) only. 
Concentrations of vanadium exceeded the RSL and background in seven subsurface 
soil sampling locations, ranging from 128 mg/kg in test pit TP2-20 to 175 mg/kg in 
soil boring LF2SB12. 
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Groundwater 

●		 Groundwater samples were collected in July and December 2010 from all five 
permanent monitoring wells at Suspected Waste Area 2. Groundwater was 
encountered from 212.96 to 225.42 feet bgs in the four Landfill Area 1 monitoring 
wells. 

●		 Analysis of groundwater samples from the monitoring wells indicated the presence of 
one VOC (TCE) in all five wells at concentrations exceeding their respective RSLs. 
TCE was detected at concentrations exceeded its RSL of 0.26 µg/L in each 
monitoring well sampled during both the July and December 2010 sampling events, 
ranging from 0.46J µg/L in monitoring well RMW2-2 to an estimated 1.1 µg/L in 
monitoring wells RMW2-1 and RMW2-3. It should be noted that, similar to the 
findings at Landfill Area 1, the TCE breakdown products cis-1,2-dichloroethene, 
trans-1,2-dichloroethene, and vinyl chloride were all nondetect during both 2010 
groundwater sampling events. SVOCs, TPH, pesticides, and PCBs were not detected 
in site monitoring wells during either sampling event (Table 4-14).  

●		 Total and filtered metals concentrations exceeding RSLs were not detected in any 
Suspected Waste Area 2 monitoring well during either 2010 groundwater sampling 
event. 

Landfill Gas Monitoring 

●		 LFG (i.e., methane) measurements were collected from the surface of Suspected 
Waste Area 2. LFG was not detected during the surface emissions monitoring during 
this RI at Suspected Waste Area 2. 

BHHRA 

●		 The BHHRA concluded that cancer risks for all Suspected Waste Area 2 receptors, 
including residential receptors, were either less than or within the risk management 
range. Additionally, none of the analytical samples collected during the investigation 
identified COPC's that were recommended for further evaluation in Suspected Waste 
Area 2 for surface soil, surface water, or sediment. All cancer risks are within the risk 
management range, and the noncancer hazards associated with Suspected Waste Area 
2 soil are likely attributable to background soil conditions and unrelated to former 
DOD activities. 

SLERA 

●		 The SLERA concluded that no COPECs are recommended for further evaluation in 
Suspected Waste Area 2 surface soil, surface water, or sediment. Adverse impacts to 
populations of ecological receptors associated with exposure to chemicals in these 
media are unlikely to occur. 
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7.2 Conclusions 

7.2.1 Landfill Area 1 
The geophysical investigation, exploratory test pits, and soil borings completed in July 2010 
confirmed the presence and extent of buried construction debris at Landfill Area 1 suspected to 
be from DOD activity. Debris has become exposed at the ground surface in places due to 
erosional activities, especially along the western edge of the landfill along the drainage ditch 
leading to the sinkhole. A comparison of historical aerial photographs with current conditions 
indicated that the sinkhole has probably developed during the last 30 years, well within the time 
frame of the RAFB property transfer from the DOD to the Puerto Rico Ports Authority. The 
following is a summary of the results of the RI, the BHHRA, and the SLERA conducted at 
Landfill Area 1. The 1978 transfer deed indicates that the new property owner, not the DOD, is 
responsible for maintaining the entire new property for the purposes established within the deed, 
which are repeated therein to be airport purposes and by definition, facility maintenance. Thus, 
the property owner’s responsibility not only extends to the landfill, but also to any structure that 
would require maintenance in order to fulfill its operational purpose (i.e. maintain drainage 
features that capture runoff from the runway). Based on current observations, unmitigated 
erosional activity within flight line drainage ditch is exposing debris. Therefore, a failure to 
properly maintain the flight line drainage ditch as an airport purpose facility has resulted in the 
observed erosional activity. It is the current owner’s (Puerto Rico Ports Authority) responsibility 
to take corrective actions and avoid impact to the landfill area through the proper and adequate 
maintenance of the flight line drainage channel. 

Sediment 
RSL exceedances of SVOCs (PAHs) and inorganic compounds were detected in sediment 
samples collected from the two drainage ditches and sinkhole adjacent to Landfill Area 1. The 
drainage ditches immediately northwest of Landfill Area 1 serve as a conveyor of surface water 
runoff from the flightline area of the RAFB. The minor PAH exceedances in site sediment could 
be the result of runoff distributing contamination to site sediments from non-DOD related 
sources adjacent to the flightline. 

Surface Water 
Landfill Area 1 drainage ditches and adjacent sinkhole were dry during the RI sampling effort; 
therefore, no surface water samples were collected for analysis. Additionally, any surface waters 
that would have been sampled would most likely be conveyed from the airport tarmac and not 
from Landfill Area 1 runoff. 
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Soil 
Surface soil (0 to 1 foot bgs) contamination detected is likely attributable to past disposal 
activities at the site. Contaminants detected above RSLs in surface soil include SVOCs, PCBs, 
and inorganic compounds (only iron was detected consistently above both background levels and 
the RSL). Although these compounds are not uncommon in waste disposal areas, the date and 
nature of their release is difficult to determine. Landfilled material has become exposed at the 
surface of Landfill Area 1 due to erosional activities, indicating that an effective “cap” on top of 
the landfill has not been maintained. The DOD ceased utilization of the site in the early 1970s, 
and the 1978 RAFB transfer deed states the new property owner is responsible for maintaining 
RAFB property, including Landfill Area 1. Subsurface soils are relatively free of organic 
contamination, with only minor RSL exceedances for the SVOC benzo(a)pyrene. Arsenic 
concentrations exceeding the RSLs are widespread in subsurface soil but exceed background 
levels at only two locations. 

Groundwater 
The groundwater is relatively free of contamination, with only RSL exceedances for the VOCs 
chloroform and TCE. However, chloroform concentrations detected are at least two orders of 
magnitude below regulatory levels for drinking water, including the Puerto Rico Water Quality 
Standard (57 µg/L) and EPA Safe Drinking Water Act MCL (70 µg/L). Additionally, TCE 
breakdown products cis-1,2-dichloroethene, trans-1,2-dichloroethene, and vinyl chloride were all 
nondetect during both groundwater sampling events. It should also be noted that chloroform and 
TCE were both nondetect in all subsurface soil samples collected from beneath the buried debris 
at Landfill Area 1, suggesting the source of the VOC exceedances in groundwater is not the 
result of contaminant leaching from buried debris and is therefore not the result of previous 
burial activity at Landfill Area 1. Additionally, based on soil boring and test pit lithology, 
subsurface soils beneath the buried debris at Landfill Area 1 are confining clays and/or limestone 
bedrock. It should be noted that the various drainage ditches adjacent to the site and beyond 
provide a conveyance from many areas of airport operations into various sinkholes which are 
common in the karst topography of the former RAFB. 

Risk 
The BHHRA established that all cancer risks are within the risk management range, and the 
hazards associated with Landfill Area 1 soil both inside and outside of the burial area are likely 
attributable to background soil conditions unrelated to former DOD activities and do not pose a 
risk to future site receptors. 
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The SLERA identified three inorganic compounds (lead, mercury, and zinc) in surface soil of the 
Landfill Area 1 burial area which may pose an unacceptable risk. However, the average 
concentrations of the three inorganic compounds approximated naturally occurring 
concentrations. Additionally, the relatively small size of Landfill Area 1 (5.4 acres) reduces the 
likelihood that exposure to multiple individuals (i.e., populations) of ecological receptors would 
regularly occur such that adverse population- level impacts would result. Because protection of 
populations is the critical endpoint of concern for ecological risk assessments, the spatial extent 
of contamination must be sufficient for local populations to be regularly exposed. For these 
reasons, exposure to lead, mercury, or zinc would not adversely affect local populations, but the 
potential for highly localized impacts to individual receptors cannot be completely discounted in 
this SLERA. 

The results of this remedial investigation identified contaminants of concern present in site 
sediment, soil, and groundwater. Debris has become exposed at the ground surface in places due 
to post-DOD erosional activities, especially along the western edge of the landfill along the 
drainage ditch leading to the sinkhole. The 1978 transfer deed states that the property owner is 
responsible for maintaining the property for the purposes established within the deed (i.e. facility 
maintenance). Thus, actions to assess and address erosion problems at Landfill Area 1 are the 
responsibility of the property owner. 

The BHHRA and SLERA indicated that all exposure risks for site users and ecological receptors 
were within the acceptable risk management range. Based on the results of the remedial 
investigation, the BHHRA, and the SLERA, the DOD is recommending no further action at 
Landfill Area 1. 

7.2.2 Suspected Waste Area 2 
The geophysical survey, exploratory test pits, and soil borings determined that no debris has been 
disposed of within the presumed boundary of Suspected Waste Area 2. Homogenous lithology 
was described in all test pit excavations and soil borings, suggesting a lack of historical 
disturbance, or fill, occurring. The absence of buried debris, the uniformity of lithology observed 
in the test pit excavations and soil borings, and the absence of buried debris identified in the 
2010 geophysical survey indicate that the area known as Suspected Waste Area 2 does not 
contain municipal buried debris and suggests it was never utilized as a waste dump or landfill. 

Given the findings of the geophysical survey, test pit investigation, and soil borings, it is unlikely 
that limited RSL exceedances observed at Suspected Waste Area 2 are attributed to past DOD 
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activity. The following is a summary of the results of the RI, the BHHRA, and the SLERA 
conducted at Suspected Waste Area 2.  

Sediment 
Several inorganic compounds were detected exceeding their respective RSLs at all four 2010 
sediment sample locations. However, organic compounds were not detected in any sediment 
sample collected at Suspected Waste Area 2 in 2010 and 2011. The limited sediment RSL 
exceedances are unlikely attributed to previous DOD activity. 

Surface Water 
Analysis of surface water samples indicated the presence of one SVOC (bis[2-
ethylhexyl]phthalate) and TPH at concentrations exceeding their respective RSLs. Six inorganics 
(aluminum, arsenic, cobalt, iron, manganese, and vanadium) were also detected above RSLs. 
However, it is believed that agricultural activity occurring within Suspected Waste Area 2 may 
be the contributing source of the low levels of bis(2-ethylhexyl)phthalate, TPH, and inorganics 
(aluminum, arsenic, cobalt, iron, manganese, and vanadium) identified in surface water. 

Soil 
The limited soil RSL exceedances are unlikely attributed to previous DOD activity. Organic 
compounds were not detected above RSLs in any Suspected Waste Area 2 surface soil sample, 
and only three inorganic compounds (arsenic, iron, and vanadium) exceeded background 
concentrations and RSLs. Subsurface soils are relatively free of organic contamination, with only 
minor RSL exceedances for the SVOC benzo(a)pyrene at only one soil boring location. Arsenic 
concentrations exceeding the RSLs are widespread in subsurface soil but exceeded background 
levels at only seven locations. 

Groundwater 
The groundwater is relatively free of contamination, with only minor RSL exceedances for the 
VOC TCE. It should be noted that TCE levels detected in groundwater samples from Suspected 
Waste Area 2 are very similar to levels detected in groundwater at Landfill Area 1. Additionally, 
the TCE breakdown products of cis-1,2-dichloroethene, trans-1,2-dichloroethene, and vinyl 
chloride were all nondetect during both groundwater sampling events. Similar to Landfill Area 1, 
TCE was nondetect in all subsurface soil samples collected, indicating the TCE groundwater 
contamination is not the result of leaching from Suspected Waste Area 2.  
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Risk 
The BHHRA established that all cancer risks are within the risk management range, and the 
noncancer hazards associated with Suspected Waste Area 2 soil are likely attributable to 
background soil conditions that are unrelated to former DOD activities. The SLERA did not 
identify any compounds in site surface soil, surface water, or sediment which may pose an 
unacceptable risk. Therefore, no further risk to human health or potential ecological receptors is 
associated with Suspected Waste Area 2.  

Results of this investigation and the lack of any historical records indicating dumping at 
Suspected Waste Area 2 indicate no justification to consider municipal debris/dumping occurred 
at Suspected Waste Area 2. Therefore, no further investigatory or remedial action at Suspected 
Waste Area 2 is warranted. 
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Table 1-1
 

Well Construction Details
 
Landfill Area 1 and Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Well No. Installed By Northing Easting 

Ground 
Elevation 
(ft amsl) 

TOC 
Elevation 
(ft amsl) 

Top of 
Screen 
(ft bgs) 

Bottom of 
Screen 
(ft bgs) 

Total Depth 
of Well 
(ft bgs) 

Well 
Diameter 

(in.) Well Condition

 Landill Area 1 
RMW1-1 E & E, Inc. 892200.89 414930.95 244.49 247.14 238.00 273.00 273.58 2-inch Locked/Secure 
RMW1-2 E & E, Inc. 892571.42 413934.73 238.71 241.50 229.13 244.13 244.42 2-inch Locked/Secure 
RMW1-3 E & E, Inc. 893036.73 414644.94 219.90 222.58 210.00 225.00 225.29 2-inch Locked/Secure 
RMW1-4 E & E, Inc. 893166.80 414098.58 231.67 231.43 222.00 237.00 237.23 2-inch Locked/Secure

 Suspected Waste Area 2 
RMW2-1 E & E, Inc. 892931.33 417419.60 229.26 231.74 220.00 235.00 235.48 2-inch Locked/Secure 
RMW2-2 E & E, Inc. 893846.74 418050.24 216.19 219.36 205.00 220.00 220.29 2-inch Locked/Secure 
RMW2-3 E & E, Inc. 893444.98 416159.81 224.68 227.25 215.00 230.00 230.29 2-inch Locked/Secure 
RMW2-4 E & E, Inc. 893741.37 416637.67 226.46 228.46 216.00 231.00 231.29 2-inch Locked/Secure 
RMW2-5 E & E, Inc. 893830.50 417340.59 218.98 221.93 211.00 226.00 226.00 2-inch Locked/Secure 

Notes:
 
E&E, Inc. - Ecology & Environment, Inc. 

TOC - Top of casing.
 
amsl - Above mean sea level.
 
bgs - Below ground surface.
 
Elevations referenced to 1983 North American Vertical Datum.
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Table 3-1
 

Groundwater Elevations
 
Landfill Area 1 and Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Well Number 
Total Depth 

(ft bgs) 
Top of Casing 

(ft amsl) 

July 13, 1997 Results December 10, 1998 Results July 12, 2010 Results December 9, 2010 Results 

Depth to Water 
(ft btoc) TVD 

Water Table 
Elevation 

(above msl) 
Depth to Water 

(ft btoc) TVD 

Water Table 
Elevation 

(above msl) 
Depth to Water 

(ft btoc) TVD 

Water Table 
Elevation 

(above msl) 
Depth to Water 

(ft btoc) TVD 

Water Table 
Eleva ion 

(above msl)

 Landfill Area 1 
RMW1-1 276.55 247.14 242.01 241.71 5.43 241.80 241.50 5.64 241.56 241.26 5.88 241.24 240.95 6.19 
RMW1-2 256.97 241 50 236.18 236.15 5.35 236.01 235.98 5.52 235.74 235.71 5.79 235.45 235.42 6 08 
RMW1-3 246.93 222 58 217.38 217.31 5.27 217.20 217.13 5.45 216.90 216 83 5.75 216.52 216.45 6.13 
RMW1-4 256.96 231.43 226.16 226.12 5.31 226.01 225 97 5.46 225.69 225.65 5.78 225.38 225.34 6 09

 Suspected Waste Area 2
RMW2-1 246.96 231.74 225.96 225.92 5.82 225.68 225.64 6.10 225.45 225.42 6.32 225.17 225.14 6.60 
RMW2-2 246.92 219 36 213.70 213.65 5.71 213.49 213.44 5.92 213.25 213.20 6.16 213.01 212.96 6.40 
RMW2-3 246.95 227 25 221.69 221.65 5.60 221.44 221.40 5.85 221.20 221.16 6.09 220.92 220.88 6.37 
RMW2-4 256.88 228.46 223.34 223 25 5.21 223.13 223 04 5.42 222.88 222.79 5.67 222.56 222.47 5.99 
RMW2-5 246.93 221 93 218.86 218.82 3.11 218.56 218 52 3.41 218.38 218.34 3.59 217.90 217.86 4.07 

ft amsl - Feet above mean sea level.
 
ft btoc - Feet below top of casing.
 
ft bgs - Feet below ground surface.
 
msl - Mean sea level.
 
TVD - True vertical depth. Calculated from borehole deviation survey (Appendix F).
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Table 4-1
 

Organic Compounds Detected in Surface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 4) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF1SB01 LF1SB02 LF1SB03 LF1SB04 LF1SB05 
AA0001 

7/30/2010 
REG 

0 - 2 ft 

AA0002 
7/30/2010 

FD 
0 - 2 ft 

AA0006 
8/3/2010 

REG 
0 - 2 ft 

AA0009 
7/30/2010 

REG 
0 - 2 ft 

7/30/2010 
REG 

0 - 1 ft 

AA0014 AA0017 
8/2/2010 

REG 
0 - 2 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSLs Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 GEN CHEMISTR Y 
% SOLIDS 84.7 85.9 83.6 86.3 86.5 84.7 
ORGANIC CARBON, TOTAL (TOC) 30200 37500 1340 22700 18400
 PCBS 
PCB-1242 0.22 0.019 U U 0.019 U U 0 02 U U 0.019 U U 0.019 U U 0.02 U U 
PCB-1248 0.22 0.019 U U 0.019 U U 0 02 U U 0.019 U U 0.019 U U 0.02 U U 
PCB-1254 0.11 0.019 U U 0.019 U U 0 02 U U 0.019 U U 0.019 U U 0.02 U U 
PCB-1260 0.22 0.019 U U 0.019 U U 0 02 U U 0 0279 0.019 U U 0.02 U U
 Pesticides 
4,4'-DDD 2 0 0039 U U 0 0038 U U 0 004 U U 0 0038 U U 0.0038 U U 0.0039 U U 
4,4'-DDE 1.4 0 0039 U U 0 0038 U U 0 004 U U 0 0012 J J 0.0038 U U 0.0039 U U 
4,4'-DDT 1.7 0 0039 U U 0 0038 U U 0.004 U U 0.00099 J J 0.0038 U U 0.0039 U U 
alpha-CHLORDANE 0 0019 U U 0 0019 U U 0.002 U U 0.00095 J J 0.0019 U U 0 002 U U 
D ELDRIN 0.03 0 0019 U U 0 0019 U U 0.002 U U 0 0019 U U 0.0019 U U 0 002 U U 
gamma-CHLORDANE 0 0019 U U 0 0019 U U 0.002 U U 0 0012 J J 0.0019 U U 0 002 U U 
HEPTACHLOR EPOX DE 0 053 0 0019 U U 0 0019 U U 0.002 U U 0 0019 U U 0.0019 U U 0 002 U U
 Semivolatiles 
ACENAPHTHENE 340 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
ACENAPHTHYLENE 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
ANTHRACENE 1700 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
BENZO(a)ANTHRACENE 0.15 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
BENZO(a)PYRENE 0 015 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
BENZO(b)FLUORANTHENE 0.15 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
BENZO(ghi)PERYLENE 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
BENZO(k)FLUORANTHENE 1.5 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.39 U U 0 39 U U 0 39 U U 0.228 J J 0 38 U U 0.39 U U 
BUTYL BENZYL PHTHALATE 260 0.39 U U 0.39 U U 0 39 U U 0.38 U U 0 38 U U 0.39 U U 
CARBAZOLE 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
CHRYSENE 15 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
D BENZO(a,h)ANTHRACENE 0 015 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
D BENZOFURAN 7.8 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
DI-n-BUTYL PHTHALATE 610 0.39 U U 0.39 U U 0 39 U U 0.38 U U 0 38 U U 0.39 U U 
FLUORANTHENE 230 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
FLUORENE 230 0.2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
NAPHTHALENE 3.6 0.2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
PHENANTHRENE 0.2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U 
PYRENE 170 0 2 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 0.19 U U
 TPH 
TPH (C10-C28) 610 9.7 U U 9.7 U U 9.9 U U 48 U U 9.6 U U 9.7 U U
 Volatiles 
2-BUTANONE 2800 0 022 U U 0.02 U U 0.025 U U 0.022 U U 0.028 U U 0 029 U U 
ACETONE 6100 0 045 U U 0.041 U U 0 05 U U 0.045 U U 0.055 U U 0.0437 J J 
METHYLENE CHLOR DE 36 0.0093 U UJ 0 0081 U U 0.0099 U U 0 0089 U U 0.011 U U 0 011 U U 
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Table 4-1
 

Organic Compounds Detected in Surface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 4) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF1SB06 LF1SB07 LF1SB08 LF1-SB19 LF1-SB20 LF1SB21 

0 - 2 ft 

AA0020 
8/2/2010 

REG 

AA0023 
8/2/2010 

REG 
0 - 2 ft 

8/2/2010 
REG 

AA0028 

0 - 2 ft 
REG 

AA0068 
8/9/2010 

0 - 2 ft 

AA0070 
8/9/2010 

REG 
0 - 2 ft 

AA0078 
8/6/2010 

REG 
0 - 2 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSLs Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

GEN CHEMISTR Y 
% SOL DS 82.8 85.1 93.8 89.6 86 2 83.9 
ORGANIC CARBON, TOTAL (TOC) 50100 1020 B 

PCBS 
PCB-1242 0 22 0 02 U U 0.02 U U 0.018 U U 0 022 U U 0.02 U U 0.018 U U 
PCB-1248 0 22 0 02 U U 0.02 U U 0.018 U U 0 022 U U 0.02 U U 0.018 U U 
PCB-1254 0.11 0 02 U U 0.02 U U 0.018 U U 0 022 U U 0 0421 J J 0.018 U U 
PCB-1260 0 22 0 02 U U 0.02 U U 0.018 U U 0.0779 0 0628 J J 0.018 U U 

P t d 
4,4'-DDD 2 0.004 U U 0.0039 U U 0.014 U U 0 018 U U 0.016 U U 0.0037 U U 
4,4'-DDE 1.4 0.004 U U 0.0039 U U 0 014 U U 0 018 U U 0.016 U U 0.0037 U U 
4,4'-DDT 1.7 0.004 U U 0.0039 U U 0.014 U U 0 018 U U 0.016 U U 0.0037 U U 
alpha-CHLORDANE 0.0041 J J 0 002 U U 0.007 U U 0 009 U U 0 0017 J J 0.0018 U U 
DIELDR N 0 03 0.002 U U 0 002 U U 0.007 U U 0 009 U U 0 0082 U U 0.0018 U U 
gamma-CHLORDANE 0.0048 J J 0 002 U U 0.007 U U 0 009 U U 0 0082 U U 0.0018 U U 
HEPTACHLOR EPOXIDE 0.053 0.0013 J J 0 002 U U 0.007 U U 0 009 U U 0 0082 U U 0.0018 U U 

Semivolatiles 
ACENAPHTHENE 340 0.2 U U 0.2 U U 1.8 U U 0.22 U U 0 0441 J J 0.19 U U 
ACENAPHTHYLENE 0.2 U U 0.2 U U 1.8 U U 0.22 U U 0 2 U U 0.19 U U 
ANTHRACENE 1700 0.2 U U 0.2 U U 1.8 U U 0.22 U U 0 0999 J J 0.19 U U 
BENZO(a)ANTHRACENE 0.15 0.2 U U 0.2 U U 1.8 U U 0.0652 J J 0.436 0.19 U U 
BENZO(a)PYRENE 0.015 0.2 U U 0.2 U U 1.8 U U 0.067 J J 0.357 0.19 U U 
BENZO(b)FLUORANTHENE 0.15 0.2 U U 0.2 U U 1.8 U U 0.0676 J J 0.396 0.19 U U 
BENZO(ghi)PERYLENE 0.2 U U 0.2 U U 1.8 U U 0.0511 J J 0.202 0.19 U U 
BENZO(k)FLUORANTHENE 1 5 0.2 U U 0.2 U U 1.8 U U 0.0735 J J 0.382 0.19 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.4 U U 0.39 U U 3.5 U U 0 537 0.386 J J 0 37 U U 
BUTYL BENZYL PHTHALATE 260 0.4 U U 0.39 U U 3.5 U U 0.44 U U 0 0938 J J 0 37 U U 
CARBAZOLE 0.2 U U 0.2 U U 1.8 U U 0.22 U U 0 0688 J J 0.19 U U 
CHRYSENE 15 0.2 U U 0.2 U U 1.8 U U 0.0786 J J 0.452 0.19 U U 
DIBENZO(a,h)ANTHRACENE 0.015 0.2 U U 0.2 U U 1.8 U U 0.22 U U 0 2 U U 0.19 U U 
DIBENZOFURAN 7 8 0.2 U U 0.2 U U 1.8 U U 0.22 U U 0 2 U U 0.19 U U 
DI-n-BUTYL PHTHALATE 610 0.4 U U 0.39 U U 3.5 U U 0.44 U U 0.41 U U 0.37 U U 
FLUORANTHENE 230 0.2 U U 0.2 U U 1.8 U U 0.113 J J 0.932 0.19 U U 
FLUORENE 230 0.2 U U 0.2 U U 1.8 U U 0.22 U U 0 2 U U 0.19 U U 
NDENO(1,2,3-cd)PYRENE 0.15 0.2 U U 0.2 U U 1.8 U U 0 047 J J 0.218 0.19 U U 
NAPHTHALENE 3.6 0.2 U U 0.2 U U 1.8 U U 0.22 U U 0 2 U U 0.19 U U 
PHENANTHRENE 0.2 U U 0.2 U U 1.8 U U 0.22 U U 0 524 0.19 U U 
PYRENE 170 0.2 U U 0.2 U U 1.8 U U 0.102 J J 0 646 0.19 U U 

TPH
TPH (C10-C28) 610 9.9 U U 9.7 U U 51.8 J J 11 U U 9.62 J J 9 2 U U 

Volatiles 
2-BUTANONE 2800 0 02 U U 0.027 U U 0.019 U U 0 043 U U 0 035 U U 0.026 U U 
ACETONE 6100 0 04 U U 0.054 U U 0.037 U U 0 086 U U 0.07 U U 0.052 U U 
METHYLENE CHLORIDE 36 0.008 U U 0.011 U U 0.0075 U U 0 017 U U 0 014 U U 0.01 U U 
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Table 4-1
 

Organic Compounds Detected in Surface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 3 of 4) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

TP1-10 TP1-11 TP1-12 TP1-13 TP1-14 TP1-15 
AA0034 
8/3/2010 

REG 
0 - 1 ft 

AA0037 
8/3/2010 

REG 
0 - 1 ft 

AA0042 
8/3/2010 

REG 
0 - 1 ft 

AA0045 
8/3/2010 

REG 
0 - 1 ft 0 - 1 ft 

AA0048 
8/3/2010 

REG 

AA0053 
8/3/2010 

REG 
0 - 1 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSLs Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

GEN CHEMISTR Y 
% SOLIDS 84 8 89.1 81.4 82.7 83 5 84 6 
ORGANIC CARBON, TOTAL (TOC) 22500 8980 43600 

PCBS 
PCB-1242 0.22 0.019 U U 0.098 U U 0.55 0 093 U U 0.02 U U 0.04 U U 
PCB-1248 0.22 0 0885 J J 0.098 U U 0.097 U U 0 093 U U 0.02 U U 0.04 U U 
PCB-1254 0.11 0 0509 J J 0.098 U U 0.097 U U 0 093 U U 0.02 U U 0.04 U U 
PCB-1260 0.22 0.019 U U 0.098 U U 0 097 U U 0 093 U U 0 0434 0.298 

P t d 
4,4'-DDD 2 0 0038 U U 0.039 U U 0 015 U U 0.0457 0 004 U U 0.04 U U 
4,4'-DDE 1.4 0 0038 U U 0.039 U U 0 015 U U 0.159 0 004 U U 0.04 U U 
4,4'-DDT 1.7 0 0038 U U 0.039 U U 0 015 U U 0 037 U U 0 004 U U 0.04 U U 
alpha-CHLORDANE 0.00066 J J 0 02 U U 0.0077 U U 0.02 0 002 U U 0 0055 J J 
D ELDRIN 0.03 0 0019 U U 0 02 U U 0.0077 U U 0 019 U U 0 002 U U 0.02 U U 
gamma-CHLORDANE 0 0019 U U 0 02 U U 0.0077 U U 0.0241 0 002 U U 0.02 U U 
HEPTACHLOR EPOX DE 0 053 0 0019 U U 0 02 U U 0.0077 U U 0 019 U U 0 002 U U 0.02 U U 

Semivolatiles 
ACENAPHTHENE 340 0.19 U U 0.862 0.19 U U 0 246 0 2 U U 0 0566 J J 
ACENAPHTHYLENE 0.19 U U 0.78 U U 0.19 U U 0.19 U U 0 2 U U 0 2 U U 
ANTHRACENE 1700 0.19 U U 0.837 0.19 U U 0 264 0 2 U U 0 0901 J J 
BENZO(a)ANTHRACENE 0.15 0.19 U U 3.11 0.0924 J J 1.1 0.0577 J J 0.383 
BENZO(a)PYRENE 0.015 0.19 U U 2.65 0.0882 J J 1.4 0.0562 J J 0.342 
BENZO(b)FLUORANTHENE 0.15 0.19 U U 2.83 0.106 J J 1.27 0.0558 J J 0.354 
BENZO(ghi)PERYLENE 0.19 U U 1 62 0.0578 J J 0 937 0 2 U U 0.206 
BENZO(k)FLUORANTHENE 1.5 0.19 U U 2.36 0.0698 J J 1.11 0 056 J J 0.35 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.38 U U 2 69 0 39 U U 0.37 U U 0.4 U U 1 5 
BUTYL BENZYL PHTHALATE 260 0.38 U U 1.6 U U 0 39 U U 0.37 U U 0.4 U U 0.195 J J 
CARBAZOLE 0.19 U U 0.607 J J 0.19 U U 0.0957 J J 0 2 U U 0 0812 J J 
CHRYSENE 15 0.19 U U 3.2 0.104 J J 1.21 0.0611 J J 0.414 
DIBENZO(a,h)ANTHRACENE 0.015 0.19 U U 0.413 J J 0.19 U U 0.256 0 2 U U 0.0776 J J 
D BENZOFURAN 7.8 0.19 U U 0.254 J J 0.19 U U 0.0468 J J 0 2 U U 0 2 U U 
DI-n-BUTYL PHTHALATE 610 0.38 U U 1.6 U U 0 39 U U 0.37 U U 0.4 U U 0.19 J J 
FLUORANTHENE 230 0.19 U U 7.49 0.229 2.33 0.113 J J 0.954 
FLUORENE 230 0.19 U U 0.376 J J 0.19 U U 0.127 J J 0 2 U U 0 2 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.19 U U 2.03 0.0636 J J 1.09 0 0425 J J 0.241 
NAPHTHALENE 3.6 0 0592 J J 0.212 J J 0.19 U U 0.19 U U 0 2 U U 0 2 U U 
PHENANTHRENE 0.19 U U 4 67 0.118 J J 1.15 0.0528 J J 0.487 
PYRENE 170 0.19 U U 5.14 0.161 J J 1.61 0.0913 J J 0.615 

TPH
TPH (C10-C28) 610 11.4 481 11.6 75.3 15 8 45.4 

Volatiles 
2-BUTANONE 2800 0.024 U U 0.024 U U 0.032 U U 0 022 U U 0 024 U U 0.026 U U 
ACETONE 6100 0.048 U U 0.047 U U 0 063 U U 0 044 U U 0 047 U U 0.052 U U 
METHYLENE CHLOR DE 36 0 0096 U U 0.0095 U U 0.0075 JB UB 0.0089 U U 0 0095 U U 0.01 U U 
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Table 4-1
 

Organic Compounds Detected in Surface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 4 of 4) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

TP1-16 TP1-17 TP1-18 TP1-9 
AA0056 
8/3/2010 

REG 
0 - 1 ft 

AA0059 
8/3/2010 

REG 
0 - 1 ft 

AA0062 
8/3/2010 

REG 
0 - 1 ft 

AA0063 
8/3/2010 

FD 
0 - 1 ft 

AA0031 
8/3/2010 

REG 
0 - 1 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSLs Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

GEN CHEMISTR Y 
% SOLIDS 88.9 89.8 74 9 80.4 85.5 
ORGANIC CARBON, TOTAL (TOC) 29400 3000 J 18200 J 

PCBS 
PCB-1242 0.22 0.2 U U 0.02 U U 0.19 U U 0.093 U U 0.019 U U 
PCB-1248 0.22 0.2 U U 0.02 U U 0.19 U U 0.093 U U 0 019 U U 
PCB-1254 0.11 0.2 U U 0.02 U U 0.19 U U 0.093 U U 0.0428 
PCB-1260 0.22 0.245 0.0906 0.426 J 0.224 J 0 019 U U 

P t d 
4,4'-DDD 2 0.079 U U 0 038 U U 0.075 U U 0.074 U U 0.0038 U U 
4,4'-DDE 1.4 0.0624 J J 0 038 U U 0 0165 J J 0.074 U U 0.0144 
4,4'-DDT 1.7 0.0458 J J 0 038 U U 0.075 U U 0.074 U U 0.0027 J J 
alpha-CHLORDANE 0.0283 J J 0 019 U U 0 0332 J J 0.0171 J J 0.0022 
DIELDRIN 0.03 0.039 U U 0 019 U U 0.037 U U 0.037 U U 0.0093 
gamma-CHLORDANE 0.0206 J J 0 019 U U 0 0323 J J 0.0165 J J 0.0012 J J 
HEPTACHLOR EPOXIDE 0.053 0.039 U U 0 019 U U 0.037 U U 0.037 U U 0.0019 U U 

Semivolatiles 
ACENAPHTHENE 340 0.2 U U 0.19 U U 0.19 U U 1.9 U U 0.19 U U 
ACENAPHTHYLENE 0.2 U U 0.19 U U 0.06 J J 1.9 U U 0.19 U U 
ANTHRACENE 1700 0.2 U U 0.19 U U 0.184 J J 1.9 U U 0.0681 J J 
BENZO(a)ANTHRACENE 0.15 0.126 J J 0.27 0.662 0.462 J J 0.238 
BENZO(a)PYRENE 0.015 0.111 J J 0.309 0.685 J 0.375 J J 0.183 J J 
BENZO(b)FLUORANTHENE 0.15 0.118 J J 0.462 0.925 J 0.464 J J 0.203 
BENZO(ghi)PERYLENE 0.0768 J J 0 247 0.47 1.9 U U 0.107 J J 
BENZO(k)FLUORANTHENE 1 5 0.113 J J 0.191 0.736 0.519 J J 0.198 
BIS(2-ETHYLHEXYL)PHTHALATE 35 2 32 0.2 J J 0 3 J J 3.7 U U 0.194 J J 
BUTYL BENZYL PHTHALATE 260 0 39 U U 0.38 U U 0.37 U U 3.7 U U 0 265 J J 
CARBAZOLE 0.2 U U 0.19 U U 0 0706 J J 1.9 U U 0.0609 J J 
CHRYSENE 15 0.12 J J 0 302 0.898 0.582 J J 0 229 
DIBENZO(a,h)ANTHRACENE 0.015 0.2 U U 0.047 J J 0.127 J J 1.9 U U 0.19 U U 
DIBENZOFURAN 7 8 0.2 U U 0.19 U U 0.19 U U 1.9 U U 0.19 U U 
DI-n-BUTYL PHTHALATE 610 0 39 U U 0.38 U U 0 0873 J J 3.7 U U 0.39 U U 
FLUORANTHENE 230 0.261 0.405 1.45 0.9 J J 0.551 
FLUORENE 230 0.2 U U 0.19 U U 0.19 U U 1.9 U U 0.19 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.0891 J J 0.244 0.554 1.9 U U 0.128 J J 
NAPHTHALENE 3 6 0.2 U U 0.19 U U 0.19 U U 1.9 U U 0.19 U U 
PHENANTHRENE 0.116 J J 0.127 J J 0.28 1.9 U U 0 365 
PYRENE 170 0.178 J J 0.402 1.17 0.771 J J 0 388 

TPH
TPH (C10-C28) 610 42.3 23.7 27 9 32.6 9.7 U U 

Volatiles 
2-BUTANONE 2800 0.029 U U 0 022 U U 0.039 U U 0.028 U U 0 021 U U 
ACETONE 6100 0.058 U U 0 043 U U 0.078 U U 0.055 U U 0 042 U U 
METHYLENE CHLORIDE 36 0.0113 JB UB 0.0086 U U 0.016 U U 0.011 U U 0.0084 U U 

Sample depth reported in feet below ground surface. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration 


J - As a validation qualifier, the compound/analyte was positively identified; the reported value is an estimated concentration. 

UB - The analyte was not detected significantly above the levels found in the associated method blanks, field blanks, and/or equipment blanks. 

Bold concentrations exceed the listed RSLs. 


between the method detection limit and the reporting limit. 
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Table 4-2
 

Metals Detected in Surface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 4) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF1SB01 LF1SB02 LF1SB03 LF1SB04 LF1SB05 LF1SB06 
AA0001 

7/30/2010 
REG 

0 - 2 ft 

AA0002 
7/30/2010 

FD 
0 - 2 ft 

AA0006 
8/3/2010 

REG 
0 - 2 ft 

AA0009 
7/30/2010 

REG 
0 - 2 ft 

7/30/2010 
REG 

0 - 1 ft 

AA0014 AA0017 
8/2/2010 

REG 
0 - 2 ft 0 - 2 ft 

AA0020 
8/2/2010 

REG 

Compound/Analyte BKG 
2012 EPA 

RSLs Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 Metals (mg/kg)
ALUMINUM 23560 7700 8200 7350 15400 6120 9860 8930 18000 
ANTIMONY 18.6 3.1 9.2 U UJ 1.1 B J 4.1 U U 20 U U 9.7 U U 8.3 U UJ 22 U U 
ARSENIC 31.6 0.39 19.3 12.2 31.5 14.8 23 12.7 J 17 9 
BARIUM 89.9 1500 17 B J 15.1 B J 10.7 B J 22.8 21.4 B J 22.1 B J 18 9 B J 
BERYLLIUM 1.36 16 0.5 B J 0.43 B J 0 83 B J 5.2 U U 0.69 B J 0.71 B J 1 2 B J 
CADMIUM 0.88 7 1.8 U U 0.33 0 82 U U 4.2 U U 1.9 U U 1.7 U U 4 3 U U 
CALCIUM 243600 206000 J 198000 1450 25900 129000 136000 J 1850 B J 
CHROMIUM 228 90.9 J 86.8 166 56.5 114 112 J 221 
COBALT 19.2 2.3 5.6 B J 5.3 B J 3.6 B J 11.7 8.7 B J 9 J 11.2 
COPPER 360.5 310 10.9 B J 9.7 B J 10.7 9.5 12.2 11.5 18.4 B J 
IRON 54490 5500 23500 20700 56900 21300 32200 30900 J 60200 
LEAD 52.6 400 4.7 B J 3.9 B J 6.9 21.5 6.9 B J 6.8 J 8.1 
MAGNESIUM 1055 1090 B J 992 B J 506 B J 330 818 B J 916 B J 364 B J 
MANGANESE 2390 180 344 J 290 124 237 C 358 502 J 503 
MERCURY 0.26 1 0.041 B J 0.02 B J 0.12 0.072 B J 0.06 B J 0.12 0.094 U U 
NICKEL 32.4 150 16.3 B J 15.3 23.5 27.4 21.2 19.9 J 32.7 
POTASSIUM 1270 4600 U U 163 B J 217 B J 10000 U U 4900 U U 4200 U U 11000 U U 
SELENIUM 1.6 39 9.2 U U 12 U U 1.1 B J 20 U U 9.7 U U 2.4 B J 6.9 B J 
SILVER 5.06 39 4.6 U U 2.9 U U 2 U U 0.072 B J 4.9 U U 4.2 U U 11 U U 
THALLIUM 3.1 0.078 4.6 U U 2.9 U U 3.5 1.9 4.9 U U 2.1 U U 0.12 B J 
VANADIUM 107 39 49.9 42.9 90.1 33.1 B J 63.4 59.2 J 114 
ZINC 92.9 2300 17.3 15.8 19 33.3 20.5 22.7 44.4 
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Table 4-2
 

Metals Detected in Surface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 4) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF1SB07 LF1SB08 LF1SB19 LF1SB20 LF1SB21 TP1-10 TP1-11 
AA0023 
8/2/2010 

REG 
0 - 2 ft 

8/2/2010 
REG 

AA0028 

0 - 2 ft 
REG 

AA0068 
8/9/2010 

0 - 2 ft 

AA0070 
8/9/2010 

REG 
0 - 2 ft 

AA0078 
8/6/2010 

REG 
0 - 2 ft 

AA0034 
8/3/2010 

REG 
0 - 1 ft 

AA0037 
8/3/2010 

REG 
0 - 1 ft 

Compound/Analyte BKG 
2012 EPA 

RSLs Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals (mg/kg)
ALUMINUM 23560 7700 11600 1690 19000 11100 8100 11700 9480 
ANTIMONY 18.6 3.1 4.9 U U 4.4 U U 11 U UJ 10 U U 3.6 U U 7.7 U U 9.2 U U 
ARSENIC 31.6 0.39 17.7 3.1 28.3 J 18.5 18.5 21.2 19.9 
BARIUM 89.9 1500 35 B J 5 B J 42.5 B J 22.8 B J 19.2 B J 27.1 B J 37.1 B J 
BERYLLIUM 1.36 16 0.61 B J 1.1 U U 0.98 B J 0.57 B J 0 59 B J 0.85 B J 0.55 B J 
CADMIUM 0.88 7 0.97 U U 0.89 U U 1.7 B J 0.81 B J 0.73 U U 1.5 U U 0.66 B J 
CALCIUM 243600 48200 240000 69900 117000 2920 89700 204000 
CHROMIUM 228 153 29.1 174 J 112 129 123 100 
COBALT 19.2 2.3 13 0.48 B J 11.1 6.9 11.5 8.8 6.9 B J 
COPPER 360.5 310 13.8 6 B J 53.6 33.3 15.7 17.6 38.9 
IRON 54490 5500 41300 2860 57700 J 29500 35200 37600 28600 
LEAD 52.6 400 8.3 4.4 U U 144 J 92.5 5.6 31.9 67.2 
MAGNESIUM 1055 504 B J 1520 1090 B J 860 B J 198 B J 747 B J 1230 B J 
MANGANESE 2390 180 1100 24.1 446 J 341 1180 451 529 
MERCURY 0.26 1 0.042 B J 0.083 U U 0.47 0.37 0.035 B J 0.36 0.29 
NICKEL 32.4 150 26.7 3.5 B J 35.5 19.3 17.3 27.3 18.2 
POTASSIUM 1270 4900 U U 2200 U U 522 B J 5000 U U 128 B J 302 B J 289 B J 
SELENIUM 1.6 39 2.4 B J 18 U U 11 U UJ 10 U U 1.7 B J 2.2 B J 9.2 U U 
SILVER 5.06 39 2.4 U U 2.2 U U 0.77 B J 5 U U 1.8 U U 0.66 B J 4.6 U U 
THALLIUM 3.1 0.078 0.49 U U 2.2 U U 0.31 B J 0.5 U U 1.2 0.38 U U 4.6 U U 
VANADIUM 107 39 63.9 6.4 B J 91.4 J 56.7 72.9 66.4 48 
ZINC 92.9 2300 36.4 9.3 B J 273 J 158 22.7 338 138 
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Table 4-2
 

Metals Detected in Surface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 3 of 4) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

TP1-12 TP1-13 TP1-14 TP1-15 TP1-16 TP1-17 
AA0042 
8/3/2010 

REG 
0 - 1 ft 

AA0045 
8/3/2010 

REG 
0 - 1 ft 0 - 1 ft 

AA0048 
8/3/2010 

REG 

AA0053 
8/3/2010 

REG 
0 - 1 ft 

AA0056 
8/3/2010 

REG 
0 - 1 ft 

AA0059 
8/3/2010 

REG 
0 - 1 ft 

Compound/Analyte BKG 
2012 EPA 

RSLs Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals (mg/kg)
ALUMINUM 23560 7700 11400 J 8360 12800 10600 9100 7540 J 
ANTIMONY 18.6 3.1 5.2 U UJ 5.1 U U 8.3 U U 0.83 B J 4.3 U U 0.72 B J 
ARSENIC 31.6 0.39 22.4 J 14.5 22.8 18.1 13.2 18.8 j 
BARIUM 89 9 1500 27.4 B J 49.2 B J 33.5 B J 40.9 B J 24 B J 21 B J 
BERYLLIUM 1.36 16 0.75 B J 0.48 B J 0.88 B J 0.54 B J 0.45 B J 0.41 B J 
CADMIUM 0.88 7 1  U  U  1  U  U  1.7  U  U  1.2 0.63 B J 0.69 B J 
CALCIUM 243600 65300 J 36500 51900 97900 133000 156000 J 
CHROMIUM 228 74.4 J 90.4 157 134 92.4 93.4 J 
COBALT 19.2 2.3 9 7.7 11.2 9 B J 6.4 7 B J 
COPPER 360 5 310 19.1 J 17 16.6 54.3 25 24.3 J 
IRON 54490 5500 33900 J 22800 43300 63600 24300 26900 J 
LEAD 52.6 400 36.2 J 44.7 21.9 119 59.4 49.4 J 
MAGNESIUM 1055 771 B J 680 B J 657 B J 925 B J 1120 1030 B J 
MANGANESE 2390 180 290 J 505 586 606 383 289 J 
MERCURY 0.26 1 0.3 J 0.18 0.12 0.64 J 0.29 0.21 
NICKEL 32.4 150 23.9 15.9 35.6 28.1 16.6 22.4 
POTASSIUM 1270 362 B J 317 B J 227 B J 355 B J 419 B J 277 B J 
SELENIUM 1.6 39 2.6 B J 1.3 B J 8.3 U U 1.3 B J 8.6 U U 9.7 U U 
SILVER 5.06 39 2.6 U U 2.6 U U 4.2 U U 0.88 B J 0.46 B J 2.4 U U 
THALLIUM 3.1 0.078 0.52 U U 0.51 U U 0.42 U U 3.2 0.43 U U 0.63 B J 
VANADIUM 107 39 39.1 J 46.2 87.2 52 45.1 45.7 J 
ZINC 92 9 2300 84.2 J 97.7 187 289 132 126 J 
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Table 4-2
 

Metals Detected in Surface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 4 of 4) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

TP1-18 TP1-9 
AA0062 
8/3/2010 

REG 
0 - 1 ft 

AA0063 
8/3/2010 

FD 
0 - 1 ft 

AA0031 
8/3/2010 

REG 
0 - 1 ft 

Compound/Analyte BKG 
2012 EPA 

RSLs Result LQ VQ Result LQ VQ Result LQ VQ 

Metals (mg kg) 
ALUMINUM 23560 7700 9880 10100 8630 
ANTIMONY 18.6 3.1 4.7 U U 8.4 U U 5.1 U U 
ARSENIC 31.6 0.39 16.3 12.4 17.1 
BARIUM 89.9 1500 71.1 J 1310 J 20.6 B J 
BERYLLIUM 1.36 16 0.48 B J 2.1 U U 0.59 B J 
CADMIUM 0.88 7 1.3 1.7 U U 0.27 B J 
CALCIUM 243600 92700 J 143000 J 153000 
CHROMIUM 228 85.6 94.2 104 
COBALT 19.2 2 3 7.9 5.6 6.9 
COPPER 360.5 310 35.4 J 19.1 J 18 
IRON 54490 5500 27100 23200 25400 
LEAD 52.6 400 72.8 75.8 42.6 
MAGNESIUM 1055 1190 B J 1220 B J 869 B J 
MANGANESE 2390 180 563 J 299 J 283 
MERCURY 0.26 1 0.17 0.17 0.24 
NICKEL 32.4 150 16.8 15 19.8 
POTASSIUM 1270 225 B J 240 B J 207 B J 
SELENIUM 1.6 39 1.9 B J 2.2 B J 10 U U 
SILVER 5.06 39 3.1 4.2 U U 2.5 U U 
THALLIUM 3.1 0.078 1.9 U U 0.42 U U 0.51 U U 
VANADIUM 107 39 50.5 52.2 46.4 
ZINC 92.9 2300 107 J 247 J 108 

Sample dep h reported in feet below ground surface. 

NE - Not established. 

NR - Compound not regulated by he FDEP. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, the compound was positively identified; the reported value is an 


B - The analyte was positively iden ified; the reported value is an estimated concentra ion between
estimated concentration between he method detection limit and the reporting limit. 


UB - The analyte was not detected significantly above the levels found in the associated me hod
the instrument detection limit and the reporting limit. 


Shaded concentrations exceed 2012 EPA RSL. 

Bold concentrations exceed background. 

blanks, field blanks, and/or equipment blanks. 
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Table 4-3
 

Organic Compounds Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 5) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF1SB01 LF1SB02 LF1SB02-SUP LF1SB03 

7/30/2010 
REG 

2.5 - 3 ft 

AA0004 AA0005 
7/30/2010 

REG 
19.5 - 20 ft 

AA0007 
8/3/2010 

REG 
10 - 11 ft 

AA0008 
8/3/2010 

REG 
19 - 20 ft 

AA0090 
9/22/2011 

REG 
3 - 5 ft 

AA0091 
9/22/2011 

FD 
3 - 5 ft 

7/30/2010 
REG 

10 - 11 ft 

AA0010 AA0011 
7/30/2010 

FD 
10 - 11 ft 

AA0013 
7/30/2010 

REG 
19 - 20 ft 

Compound/Analyte (mg/kg) 2012 EPA Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
  GEN CHEMISTRY 
PERCENT SOLIDS (%) 87.9 90.1 78.1 96.4 85.1 89.3 90.5 91.2 91 2 
PERCHLORATE (mg/kg) 5.5
 PCBS 
PCB-1242 0.22 0.019 U U 0.018 U U 0.021 U U 0.017 U U 0.019 U U 0 018 U U 0.018 U U 0.018 U U 0.018 U U 
PCB-1248 0.22 0.019 U U 0.018 U U 0.021 U U 0.017 U U 0.019 U U 0 018 U U 0.018 U U 0.018 U U 0.018 U U 
PCB-1254 0.11 0.019 U U 0.018 U U 0.021 U U 0.017 U U 0.019 U U 0 018 U U 0.018 U U 0.018 U U 0.018 U U 
PCB-1260 0.22 0.019 U U 0.018 U U 0.021 U U 0.017 U U 0.019 U U 0 018 U U 0.018 U U 0.018 U U 0.018 U U
  Pesticides 
4,4'-DDD 2 0.0037 U U 0 0037 U U 0.0042 U U 0 0034 U U 0.0039 U U 0.0037 U U 0.0037 U U 0.0036 U U 0 0036 U U 
4,4'-DDE 1.4 0.0037 U U 0 0037 U U 0.0042 U U 0 0034 U U 0.0039 U U 0.0037 U U 0.0037 U U 0.0036 U U 0 0036 U U 
4,4'-DDT 1.7 0.0037 U U 0 0037 U U 0.0042 U U 0 0034 U U 0 0039 U U 0.0037 U U 0.0037 U U 0.0036 U U 0 0036 U U 
alpha-CHLORDANE 0 0019 U U 0 0018 U U 0.0021 U U 0 0017 U U 0 0019 U U 0.0018 U U 0.0018 U U 0.0018 U U 0 0018 U U 
DIELDR N 0 03 0.0019 U U 0 0018 U U 0.0021 U U 0 0017 U U 0 0019 U U 0.0018 U U 0.0018 U U 0.0018 U U 0 0018 U U 
ENDOSULFAN II 0.0019 U U 0 0018 U U 0.0021 U U 0 0017 U U 0 0019 U U 0.0018 U U 0.0018 U U 0.0018 U U 0 0018 U U 
ENDOSULFAN SULFATE 0.0037 U U 0 0037 U U 0.0042 U U 0 0034 U U 0 0039 U U 0.0037 U U 0.0037 U U 0.0036 U U 0 0036 U U 
ENDR N ALDEHYDE 0.0037 U U 0 0037 U U 0.0042 U U 0 0034 U U 0 0039 U U 0.0037 U U 0.0037 U U 0.0036 U U 0 0036 U U 
gamma-CHLORDANE 0.0019 U U 0 0018 U U 0.0021 U U 0 0017 U U 0 0019 U U 0.0018 U U 0.0018 U U 0.0018 U U 0 0018 U U 
METHOXYCHLOR 31 0.0037 U U 0 0037 U U 0.0042 U U 0 0034 U U 0 0039 U U 0.0037 U U 0.0037 U U 0.0036 U U 0 0036 U U
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
ACENAPHTHENE 340 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
ANTHRACENE 1700 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
BENZO(a)ANTHRACENE 0.15 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
BENZO(a)PYRENE 0 015 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
BENZO(b)FLUORANTHENE 0.15 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
BENZO(ghi)PERYLENE 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
BENZO(k)FLUORANTHENE 1.5 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0 37 U U 0.37 U U 0.42 U U 0.34 U U 0.39 U U 0.37 U U 0 37 U U 0 36 U U 0.36 U U 
BUTYL BENZYL PHTHALATE 260 0 37 U U 0.37 U U 0.42 U U 0.34 U U 0 2 U U 0.18 U U 0 37 U U 0 36 U U 0.36 U U 
CHRYSENE 15 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
FLUORANTHENE 230 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
FLUORENE 230 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
NDENO(1,2,3-cd)PYRENE 0.15 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 

PHENANTHRENE 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U 
PYRENE 170 0.19 U U 0.18 U U 0 21 U U 0.17 U U 0 2 U U 0.18 U U 0.18 U U 0.18 U U 0.18 U U
  TPH 
TPH (C10-C28) 610 9.3 U U 9 2 U U 11 U U 8.95 9.7 U U 9.3 U U 9.2 U U 9 U U 9 U U 
TPH-GRO (C6-C10) 610 5.5 U U 6 5 U U 9.5 U U 5 U U 4.7 U U 5.6 U U 5.7 U U 5.7 U U 6 2 U U
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0.0043 U U 0 0052 U U 0.0084 U U 0.004 U U 0 0035 U U 0.0058 U U 0.005 U U 0.005 U U 0 0052 U U 
2-BUTANONE 2800 0.022 U U 0.026 U U 0.042 U U 0.02 U U 0.017 U UJ 0 029 U U 0 025 U U 0.025 U U 0.026 U U 
ACETONE 6100 0.043 U U 0.052 U U 0.084 U U 0.04 U U 0.035 U U 0 058 U U 0 05 U U 0 05 U U 0.052 U U 
CARBON DISULFIDE 82 0.0043 U U 0 0052 U U 0.0084 U U 0.004 U U 0 0035 U U 0.0058 U U 0 005 U U 0.005 U U 0 0052 U U 
cis-1,2-DICHLOROETHENE 16 0.0043 U U 0 0052 U U 0.0084 U U 0.004 U U 0 0035 U U 0.0058 U U 0.005 U U 0.005 U U 0 0052 U U 
ETHYLBENZENE 5.4 0.0043 U U 0 0052 U U 0.0084 U U 0.004 U U 0 0035 U U 0.0058 U U 0.005 U U 0.005 U U 0 0052 U U 
METHYLENE CHLOR DE 36 0.0086 U U 0.01 U U 0.017 U U 0 0079 U U 0 0069 U U 0 012 U U 0 01 U U 0 01 U U 0.01 U UJ 
XYLENE, (TOTAL) 63 0.013 U U 0.016 U U 0.025 U U 0.012 U U 0.01 U U 0 017 U U 0 015 U U 0.015 U U 0.016 U U 
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Table 4-3
 

Organic Compounds Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 5) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF1SB03-SUP LF1SB04 LF1SB04-SUP LF1SB05 LF1SB06 LF1SB06-SUP 
AA0094 

9/20/2011 
REG 

3 - 5 ft 

AA0015 
7/30/2010 

REG 
10 - 11 ft 

AA0016 
7/30/2010 

REG 
19 - 20 ft 

AA0095 
9/20/2011 

REG 
3 - 5 ft 

AA0018 
8/2/2010 

REG 
5 - 6 ft 

8/2/2010 
REG 

12 - 13 ft 

AA0019 AA0021 
8/2/2010 

REG 
10 - 11 ft 

8/2/2010 
REG 

19 - 20 ft 

AA0022 AA0096 
9/21/2011 

REG 
3 - 5 ft 

Compound/Analyte (mg/kg) 2012 EPA Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
PERCENT SOL DS (%) 84.4 80.8 87 9 79.9 83.5 95.6 88.7 93 9 82.2 
PERCHLORATE (mg/kg) 5.5
 PCBS 
PCB-1242 0.22 0.02 U U 0 02 U U 0.019 U U 0.021 U U 0.02 U U 0.017 U U 0 019 U U 0.018 U U 0 02 U U 
PCB-1248 0.22 0.02 U U 0 02 U U 0.019 U U 0.021 U U 0.02 U U 0.017 U U 0 019 U U 0.018 U U 0 02 U U 
PCB-1254 0.11 0.02 U U 0 02 U U 0.019 U U 0.021 U U 0.02 U U 0 017 U U 0 019 U U 0.018 U U 0 02 U U 
PCB-1260 0.22 0.0164 J J 0 02 U U 0.019 U UJ 0.021 U U 0.02 U U 0 017 U U 0 019 U U 0.018 U U 0 02 U U 
  Pesticides 
4,4'-DDD 2 0 004 U U 0.0041 U U 0 0038 U U 0.0041 U U 0.0039 U U 0.0035 U U 0.0037 U U 0 0035 U U 0.004 U U 
4,4'-DDE 1.4 0.004 U U 0.0041 U U 0 0038 U U 0.0041 U U 0.0039 U U 0.0035 U U 0.0037 U U 0 0035 U U 0.004 U U 
4,4'-DDT 1.7 0 004 U U 0.0041 U U 0 0038 U U 0.0041 U U 0.0039 U U 0.0035 U U 0.0037 U U 0 0035 U U 0.004 U U 
alpha-CHLORDANE 0 002 U U 0.002 U U 0 0019 U U 0.0021 U U 0 002 U U 0.0017 U U 0.0019 U U 0.001 J J 0.002 U U 
D ELDR N 0.03 0 002 U U 0.002 U U 0 0019 U U 0.0021 U U 0 002 U U 0.0017 U U 0.0019 U U 0 0018 U U 0.002 U U 
ENDOSULFAN II 0.002 U U 0.002 U U 0 0019 U U 0.0021 U U 0 002 U U 0.0017 U U 0.0019 U U 0 0018 U U 0.002 U U 
ENDOSULFAN SULFATE 0 004 U U 0.0041 U U 0 0038 U U 0.0041 U U 0.0039 U U 0.0035 U U 0.0037 U U 0 0035 U U 0.004 U U 
ENDRIN ALDEHYDE 0 004 U U 0.0041 U U 0 0038 U U 0.0041 U U 0.0039 U U 0.0035 U U 0.0037 U U 0 0035 U U 0.004 U U 
gamma-CHLORDANE 0 002 U U 0.002 U U 0 0019 U U 0.0021 U U 0 002 U U 0.0017 U U 0.0019 U U 0 0012 J J 0.002 U U 
METHOXYCHLOR 31 0 004 U U 0.0041 U U 0 0038 U U 0.0041 U U 0.0039 U U 0.0035 U U 0.0037 U U 0 0035 U U 0.004 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
ACENAPHTHENE 340 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
ANTHRACENE 1700 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
BENZO(a)ANTHRACENE 0.15 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
BENZO(a)PYRENE 0 015 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
BENZO(b)FLUORANTHENE 0.15 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
BENZO(ghi)PERYLENE 0.2 U U 0.2 U U 0 0834 J J 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
BENZO(k)FLUORANTHENE 1.5 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.4 U U 0.41 U U 0 37 U U 0.42 U U 0.4 U U 0 34 U U 0.38 U U 0.35 U U 0.4 U U 
BUTYL BENZYL PHTHALATE 260 0.2 U U 0.41 U U 0.37 U U 0 21 U U 0.4 U U 0 34 U U 0.38 U U 0.35 U U 0.2 U U 
CHRYSENE 15 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
FLUORANTHENE 230 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
FLUORENE 230 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
NDENO(1,2,3-cd)PYRENE 0.15 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 

PHENANTHRENE 0.2 U U 0.2 U U 0.19 U U 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
PYRENE 170 0.2 U U 0.2 U U 0 0788 J J 0 21 U U 0.2 U U 0.17 U U 0.19 U U 0.18 U U 0.2 U U 
  TPH 
TPH (C10-C28) 610 9.9 U U 10 U U 141 10 U U 9.8 U U 8.7 U U 9 2 U U 8 9 U U 10 U U 
TPH-GRO (C6-C10) 610 5  U  U  5.1  U  U  6  U  U  5.2  U  U  4.5  U  U  4.7  U  U  5.4  U  U  6  2 U  U  5.9  U  U  
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0.0039 U U 0.0038 U UJ 0 0052 U U 0.0041 U U 0.0034 U U 0.0043 U U 0 004 U U 0 0077 U U 0.0039 U U 
2-BUTANONE 2800 0.019 U U 0.019 U UJ 0.026 U U 0 02 U U 0 017 U U 0.021 U U 0.02 U U 0.038 U U 0.019 U U 
ACETONE 6100 0 039 U U 0.038 U UJ 0.052 U U 0.041 U U 0 034 U U 0.043 U U 0.04 U U 0.077 U U 0.039 U UJ 
CARBON DISULFIDE 82 0.0039 U U 0.0038 U UJ 0 0052 U U 0.0041 U U 0.0034 U U 0.0043 U U 0 004 U U 0 0077 U U 0.0039 U U 
cis-1,2-DICHLOROETHENE 16 0.0039 U U 0.0038 U UJ 0 0052 U U 0.0041 U U 0.0034 U U 0.0043 U U 0 004 U U 0 0077 U U 0.0039 U U 
ETHYLBENZENE 5.4 0.0039 U U 0.0038 U UJ 0 0052 U U 0.0041 U U 0.0034 U U 0.0043 U U 0 004 U U 0 0077 U U 0.0039 U U 
METHYLENE CHLOR DE 36 0.0078 U U 0.0077 U UJ 0.01 U U 0.0081 U U 0.0068 U U 0.0085 U U 0 008 U U 0.015 U U 0.0077 U U 
XYLENE, (TOTAL) 63 0 012 U U 0.012 U UJ 0.016 U U 0.012 U U 0.01 U U 0.013 U U 0 012 U U 0.023 U U 0.012 U U 

KN16/Ramey/LF1_2/RI/F7-20/Tables/4-3 



  

 

 


 


 

 


 

Table 4-3
 

Organic Compounds Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 3 of 5) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF1SB07 LF1SB08 TP1-11 TP1-16 
AA0024 
8/2/2010 

REG 
2 - 3 ft 

AA0025 
8/2/2010 

FD 
2 - 3 ft 

AA0027 
8/2/2010 

REG 
6 - 7 ft 

8/2/2010 
REG 

9 - 10 ft 

AA0029 AA0030 
8/2/2010 

REG 
14.5 - 15.5 ft 

AA0072 
8/6/2010 

REG 
31 - 32 ft 

AA0073 
8/6/2010 

FD 
31 - 32 ft 

AA0074 
8/6/2010 

REG 
37 - 38 ft 

Compound/Analyte (mg/kg) 2012 EPA Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
PERCENT SOL DS (%) 92 3 85.9 94.4 89 9 86 87 5 88.5 69.5 
PERCHLORATE (mg/kg) 5.5
 PCBS 
PCB-1242 0.22 0.018 U U 0 019 U U 0 017 U U 0 018 U U 0.019 U U 0.019 U U 0 019 U U 0.024 U U 
PCB-1248 0.22 0.018 U U 0 019 U U 0 017 U U 0 018 U U 0.019 U U 0.019 U U 0 019 U U 0.024 U U 
PCB-1254 0.11 0.018 U U 0 019 U U 0 017 U U 0 018 U U 0.019 U U 0.019 U U 0 019 U U 0.038 J J 
PCB-1260 0.22 0.018 U U 0 019 U U 0 017 U U 0 018 U U 0.019 U U 0.019 U U 0 019 U U 0.0442 J J 
  Pesticides 
4,4'-DDD 2 0 0036 U U 0.0039 U U 0.0035 U U 0 015 U U 0.015 U U 0 0038 U U 0.0038 U U 0.0049 U U 
4,4'-DDE 1.4 0 0036 U U 0.0039 U U 0.0035 U U 0 015 U U 0.015 U U 0.004 0.0038 U U 0.0071 
4,4'-DDT 1.7 0 0036 U U 0.0039 U U 0.0035 U U 0 015 U U 0.015 U U 0 0038 U U 0.0038 U U 0.0049 U U 
alpha-CHLORDANE 0 0018 U U 0.0019 U U 0.0017 U U 0.0073 U U 0 0077 U U 0 0019 U U 0.0019 U U 0.0024 U U 
D ELDRIN 0.03 0 0018 U U 0.0019 U U 0.0017 U U 0.0073 U U 0 0077 U U 0 0019 U U 0.0019 U U 0 00099 J J 
ENDOSULFAN II 0 0018 U U 0.0019 U U 0.0017 U U 0.0073 U U 0 0077 U U 0 0019 U U 0.0019 U U 0 00074 J J 
ENDOSULFAN SULFATE 0 0036 U U 0.0039 U U 0.0035 U U 0 015 U U 0.015 U U 0 0038 U U 0.0038 U U 0.0012 J J 
ENDRIN ALDEHYDE 0 0036 U U 0.0039 U U 0.0035 U U 0 015 U U 0.015 U U 0 0038 U U 0.0038 U U 0.0049 U U 
gamma-CHLORDANE 0 0018 U U 0.0019 U U 0.0017 U U 0.0073 U U 0 0077 U U 0 0019 U U 0.0019 U U 0.0024 U U 
METHOXYCHLOR 31 0 0036 U U 0.0039 U U 0.0035 U U 0 015 U U 0.015 U U 0 0038 U U 0.0038 U U 0.0049 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
ACENAPHTHENE 340 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
ANTHRACENE 1700 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
BENZO(a)ANTHRACENE 0.15 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
BENZO(a)PYRENE 0 015 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
BENZO(b)FLUORANTHENE 0.15 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
BENZO(ghi)PERYLENE 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
BENZO(k)FLUORANTHENE 1.5 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.36 U U 0.38 U U 0 35 U U 1 5 U U 1 6 U U 0.38 U U 0.37 U U 0.47 U U 
BUTYL BENZYL PHTHALATE 260 0.36 U U 0.38 U U 0 35 U U 1 5 U U 1 6 U U 0.38 U U 0.37 U U 0.47 U U 
CHRYSENE 15 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
FLUORANTHENE 230 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
FLUORENE 230 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
PHENANTHRENE 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
PYRENE 170 0.18 U U 0.19 U U 0.17 U U 0.73 U U 0.78 U U 0.19 U U 0.19 U U 0 24 U U 
  TPH 
TPH (C10-C28) 610 9 U U 5.87 J J 8.8 U U 74 U U 35.7 J J 16.4 13.4 87.7 
TPH-GRO (C6-C10) 610 5 5 U U 7 U U 5.6 U U 4.4 U U 4 8 U U 5 2 U U 5.4 U U 6.8 U U 
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0 0053 U U 0.0064 U U 0.0047 U U 0.0045 U UJ 0 0035 U U 0.0043 U U 0.0043 U U 0.0047 U U 
2-BUTANONE 2800 0 027 U U 0 032 U U 0 023 U U 0 022 U U 0.017 U U 0 022 U U 0 021 U U 0.023 U U 
ACETONE 6100 0 053 U U 0 064 U U 0 047 U U 0 045 U U 0.035 U U 0 043 U U 0 043 U U 0.0457 J J 
CARBON DISULFIDE 82 0 0053 U U 0.0064 U U 0.0047 U U 0.0045 U U 0 0035 U U 0.0043 U U 0.0043 U U 0.019 
cis-1,2-DICHLOROETHENE 16 0 0053 U U 0.0064 U U 0.0047 U U 0.0045 U U 0 0035 U U 0.0043 U U 0.0043 U U 0.0047 U U 
ETHYLBENZENE 5.4 0 0053 U U 0.0064 U U 0.0047 U U 0.0045 U U 0 0035 U U 0.0043 U U 0.0043 U U 0.0047 U U 
METHYLENE CHLOR DE 36 0 006 J J 0.0073 J J 0.0093 U U 0 009 U U 0 0069 U U 0.0086 U U 0.0086 U U 0.0093 U U 
XYLENE, (TOTAL) 63 0 016 U U 0 019 U U 0 014 U U 0 013 U U 0.01 U U 0 013 U U 0 013 U U 0.014 U U 

KN16/Ramey/LF1_2/RI/F7-20/Tables/4-3 



  

 

 


 


 

 


 

Table 4-3
 

Organic Compounds Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 4 of 5) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

TP1-18 LF1SB21 LF1SB21-SUP TP1-09-SUP TP1-10 TP1-10-SUP TP1-12 
AA0076 
8/6/2010 

REG 
34 - 35 ft 

AA0077 
8/6/2010 

FD 
34 - 35 ft 

AA0079 
8/6/2010 

REG 
10 - 11 ft 

AA0080 
8/6/2010 

REG 
19 - 20 ft 

AA0099 
9/20/2011 

REG 
3 - 5 ft 

AA0102 
9/21/2011 

REG 
8 - 10 ft 

AA0035 
8/3/2010 

REG 
6 - 6.5 ft 

AA0103 
9/21/2011 

REG 
6 - 9 ft 

AA0043 
8/3/2010 

REG 
10 - 10.5 ft 

Compound/Analyte (mg/kg) 2012 EPA Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
PERCENT SOL DS (%) 85 3 83 3 88.2 89.4 83.8 85.4 86.1 
PERCHLORATE (mg/kg) 5.5 0 00602 U U 0 00565 U U 

PCBS 
PCB-1242 0.22 0.019 U U 0.02 U U 0 019 U U 0.019 U U 0.02 U U 0 019 U U 0.0197 
PCB-1248 0.22 0.019 U U 0.02 U U 0 019 U U 0.019 U U 0.02 U U 0 019 U U 0.019 U U 
PCB-1254 0.11 0.019 U U 0.02 U U 0 019 U U 0 019 U U 0.02 U U 0 019 U U 0.019 U U 
PCB-1260 0.22 0.019 U U 0.02 U U 0 019 U U 0 019 U U 0.02 U U 0 019 U U 0.019 U U 
  Pesticides 
4,4'-DDD 2 0 0039 U U 0.004 U U 0.0038 U U 0.0037 U U 0 004 U U 0.0039 U U 0.0039 U U 
4,4'-DDE 1.4 0 0011 J J 0 0015 J J 0.0038 U U 0.0037 U U 0 004 U U 0.0039 U U 0.0039 U U 
4,4'-DDT 1.7 0 0039 U U 0.004 U U 0.0038 U U 0.0037 U U 0 004 U U 0.0039 U U 0.0039 U U 
alpha-CHLORDANE 0 0019 U U 0.002 U U 0.0019 U U 0.0019 U U 0 002 U U 0 004 J J 0.0019 U U 
D ELDR N 0.03 0 0019 U U 0.002 U U 0.0019 U U 0.0019 U U 0 002 U U 0.0019 U U 0.0019 U U 
ENDOSULFAN II 0 0019 U U 0.002 U U 0.0019 U U 0.0019 U U 0 002 U U 0.0019 U U 0.0019 U U 
ENDOSULFAN SULFATE 0 0039 U U 0.004 U U 0.0038 U U 0.0037 U U 0 004 U U 0.0039 U U 0.0039 U U 
ENDR N ALDEHYDE 0 0039 U U 0.004 U U 0.0038 U U 0.0037 U U 0 004 U U 0.0039 U U 0 0039 U U 
gamma-CHLORDANE 0 0019 U U 0.002 U U 0.0019 U U 0.0019 U U 0 002 U U 0.0038 0 0019 U U 
METHOXYCHLOR 31 0 0039 U U 0.004 U U 0.0038 U U 0.0037 U U 0 004 U U 0.0039 U U 0.0039 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0.19 U U 
ACENAPHTHENE 340 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0 2 U U 0.19 U U 0.19 U U 
ANTHRACENE 1700 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0 2 U U 0.19 U U 0.19 U U 
BENZO(a)ANTHRACENE 0.15 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0.19 U U 
BENZO(a)PYRENE 0 015 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0.19 U U 
BENZO(b)FLUORANTHENE 0.15 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0.19 U U 
BENZO(ghi)PERYLENE 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0.19 U U 
BENZO(k)FLUORANTHENE 1.5 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0.19 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.39 U U 0.39 U U 0.38 U U 0.37 U U 0.4 U U 0.39 U U 0 38 U U 
BUTYL BENZYL PHTHALATE 260 0.39 U U 0.39 U U 0.38 U U 0 37 U U 0.2 U U 0.39 U U 0 38 U U 
CHRYSENE 15 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0.19 U U 
FLUORANTHENE 230 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0.089 J J 
FLUORENE 230 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0.19 U U 
NDENO(1,2,3-cd)PYRENE 0.15 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0.19 U U 

PHENANTHRENE 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0 0636 J J 
PYRENE 170 0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.2 U U 0.19 U U 0 0626 J J 
  TPH 
TPH (C10-C28) 610 9.7 U U 9.7 U U 9.2 U U 9.2 U U 9.8 U U 6.49 J J 9 5 U U 
TPH-GRO (C6-C10) 610 4 6 U U 4.7 U U 5.9 U U 5.4 U U 5.4 U U 5.4 U U 4.6 U U 
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0 0043 U U 0 0043 U U 0.0055 U U 0.0052 U U 0.0036 U UJ 0.0064 U U 0 0019 J J 
2-BUTANONE 2800 0.021 U U 0.022 U U 0 027 U U 0.026 U U 0 018 U UJ 0 032 U U 0.017 U U 
ACETONE 6100 0.043 U U 0.043 U U 0 055 U U 0.052 U U 0 036 U UJ 0 064 U U 0 0277 J J 
CARBON DISULFIDE 82 0 0043 U U 0 0043 U U 0.0055 U U 0.0052 U U 0.0036 U U 0.0064 U U 0 0035 U U 
cis-1,2-DICHLOROETHENE 16 0 0043 U U 0 0043 U U 0.0055 U U 0.0052 U U 0.0036 U U 0.0064 U U 0 0035 U U 
ETHYLBENZENE 5.4 0 0043 U U 0 0043 U U 0.0055 U U 0.0052 U U 0.0036 U U 0.0064 U U 0 0035 U U 
METHYLENE CHLOR DE 36 0.007 J J 0 0087 U U 0 011 U U 0 01 U U 0.0072 U U 0.0083 JB UB 0 0069 U U 
XYLENE, (TOTAL) 63 0.013 U U 0.013 U U 0 016 U U 0.016 U U 0 011 U U 0 019 U U 0 01 U U 

KN16/Ramey/LF1_2/RI/F7-20/Tables/4-3 



  

 

 

 

 


 


 

 


 

Table 4-3
 

Organic Compounds Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 5 of 5) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

TP1-13 TP1-14 TP1-14-SUP TP1-15 TP1-9 
AA0046 
8/3/2010 

REG 
13 - 13.5 ft 

AA0049 
8/3/2010 

REG 
8 - 8.5 ft 

AA0050 
8/3/2010 

FD 
8 - 8.5 ft 

AA0104 
9/21/2011 

REG 
8 - 10 ft 

AA0105 
9/21/2011 

FD 
8 - 10 ft 

AA0054 
8/3/2010 

REG 
12 - 12.5 ft 

AA0032 
8/3/2010 

REG 
8 - 8.5 ft 

Compound/Analyte (mg/kg) 2012 EPA Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
PERCENT SOLIDS (%) 87.4 83.7 81.6 79 8 84.4 
PERCHLORATE (mg/kg) 5 5 0.00588 U U 0.00575 U U 

PCBS 
PCB-1242 0.22 0.095 U U 0.02 U U 0 02 U U 0.113 J J 0 0566 
PCB-1248 0.22 0.095 U U 0.02 U U 0 02 U U 0.042 U U 0.019 U U 
PCB-1254 0.11 0.095 U U 0.038 J 0.0669 J J 0 0602 J J 0.019 U U 
PCB-1260 0.22 0.095 U U 0 02 U U 0.018 J J 0.026 J J 0.019 U U 
  Pesticides 
4,4'-DDD 2 0 0279 0.004 U U 0.004 U U 0.041 U U 0 0039 U U 
4,4'-DDE 1.4 0 0395 0 0036 J J 0.0022 J J 0.041 U U 0 0039 U U 
4,4'-DDT 1.7 0.015 U U 0.004 U U 0.004 U U 0.041 U U 0 0039 U U 
alpha-CHLORDANE 0 0022 J J 0.00062 J J 0.002 U U 0.021 U U 0 0019 U U 
DIELDRIN 0.03 0 0076 U U 0.002 U U 0.002 U U 0.021 U U 0 0019 U U 
ENDOSULFAN II 0 0076 U U 0.002 U U 0.002 U U 0.021 U U 0 0019 U U 
ENDOSULFAN SULFATE 0.015 U U 0.004 U U 0.004 U U 0.041 U U 0 0039 U U 
ENDRIN ALDEHYDE 0.015 U U 0.004 U U 0.004 U U 0 041 U U 0 0039 U U 
gamma-CHLORDANE 0 0126 0.00076 J J 0.002 U U 0 021 U U 0 0019 U U 
METHOXYCHLOR 31 0.015 U U 0.004 U U 0.004 U U 0 041 U U 0 0039 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0 0506 J J 0 2 U U 0.2 U U 0.21 U U 0 2 U U 
ACENAPHTHENE 340 0 0629 J J 0 2 U U 0.2 U U 0.21 U U 0 2 U U 
ANTHRACENE 1700 0 0935 J J 0 2 U U 0.2 U U 0.21 U U 0 2 U U 
BENZO(a)ANTHRACENE 0.15 0.103 J J 0 0709 J J 0.0862 J J 0.0467 J J 0.2 U U 
BENZO(a)PYRENE 0.015 0.099 J J 0.0561 J J 0.0697 J J 0.21 U U 0.2 U U 
BENZO(b)FLUORANTHENE 0.15 0.104 J J 0 0562 J J 0.068 J J 0.0435 J J 0.2 U U 
BENZO(ghi)PERYLENE 0 0668 J J 0.2 U U 0.2 U U 0.21 U U 0.2 U U 
BENZO(k)FLUORANTHENE 1 5 0 0904 J J 0 0591 J J 0.0697 J J 0.21 U U 0.2 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.29 J J 0.39 U U 0.41 U U 0.41 U U 0.39 U U 
BUTYL BENZYL PHTHALATE 260 0.38 U U 0 39 U U 0.41 U U 0.41 U U 0.39 U U 
CHRYSENE 15 0.121 J J 0 0661 J J 0.0841 J J 0.0479 J J 0.2 U U 
FLUORANTHENE 230 0.348 0.16 J J 0.202 0.102 J J 0.2 U U 
FLUORENE 230 0 0873 J J 0.2 U U 0.2 U U 0.21 U U 0.2 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.068 J J 0 0393 J J 0.048 J J 0.21 U U 0.2 U U 
PHENANTHRENE 0.365 0.109 J J 0.143 J J 0.0747 J J 0.2 U U 
PYRENE 170 0.234 0.112 J J 0.148 J J 0.0785 J J 0.2 U U 
  TPH 
TPH (C10-C28) 610 56 3 8.96 J J 10 U U 45 46.6 
TPH-GRO (C6-C10) 610 3.29 J J 5.1 U U 5 U U 5.7 U U 5.7 U U 
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0.003 J J 0 0043 U U 0 0038 U U 0 004 U U 0 0052 U U 
2-BUTANONE 2800 0 0454 0.022 U U 0.019 U U 0.02 U U 0.026 U U 
ACETONE 6100 0.237 0 0408 J J 0.0458 0.0352 J J 0.052 U U 
CARBON DISULF DE 82 0 0038 J J 0 0043 U U 0.0019 J J 0.004 U U 0 0052 U U 
cis-1,2-DICHLOROETHENE 16 0 0012 J J 0 0043 U U 0.0038 U U 0.004 U U 0 0052 U U 
ETHYLBENZENE 5.4 0 0042 U U 0 0043 U U 0.0017 J J 0.004 U U 0 0052 U U 
METHYLENE CHLORIDE 36 0 0058 JB UB 0 0087 U U 0.0075 U U 0.008 U U 0.01 U U 
XYLENE, (TOTAL) 63 0.013 U U 0.013 U U 0.0018 J J 0.012 U U 0.016 U U 

Sample depth reported in feet below ground surface. UB - The analyte was not detected significantly above the levels 
LQ - Laboratory qualifier.         found in the associated method blanks, field blanks, and/or 
VQ - Validation qualifier.         equipment blanks. 
J - As a laboratory qualifier, the compound was positively identified; the reported value  Bold concentrations exceed the listed RSLs.
    is an estimated concentration between the method detection limit and the reporting limit. 
J - As a validation qualifier, the compound/analyte was positively identified; the reported 
      value is an estimated concentration. 
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Table 4-4
 

Metals Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF1SB01 LF1SB02 LF1SB02-SUP LF1SB03 
AA0004 

7/30/2010 
REG 

2.5 - 3 ft 

AA0005 
7/30/2010 

REG 
19.5 - 20 ft 

AA0007 
8/3/2010 

REG 
10 - 11 ft 

AA0008 
8/3/2010 

REG 
19 - 20 ft 

AA0090 
9/22/2011 

REG 
3 - 5 ft 

AA0091 
9/22/2011 

FD 
3 - 5 ft 

AA0010 
7/30/2010 

REG 
10 - 11 ft 

Compound/Analyte (mg/kg) BKG 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 Metals 
ALUMINUM 36720 7700 1400 1910 21800 1780 2520 2600 948 
ANTIMONY 15.1 3.1 0.65 B UB 0.93 B J 11 U U 4.4 U U 23 U U 16 U U 0.65 B UB 
ARSENIC 37.6 0.39 4.2 4 40.6 4.4 7.8 J 3.9 J 3.9 
BARIUM 104 1500 5.7 B J 7.9 B J 21.3 B J 5.3 B J 11.1 5.6 B J 5.3 B J 
BERYLLIUM 1.69 16 0.068 B J 0.099 B J 2.8 1.1 U U 0.16 B J 0 096 B J 0.2 U U 
CADMIUM 1.3 7 0.08 B J 0.079 B J 2.2 U U 0.88 U U 0.23 U U 0.27 0.21 J 
CALCIUM 98500 374000 374000 13200 365000 316000 340000 378000 
CHROMIUM 268 22 23.1 221 22.4 36.6 29.7 15 
COBALT 29.6 2.3 0.53 B J 1.6 B J 16.1 B J 0.59 B J 1.1 B J 0.77 B J 0.39 B J 
COPPER 24.1 310 5.4 B J 4.9 B J 27.5 7.6 B J 28 U U 20 U U 4 B J 
IRON 68910 5500 2680 3200 71400 3310 6950 6400 1670 
LEAD 24.6 400 0.77 B J 0.83 B J 15.1 4.4 U U 2.1 B J 0.8 B J 0.54 B J 
MAGNESIUM 1040 1220 1660 1220 B J 1450 949 1290 1160 
MANGANESE 3730 180 29.8 69 423 27.2 61.5 J 19.6 J 25.1 
MERCURY 0.28 1 0.092 U U 0.088 U U 0.13 0.014 B J 0.088 U U 0 057 B J 0 091 U U 
NICKEL 44.6 150 3.8 B J 3.7 B J 64 4.7 B J 4.7 J 2.6 J 2.3 B J 
POTASSIUM 1090 70.9 B J 117 B J 347 B J 2200 U U 111 B J 144 B J 75.3 B J 
SELENIUM 1.2 39 23 U U 21 U U 11 U U 18 U U 23 U U 16 U U 16 U U 
SILVER 9.32 39 0.57 U U 0.52 U U 5.4 U U 2.2 U U 0.56 U U 0.4 U U 0.4 U U 
SODIUM 1260 91.6 B J 96.5 B J 5400 U U 242 B J 85.6 B J 105 B J 69.4 B J 
THALLIUM 0.078 2.3 U U 2.1 U U 2.4 B J 2.2 U U 11 U U 8 U U 1.6 U U 
VANADIUM 128 39 6.1 8 110 7.2 B J 15.6 7.7 4 
ZINC 46.8 2300 23 U U 5.8 B J 42.7 8.8 B J 6.2 B J 7.3 B J 16 U U 
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Table 4-4
 

Metals Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF1SB03 LF1SB03 LF1SB03-SUP LF1SB04 LF1SB04-SUP LF1SB05 
AA0011 

7/30/2010 
FD 

10 - 11 ft 

AA0013 
7/30/2010 

REG 
19 - 20 ft 

AA0094 
9/20/2011 

REG 
3 - 5 ft 

AA0015 
7/30/2010 

REG 
10 - 11 ft 

AA0016 
7/30/2010 

REG 
19 - 20 ft 

AA0095 
9/20/2011 

REG 
3 - 5 ft 

AA0018 
8/2/2010 

REG 
5 - 6 ft 

Compound/Analyte (mg/kg) BKG 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 982 942 10600 1930 1200 15200 16400 
ANTIMONY 15.1 3.1 0.47 B UB 0.4 B UB 1.1 B J 0.69 B UB 0.52 B UB 2.3 B J 22 U U 
ARSENIC 37.6 0.39 4 4.4 8 6.3 2.7 13.4 13 8 
BARIUM 104 1500 5.6 B J 4 8 B J 25.8 B J 5.3 B J 4.2 B J 32.5 B J 28 2 B J 
BERYLLIUM 1.69 16 0.23 U U 0.041 B J 0.76 B J 0.12 B J 0.058 B J 0.93 B J 1.7 B J 
CADMIUM 1.3 7 0.052 B J 0.26 1.6 U U 0.15 B J 0.3 2 U U 4 5 U U 
CALCIUM 98500 374000 371000 24700 371000 377000 995 B J 1540 B J 
CHROMIUM 268 14.4 16 8 105 30.7 23.2 234 198 
COBALT 29.6 2.3 0.43 B J 0.38 B J 9 B J 0.95 B J 0.66 B J 19.4 B J 25.4 
COPPER 24.1 310 3.8 B J 4 2 B J 14.2 6.2 B J 5.3 B J 21 10 9 B J 
IRON 68910 5500 1800 1980 31600 4330 2620 49200 55500 
LEAD 24.6 400 0.61 B J 0.51 B J 9.7 1.2 B J 0.8 B J 6.6 9 3 
MAGNESIUM 1040 1190 1150 397 B J 1100 1240 340 B J 495 B J 
MANGANESE 3730 180 24 8 25 3 644 43.9 31.7 782 560 
MERCURY 0 28 1 0.087 U U 0.083 U U 0.3 0 018 B J 0 084 U U 0.068 B J 0.077 B J 
NICKEL 44.6 150 2.4 B J 2 9 B J 19.2 6.1 B J 4.2 B J 27.9 37.7 
POTASSIUM 1090 80 3 B J 67 9 B J 4000 U U 87.7 B J 73.4 B J 5000 U U 11000 U U 
SELENIUM 1.2 39 19 U U 30 U U 2.9 B J 20 U U 16 U U 3.9 B J 22 U U 
SILVER 9 32 39 0.47 U U 0.37 U U 4 U U 0.5 U U 0.41 U U 5 U U 11 U U 
SODIUM 1260 82 5 B J 73 9 B J 4000 U U 66.2 B J 73.4 B J 5000 U U 11000 U U 
THALLIUM 0.078 1.9 U U 1 5 U U 4 U U 2 U U 1.6 U U 5 U U 0.56 U U 
VANADIUM 128 39 4.3 5 55.4 9.7 5.6 96.9 105 
ZINC 46.8 2300 19 U U 30 U U 335 5.9 B J 35.4 37.2 26.1 
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Table 4-4
 

Metals Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 3 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF1SB05 LF1SB06 LF1SB06 LF1SB06-SUP LF1SB07 

8/2/2010 
REG 

12 - 13 ft 

AA0019 AA0021 
8/2/2010 

REG 
10 - 11 ft 

AA0022 
8/2/2010 

REG 
19 - 20 ft 

AA0096 
9/21/2011 

REG 
3 - 5 ft 

AA0024 
8/2/2010 

REG 
2 - 3 ft 2 - 3 ft 

AA0025 
8/2/2010 

FD 

AA0027 
8/2/2010 

REG 
6 - 7 ft 

Compound/Analyte (mg/kg) BKG 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 1050 13900 4690 15400 950 1570 1870 
ANTIMONY 15.1 3.1 0.24 B J 22 U U 0.73 10 U U 0.55 B J 5.4 U U 4 5 U U 
ARSENIC 37.6 0.39 2 8 17.2 7.8 12.6 2.1 2.7 3.7 
BARIUM 104 1500 7 9 B J 53 B J 15.6 B J 18 B J 4.1 B J 5.4 B J 5.7 B J 
BERYLLIUM 1.69 16 0.21 U U 1.5 B J 0.27 B J 0.9 B J 0 27 U U 1.4 U U 1.1 U U 
CADMIUM 1.3 7 0.23 4.4 U U 1.3 2.1 U U 0.34 1.1 U U 0.91 U U 
CALCIUM 98500 399000 1310 B J 300000 42200 404000 407000 375000 
CHROMIUM 268 20 198 58.7 143 21 5 26 3 24.2 
COBALT 29.6 2.3 0.47 B J 17.6 3.4 B J 7.3 B J 0.4 B J 0.49 B J 0.57 B J 
COPPER 24.1 310 3 8 B J 21.7 B J 13.2 B J 20.1 4.3 B J 5 9 B J 5 5 B J 
IRON 68910 5500 1580 56600 14000 37800 1950 3250 3200 
LEAD 24.6 400 0.47 B J 8.7 2.8 B J 9 B J 0.39 B J 5.4 U U 4 5 U U 
MAGNESIUM 1040 1270 563 B J 1130 757 B J 1130 1550 1700 
MANGANESE 3730 180 14.6 2030 243 506 16.2 28.6 26.8 
MERCURY 0 28 1 0.015 B J 0.024 B J 0.037 B J 0.11 0.07 B J 0.068 B J 0.043 B J 
NICKEL 44.6 150 2.6 B J 53.4 12.4 30.5 2.8 B J 3.7 B J 3 9 B J 
POTASSIUM 1090 64.7 B J 11000 U U 154 B J 304 B J 64.8 B J 2700 U U 117 B J 
SELENIUM 1.2 39 17 U U 22 U U 14 U U 10 U U 22 U U 22 U U 18 U U 
SILVER 9 32 39 0.42 U U 11 U U 0.36 U U 5.2 U U 0 54 U U 2.7 U U 2 3 U U 
SODIUM 1260 104 B J 11000 U U 1400 U U 5200 U U 87.4 B J 2700 U U 2300 U U 
THALLIUM 0.078 1.7 U U 0.55 U U 1.4 U U 5.2 U U 1.1 U U 2.7 U U 2 3 U U 
VANADIUM 128 39 3 8 103 26.6 75.9 5 7.5 B J 7 3 B J 
ZINC 46.8 2300 17 U U 51 23 36.2 22 U U 22 U U 18 U U 
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Table 4-4
 

Metals Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 4 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF1SB08 TP1-11 TP1-11 TP1-18 
AA0029 
8/2/2010 

REG 
9 - 10 ft 

AA0030 
8/2/2010 

REG 
14.5 - 15.5 ft 

AA0072 
8/6/2010 

REG 
31 - 32 ft 

AA0073 
8/6/2010 

FD 
31 - 32 ft 

AA0074 
8/6/2010 

REG 
37 - 38 ft 

AA0076 
8/6/2010 

REG 
34 - 35 ft 

AA0077 
8/6/2010 

FD 
34 - 35 ft 

Compound/Analyte (mg/kg) BKG 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 7460 8170 2590 1690 18600 591 830 
ANTIMONY 15.1 3.1 5.2 U U 3.9 U U 0.22 B J 0.68 B J 23 U U 0.4 B J 0.32 B J 
ARSENIC 37.6 0.39 11.8 13.9 3.1 J 1.4 J 38.4 0.22 B J 0.5 B J 
BARIUM 104 1500 22.9 B J 26.1 B J 17.2 16 3 49.4 B J 4.2 B J 5 B J 
BERYLLIUM 1.69 16 1.3 U U 0 27 B J 0.13 B J 0.28 U U 1.2 B J 0.21 U U 0.3 U U 
CADMIUM 1.3 7 1 U U 0.78 U U 0.5 0.37 4.6 U U 0.13 B J 0.14 B J 
CALCIUM 98500 174000 78600 311000 379000 58700 398000 388000 
CHROMIUM 268 62.4 88.1 40.9 J 21 3 J 214 17.7 20.8 
COBALT 29.6 2.3 4 B J 7.5 B J 2.7 B J 1 3 B J 14.2 0.46 B J 
COPPER 24.1 310 9.1 B J 8.3 7.5 B J 5 2 B J 32.9 3.4 B J 3.5 B J 
IRON 68910 5500 14300 24300 5690 J 2370 J 62600 848 1320 
LEAD 24.6 400 10.3 11.3 3 B J 2.1 B J 53.1 0.54 B J 
MAGNESIUM 1040 2430 836 B J 1550 1820 927 B J 1660 1660 
MANGANESE 3730 180 232 364 111 104 470 19.1 20.1 
MERCURY 0.28 1 0.017 B 0.019 B J 0.063 B J 0.094 U U 0.26 0.095 U U 0.097 U U 
NICKEL 44.6 150 9.3 B J 14.4 7 B J 4.3 B J 35.6 2.2 B J 
POTASSIUM 1090 290 B J 231 B J 237 B J 231 B J 687 B J 111 B J 158 B J 
SELENIUM 1.2 39 10 U U 3.9 U U 20 U U 23 U U 23 U U 17 U U 24 U U 
SILVER 9.32 39 2.6 U U 2 U U 0.5 U U 0.56 U U 11 U U 0.42 U U 0.6 U U 
SODIUM 1260 2600 U U 2000 U U 42.7 B J 53.7 B J 11000 U U 36.4 B J 73.2 B J 
THALLIUM 0.078 2.6 U U 0.85 B J 2 U U 2.3 U U 0.86 2.4 U U 
VANADIUM 128 39 35.4 50.9 14.9 9.5 128 3.6 4.9 
ZINC 46.8 2300 17.5 13.6 12.3 B J 6.2 B J 159 17 U U 24 U U 
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Table 4-4
 

Metals Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 5 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF1SB21 LF1SB21-SUP TP1-10 TP1-12 TP1-13 
AA0079 
8/6/2010 

REG 
10 - 11 ft 

AA0080 
8/6/2010 

REG 
19 - 20 ft 

AA0099 
9/20/2011 

REG 
3 - 5 ft 

AA0035 
8/3/2010 

REG 
6 - 6.5 ft 

AA0043 
8/3/2010 

REG 
10 - 10.5 ft 

AA0046 
8/3/2010 

REG 
13 - 13.5 ft 

Compound/Analyte (mg/kg) BKG 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 785 769 10300 3820 2660 11800 
ANTIMONY 15.1 3.1 0.59 B J 0.42 B J 8.7 U UJ 0.82 B J 0.62 B J 8 9 U U 
ARSENIC 37.6 0.39 3.7 2.8 4.5 J 7.5 5.5 27.2 
BARIUM 104 1500 3 9 B J 3.5 B J 23.4 B J 13.6 12.6 36 5 B J 
BERYLLIUM 1.69 16 0.19 U U 0.25 U U 0.71 B J 0.15 B J 0.13 B J 0.82 B J 
CADMIUM 1 3 7 0.25 0.23 1.7 U UJ 0.51 0.72 1 8 U U 
CALCIUM 98500 390000 389000 2130 B J 300000 345000 55000 
CHROMIUM 268 15.2 13.2 96.1 J 47.1 46.1 137 
COBALT 29.6 2.3 0.3 B J 0.26 B J 9.1 B J 3.4 B J 2.2 B J 8.4 
COPPER 24.1 310 4.6 B J 4 B J 11.1 21.8 B J 6 B J 36.2 
IRON 68910 5500 1710 1490 23600 J 14000 5600 37400 
LEAD 24.6 400 0.72 B J 0.59 B J 9.9 11.8 2.3 B J 17.8 
MAGNESIUM 1040 1200 1290 196 B J 723 748 1110 B J 
MANGANESE 3730 180 15.1 14.3 721 J 190 88.6 430 
MERCURY 0.28 1 0.018 B J 0.082 U U 0 066 B J 0.073 B J 0.024 B J 0.14 
NICKEL 44.6 150 3.1 B J 2.7 B J 19.5 9.2 6.6 B J 21 5 
POTASSIUM 1090 57.2 B J 57.6 B J 4400 U UJ 82.5 B J 105 B J 354 B J 
SELENIUM 1 2 39 30 U U 20 U U 8.7 U UJ 20 U U 20 U U 8 9 U U 
SILVER 9.32 39 0.37 U U 0.49 U U 4.4 U U 0.49 U U 0.5 U U 4.4 U U 
SODIUM 1260 54 9 B J 78.5 B J 4400 U U 490 U U 58.1 B J 4400 U U 
THALLIUM 0.078 1 5 U U 2 U U 4.4 U U 2 U U 2.5 U U 0.44 U U 
VANADIUM 128 39 4 5 4 43 J 20 12.7 72.1 
ZINC 46 8 2300 30 U U 20 U U 18.8 56.3 7 B J 66.7 
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Table 4-4
 

Metals Detected in Subsurface Soil
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 6 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

TP1-14 TP1-15 TP1-9 
AA0049 
8/3/2010 

REG 
8 - 8.5 ft 

AA0050 
8/3/2010 

FD 
8 - 8.5 ft 

AA0054 
8/3/2010 

REG 
12 - 12.5 ft 

AA0032 
8/3/2010 

REG 
8 - 8.5 ft 

Compound/Analyte (mg/kg) BKG 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 2610 J 7280 J 13200 4080 
ANTIMONY 15.1 3.1 0.79 B J 4.5 U U 10 U U 0.68 B J 
ARSENIC 37.6 0.39 7.1 J 24.2 J 13.9 6.2 
BARIUM 104 1500 10.7 15.7 B J 29.6 B J 22.8 
BERYLLIUM 1.69 16 0.13 B J 0.44 B J 0.94 B J 0.22 B J 
CADMIUM 1.3 7 0.99 0.91 U U 2.1 U U 0.93 
CALCIUM 98500 336000 209000 39400 296000 
CHROMIUM 268 44.9 J 89.9 J 142 57.3 
COBALT 29.6 2 3 2.8 B J 4.3 7.2 2.9 B J 
COPPER 24.1 310 7.9 B J 10.9 B J 17.6 13.9 B J 
IRON 68910 5500 6850 J 19800 J 56100 10000 
LEAD 24.6 400 10.3 10.1 23.2 27.3 
MAGNESIUM 1040 794 1010 B J 784 B J 1120 
MANGANESE 3730 180 85.3 132 530 110 
MERCURY 0.28 1 0.09 B J 0.048 B J 0.47 0.037 B J 
NICKEL 44.6 150 8.5 B J 14.6 J 21.8 9.1 
POTASSIUM 1090 142 B J 253 B J 370 B J 135 B J 
SELENIUM 1.2 39 17 U U 11 U U 10 U U 20 U U 
SILVER 9.32 39 0.44 U U 2.3 U U 5.2 U U 0 5 U U 
SODIUM 1260 45.1 B J 2300 U U 5200 U U 1000 U U 
THALLIUM 0.078 2.2 U U 0.57 U U 0.21 B J 1 U U 
VANADIUM 128 39 13.4 J 41.9 J 84.7 21 
ZINC 46.8 2300 22.9 26.1 43.1 45.4 

Sample depth reported in feet below ground surface. 

NE - Not established. 

NR - Compound not regulated by the FDEP. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, the compound was positively identified; the reported value is an 


B - The analyte was positively identified; the reported value is an estimated concentration between
estimated concentration betweenthe me hod detection limit and the reporting limit. 


UB - The analyte was not detected significantly above the levels found in the associated method
 the ins rument detection limit and the reporting limit. 


Shaded concentrations exceed 2012 EPA RSL. 

Bold concentrations exceed background. 

blanks, field blanks, and/or equipment blanks. 
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Table 4-5
 

Organic Compounds Detected in Groundwater
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

RMW1-1 RMW1-2 RMW1-3 RMW1-4 
AA3001 

7/15/2010 
REG 

AA3005 
12/8/2010 

REG 

AA3006 
12/8/2010 

FD 

AA3002 
7/15/2010 

REG 

AA3008 
12/8/2010 

REG 

AA3003 
7/15/2010 

REG 

AA3009 
12/10/2010 

REG 

AA3004 
7/16/2010 

REG 

AA3010 
12/10/2010 

REG 

Compound/Analyte 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 FIELD TESTS 
Conduc ivity (umhos/cm) 0.963 0.928 0.977 0.934 1.062 1.061 1.144 1.139 
Dissolved Oxygen (µg/L) 7060 6240 6400 6150 6760 8480 6490 6080 
Oxidation Reduction Potential (mV) -113 40.8 -128 5 36.1 -130.6 -117.1 -16.4 -16.1 
pH (STD_units) 7.11 7.15 7.1 7.12 7.12 7.09 7.2 7.17 
Temperature (°C) 32.93 32.58 27.2 30.81 32.97 32.2 31.74 31.14 
Turbidity (NTU) 8.1  4.5  0  0  0  0  3.4  5.2
 GEN CHEMISTRY (µg/L)
ALKALINITY, TOTAL 271000 263000 264000 261000 273000 260000 265000 259000 295000 
CHLORIDE 100000 107000 108000 102000 110000 120000 140000 J 187000 179000 
FLUORIDE 62 200 U U 200 U U 200 U U 200 U U 
NITRATE 2500 4400 4500 J 4600 4700 4900 4600 4700 J 4300 4400 
Phosphate, Ortho 38 B J 75 B UB 77 B UB 260 38 B UB 53 B J 34 B UB 42 B J 170 
SULFATE 13000 15700 15900 14300 17800 16100 21700 21800 26900 
TOTAL DISSOLVED SOLIDS 428000 379000 327000 561000 486000 561000 445000 652000 566000 
TOTAL SUSPENDED SOLIDS 14000 5000 B J 10000 U U 10000 U U 10000 U U 10000 U U 9000 B J 18000 UB 800000
 Volatiles (µg/L ) 
CHLOROFORM 0.19 0.5 J J 0.41 J J 0.42 J J 0.48 J J 0.43 J J 0.42 J J 0.53 J J 0.34 J UB 0.47 J J 
TRICHLOROETHENE 0.26 0.61 J J 0.62 J J 0.64 J J 1.5 1.2 3.9 3.4 6.5 6.1 

Notes:
 
Sample depth reported in feet below ground surface.
 
LQ - Laboratory qualifier.
 
VQ - Validation qualifier.
 
J - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between


J - As a validation qualifier, the compound/analyte was positively identified; the reported value is an estimated concentration. 

UB - The analyte was not detected significantly above the levels found in the associated me hod blanks, field blanks, and/or

 the method detection limit and the reporting limit. 


Bold concentrations exceed the listed RSL. 

equipment blanks. 
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Table 4-6
 

Metals Detected in Groundwater
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

RMW1-1 RMW1-2 RMW1-3 RMW1-4 
AA3001 

7/15/2010 
REG 

AA3005 
12/8/2010 

REG 

AA3006 
12/8/2010 

FD 

AA3002 
7/15/2010 

REG 

AA3008 
12/8/2010 

REG 

AA3003 
7/15/2010 

REG 

AA3009 
12/10/2010 

REG 

AA3004 
7/16/2010 

REG REG 

AA3010 
12/10/2010 

Compound/Analyte (µg/L) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 Metals (Unfiltered ) 
ALUMINUM 1600 113 B J 75 B J 84.7 B J 200 U U 200 U U 200 U U 200 U U 82.7 B J 88.1 B J 
ANTIMONY 0.6 6 U U 6 U U 12 U U 6 U U 12 U U 6 U U 6 U U 6 U U 6 U U 
BARIUM 290 5.4 B J 5 5 B J 7.3 B UB 5.7 B J 7.2 B UB 7.7 B J 5 5 B J 5.1 B J 6.4 B J 
CALCIUM 99300 97500 96300 97900 99500 94700 92700 107000 122000 
CHROMIUM 8.1 B J 10 10.8 5.3 B J 8.9 B J 6.4 B J 4.1 B J 7.1 B J 6.7 B J 
COPPER 62 25 U U 25 U U 25 U U 25 U U 25 U U 25 U U 25 U U 25 U U 2.7 B J 
IRON 1100 89.8 B J 300 U U 300 U U 300 U U 300 U U 300 U U 300 U U 145 B J 114 B J 
LEAD 5 U U 5 U U 1.1 B UB 5 U U 1.5 B UB 5 U U 5 U U 5 U U 1.6 B J 
MAGNESIUM 17200 17200 16900 15800 15800 15500 16200 20200 19700 
MANGANESE 32 2.5 B J 1.7 B J 1.7 B J 15 U J 15 U U 15 U J 15 U U 2.7 B J 7.4 B J 
NICKEL 30 2.9 B J 2 5 B J 3 B J 40 U U 2.1 B J 2.1 B J 40 U U 4.2 B J 3.2 B J 
POTASSIUM 2140 B J 2200 B J 2190 B J 2830 B J 2930 B J 3050 B J 3170 B J 4210 B J 4700 B J 
SELENIUM 7.8 10 U U 10 U U 10 U U 10 U U 10 U U 10 U U 10 U U 10 U U 2.3 B UB 
SODIUM 52500 57200 57900 57300 59900 J 64000 74200 90500 J 102000 
VANADIUM 7.8 3 B J 3.2 B J 3.6 B J 2.9 B J 3.1 B J 3.2 B J 2.6 B J 3 B J 3.5 B J 
ZINC 470 7.9 B J 5.1 B J 20 U U 20 U U 5.5 B J 8.2 B J 12 3 B J 20 U U 12.6 B J
 Metals (Filtered)
ALUMINUM 1600 200 U U 200 U U 200 U U 200 U U 200 U U 200 U U 200 U U 200 U U 751 
BARIUM 290 5.3 B J 7 B UB 7.5 B UB 6.8 B J 7.1 B UB 6.6 B J 5.7 B J 200 U U 9.3 B J 
CALCIUM 95500 97200 97400 100000 100000 100000 97700 93200 279000 
CHROMIUM 3.9 B J 4 9 B J 4.7 B J 3.6 B J 4.2 B J 4.2 B J 4 2 B J 3.8 B J 23.9 
COBALT 0.47 50 U U 50 U U 50 U U 50 U U 50 U U 50 U U 50 U U 50 U U 1.1 B J 
COPPER 62 25 U U 25 U U 25 U U 25 U U 25 U U 25 U U 25 U U 25 U U 5.9 B J 
IRON 1100 300 U U 300 U U 39.3 B UB 300 U U 300 U U 300 U U 300 U U 300 U U 1360 
LEAD 5 U U 1.4 B UB 2 B UB 5 U U 5 U U 5 U U 5 U U 5 U U 5 U U 
MAGNESIUM 16600 17000 17300 15900 15800 16300 17700 18600 19600 
MANGANESE 32 15 U J 15 U U 15 U U 15 U J 15 U U 15 U J 15 U U 15 U U 47.2 
NICKEL 30 40 U U 40 U U 40 U U 40 U U 40 U U 2.6 B J 40 U U 40 U U 28.2 B J 
POTASSIUM 2170 B J 2200 B J 2180 B J 2960 B J 3000 B J 3250 B J 3400 B J 3840 B J 4660 B J 
SELENIUM 7.8 10 U U 10 U U 10 U U 10 U U 10 U U 10 U U 10 U U 10 U U 10 U U 
SODIUM 51700 58800 58800 57500 60800 67600 79800 89000 97300 
VANADIUM 7.8 2.6 B J 3.4 B J 3.4 B J 2.8 B J 3.4 B J 3.2 B J 2.9 B J 3 B J 6.9 B J 
ZINC 470 13.9 B J 7.9 B J 20 U U 20 U U 9.4 B J 12.5 B J 9.2 B J 20 U U 18 B J 

Notes: 

Sample depth reported in feet below ground surface. 

LQ - Laboratory qualifier. 

VQ - Valida ion qualifier. 

J - As a laboratory qualifier, he compound was positively identified; the reported value is an estimated concentra ion between


J - As a validation qualifier, the compound/analyte was positively identified; the reported value is an estimated concentration. 

UB - The analyte was not detected significantly above the levels found in the associated method blanks, field blanks, and/or

 the method detection limit and the reporting limit. 


B - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between the instrument detection limit and the reporting limit. 

equipment blanks
Bold concentrations exceed the listed RSL. 
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Table 4-7
 

Organic Compounds Detected in Sediment
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF1SWSD01 LF1SWSD02 LF1SWSD03 LF1SWSD04 
AA1000 

6/28/2010 
REG 

0 - 0.5 ft 

AA1001 
6/28/2010 

REG 
0 - 0.5 ft 

AA1002 
6/28/2010 

REG 
0 - 0.5 ft 

AA1003 
6/28/2010 

FD 
0 - 0.5 ft 

AA1005 
6/28/2010 

REG 
0 - 0.5 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 GEN CHEMISTRY 
% SOLIDS 73.1 79.3 82.3 80 2 72.7
 PCBS 
PCB-1248 0.22 0.023 U U 0.0315 0.021 U U 0 021 U U 0.023 U U 
PCB-1254 0.11 0.023 U U 0.021 U U 0.021 U U 0 021 U U 0 0297 J J 
PCB-1260 0.22 0.0953 J 0.015 J J 0.021 U U 0 021 U U 0 0582 J J
 Pesticides 
4,4'-DDD 2 0.018 U U 0.0041 U U 0.0041 U U 0.0042 U U 0.018 U U 
4,4'-DDE 1.4 0 018 U UJ 0.0012 J J 0.0041 U U 0.0042 U U 0.018 U U 
4,4'-DDT 1.7 0 018 U UJ 0.0041 U U 0.0041 U UJ 0.0042 U UJ 0.018 U U 
alpha-CHLORDANE 0.0091 U UJ 0.00093 J J 0.0021 U U 0.0021 U U 0.009 U U
 Semivolatiles 
3-METHYLPHENOL AND 4-METHYLPHENOL 0.23 U U 0.21 U U 0.2 U U 0.21 U U 0 23 U U 
ACENAPHTHYLENE 0.23 U U 0.21 U U 0.0401 J J 0 067 J J 0.119 J J 
ANTHRACENE 1700 0.23 U U 0.21 U U 0.041 J J 0.0668 J J 0.235 
BENZO(a)ANTHRACENE 0.15 0.119 J J 0.21 U U 0.108 J J 0.201 J J 0.73 
BENZO(a)PYRENE 0 015 0.129 J J 0.21 U U 0.129 J J 0.218 J 0.532 
BENZO(b)FLUORANTHENE 0.15 0.208 J J 0.0445 J J 0.267 J 0.47 J 1.3 
BENZO(ghi)PERYLENE 0.0952 J J 0.21 U U 0.0989 J J 0.16 J J 0.312 
BENZO(k)FLUORANTHENE 1.5 0.0709 J J 0.21 U U 0.0918 J J 0.153 J J 0.393 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.352 J J 0.41 U U 0.4 U U 0.42 U U 0.46 U U 
CARBAZOLE 0.23 U U 0.21 U U 0.2 U U 0.21 U U 0 0764 J J 
CHRYSENE 15 0.131 J J 0.21 U U 0.183 J J 0 344 J 1 01 
D BENZO(a,h)ANTHRACENE 0 015 0.23 U U 0.21 U U 0.2 U U 0.0499 J J 0.0962 J J 
FLUORANTHENE 230 0.212 J J 0.0533 J J 0.0701 J J 0.135 J J 0.633 
INDENO(1,2,3-cd)PYRENE 0.15 0.106 J J 0.21 U U 0.101 J J 0.173 J J 0.364 
PHENANTHRENE 0.0774 J J 0.21 U U 0.2 U U 0.21 U U 0 0728 J J 
PYRENE 170 0.197 J J 0.045 J J 0.113 J J 0.21 J 1
 TPH 
TPH (C10-C28) 610 11 U U 10 11.4 10 U U 46.5
 Volatiles 
METHYLENE CHLORIDE 36 0.014 U U 0.012 U U 0.012 U U 0 013 U U 0.014 U U 
TOLUENE 500 0.0069 U U 0.0061 U U 0.0062 U U 0.0063 U U 0 0072 U U 

Notes:
 
Sample depth reported in feet below ground surface.
 
LQ - Laboratory qualifier.
 
VQ - Validation qualifier.
 
J - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between


 the method detection limit and the reporting limit. 
J - As a validation qualifier, the compound/analyte was positively identified; the reported value is an estimated concentration. 
UB - The analyte was not detected significantly above the levels found in the associated method blanks, field blanks, and/or

 equipment blanks. 
Bold concentrations exceed RSLs. 
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Table 4-8
 

Metals Compounds Detected in Sediment
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF1SWSD01 LF1SWSD02 LF1SWSD03 LF1SWSD03 LF1SWSD04 
AA1000 

6/28/2010 
REG 

0 - 0.5 ft 

AA1001 
6/28/2010 

REG 
0 - 0.5 ft 

AA1002 
6/28/2010 

REG 
0 - 0.5 ft 

AA1003 
6/28/2010 

FD 
0 - 0.5 ft 

AA1005 
6/28/2010 

REG 
0 - 0.5 ft 

Compound/Analyte 
(mg/kg) 

2012 EPA 
RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ

 Metals 
ALUMINUM 7700 12400 7940 8150 8510 6360 
ANTIMONY 3.1 6.4 U UJ 6.1 U U 0.63 B J 5.2 U U 6.1 U U 
ARSENIC 0.39 7.1 J 9.6 8.1 8.2 8 
BARIUM 1500 27.6 B J 20.2 B J 19.4 B J 23.8 B J 19.3 B J 
BERYLLIUM 16 0.77 B J 0.62 B J 0.51 B J 0.53 B J 0.34 B J 
CADMIUM 7 1.4 J 0.48 B J 0.38 B J 0.37 B J 4.6 
CALCIUM 87700 J 96900 92900 76300 133000 
CHROMIUM 132 J 80.1 84 80 61.4 
COBALT 2.3 9.4 B J 7.6 B J 8 B J 8.3 B J 5.1 B J 
COPPER 310 34.8 J 13.6 17 18.2 18.1 
IRON 5500 31400 J 21800 21500 21800 21400 
LEAD 400 83.3 J 54.6 12.8 12.4 37 
MAGNESIUM 938 B J 853 B J 766 B J 697 B J 921 B J 
MANGANESE 180 345 J 310 409 473 253 
MERCURY 1 0.27 J 0.18 0.14 0.09 B J 0.15 
NICKEL 150 26.7 18.9 16.4 17.6 14.2 
POTASSIUM 413 B J 331 B J 277 B J 260 B J 311 B J 
SELENIUM 39 1.8 B J 1.5 B J 1.3 B J 1.7 B J 1.6 B J 
SILVER 39 0.54 B J 3 U U 2.6 U U 2.6 U U 3.1 U U 
THALLIUM 0.078 0.79 B J 0.7 B J 2.6 U U 2.6 U U 0.84 B J 
VANADIUM 39 65.3 J 42.8 43.4 44.7 31.6 
ZINC 2300 188 J 121 32.3 28.7 134 

Notes: 

Sample depth reported in feet below ground surface. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between


J - As a validation qualifier, the compound/analyte was positively identified; the reported value is an estimated concentration. 

UB - The analyte was not detected significantly above the levels found in the associated method blanks, field blanks, and/or

 the method detection limit and the reporting l mit. 


B - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between the

equipment blanks. 

Bold concentrations exceed the listed RSL.

instrument detection limit and the reporting limit. 
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Table 4-9
 

Barhole Probe Landfill Gas Monitoring Data
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Installed Measured 
% CH4 

by Volume 
CO 

(PPM) 
% O2 

by Volume 
H2S 

(PPM) Notes 
LF1BP-1 6/28/2010 7/14/2010 0.00 0.0 21.1 0.0 Landfill Gas Barhole Probe 
LF1BP-2 6/28/2010 7/14/2010 0.00 0.0 21.3 0.0 Landfill Gas Barhole Probe 
LF1BP-3 6/28/2010 7/14/2010 0.00 0.0 21.1 0.0 Landfill Gas Barhole Probe 
LF1BP-4 6/28/2010 7/14/2010 0.00 0.0 21.1 0.0 Landfill Gas Barhole Probe 
LF1BP-5 6/28/2010 7/14/2010 0.00 0.0 21.2 0.0 Landfill Gas Barhole Probe 

Calibration Notes:
 

O2 calibrated to 15% (14.7 - 15.3 allowed).
 
CO calibrated to 300 PPM (270 - 330 allowed).
 
H2S calibrated to 10 PPM (9.8 - 10.2 allowed).
 
CH4 calibrated to 1.45% (calibrating gas mixture is 1.45%, plus or minus 10% is allowed).
 

Note - 1.45% CH4 by volume is equivalent to 29% LEL CH4, which in turn is equivalent to the 58% LEL Pentane simulant
 
used in the calibration gas. According to Shaw Electronics Division, the Pentane simulant is used
 
in the calibration gas mixture because CH4 is a more difficult gas for the MSA's detector to register. 


KN16/Ramey/LF1_2/RI/F7-20/Tables/4-9 



  

  


 


 

 


 

Table 4-10
 

Organic Compounds Detected in Surface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF2SB01 LF2SB02 LF2SB03 LF2SB04 LF2SB05 
AB0001 
8/5/2010 

REG 
0 - 2 ft 

AB0002 
8/5/2010 

FD 
0 - 2 ft 

AB0006 
8/4/2010 

REG 
0 - 2 ft 

AB0009 
8/3/2010 

REG 
0 - 2 ft 

AB0014 
8/3/2010 

REG 
0 - 2 ft 

AB0017 
8/4/2010 

REG 
0 - 2 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSLs Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 GEN CHEMISTRY 
% SOLIDS 88.8 88.6 85.8 85.4 85.3 84.6 
ORGANIC CARBON, TOTAL (TOC) 4090 3910 8280 5100 
PCBS 
PCB-1242 0.22 0.018 U U 0.018 U U 0.019 U U 0.019 U U 0.02 U U 0.02 U U 
PCB-1248 0.22 0.018 U U 0.018 U U 0.019 U U 0.019 U U 0 02 U U 0.02 U U 
PCB-1254 0.11 0.018 U U 0.018 U U 0.019 U U 0.019 U U 0 02 U U 0.02 U U 
PCB-1260 0.22 0.018 U U 0.018 U U 0.019 U U 0.019 U U 0 02 U U 0.02 U U
 Pesticides 
4,4'-DDD 2 0 0037 U U 0.0037 U U 0.0038 U U 0 0039 U U 0.0039 U U 0.0039 U U 
4,4'-DDE 1.4 0 0037 U U 0.0037 U U 0.0038 U U 0 0039 U U 0.0039 U U 0.0039 U U 
4,4'-DDT 1.7 0 0037 U U 0.0037 U U 0.0038 U U 0 0039 U U 0.0039 U U 0.0039 U U 
alpha-CHLORDANE 0 0018 U U 0.0018 U U 0.0019 U U 0 0019 U U 0.002 U U 0.002 U U 
DIELDRIN 0.03 0 0018 U U 0.0018 U U 0.0019 U U 0 0019 U U 0.002 U U 0.002 U U 
gamma-CHLORDANE 0 0018 U U 0.0018 U U 0.0019 U U 0 0019 U U 0.002 U U 0.002 U U 
HEPTACHLOR EPOXIDE 0.053 0 0018 U U 0.0018 U U 0.0019 U U 0 0019 U U 0.002 U U 0.002 U U
 Semivolatiles 
ACENAPHTHENE 340 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
ACENAPHTHYLENE 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
ANTHRACENE 1700 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
BENZO(a)ANTHRACENE 0.15 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
BENZO(a)PYRENE 0.015 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
BENZO(b)FLUORANTHENE 0.15 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
BENZO(ghi)PERYLENE 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
BENZO(k)FLUORANTHENE 1.5 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.38 U U 0 37 U U 0.39 U U 0.39 U U 0 39 U U 0.4 U U 
BUTYL BENZYL PHTHALATE 260 0.38 U U 0 37 U U 0.39 U U 0.39 U U 0 39 U U 0.4 U U 
CARBAZOLE 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
CHRYSENE 15 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
DIBENZO(a,h)ANTHRACENE 0.015 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
DIBENZOFURAN 7.8 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
DI-n-BUTYL PHTHALATE 610 0.38 U U 0 37 U U 0.39 U U 0.39 U U 0 39 U U 0.4 U U 
FLUORANTHENE 230 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
FLUORENE 230 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
NAPHTHALENE 3.6 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
PHENANTHRENE 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U 
PYRENE 170 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.2 U U 0.2 U U
 TPH 
TPH (C10-C28) 610 9.3 U U 9.4 U U 9.6 U U 9.8 U U 9.6 U U 9.7 U U
 Volatiles 
2-BUTANONE 2800 0.018 U U 0.021 U U 0.021 U U 0.022 U U 0.019 U U 0.02 U UJ 
ACETONE 6100 0.037 U U 0.041 U U 0.0524 J 0.044 U U 0.038 U U 0.04 U U 
METHYLENE CHLORIDE 36 0.0073 U U 0.0082 U U 0.0082 U U 0 0089 U U 0.0076 U U 0.0079 U U 
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Table 4-10
 

Organic Compounds Detected in Surface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

Compound/Analyte (mg/kg) 
2012 EPA 

RSLs
 GEN CHEMISTRY 
% SOLIDS 
ORGANIC CARBON, TOTAL (TOC) 
PCBS 
PCB-1242 0.22 
PCB-1248 0.22 
PCB-1254 0.11 
PCB-1260 0.22
 Pesticides 
4,4'-DDD 2 
4,4'-DDE 1.4 
4,4'-DDT 1.7 
alpha-CHLORDANE 
DIELDRIN 0.03 
gamma-CHLORDANE 
HEPTACHLOR EPOXIDE 0.053
 Semivolatiles 
ACENAPHTHENE 340 
ACENAPHTHYLENE 
ANTHRACENE 1700 
BENZO(a)ANTHRACENE 0.15 
BENZO(a)PYRENE 0.015 
BENZO(b)FLUORANTHENE 0.15 
BENZO(ghi)PERYLENE 
BENZO(k)FLUORANTHENE 1.5 
BIS(2-ETHYLHEXYL)PHTHALATE 35 
BUTYL BENZYL PHTHALATE 260 
CARBAZOLE 
CHRYSENE 15 
DIBENZO(a,h)ANTHRACENE 0.015 
DIBENZOFURAN 7.8 
DI-n-BUTYL PHTHALATE 610 
FLUORANTHENE 230 
FLUORENE 230 
INDENO(1,2,3-cd)PYRENE 0.15 
NAPHTHALENE 3.6 
PHENANTHRENE 
PYRENE 170
 TPH 
TPH (C10-C28) 610
 Volatiles 
2-BUTANONE 2800 
ACETONE 6100 
METHYLENE CHLORIDE 36 

Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

83.7 87.4 87.3 82.1 85 84.8 
12500 8400 

0.02 U U 0.019 U U 0.019 U U 0.02 U U 0.019 U U 0.02 U U 
0.02 U U 0.019 U U 0.019 U U 0.02 U U 0.019 U U 0.02 U U 
0.02 U U 0.019 U U 0.019 U U 0.02 U U 0.019 U U 0.02 U U 
0.02 U U 0.019 U U 0.019 U U 0.02 U U 0.019 U U 0.02 U U 

0.004 U U 0.0038 U U 0.0039 U U 0 0041 U U 0.0039 U U 0.0039 U U 
0.004 U U 0.0038 U U 0.0039 U U 0 0041 U U 0.0039 U U 0.0039 U U 
0.004 U U 0.0038 U U 0.0039 U U 0 0041 U U 0.0039 U U 0.0039 U U 
0.002 U U 0.0019 U U 0.0019 U U 0.002 U U 0.0019 U U 0.002 U U 
0.002 U U 0.0019 U U 0.0019 U U 0.002 U U 0.0019 U U 0.002 U U 
0.002 U U 0.0019 U U 0.0019 U U 0.002 U U 0.0019 U U 0.002 U U 
0.002 U U 0.0019 U U 0.0019 U U 0.002 U U 0.0019 U U 0.002 U U 

0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.4 U U 0 37 U U 0.38 U U 0.4 U U 0.39 U U 0.39 U U 
0.4 U U 0 37 U U 0.38 U U 0.4 U U 0.39 U U 0.39 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.4 U U 0 37 U U 0.38 U U 0.4 U U 0.39 U U 0.39 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 
0.2 U U 0.19 U U 0.19 U U 0.2 U U 0.19 U U 0.19 U U 

10 U U 9.4 U U 9.4 U U 10 U U 9.9 U U 9.8 U U 

0.019 U U 0.018 U U 0.02 U U 0.025 U U 0.02 U U 0.028 U U 
0.038 U U 0.035 U U 0.0582 J 0 0548 J 0.039 U U 0.056 U U 

0 0059 JB UB 0.0036 JB UB 0.008 U U 0 0061 JB UB 0.0078 U U 0.0094 JB UB 

LF2SB09 
AB0031 
8/4/2010 

REG 
0 - 2 ft 

LF2SB10 
AB0034 
8/4/2010 

REG 
0 - 2 ft 

LF2SB11 
AB0037 
8/5/2010 

REG 
0 - 2 ft 

LF2SB07 
AB0023 
8/5/2010 

REG 
0 - 2 ft 

LF2SB08 
AB0028 
8/4/2010 

REG 
0 - 2 ft 

LF2SB06 
AB0020 
8/3/2010 

REG 
0 - 2 ft 

KN16/Ramey/LF1_2/RI/F7-20/Tables/4-10 



  

  


 


 

 


 

Table 4-10
 

Organic Compounds Detected in Surface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 3 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

Compound/Analyte (mg/kg) 
2012 EPA 

RSLs
 GEN CHEMISTRY 
% SOLIDS 
ORGANIC CARBON, TOTAL (TOC) 
PCBS 
PCB-1242 0.22 
PCB-1248 0.22 
PCB-1254 0.11 
PCB-1260 0.22
 Pesticides 
4,4'-DDD 2 
4,4'-DDE 1.4 
4,4'-DDT 1.7 
alpha-CHLORDANE 
DIELDRIN 0.03 
gamma-CHLORDANE 
HEPTACHLOR EPOXIDE 0 053
 Semivolatiles 
ACENAPHTHENE 340 
ACENAPHTHYLENE 
ANTHRACENE 1700 
BENZO(a)ANTHRACENE 0.15 
BENZO(a)PYRENE 0 015 
BENZO(b)FLUORANTHENE 0.15 
BENZO(ghi)PERYLENE 
BENZO(k)FLUORANTHENE 1.5 
BIS(2-ETHYLHEXYL)PHTHALATE 35 
BUTYL BENZYL PHTHALATE 260 
CARBAZOLE 
CHRYSENE 15 
DIBENZO(a,h)ANTHRACENE 0 015 
DIBENZOFURAN 7.8 
DI-n-BUTYL PHTHALATE 610 
FLUORANTHENE 230 
FLUORENE 230 
INDENO(1,2,3-cd)PYRENE 0.15 
NAPHTHALENE 3.6 
PHENANTHRENE 
PYRENE 170
 TPH 
TPH (C10-C28) 610
 Volatiles 
2-BUTANONE 2800 
ACETONE 6100 
METHYLENE CHLORIDE 36 

Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

86.7 80.9 78.4 74.5 88 2 

0.019 U U 0.02 U U 0.021 U U 0 022 U U 0.019 U U 
0.019 U U 0.02 U U 0.021 U U 0 022 U U 0.019 U U 
0.019 U U 0.02 U U 0.021 U U 0 022 U U 0.019 U U 
0.019 U U 0.02 U U 0.021 U U 0 022 U U 0.019 U UJ 

0.0038 U U 0.0041 U U 0.0042 U U 0.0044 U U 0.0038 U U 
0.0038 U U 0.0041 U U 0.0042 U U 0.0044 U U 0.0038 U U 
0.0038 U U 0.0041 U U 0.0042 U U 0.0044 U U 0.0038 U U 
0.0019 U U 0.002 U U 0.0021 U U 0.0022 U U 0.0019 U U 
0.0019 U U 0.002 U U 0.0021 U U 0.0022 U U 0.0019 U U 
0.0019 U U 0.002 U U 0.0021 U U 0.0022 U U 0.0019 U U 
0.0019 U U 0.002 U U 0.0021 U U 0.0022 U U 0.0019 U U 

0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.37 U U 0.41 U U 0.43 U U 0.45 U U 0.38 U U 
0.37 U U 0 2 U U 0.21 U U 0.45 U U 0.38 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.37 U U 0.41 U U 0.43 U U 0.45 U U 0.38 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 
0.18 U U 0 2 U U 0.21 U U 0.22 U U 0.19 U U 

9.5 U U 10 U U 11 U U 11 U U 9.6 U U 

0.02 U U 0.018 U U 0.021 U U 0 037 U U 0.039 U U 
0.041 U U 0.036 U UJ 0.042 U UJ 0 098 J 0.078 U U 

0.0081 U U 0.0073 U U 0.0083 U U 0.0096 J J 0.0093 J J 

TP2-19 
AB0045 
8/5/2010 

REG 
0 - 1 ft 

TP2-20 
AB0048 
8/6/2010 

REG 
0 - 1 ft 

LF2SB25-SUP 
AB0103 

9/20/2011 
REG 

0 - 2 ft 

LF2SB26-SUP 
AB0105 

9/20/2011 
REG 

0 - 2 ft 

LF2SB12 
AB0042 
8/5/2010 

REG 
0 - 2 ft 

KN16/Ramey/LF1_2/RI/F7-20/Tables/4-10 



  

  


 


 

 


 

Table 4-10
 

Organic Compounds Detected in Surface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 4 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

Compound/Analyte (mg/kg) 
2012 EPA 

RSLs
 GEN CHEMISTRY 
% SOLIDS 
ORGANIC CARBON, TOTAL (TOC) 
PCBS 
PCB-1242 0.22 
PCB-1248 0.22 
PCB-1254 0.11 
PCB-1260 0.22
 Pesticides 
4,4'-DDD 2 
4,4'-DDE 1.4 
4,4'-DDT 1.7 
alpha-CHLORDANE 
DIELDRIN 0.03 
gamma-CHLORDANE 
HEPTACHLOR EPOXIDE 0.053
 Semivolatiles 
ACENAPHTHENE 340 
ACENAPHTHYLENE 
ANTHRACENE 1700 
BENZO(a)ANTHRACENE 0.15 
BENZO(a)PYRENE 0.015 
BENZO(b)FLUORANTHENE 0.15 
BENZO(ghi)PERYLENE 
BENZO(k)FLUORANTHENE 1.5 
BIS(2-ETHYLHEXYL)PHTHALATE 35 
BUTYL BENZYL PHTHALATE 260 
CARBAZOLE 
CHRYSENE 15 
DIBENZO(a,h)ANTHRACENE 0.015 
DIBENZOFURAN 7.8 
DI-n-BUTYL PHTHALATE 610 
FLUORANTHENE 230 
FLUORENE 230 
INDENO(1,2,3-cd)PYRENE 0.15 
NAPHTHALENE 3.6 
PHENANTHRENE 
PYRENE 170
 TPH 
TPH (C10-C28) 610
 Volatiles 
2-BUTANONE 2800 
ACETONE 6100 
METHYLENE CHLORIDE 36 

Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

91.6 73.4 86.4 89.7 87.6 88.2 
16400 7410 

0.018 U U 0.023 U U 0.019 U U 0.019 U U 0.019 U U 0.019 U U 
0.018 U U 0.023 U U 0.019 U U 0.019 U U 0.019 U U 0.019 U U 
0.018 U U 0.023 U U 0.019 U U 0.019 U U 0.019 U U 0.019 U U 
0.018 U U 0.023 U U 0.019 U U 0.019 U U 0.019 U U 0.019 U U 

0 0036 U U 0.0045 U U 0.0039 U U 0 0037 U U 0.0038 U U 0.0038 U U 
0 0036 U U 0.0045 U U 0.0039 U U 0 0037 U U 0.0038 U U 0.0038 U U 
0 0036 U U 0.0045 U U 0.0039 U U 0 0037 U U 0.0038 U U 0.0038 U U 
0 0018 U U 0.0023 U U 0.0019 U U 0 0019 U U 0.0019 U U 0.0019 U U 
0 0018 U U 0.0023 U U 0.0019 U U 0 0019 U U 0.0019 U U 0.0019 U U 
0 0018 U U 0.0023 U U 0.0019 U U 0 0019 U U 0.0019 U U 0.0019 U U 
0 0018 U U 0.0023 U U 0.0019 U U 0 0019 U U 0.0019 U U 0.0019 U U 

0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.36 U U 0.45 U U 0.39 U U 0.37 U U 0.38 U U 0.38 U U 
0.36 U U 0.45 U U 0.39 U U 0.37 U U 0.38 U U 0.38 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.36 U U 0.45 U U 0.39 U U 0.37 U U 0.38 U U 0.38 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 
0.18 U U 0 22 U U 0.19 U U 0.19 U U 0.19 U U 0.19 U U 

9 U U 11 U U 9.3 U U 9.4 U U 9.6 U U 9.3 U U 

0 0177 J J 0.033 U U 0.03 U U 0.048 U U 0.039 U U 0.028 U U 
0.113 J 0.066 U U 0.059 U U 0.095 U U 0.078 U U 0.056 U U 
0.015 U U 0.013 U U 0.012 U U 0.019 U U 0.0079 J J 0.011 U U 

AB0062 
8/6/2010 

REG 
0 - 1 ft 

AB0063 
8/6/2010 

FD 
0 - 1 ft 

TP2-24TP2-22 
AB0056 
8/5/2010 

REG 
0 - 1 ft 

TP2-23 
AB0059 
8/6/2010 

REG 
0 - 1 ft 

AB0053 
8/6/2010 

REG 
0 - 1 ft 

AB0054 
8/6/2010 

FD 
0 - 1 ft 

TP2-21 

KN16/Ramey/LF1_2/RI/F7-20/Tables/4-10 



  

  


 


 

 


 

Table 4-10
 

Organic Compounds Detected in Surface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 5 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

Compound/Analyte (mg/kg) 
2012 EPA 

RSLs
 GEN CHEMISTRY 
% SOLIDS 
ORGANIC CARBON, TOTAL (TOC) 
PCBS 
PCB-1242 0.22 
PCB-1248 0.22 
PCB-1254 0.11 
PCB-1260 0.22
 Pesticides 
4,4'-DDD 2 
4,4'-DDE 1.4 
4,4'-DDT 1.7 
alpha-CHLORDANE 
DIELDRIN 0.03 
gamma-CHLORDANE 
HEPTACHLOR EPOXIDE 0 053
 Semivolatiles 
ACENAPHTHENE 340 
ACENAPHTHYLENE 
ANTHRACENE 1700 
BENZO(a)ANTHRACENE 0.15 
BENZO(a)PYRENE 0 015 
BENZO(b)FLUORANTHENE 0.15 
BENZO(ghi)PERYLENE 
BENZO(k)FLUORANTHENE 1.5 
BIS(2-ETHYLHEXYL)PHTHALATE 35 
BUTYL BENZYL PHTHALATE 260 
CARBAZOLE 
CHRYSENE 15 
DIBENZO(a,h)ANTHRACENE 0 015 
DIBENZOFURAN 7.8 
DI-n-BUTYL PHTHALATE 610 
FLUORANTHENE 230 
FLUORENE 230 
INDENO(1,2,3-cd)PYRENE 0.15 
NAPHTHALENE 3.6 
PHENANTHRENE 
PYRENE 170
 TPH 
TPH (C10-C28) 610
 Volatiles 
2-BUTANONE 2800 
ACETONE 6100 
METHYLENE CHLORIDE 36 

Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

86.6 84 88.2 88.1 78 5 
6960 12700 

0.019 U U 0.02 U U 0.019 U U 0 018 U U 0.021 U U 
0.019 U U 0.02 U U 0.019 U U 0 018 U U 0.021 U U 
0.019 U U 0.02 U U 0.019 U U 0 018 U U 0.021 U U 
0.019 U U 0.02 U U 0.019 U U 0 018 U U 0.021 U U 

0.0039 U U 0.0039 U U 0.0038 U U 0.0037 U U 0.0042 U U 
0.0039 U U 0.0039 U U 0.0038 U U 0.0037 U U 0.0042 U U 
0.0039 U U 0.0039 U U 0.0038 U U 0.0037 U U 0.0042 U U 
0.0019 U U 0.002 U U 0.0019 U U 0.0018 U U 0.0021 U U 
0.0019 U U 0.002 U U 0.0019 U U 0.0018 U U 0.0021 U U 
0.0019 U U 0.002 U U 0.0019 U U 0.0018 U U 0.0021 U U 
0.0019 U U 0.002 U U 0.0019 U U 0.0018 U U 0.0021 U U 

0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.38 U U 0.4 U U 0.38 U U 0.37 U U 0.42 U U 
0.38 U U 0.4 U U 0.38 U U 0.37 U U 0.42 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.38 U U 0.4 U U 0.38 U U 0.37 U U 0.42 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 
0.19 U U 0 2 U U 0.19 U U 0.18 U U 0.21 U U 

9.3 U U 10 U U 6.49 J J 9.2 U U 10 U U 

0.039 U U 0.042 U U 0.041 U UJ 0 035 U UJ 0.032 U UJ 
0.127 J 0.083 U U 0.083 U UJ 0 069 U UJ 0.065 U UJ 
0.015 U U 0.017 U U 0.017 U U 0 014 U U 0.0074 JB UB 

TP2-27 
AB0073 
8/5/2010 

REG 
0 - 1 ft 

AB0078 
8/5/2010 

REG 
0 - 1 ft 

TP2-28 
AB0079 
8/5/2010 

FD 
0 - 1 ft 

TP2-26 
AB0070 
8/6/2010 

REG 
0 - 1 ft 

TP2-25 
AB0067 
8/5/2010 

REG 
0 - 1 ft 

KN16/Ramey/LF1_2/RI/F7-20/Tables/4-10 



  

  


 


 

 


 

Table 4-10
 

Organic Compounds Detected in Surface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 6 of 6) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

TP2-29 TP2-30 
AB0081 
8/6/2010 

REG 
0 - 1 ft 

AB0084 
8/6/2010 

REG 
0 - 1 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSLs Result LQ VQ Result LQ VQ 

GEN CHEMISTRY 
% SOLIDS 89.6 88.9 
ORGANIC CARBON, TOTAL (TOC) 18200 
PCBS 
PCB-1242 0.22 0.018 U U 0.019 U U 
PCB-1248 0.22 0.018 U U 0.019 U U 
PCB-1254 0.11 0.018 U U 0.019 U U 
PCB-1260 0.22 0.018 U U 0.019 U U 

Pesticides 
4,4'-DDD 2 0 0037 U U 0.0037 U U 
4,4'-DDE 1.4 0 0037 U U 0.0037 U U 
4,4'-DDT 1.7 0 0037 U U 0.0037 U U 
alpha-CHLORDANE 0 0018 U U 0.0019 U U 
DIELDRIN 0.03 0 0018 U U 0.0019 U U 
gamma-CHLORDANE 0 0018 U U 0.0019 U U 
HEPTACHLOR EPOXIDE 0.053 0 0018 U U 0.0019 U U 

Semivolatiles 
ACENAPHTHENE 340 0.18 U U 0.19 U U 
ACENAPHTHYLENE 0.18 U U 0.19 U U 
ANTHRACENE 1700 0.18 U U 0.19 U U 
BENZO(a)ANTHRACENE 0.15 0.18 U U 0.19 U U 
BENZO(a)PYRENE 0.015 0.18 U U 0.19 U U 
BENZO(b)FLUORANTHENE 0.15 0.18 U U 0.19 U U 
BENZO(ghi)PERYLENE 0.18 U U 0.19 U U 
BENZO(k)FLUORANTHENE 1.5 0.18 U U 0.19 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.37 U U 0 37 U U 
BUTYL BENZYL PHTHALATE 260 0.37 U U 0 37 U U 
CARBAZOLE 0.18 U U 0.19 U U 
CHRYSENE 15 0.18 U U 0.19 U U 
DIBENZO(a,h)ANTHRACENE 0.015 0.18 U U 0.19 U U 
DIBENZOFURAN 7.8 0.18 U U 0.19 U U 
DI-n-BUTYL PHTHALATE 610 0.37 U U 0 37 U U 
FLUORANTHENE 230 0.18 U U 0.19 U U 
FLUORENE 230 0.18 U U 0.19 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.18 U U 0.19 U U 
NAPHTHALENE 3.6 0.18 U U 0.19 U U 
PHENANTHRENE 0.18 U U 0.19 U U 
PYRENE 170 0.18 U U 0.19 U U 

TPH
TPH (C10-C28) 610 9.4 U U 9.3 U U 

Volatiles 
2-BUTANONE 2800 0.041 U U 0.0196 J J 
ACETONE 6100 0.132 J 0.187 J 
METHYLENE CHLORIDE 36 0 0085 J J 0.014 U U 

Notes: 

Sample depth reported in feet below ground surface. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, the compound was positively identified; the reported value 


J - As a validation qualifier, the compound/analyte was positively identified; the reported 

value is an estimated concentra ion. UB - The analyte was not detected significantly above the levels found in the associated method 

is an estimated concentration between the method detection limit and the reporting limit. 

Bold concentrations exceed the listed RSLs. 
blanks, field blanks, and/or equipment blanks. 

KN16/Ramey/LF1_2/RI/F7-20/Tables/4-10 



  

 


 


 

 


 

Table 4-11
 

Metals Detected in Surface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 4) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF2SB01 LF2SB02 LF2SB03 LF2SB04 LF2SB05 LF2SB06 LF2SB07 LF2SB08 
AB0001 
8/5/2010 

REG 
0 - 2 ft 

AB0002 
8/5/2010 

FD 
0 - 2 ft 

AB0006 
8/4/2010 

REG 
0 - 2 ft 

AB0009 
8/3/2010 

REG 
0 - 2 ft 

8/3/2010 
REG 

0 - 2 ft 

AB0014 
8/4/2010 

REG 
0 - 2 ft 

AB0017 AB0020 
8/3/2010 

REG 
0 - 2 ft 

AB0023 
8/5/2010 

REG 
0 - 2 ft 

AB0028 
8/4/2010 

REG 
0 - 2 ft 

Compound/Analyte BKG 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 Metals (mg/kg)
ALUMINUM 23560 7700 11100 11700 8290 13100 13900 12700 J 15900 11300 7490 
ANTIMONY 18.6 3.1 8.8 U UJ 9.3 U U 5.2 U U 5.8 U U 5.9 U U 4.2 U UJ 5.9 U U 4.4 U U 4.2 U U 
ARSENIC 31.6 0.39 24.3 J 29.3 8.4 20 25.5 9.6 J 23.4 22.2 5.8 
BARIUM 89.9 1500 27.3 B J 21 B J 42.1 B J 25.4 B J 22 B J 37.1 B J 22.8 B J 11.6 B J 22.3 B J 
BERYLLIUM 1.36 16 0.56 B J 0.57 B J 0.47 B J 0.5 B J 0.69 B J 0.63 B J 0.6 B J 0.41 B J 0.22 B J 
CADMIUM 0.88 7 0.91 B J 0.96 B J 0.56 B J 1.2 U U 1.2 U U 0.49 B J 1.2 U U 0.78 B J 0.27 B J 
CALCIUM 243600 864 B J 814 B J 1170 B J 712 B J 778 B J 609 B J 1130 B J 634 B J 819 B J 
CHROMIUM 228 163 J 189 101 166 150 151 J 178 127 81.3 
COBALT 19.2 2.3 8.4 J 7.5 16 10.3 B J 8.3 B J 13.9 8.6 B J 8.3 9 
COPPER 360.5 310 12 J 12.2 12.4 15.3 14.4 20 14.6 15 10.6 
IRON 54490 5500 41600 44600 28000 44800 47900 40600 j 48400 39300 22000 
LEAD 52.6 400 8.5 J 9.4 7.9 4.8 B J 5.5 B J 6.8 5.5 B J 5.5 7.2 
MAGNESIUM 1055 273 B J 277 B J 297 B J 306 B J 319 B J 232 B J 296 B J 229 B J 192 B J 
MANGANESE 2390 180 540 J 396 1270 C 848 491 1250 C J 778 345 806 
MERCURY 0.26 1 0.038 B J 0.026 B J 0.066 B J 0.055 B J 0.04 B J 0.052 B J 0.078 B J 0.053 B J 0.068 B J 
NICKEL 32.4 150 21.2 21.1 20.2 22.5 27.1 24.2 22.8 15.6 11.5 
POTASSIUM 1270 4400 U U 4700 U U 2600 U U 204 B J 230 B J 185 B J 261 B J 132 B J 2100 U U 
SELENIUM 1.6 39 8.8 U UJ 9.3 U U 5.2 U U 1.2 B J 5.9 U U 0.95 B J 5.9 U U 0.89 B J 4.2 U U 
SILVER 5.06 39 4.4 U U 4.7 U U 2.6 U U 2.9 U U 2.9 U U 2.1 U U 2.9 U U 2.2 U U 2.1 U U 
THALLIUM 3.1 0.078 0.47 0.55 0.52 U U 2.5 B J 2.8 B J 0.31 B J 2.2 B J 0.61 0.42 U U 
VANADIUM 107 39 88.6 J 95.8 57.1 94 97.2 77.3 J 104 75.1 47.3 
ZINC 92.9 2300 23.9 24.8 30.4 34.4 31.8 36.5 34.9 33.3 18.5 
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Table 4-11
 

Metals Detected in Surface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 4) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

LF2SB09 LF2SB10 LF2SB11 LF2SB12 LF2SB25-SUP LF2SB26-SUP TP2-19 TP2-20 
AB0031 
8/4/2010 

REG 
0 - 2 ft 

8/4/2010 
REG 

AB0034 

0- 2 ft 

AB0037 
8/5/2010 

REG 
0 - 2 ft 

AB0042 
8/5/2010 

REG 
0 - 2 ft 

AB0103 
9/20/2011 

REG 
0 - 2 ft 

AB0105 
9/20/2011 

REG 
0 - 2 ft 

AB0045 
8/5/2010 

REG 
0 - 1 ft 

AB0048 
8/6/2010 

REG 
0 - 1 ft 

Compound/Analyte BKG 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals (mg/kg)
ALUMINUM 23560 7700 13700 11500 15100 15900 6270 6540 12100 8720 J 
ANTIMONY 18.6 3.1 4.5 U U 5.7 U U 5.1 U U 21 U U 0.75 B J 1.1 B J 9.9 U U 4.3 U UJ 
ARSENIC 31.6 0.39 8.5 6.6 26.3 29 5.9 8.7 21.7 17.1 J 
BARIUM 89.9 1500 13.6 B J 37 B J 19.7 B J 26.2 B J 23.2 B J 26.1 B J 34.2 B J 22.4 B J 
BERYLLIUM 1.36 16 0.47 B J 0.38 B J 0.56 B J 1.1 B J 0.34 B J 0.34 B J 2.5 U U 0.31 B J 
CADMIUM 0.88 7 0.91 U U 0.29 B J 0.88 B J 1.1 B J 1 U U 0.3 B J 0.96 B J 0.69 B J 
CALCIUM 243600 582 B J 471 B J 712 B J 716 B J 428 B J 489 B J 652 B J 2340 J 
CHROMIUM 228 132 110 179 197 77 110 144 108 J 
COBALT 19.2 2.3 7.5 12.2 11.8 14.1 8.2 B J 9.3 B J 14.3 15.5 J 
COPPER 360.5 310 17 13.3 18.6 19.6 B J 10.9 13.3 17.5 17.3 J 
IRON 54490 5500 42100 34900 49900 56200 20100 22200 41500 31800 J 
LEAD 52.6 400 5.9 6.5 7 9 6.5 9.4 7.4 7.4 J 
MAGNESIUM 1055 250 B J 199 B J 348 B J 329 B J 184 B J 185 B J 304 B J 226 B J 
MANGANESE 2390 180 308 1130 642 1100 979 1260 1450 991 J 
MERCURY 0.26 1 0.06 B J 0.079 B J 0.05 B J 0.066 B J 0.043 B J 0.07 B J 0.087 B J 0.046 B J 
NICKEL 32.4 150 22.7 21 23.2 34.5 11 11 19.2 16.5 
POTASSIUM 1270 174 B J 2800 U U 187 B J 10000 U U 2600 U U 115 B J 4900 U U 279 B J 
SELENIUM 1.6 39 1.1 B J 5.7 U U 1.1 B J 21 U U 1.9 B J 1.9 B J 9.9 U U 4.3 U UJ 
SILVER 5.06 39 2.3 U U 2.8 U U 2.5 U U 10 U U 2.6 U U 2 U U 4.9 U U 2.2 U U 
THALLIUM 3.1 0.078 0.55 0.31 B J 0.41 B J 0.52 U U 0.51 U U 0.41 U U 0.27 B J 1.3 
VANADIUM 107 39 78.3 69.3 92.7 117 42.3 46.1 84.4 61.9 J 
ZINC 92.9 2300 36.4 32 38.1 44.3 25.7 32.7 40.4 42 J 
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Table 4-11
 

Metals Detected in Surface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 3 of 4) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

TP2-21 TP2-22 TP2-23 TP2-24 TP2-25 TP2-26 TP2-27 

8/6/2010 
REG 

0 - 1 ft 

AB0053 AB0054 
8/6/2010 

FD 
0 - 1 ft 

AB0056 
8/5/2010 

REG 
0 - 1 ft 

8/6/2010 
REG 

0 - 1 ft 

AB0059 AB0062 
8/6/2010 

REG 
0 - 1 ft 

8/6/2010 
FD 

0 - 1 ft 

AB0063 AB0067 
8/5/2010 

REG 
0 - 1 ft 

AB0070 
8/6/2010 

REG 
0 - 1 ft 

AB0073 
8/5/2010 

REG 
0 - 1 ft 

Compound/Analyte BKG 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals (mg/kg)
ALUMINUM 23560 7700 7830 15700 12800 8090 9930 12600 14500 10100 12000 
ANTIMONY 18.6 3.1 9.7 U U 9.5 U U 4.2 U U 9.4 U U 10 U U 21 U U 4.7 U U 17 U U 9.9 U U 
ARSENIC 31.6 0.39 16.4 25.7 20 18 17.8 22.8 20.6 14.5 23.8 
BARIUM 89.9 1500 36.4 B J 6.1 B J 16.4 B J 27.9 B J 39.5 B J 44.3 B J 22 B J 18.9 B J 31.5 B J 
BERYLLIUM 1.36 16 2.4 U U 2.4 U U 0.56 B J 2.4 U U 2.6 U U 5.3 U U 0.46 B J 4.2 U U 2.5 U U 
CADMIUM 0.88 7 0.67 B J 1.9 U U 0.8 B J 1.9 U U 2.1 U U 4.2 U U 0.66 B J 3.4 U U 2 U U 
CALCIUM 243600 1360 B J 596 B J 632 B J 9070 1190 B J 1520 B J 557 B J 631 B J 825 B J 
CHROMIUM 228 110 197 128 100 135 156 128 109 157 
COBALT 19.2 2.3 10.4 4.6 8.8 8.2 11.8 14 10.6 7.3 11.2 
COPPER 360.5 310 19.7 15.7 18 17.8 17.8 22.1 B J 21 14.3 B J 16.5 
IRON 54490 5500 27600 61700 43900 28200 34400 42600 45500 33700 40300 
LEAD 52.6 400 8.3 6.2 6.4 6.9 7.2 7.9 6.7 5.4 6.6 
MAGNESIUM 1055 296 B J 503 B J 288 B J 352 B J 291 B J 399 B J 319 B J 231 B J 323 B J 
MANGANESE 2390 180 1590 147 543 1010 1540 1960 602 618 1230 
MERCURY 0.26 1 0.049 B J 0.032 B J 0.098 0.07 B J 0.051 B J 0.052 B J 0.053 B J 0.037 B J 0.038 B J 
NICKEL 32.4 150 12.9 19.3 20.7 11.9 15.1 17.9 18.1 12.6 15.4 
POTASSIUM 1270 4800 U U 4800 U U 173 B J 4700 U U 5200 U U 11000 U U 202 B J 8400 U U 4900 U U 
SELENIUM 1.6 39 9.7 U U 9.5 U U 1.5 B J 9.4 U U 10 U U 21 U U 4.7 U U 17 U U 9.9 U U 
SILVER 5.06 39 4.8 U U 4.8 U U 2.1 U U 4.7 U U 5.2 U U 11 U U 2.3 U U 8.4 U U 4.9 U U 
THALLIUM 3.1 0.078 0.87 2.1 0.54 0.47 U U 0.52 U U 0.53 U U 0.34 B J 0.42 U U 0.39 B J 
VANADIUM 107 39 57.6 115 80 63.2 74.7 95.2 84 74.2 82.7 
ZINC 92.9 2300 43.5 38.9 37.9 36.1 35.6 43.3 37.4 30.1 36.8 
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Table 4-11
 

Metals Detected in Surface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 4 of 4) 
Location Code 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

TP2-28 TP2-29 TP2-30 
AB0078 
8/5/2010 

REG 
0 - 1 ft 

8/5/2010 
FD 

0 - 1 ft 

AB0079 

REG 
0 - 1 ft 

AB0081 
8/6/2010 

AB0084 
8/6/2010 

REG 
0 - 1 ft 

Compound/Analyte BKG 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals (mg/kg)
ALUMINUM 23560 7700 9470 23100 9980 10200 
ANTIMONY 18.6 3.1 4.9 U U 120 U U 5.4 U U 7.8 U U 
ARSENIC 31.6 0.39 20.5 56.5 B J 19.2 21.1 
BARIUM 89.9 1500 31.3 B J 1200 U U 32.2 B J 36.8 B J 
BERYLLIUM 1.36 16 0.38 B J 30 U U 0.27 B J 2 U U 
CADMIUM 0.88 7 0.89 B J 24 U U 0.72 B J 0.57 B J 
CALCIUM 243600 623 B J 5300 B J 543 B J 1410 B J 
CHROMIUM 228 114 353 135 119 
COBALT 19.2 2.3 9.8 13.1 11.1 10.9 
COPPER 360.5 310 14.4 21.5 B J 17 17.4 
IRON 54490 5500 32400 91000 34600 34200 
LEAD 52.6 400 6.9 14.8 6.5 7.5 
MAGNESIUM 1055 269 B J 2310 B J 262 B J 371 B J 
MANGANESE 2390 180 1050 435 1650 1260 
MERCURY 0.26 1 0.036 B J 0.1 B J 0.049 B J 0.048 B J 
NICKEL 32.4 150 15.6 71.3 15.7 14.4 
POTASSIUM 1270 167 B J 60000 U U 2700 U U 3900 U U 
SELENIUM 1.6 39 1.2 B J 120 U U 5.4 U U 7.8 U U 
SILVER 5.06 39 2.4 U U 60 U U 2.7 U U 3.9 U U 
THALLIUM 3.1 0.078 0.22 B J 0.6 U U 0.95 0.81 
VANADIUM 107 39 65.5 170 B J 67.8 70.3 
ZINC 92.9 2300 33.1 58.9 B J 37.9 40 

Sample depth reported in feet below ground surface.
 
NE - Not established.
 
NR - Compound not regulated by the FDEP.
 
LQ - Laboratory qualifier.
 
VQ - Validation qualifier.
 
J - As a laboratory qualifier, the compound was positively identified; the reported value is an 


B - The analyte was positively identified; the reported value is an estimated concentration between
estimated concentration betweenthe method detection l mit and the reporting l mit. 


UB - The analyte was not detected significantly above the levels found in the associated method
 the instrument detection limit and the reporting l mit. 


Shaded concentrations exceeded listed RSLs. 

Bold concentrations exceed the listed background. 

Bold/Shaded concentrations exceed the listed RSLs and background. 


b anks, field blanks, and/or equipment blanks. 


KN16/Ramey/LF1_2/RI/F7-20/Tables/4-11 



  

 

  


 


 

 


 

Table 4-12
 

Organic Compounds Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB01 LF2SB02 LF2SB02-SUP LF2SB03 
AB0004 
8/5/2010 

REG 
20 - 21 ft 

AB0005 
8/5/2010 

REG 
39 - 40 ft 

AB0007 
8/4/2010 

REG 
20 - 21 ft 

AB0008 
8/4/2010 

REG 
34 - 35 ft 

AB0090 
9/20/2011 

REG 
3 - 5 ft 

AB0091 
9/20/2011 

FD 
3 - 5 ft 

AB0010 
8/3/2010 

REG 
11.5 - 12.5 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
  GEN CHEMISTRY 
Percent Solids (%) 91.4 89.1 81.4 82.6 79.4 81.9 83.3 
Perchlorate 5.5
 PCBS 
PCB-1242 0 22 0.018 U U 0 019 U U 0 02 U U 0.02 U U 0 021 U U 0 02 U U 0.02 U U 
PCB-1248 0 22 0.018 U U 0 019 U U 0 02 U U 0.02 U U 0 021 U U 0 02 U U 0.02 U U 
PCB-1254 0.11 0.018 U U 0 019 U U 0 02 U U 0.02 U U 0 021 U U 0 02 U U 0.02 U U 
PCB-1260 0 22 0.018 U U 0 019 U U 0 02 U U 0.02 U U 0 021 U U 0 02 U U 0.02 U U
  Pesticides 
4,4'-DDD 2 0 0035 U U 0.0037 U U 0.0041 U U 0.004 U U 0.0042 U U 0 0041 U U 0.0039 U U 
4,4'-DDE 1.4 0 0035 U U 0.0037 U U 0 0041 U U 0.004 U U 0.0042 U U 0 0041 U U 0.0039 U U 
4,4'-DDT 1.7 0 0035 U U 0.0037 U U 0 0041 U U 0.004 U U 0.0042 U U 0 0041 U U 0.0039 U U 
alpha-CHLORDANE 0 0018 U U 0.0019 U UJ 0.002 U U 0.002 U U 0.0021 U U 0.002 U U 0 002 U U 
D ELDRIN 0 03 0 0018 U U 0.0019 U U 0.002 U U 0 002 U U 0.0021 U U 0.002 U U 0 002 U U 
ENDOSULFAN II 0 0018 U U 0.0019 U U 0.002 U U 0 002 U U 0.0021 U U 0.002 U U 0.002 U U 
ENDOSULFAN SULFATE 0.0035 U U 0.0037 U U 0 0041 U U 0.004 U U 0.0042 U U 0 0041 U U 0.0039 U U 
ENDRIN ALDEHYDE 0.0035 U U 0.0037 U U 0.0041 U U 0.004 U U 0.0042 U U 0 0041 U U 0.0039 U U 
gamma-CHLORDANE 0 0018 U U 0.0019 U U 0.002 U U 0.002 U U 0.0021 U U 0.002 U U 0 002 U U 
METHOXYCHLOR 31 0 0035 U U 0.0037 U U 0 0041 U U 0.004 U U 0.0042 U U 0 0041 U U 0.0039 U U
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.18 U U 0.18 U U 0 21 U U 0 2 U U 0.21 U U 0 21 U U 0 2 U U 
ACENAPHTHENE 340 0.18 U U 0.18 U U 0 21 U U 0.2 U U 0.21 U U 0 21 U U 0.2 U U 
ANTHRACENE 1700 0.18 U U 0.18 U U 0 21 U U 0.2 U U 0.21 U U 0 21 U U 0.2 U U 
BENZO(a)ANTHRACENE 0.15 0.18 U U 0.18 U U 0 21 U U 0.2 U U 0.21 U U 0 21 U U 0 2 U U 
BENZO(a)PYRENE 0.015 0.18 U U 0.18 U U 0 21 U U 0.2 U U 0.21 U U 0 21 U U 0 2 U U 
BENZO(b)FLUORANTHENE 0.15 0.18 U U 0.18 U U 0 21 U U 0.2 U U 0.21 U U 0 21 U U 0 2 U U 
BENZO(ghi)PERYLENE 0.18 U U 0.18 U U 0 21 U U 0 2 U U 0.21 U U 0 21 U U 0 2 U U 
BENZO(k)FLUORANTHENE 1.5 0.18 U U 0.18 U U 0 21 U U 0.2 U U 0.21 U U 0 21 U U 0.2 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.36 U U 0.36 U U 0.41 U U 0.41 U U 0.42 U U 0.41 U U 0.4 U U 
BUTYL BENZYL PHTHALATE 260 0.36 U U 0.36 U U 0.41 U U 0.41 U U 0.21 U U 0 21 U U 0.4 U U 
CHRYSENE 15 0.18 U U 0.18 U U 0 21 U U 0 2 U U 0.21 U U 0 21 U U 0 2 U U 
FLUORANTHENE 230 0.18 U U 0.18 U U 0 21 U U 0.2 U U 0.21 U U 0 21 U U 0 2 U U 
FLUORENE 230 0.18 U U 0.18 U U 0 21 U U 0.2 U U 0.21 U U 0 21 U U 0 2 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.18 U U 0.18 U U 0.21 U U 0.2 U U 0.21 U U 0 21 U U 0.2 U U 
PHENANTHRENE 0.18 U U 0.18 U U 0 21 U U 0.2 U U 0.21 U U 0 21 U U 0.2 U U 
PYRENE 170 0.18 U U 0.18 U U 0 21 U U 0.2 U U 0.21 U U 0 21 U U 0.2 U U
  TPH 
TPH (C10-C28) 610 8.7 U U 9.1 U U 10 U U 10 U U 11 U U 10 U U 10 U U 
TPH-GRO (C6-C10) 610 4.7 U U 6 3 U U 5.3 U U 4.7 U U 8 U U 7.1 U U 5 2 U U
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0.0047 U U 0.0043 U U 0.004 U U 0.0033 U U 0.0046 U U 0 0059 U U 0.0042 U U 
2-BUTANONE 2800 0.024 U U 0 021 U U 0 02 U U 0.016 U U 0 023 U U 0 03 U U 0.021 U U 
ACETONE 6100 0.047 U U 0 043 U U 0 04 U U 0.033 U U 0 046 U U 0.059 U U 0 042 U U 
CARBON DISULFIDE 82 0 0047 U U 0.0043 U U 0.004 U U 0.0033 U U 0.0046 U U 0 0059 U U 0.0042 U U 
ETHYLBENZENE 5.4 0.0047 U U 0.0043 U U 0.004 U U 0.0033 U U 0.0046 U U 0 0059 U U 0.0042 U U 
METHYLENE CHLORIDE 36 0.0095 U U 0.0086 U U 0.008 U U 0.0066 U U 0.0092 U UJ 0.012 U UJ 0.0084 U U 
XYLENE, (TOTAL) 63 0.014 U U 0 013 U U 0.012 U U 0.0098 U U 0 014 U U 0.018 U U 0.013 U U 
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Table 4-12
 

Organic Compounds Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB03 LF2SB04 LF2SB04-SUP LF2SB05 
AB0011 
8/3/2010 

REG 
29 - 30 ft 

AB0013 
8/3/2010 

REG 
39 - 40 ft 

AB0015 
8/3/2010 

REG 
20 - 21 ft 

AB0016 
8/3/2010 

REG 
39 - 40 ft 

AB0092 
9/22/2011 

REG 
3 - 5 ft 

AB0018 
8/4/2010 

REG 
20 - 21 ft 

AB0019 
8/4/2010 

REG 
39 - 40 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
Percent Solids (%) 91.5 90 2 89.1 91.5 79 8 85.7 90 
Perchlorate 5 5
 PCBS 
PCB-1242 0 22 0.018 U U 0 018 U U 0.019 U U 0.018 U U 0 021 U U 0.019 U U 0.019 U U 
PCB-1248 0 22 0.018 U U 0 018 U U 0.019 U U 0.018 U U 0 021 U U 0.019 U U 0.019 U U 
PCB-1254 0.11 0.018 U U 0 018 U U 0.019 U U 0.018 U U 0 021 U U 0.019 U U 0.019 U U 
PCB-1260 0 22 0.018 U U 0 018 U U 0.019 U U 0.018 U U 0 021 U U 0.019 U U 0.019 U U 
  Pesticides 
4,4'-DDD 2 0 0036 U U 0.0037 U U 0.0037 U U 0 0036 U U 0.0041 U U 0 0039 U U 0.0037 U U 
4,4'-DDE 1.4 0 0036 U U 0.0037 U U 0 0037 U U 0 0036 U U 0.0041 U U 0 0039 U U 0.0037 U U 
4,4'-DDT 1.7 0 0036 U U 0.0037 U U 0 0037 U U 0 0036 U U 0.0041 U U 0 0039 U U 0.0037 U U 
alpha-CHLORDANE 0 0018 U U 0.0018 U U 0 0019 U U 0 0018 U U 0.0021 U U 0 0019 U U 0.0019 U U 
D ELDRIN 0 03 0 0018 U U 0.0018 U U 0 0019 U U 0 0018 U U 0.0021 U U 0 0019 U U 0.0019 U U 
ENDOSULFAN II 0 0018 U U 0.0018 U U 0 0019 U U 0 0018 U U 0.0021 U U 0 0019 U U 0.0019 U U 
ENDOSULFAN SULFATE 0 0036 U U 0.0037 U U 0.0037 U U 0 0036 U U 0.0041 U U 0 0039 U U 0.0037 U U 
ENDRIN ALDEHYDE 0 0036 U U 0.0037 U U 0 0037 U U 0 0036 U U 0.0041 U U 0 0039 U U 0.0037 U U 
gamma-CHLORDANE 0 0018 U U 0.0018 U U 0 0019 U U 0 0018 U U 0.0021 U U 0 0019 U U 0.0019 U U 
METHOXYCHLOR 31 0 0036 U U 0.0037 U U 0 0037 U U 0 0036 U U 0.0041 U U 0 0039 U U 0.0037 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
ACENAPHTHENE 340 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
ANTHRACENE 1700 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
BENZO(a)ANTHRACENE 0.15 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
BENZO(a)PYRENE 0.015 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
BENZO(b)FLUORANTHENE 0.15 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
BENZO(ghi)PERYLENE 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
BENZO(k)FLUORANTHENE 1.5 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0 36 U U 0.37 U U 0.37 U U 0.36 U U 0.42 U U 0 39 U U 0.37 U U 
BUTYL BENZYL PHTHALATE 260 0 36 U U 0.37 U U 0.37 U U 0.36 U U 0.21 U U 0 39 U U 0.37 U U 
CHRYSENE 15 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
FLUORANTHENE 230 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
FLUORENE 230 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
PHENANTHRENE 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
PYRENE 170 0.18 U U 0.18 U U 0.19 U U 0.18 U U 0.21 U U 0.19 U U 0.18 U U 
  TPH 
TPH (C10-C28) 610 9  U  U  5.56  J  J  9.3  U  U  9.2  U  U  10  U  U  9.8  U  U  9.2  U  U  
TPH-GRO (C6-C10) 610 5.4 U U 5.7 U U 5.4 U U 4.9 U U 5 8 U U 5.4 U U 5 9 U U 
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0 0048 U U 0.0046 U U 0 0045 U U 0.0055 U U 0.0051 U U 0 0038 U U 0.0047 U U 
2-BUTANONE 2800 0.024 U U 0 023 U U 0.023 U U 0.028 U U 0 026 U U 0.019 U U 0.023 U U 
ACETONE 6100 0.048 U U 0 046 U U 0.045 U U 0.055 U U 0 051 U U 0.038 U U 0.047 U U 
CARBON DISULFIDE 82 0 0048 U U 0.0046 U U 0.0045 U U 0.0055 U U 0.0051 U U 0 0038 U U 0.0047 U U 
ETHYLBENZENE 5.4 0 0048 U U 0.0046 U U 0 0045 U U 0.0055 U U 0.0051 U U 0 0038 U U 0.0047 U U 
METHYLENE CHLORIDE 36 0.005 JB UB 0.0092 U U 0 0054 JB UB 0.011 U U 0.01 U U 0 0075 U U 0.0093 U U 
XYLENE, (TOTAL) 63 0.014 U U 0 014 U U 0.014 U U 0.017 U U 0 015 U U 0.011 U U 0.014 U U 
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Table 4-12
 

Organic Compounds Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 3 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB05-SUP LF2SB06 LF2SB06-SUP LF2SB07 
AB0095 

9/20/2011 
REG 

3 - 5 ft 

AB0021 
8/3/2010 

REG 
20 - 21 ft 

AB0022 
8/3/2010 

REG 
39 - 40 ft 

AB0107 
9/20/2011 

REG 
3 - 5 ft 

AB0024 
8/5/2010 

REG 
20 - 21 ft 

AB0025 
8/5/2010 

FD 
20 - 21 ft 

AB0027 
8/5/2010 

REG 
27 - 28 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
Percent Solids (%) 82.7 78 3 89.2 80.3 87 9 89.2 74.1 
Perchlorate 5 5
 PCBS 
PCB-1242 0 22 0 02 U U 0 021 U U 0.019 U U 0.021 U U 0 018 U U 0.018 U U 0.021 U U 
PCB-1248 0 22 0 0384 J J 0 021 U U 0.019 U U 0.021 U U 0 018 U U 0.018 U U 0.021 U U 
PCB-1254 0.11 0 0331 J J 0 021 U U 0.019 U U 0.021 U U 0 018 U U 0.018 U U 0.021 U U 
PCB-1260 0 22 0 0838 J J 0 021 U U 0.019 U U 0.021 U U 0 018 U U 0.018 U U 0.021 U U 
  Pesticides 
4,4'-DDD 2 0 0041 U U 0.0042 U U 0.0037 U U 0 0041 U U 0.0037 U U 0 0037 U U 0.0043 U U 
4,4'-DDE 1.4 0 0011 J J 0.0042 U U 0.0037 U U 0 0041 U U 0.0037 U U 0 0037 U U 0.0043 U U 
4,4'-DDT 1.7 0 0028 J J 0.0042 U U 0 0037 U U 0 0041 U U 0.0037 U U 0 0037 U U 0.0043 U U 
alpha-CHLORDANE 0 0023 0.0021 U U 0 0019 U U 0 0021 U U 0.0018 U U 0 0018 U U 0.0021 U U 
D ELDRIN 0 03 0.002 U U 0.0021 U U 0 0019 U U 0 0021 U U 0.0018 U U 0 0018 U U 0.0021 U U 
ENDOSULFAN II 0.002 U U 0.0021 U U 0 0019 U U 0 0021 U U 0.0018 U U 0 0018 U U 0.0021 U U 
ENDOSULFAN SULFATE 0.00068 J J 0.0042 U U 0.0037 U U 0 0041 U U 0.0037 U U 0 0037 U U 0.0043 U U 
ENDRIN ALDEHYDE 0.00089 J J 0.0042 U U 0.0037 U U 0 0041 U U 0.0037 U U 0 0037 U U 0.0043 U U 
gamma-CHLORDANE 0.001 J J 0.0021 U U 0 0019 U U 0 0021 U U 0.0018 U U 0 0018 U U 0.0021 U U 
METHOXYCHLOR 31 0 0061 0.0042 U U 0 0037 U U 0 0041 U U 0.0037 U U 0 0037 U U 0.0043 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.2  U  U  0.21  U  U  0.18  U  U  0.21  U  U  0.19  U  U  0.19  U  U  0.22  U  U  
ACENAPHTHENE 340 0.2  U  U  0.21  U  U  0.18  U  U  0.21  U  U  0.19  U  U  0.19  U  U  0.22  U  U  
ANTHRACENE 1700 0.2  U  U  0.21  U  U  0.18  U  U  0.21  U  U  0.19  U  U  0.19  U  U  0.22  U  U  
BENZO(a)ANTHRACENE 0.15 0 0421 J J 0.21 U U 0.18 U U 0.21 U U 0.19 U U 0.19 U U 0.22 U U 
BENZO(a)PYRENE 0.015 0.0481 J J 0.21 U U 0.18 U U 0.21 U U 0.19 U U 0.19 U U 0.22 U U 
BENZO(b)FLUORANTHENE 0.15 0 0694 J J 0.21 U U 0.18 U U 0.21 U U 0.19 U U 0.19 U U 0.22 U U 
BENZO(ghi)PERYLENE 0 0398 J J 0.21 U U 0.18 U U 0.21 U U 0.19 U U 0.19 U U 0.22 U U 
BENZO(k)FLUORANTHENE 1.5 0 0265 J J 0.21 U U 0.18 U U 0.21 U U 0.19 U U 0.19 U U 0.22 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.233 J J 0.43 U U 0.37 U U 0.42 U U 0.38 U U 0 37 U U 0.44 U U 
BUTYL BENZYL PHTHALATE 260 0.066 J J 0.43 U U 0 37 U U 0.21 U U 0.38 U U 0 37 U U 0.44 U U 
CHRYSENE 15 0 0481 J J 0.21 U U 0.18 U U 0.21 U U 0.19 U U 0.19 U U 0.22 U U 
FLUORANTHENE 230 0 0609 J J 0.21 U U 0.18 U U 0.21 U U 0.19 U U 0.19 U U 0.22 U U 
FLUORENE 230 0.2  U  U  0.21  U  U  0.18  U  U  0.21  U  U  0.19  U  U  0.19  U  U  0.22  U  U  
INDENO(1,2,3-cd)PYRENE 0.15 0 0416 J J 0.21 U U 0.18 U U 0.21 U U 0.19 U U 0.19 U U 0.22 U U 
PHENANTHRENE 0 0212 J J 0.21 U U 0.18 U U 0.21 U U 0.19 U U 0.19 U U 0.22 U U 
PYRENE 170 0 0616 J J 0.21 U U 0.18 U U 0.21 U U 0.19 U U 0.19 U U 0.22 U U 
  TPH 
TPH (C10-C28) 610 5.74 J J 11 U U 9.4 U U 10 U U 9 3 U U 9.4 U U 11 U U 
TPH-GRO (C6-C10) 610 4.9 U U 5 3 U U 5.5 U U 4.9 U U 6.4 U U 3.9 U U 7 3 U U 
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0 0046 U U 0.0041 U U 0 0041 U U 0.0043 U U 0.0044 U U 0 0038 U U 0.0049 U U 
2-BUTANONE 2800 0.023 U U 0.02 U U 0.021 U U 0.021 U U 0 022 U U 0.019 U U 0.025 U U 
ACETONE 6100 0.046 U UJ 0 041 U U 0.041 U U 0.043 U UJ 0 044 U U 0.038 U U 0.049 U U 
CARBON DISULFIDE 82 0 0046 U U 0.0041 U U 0.0041 U U 0.0043 U U 0.0044 U U 0 0038 U U 0.0049 U U 
ETHYLBENZENE 5.4 0 0046 U U 0.0041 U U 0 0041 U U 0.0043 U U 0.0044 U U 0 0038 U U 0.0049 U U 
METHYLENE CHLORIDE 36 0 0091 U U 0.0081 U U 0 0069 JB UB 0.0086 U U 0.0088 U U 0 0077 U U 0.0099 U U 
XYLENE, (TOTAL) 63 0.014 U U 0 012 U U 0.012 U U 0.013 U U 0 013 U U 0.012 U U 0 015 U U 
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Table 4-12
 

Organic Compounds Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 4 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB08 LF2SB08-SUP LF2SB09 LF2SB09-SUP LF2SB10 
AB0029 
8/4/2010 

REG 
20 - 21 ft 

AB0030 
8/2/2010 

REG 
39 - 40 ft 

AB0096 
9/22/2011 

REG 
3 - 5 ft 

AB0032 
8/4/2010 

REG 
20 - 21 ft 

AB0033 
8/4/2010 

REG 
39 - 40 ft 

AB0099 
9/22/2011 

REG 
3 - 5 ft 

AB0035 
8/4/2010 

REG 
20 - 21 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
Percent Solids (%) 88 90 6 83.4 90.8 89 6 82.9 79 
Perchlorate 5 5
 PCBS 
PCB-1242 0 22 0.019 U U 0 018 U U 0.02 U U 0.018 U U 0 018 U U 0 02 U U 0.021 U U 
PCB-1248 0 22 0.019 U U 0 018 U U 0.02 U U 0.018 U U 0 018 U U 0 02 U U 0.021 U U 
PCB-1254 0.11 0.019 U U 0 018 U U 0.02 U U 0.018 U U 0 018 U U 0 02 U U 0.021 U U 
PCB-1260 0 22 0.019 U U 0 018 U U 0.02 U U 0.018 U U 0 018 U U 0 02 U U 0.021 U U 
  Pesticides 
4,4'-DDD 2 0 0038 U U 0.0036 U U 0.0039 U U 0 0037 U U 0.0037 U U 0.004 U U 0.0043 U U 
4,4'-DDE 1.4 0 0038 U U 0.0036 U U 0 0039 U U 0 0037 U U 0.0037 U U 0.004 U U 0.0043 U U 
4,4'-DDT 1.7 0 0038 U U 0.0036 U U 0 0039 U U 0 0037 U U 0.0037 U U 0.004 U U 0.0043 U U 
alpha-CHLORDANE 0 0019 U U 0.0018 U U 0.002 U U 0 0018 U U 0.0018 U U 0.002 U U 0.0021 U U 
D ELDRIN 0 03 0 0019 U U 0.0018 U U 0.002 U U 0 0018 U U 0.0018 U U 0.002 U U 0.0021 U U 
ENDOSULFAN II 0 0019 U U 0.0018 U U 0.002 U U 0 0018 U U 0.0018 U U 0.002 U U 0.0021 U U 
ENDOSULFAN SULFATE 0 0038 U U 0.0036 U U 0.0039 U U 0 0037 U U 0.0037 U U 0.004 U U 0.0043 U U 
ENDRIN ALDEHYDE 0 0038 U U 0.0036 U U 0 0039 U U 0 0037 U U 0.0037 U U 0.004 U U 0.0043 U U 
gamma-CHLORDANE 0 0019 U U 0.0018 U U 0.002 U U 0 0018 U U 0.0018 U U 0.002 U U 0.0021 U U 
METHOXYCHLOR 31 0 0038 U U 0.0036 U U 0 0039 U U 0 0037 U U 0.0037 U U 0.004 U U 0.0043 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
ACENAPHTHENE 340 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
ANTHRACENE 1700 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
BENZO(a)ANTHRACENE 0.15 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
BENZO(a)PYRENE 0.015 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
BENZO(b)FLUORANTHENE 0.15 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
BENZO(ghi)PERYLENE 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
BENZO(k)FLUORANTHENE 1.5 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0 38 U U 0.37 U U 0.4 U U 0.36 U U 0.38 U U 0.4 U U 0.42 U U 
BUTYL BENZYL PHTHALATE 260 0 38 U U 0.37 U U 0.2 U U 0.36 U U 0.38 U U 0.2 U U 0.42 U U 
CHRYSENE 15 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
FLUORANTHENE 230 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
FLUORENE 230 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
PHENANTHRENE 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
PYRENE 170 0.19 U U 0.18 U U 0.2 U U 0.18 U U 0.19 U U 0.2 U U 0.21 U U 
  TPH 
TPH (C10-C28) 610 9.5 U U 9 3 U U 9.8 U U 9.3 U U 9.4 U U 9.9 U U 10 U U 
TPH-GRO (C6-C10) 610 4.4  U  U  5.1  U  U  5.7  U  U  4.7  U  U  7.1  U  U  5.5  U  U  6  U  U  
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0 0036 U U 0.0049 U U 0 0046 U U 0.0042 U U 0.0055 U U 0 0037 U U 0.0053 U U 
2-BUTANONE 2800 0.018 U U 0 025 U U 0.023 U U 0.021 U U 0 027 U U 0.018 U UJ 0.027 U U 
ACETONE 6100 0.036 U U 0 049 U U 0.046 U U 0.042 U U 0 055 U U 0.037 U UJ 0.053 U U 
CARBON DISULFIDE 82 0 0036 U U 0.0049 U U 0.0046 U U 0.0042 U U 0.0055 U U 0 0037 U U 0.0053 U U 
ETHYLBENZENE 5.4 0 0036 U U 0.0049 U U 0 0046 U U 0.0042 U U 0.0055 U U 0 0037 U U 0.0053 U U 
METHYLENE CHLORIDE 36 0 0072 U U 0.0098 U U 0 0092 U U 0.0084 U U 0.0078 JB UB 0 0073 U U 0 011 U U 
XYLENE, (TOTAL) 63 0.011 U U 0 015 U U 0.014 U U 0.013 U U 0 016 U U 0.011 U U 0.016 U U 
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Table 4-12
 

Organic Compounds Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 5 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB10 LF2SB10-SUP LF2SB11 LF2SB12 LF2SB25-SUP 
AB0036 
8/4/2010 

REG 
39 - 40 ft 

AB0102 
9/20/2011 

REG 
3 - 5 ft 

AB0038 
8/5/2010 

REG 
20 - 21 ft 

AB0039 
8/5/2010 

FD 
20 - 21 ft 

AB0041 
8/5/2010 

REG 
39 - 40 ft 

AB0043 
8/5/2010 

REG 
20 - 21 ft 

AB0044 
8/5/2010 

REG 
39 - 40 ft 

AB0104 
9/20/2011 

REG 
3 - 5 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
Percent Solids (%) 90.4 82.8 83.4 80.1 90.4 81 3 94.5 84 3 
Perchlorate 5 5 0.00632 U 

PCBS 
PCB-1242 0.22 0.019 U U 0.02 U U 0.02 U U 0 02 U U 0.018 U U 0 021 U U 0.017 U U 0 019 U U 
PCB-1248 0.22 0.019 U U 0.02 U U 0.02 U U 0 02 U U 0.018 U U 0 021 U U 0.017 U U 0 019 U U 
PCB-1254 0.11 0.019 U U 0.02 U U 0.02 U U 0 02 U U 0.018 U U 0 021 U U 0.017 U U 0 019 U U 
PCB-1260 0.22 0.019 U U 0.02 U U 0.02 U U 0 02 U U 0.018 U U 0 021 U U 0.017 U U 0 019 U U 
  Pesticides 
4,4'-DDD 2 0.0037 U U 0.004 U U 0 004 U U 0.004 U U 0.0037 U U 0.0041 U U 0 0034 U U 0.0039 U U 
4,4'-DDE 1.4 0 0037 U U 0.004 U U 0 004 U U 0.004 U U 0.0037 U U 0.0041 U U 0 0034 U U 0.0039 U U 
4,4'-DDT 1.7 0 0037 U U 0.004 U U 0 004 U U 0.004 U U 0.0037 U U 0.0041 U U 0 0034 U U 0.0039 U U 
alpha-CHLORDANE 0 0019 U U 0.002 U U 0 002 U U 0.002 U U 0.0018 U U 0.0021 U U 0 0017 U U 0.0019 U U 
DIELDRIN 0 03 0.0019 U U 0.002 U U 0 002 U U 0.002 U U 0.0018 U U 0.0021 U U 0 0017 U U 0.0019 U U 
ENDOSULFAN II 0.0019 U U 0.002 U U 0 002 U U 0.002 U U 0.0018 U U 0.0021 U U 0 0017 U U 0.0019 U U 
ENDOSULFAN SULFATE 0 0037 U U 0.004 U U 0 004 U U 0.004 U U 0.0037 U U 0.0041 U U 0 0034 U U 0.0039 U U 
ENDRIN ALDEHYDE 0 0037 U U 0.004 U U 0 004 U U 0.004 U U 0.0037 U U 0.0041 U U 0 0034 U U 0.0039 U U 
gamma-CHLORDANE 0 0019 U U 0.002 U U 0 002 U U 0.002 U U 0.0018 U U 0.0021 U U 0 0017 U U 0.0019 U U 
METHOXYCHLOR 31 0 0037 U U 0 004 U U 0 004 U U 0.004 U U 0.0037 U U 0.0041 U U 0 0034 U U 0.0039 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
ACENAPHTHENE 340 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
ANTHRACENE 1700 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
BENZO(a)ANTHRACENE 0.15 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
BENZO(a)PYRENE 0.015 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
BENZO(b)FLUORANTHENE 0.15 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
BENZO(ghi)PERYLENE 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
BENZO(k)FLUORANTHENE 1 5 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
BIS(2-ETHYLHEXYL)PHTHALATE 35 0 36 U U 0.41 U U 0.4 U U 0.4 U U 0.36 U U 0.41 U U 0 35 U U 0.39 U U 
BUTYL BENZYL PHTHALATE 260 0  36  U  U  0.2  U  U  0.4  U  U  0.4  U  U  0.36  U  U  0.41  U  U  0  35  U  U  0.19  U  U  
CHRYSENE 15 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
FLUORANTHENE 230 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
FLUORENE 230 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
NDENO(1,2,3-cd)PYRENE 0.15 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
PHENANTHRENE 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
PYRENE 170 0.18  U  U  0.2  U  U  0  2 U  U  0.2  U  U  0.18  U  U  0.21  U  U  0.17  U  U  0.19  U  U  
  TPH 
TPH (C10-C28) 610 9.3  U  U  10  U  U  9.7  U  U  10  U  U  9.1  U  U  10  U  U  8.7  U  U  9.7  U  U  
TPH-GRO (C6-C10) 610 5.2 U U 4.4 U U 9 8 U U 8.5 U U 4.8 U U 8 U U 4.8 U U 4 3 U U 
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0.0044 U U 0.0036 U U 0.0082 U U 0 0054 U U 0.0043 U U 0.006 U U 0 0042 U U 0.0034 U U 
2-BUTANONE 2800 0.022 U U 0.018 U U 0 041 U U 0.027 U U 0 022 U U 0.03 U U 0.021 U U 0 017 U U 
ACETONE 6100 0.044 U U 0.036 U U 0 082 U U 0.054 U U 0.043 U U 0.06 U U 0.042 U U 0 034 U UJ 
CARBON DISULFIDE 82 0.0044 U U 0.0036 U U 0.0082 U U 0 0054 U U 0.0043 U U 0.006 U U 0 0042 U U 0.0034 U U 
ETHYLBENZENE 5.4 0 0044 U U 0.0036 U U 0.0082 U U 0 0054 U U 0.0043 U U 0.006 U U 0 0042 U U 0.0034 U U 
METHYLENE CHLORIDE 36 0 0088 U U 0.0072 U UJ 0 016 U U 0.011 U U 0.0087 U U 0.012 U U 0 0083 U U 0.0067 U U 
XYLENE, (TOTAL) 63 0.013 U U 0 011 U U 0 025 U U 0.016 U U 0 013 U U 0.018 U U 0.012 U U 0.01 U U 
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Table 4-12
 

Organic Compounds Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 6 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB26-SUP TP2-19 TP2-20 TP2-21-SUP TP2-22 TP2-23 
AB0106 

9/20/2011 
REG 

3 - 5 ft 

AB0046 
8/5/2010 

REG 
15 - 15.5 ft 

AB0049 
8/6/2010 

REG 
15 - 15.5 ft 

AB0050 
8/6/2010 

FD 
15 - 15.5 ft 

AB0109 
9/20/2011 

REG 
3 - 5 ft 

AB0057 
8/5/2010 

REG 
15 - 15.5 ft 

AB0060 
8/6/2010 

REG 
15 - 15.5 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
Percent Solids (%) 83.1 88.4 81.9 81.6 81 2 85.8 86.7 
Perchlorate 5 5 0.00602 U 0.0059 U 

PCBS 
PCB-1242 0 22 0 02 U U 0 019 U U 0.02 U U 0 02 U U 0.02 U U 0.019 U U 0.02 U U 
PCB-1248 0 22 0 02 U U 0 019 U U 0.02 U U 0.02 U U 0.02 U U 0.019 U U 0.02 U U 
PCB-1254 0.11 0 02 U U 0 019 U U 0.02 U U 0.02 U U 0.02 U U 0.019 U U 0.02 U U 
PCB-1260 0 22 0 02 U U 0 019 U U 0 02 U U 0.02 U U 0.02 U U 0.019 U U 0.02 U U 
  Pesticides 
4,4'-DDD 2 0.004 U U 0.0038 U U 0.0041 U U 0.004 U U 0.0041 U U 0 0039 U U 0.0039 U U 
4,4'-DDE 1.4 0.004 U U 0.0038 U U 0.0041 U U 0.004 U U 0.0041 U U 0 0039 U U 0.0039 U U 
4,4'-DDT 1.7 0.004 U U 0.0038 U U 0 0041 U U 0.004 U U 0.0041 U U 0 0039 U U 0.0039 U U 
alpha-CHLORDANE 0.002 U U 0.0019 U U 0.002 U U 0.002 U U 0 002 U U 0 0019 U U 0 002 U U 
D ELDRIN 0 03 0.002 U U 0.0019 U U 0.002 U U 0.002 U U 0 002 U U 0 0019 U U 0 002 U U 
ENDOSULFAN II 0.002 U U 0.0019 U U 0.002 U U 0.002 U U 0 002 U U 0 0019 U U 0.002 U U 
ENDOSULFAN SULFATE 0.004 U U 0.0038 U U 0.0041 U U 0.004 U U 0.0041 U U 0 0039 U U 0.0039 U U 
ENDRIN ALDEHYDE 0.004 U U 0.0038 U U 0.0041 U U 0.004 U U 0.0041 U U 0 0039 U U 0.0039 U U 
gamma-CHLORDANE 0.002 U U 0.0019 U U 0.002 U U 0.002 U U 0 002 U U 0 0019 U U 0 002 U U 
METHOXYCHLOR 31 0.004 U U 0.0038 U U 0 0041 U U 0.004 U U 0.0041 U U 0 0039 U U 0.0039 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
ACENAPHTHENE 340 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
ANTHRACENE 1700 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
BENZO(a)ANTHRACENE 0.15 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
BENZO(a)PYRENE 0.015 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
BENZO(b)FLUORANTHENE 0.15 0.2  U  U  0.19  U  U  0.2  U  U  0  21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
BENZO(ghi)PERYLENE 0.2  U  U  0.19  U  U  0.2  U  U  0  21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
BENZO(k)FLUORANTHENE 1 5 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.4 U U 0.37 U U 0.4 U U 0.42 U U 0.41 U U 0 38 U U 0.39 U U 
BUTYL BENZYL PHTHALATE 260 0.2  U  U  0.37  U  U  0.4  U  U  0.42  U  U  0  2 U  U  0  38  U  U  0.39  U  U  
CHRYSENE 15 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
FLUORANTHENE 230 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
FLUORENE 230 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
INDENO(1,2,3-cd)PYRENE 0.15 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
PHENANTHRENE 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
PYRENE 170 0.2  U  U  0.19  U  U  0.2  U  U  0.21  U  U  0  2 U  U  0.19  U  U  0.19  U  U  
  TPH 
TPH (C10-C28) 610 10  U  U  9  2 U  U  10  U  U  10  U  U  10  U  U  9.5  U  U  9.6  U  U  
TPH-GRO (C6-C10) 610 4.7 U U 5.7 U U 9.8 U U 9.9 U U 4 6 U U 6.3 U U 8.3 U U 
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0 0037 U U 0.0039 U U 0.0089 U U 0.0079 U U 0.0032 U U 0 0066 U U 0.0075 U U 
2-BUTANONE 2800 0.018 U U 0 019 U UJ 0.044 U U 0.04 U U 0 016 U U 0.033 U UJ 0.038 U U 
ACETONE 6100 0.037 U UJ 0 039 U UJ 0.089 U U 0.079 U U 0 032 U UJ 0.066 U UJ 0.075 U U 
CARBON DISULFIDE 82 0 0037 U U 0.0039 U U 0.0089 U U 0.0079 U U 0.0032 U U 0 0066 U U 0.0075 U U 
ETHYLBENZENE 5.4 0 0037 U U 0.0039 U U 0 0089 U U 0.0079 U U 0.0032 U U 0 0066 U U 0.0075 U U 
METHYLENE CHLORIDE 36 0 0074 U U 0 005 JB UB 0 0095 J J 0.016 U U 0.0064 U U 0.013 U U 0.0081 J J 
XYLENE, (TOTAL) 63 0.011 U U 0 012 U U 0.027 U U 0.024 U U 0.0095 U U 0 02 U U 0 023 U U 

KN16/Ramey/LF1_2/RI/F7-20/Tables/Table 4-12-rev 



  

 

  


 


 

 


 

Table 4-12
 

Organic Compounds Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 7 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

TP2-24 TP2-25 TP2-25-SUP TP2-26 TP2-26-SUP 
AB0065 
8/6/2010 

REG 
15 - 15.5 ft 

AB0068 
8/5/2010 

REG 
15 - 15.5 ft 

AB0108 
9/20/2011 

REG 
3 - 5 ft 

AB0071 
8/6/2010 

REG 
15 - 15.5 ft 

AB0110 
9/20/2011 

REG 
3 - 5 ft 

AB0111 
9/20/2011 

FD 
3 - 5 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
Percent Solids (%) 75.1 85 5 75.9 85.3 73.7 74.3 
Perchlorate 5.5 0.00663 U 0.0072 0 0066 U 

PCBS 
PCB-1242 0 22 0.022 U U 0 019 U U 0.022 U U 0.02 U U 0 023 U U 0.022 U U 
PCB-1248 0 22 0.022 U U 0 019 U U 0.022 U U 0.02 U U 0 023 U U 0.022 U U 
PCB-1254 0.11 0.022 U U 0 019 U U 0.022 U U 0.02 U U 0 023 U U 0.022 U U 
PCB-1260 0 22 0.022 U U 0 019 U U 0.022 U U 0.02 U U 0 023 U U 0.022 U U 
  Pesticides 
4,4'-DDD 2 0.0044 U U 0.0038 U U 0 0044 U U 0.0039 U U 0.0045 U U 0 0044 U U 
4,4'-DDE 1.4 0.0044 U U 0.0038 U U 0 0044 U U 0.0039 U U 0.0045 U U 0 0044 U U 
4,4'-DDT 1.7 0.0044 U U 0.0038 U U 0 0044 U U 0.0039 U U 0.0045 U U 0 0044 U U 
alpha-CHLORDANE 0.0022 U U 0.0019 U U 0 0022 U U 0 002 U U 0.0023 U U 0 0022 U U 
D ELDRIN 0 03 0.0022 U U 0.0019 U U 0 0022 U U 0 002 U U 0.0023 U U 0 0022 U U 
ENDOSULFAN II 0.0022 U U 0.0019 U U 0 0022 U U 0 002 U U 0.0023 U U 0 0022 U U 
ENDOSULFAN SULFATE 0.0044 U U 0.0038 U U 0 0044 U U 0.0039 U U 0 0045 U U 0 0044 U U 
ENDRIN ALDEHYDE 0.0044 U U 0.0038 U U 0 0044 U U 0.0039 U U 0.0045 U U 0 0044 U U 
gamma-CHLORDANE 0.0022 U U 0.0019 U U 0 0022 U U 0 002 U U 0.0023 U U 0 0022 U U 
METHOXYCHLOR 31 0.0044 U U 0.0038 U U 0 0044 U U 0.0039 U U 0.0045 U U 0 0044 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
ACENAPHTHENE 340 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
ANTHRACENE 1700 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
BENZO(a)ANTHRACENE 0.15 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
BENZO(a)PYRENE 0 015 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
BENZO(b)FLUORANTHENE 0.15 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
BENZO(ghi)PERYLENE 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
BENZO(k)FLUORANTHENE 1.5 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.45 U U 0.39 U U 0.44 U U 0.4 U U 0.45 U U 0.45 U U 
BUTYL BENZYL PHTHALATE 260 0.45 U U 0.39 U U 0 22 U U 0.4 U U 0.22 U U 0 22 U U 
CHRYSENE 15 0.22 U U 0.19 U U 0 22 U U 0.2 U U 0.22 U U 0 22 U U 
FLUORANTHENE 230 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
FLUORENE 230 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
PHENANTHRENE 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
PYRENE 170 0.22 U U 0.19 U U 0 22 U U 0 2 U U 0.22 U U 0 22 U U 
  TPH 
TPH (C10-C28) 610 11 U U 9 5 U U 11 U U 9 8 U U 11 U U 11 U U 
TPH-GRO (C6-C10) 610 10  U  U  8  9  U  U  5.9  U  U  9  U  U  5.5  U  U  5.9  U  U  
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0.0077 U U 0.0093 U U 0 0045 U U 0.0072 U U 0.0039 U U 0 0044 U U 
2-BUTANONE 2800 0.038 U U 0 047 U U 0.022 U U 0 036 U U 0.02 U U 0.022 U U 
ACETONE 6100 0.077 U U 0 093 U U 0.045 U U 0 072 U U 0.039 U U 0.044 U U 
CARBON DISULF DE 82 0.0077 U U 0.0093 U U 0 0045 U U 0.0072 U U 0.0039 U U 0 0044 U U 
ETHYLBENZENE 5.4 0.0077 U U 0.0093 U U 0 0045 U U 0.0072 U U 0.0039 U U 0 0044 U U 
METHYLENE CHLORIDE 36 0.015 U U 0 019 U U 0 0089 U UJ 0 014 U U 0.0078 U UJ 0 0089 U UJ 
XYLENE, (TOTAL) 63 0.023 U U 0 028 U U 0.013 U U 0.022 U U 0.012 U U 0.013 U U 
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Table 4-12
 

Organic Compounds Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 8 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

TP2-27 TP2-29 TP2-30 
AB0074 
8/5/2010 

REG 
15 - 15.5 ft 

AB0075 
8/5/2010 

FD 
15 - 15.5 ft 

AB0082 
8/6/2010 

REG 
15 - 15.5 ft 

AB0085 
8/6/2010 

REG 
15 - 15.5 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 
  GEN CHEMISTRY 
Percent Solids (%) 79.7 86.1 85.1 85.7 
Perchlorate 5.5
 PCBS 
PCB-1242 0.22 0 021 U U 0.019 U U 0 019 U U 0.019 U U 
PCB-1248 0.22 0 021 U U 0.019 U U 0 019 U U 0.019 U U 
PCB-1254 0.11 0 021 U U 0.019 U U 0 019 U U 0.019 U U 
PCB-1260 0.22 0 021 U U 0.019 U U 0 019 U U 0.019 U U 
  Pesticides 
4,4'-DDD 2 0.0043 U U 0 0038 U U 0.0039 U U 0.0039 U U 
4,4'-DDE 1.4 0.0043 U U 0 0038 U U 0.0039 U U 0.0039 U U 
4,4'-DDT 1.7 0.0043 U U 0 0038 U U 0.0039 U U 0.0039 U U 
alpha-CHLORDANE 0.0021 U U 0 0019 U U 0.0019 U U 0.0019 U U 
DIELDR N 0.03 0.0021 U U 0 0019 U U 0.0019 U U 0.0019 U U 
ENDOSULFAN II 0.0021 U U 0 0019 U U 0.0019 U U 0.0019 U U 
ENDOSULFAN SULFATE 0.0043 U U 0 0038 U U 0.0039 U U 0.0039 U U 
ENDR N ALDEHYDE 0.0043 U U 0 0038 U U 0.0039 U U 0.0039 U U 
gamma-CHLORDANE 0.0021 U U 0 0019 U U 0.0019 U U 0 0019 U U 
METHOXYCHLOR 31 0.0043 U U 0 0038 U U 0.0039 U U 0 0039 U U 
  Semivolatiles 
2-METHYLNAPHTHALENE 23 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
ACENAPHTHENE 340 0 21 U U 0.19 U U 0.19 U U 0.19 U U 
ANTHRACENE 1700 0 21 U U 0.19 U U 0.19 U U 0.19 U U 
BENZO(a)ANTHRACENE 0.15 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
BENZO(a)PYRENE 0.015 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
BENZO(b)FLUORANTHENE 0.15 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
BENZO(ghi)PERYLENE 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
BENZO(k)FLUORANTHENE 1.5 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.41 U U 0 38 U U 0.39 U U 0.39 U U 
BUTYL BENZYL PHTHALATE 260 0.41 U U 0 38 U U 0.39 U U 0.39 U U 
CHRYSENE 15 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
FLUORANTHENE 230 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
FLUORENE 230 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
NDENO(1,2,3-cd)PYRENE 0.15 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
PHENANTHRENE 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
PYRENE 170 0.21 U U 0.19 U U 0.19 U U 0.19 U U 
  TPH 
TPH (C10-C28) 610 11 U U 9.4 U U 9 8 U U 9.7 U U 
TPH-GRO (C6-C10) 610 9.1 U U 7.1 U U 8 9 U U 7.2 U U 
  Volatiles 
1,4-DICHLOROBENZENE 2.4 0.0065 U U 0 0056 U U 0.0082 U U 0.0083 U U 
2-BUTANONE 2800 0 033 U UJ 0.028 U UJ 0 041 U U 0.042 U U 
ACETONE 6100 0 065 U UJ 0.056 U UJ 0 082 U U 0.083 U U 
CARBON DISULF DE 82 0.0065 U U 0 0056 U U 0.0082 U U 0 0083 U U 
ETHYLBENZENE 5.4 0.0065 U U 0 0056 U U 0.0082 U U 0.0083 U U 
METHYLENE CHLOR DE 36 0 013 U U 0.011 U U 0.0096 J J 0.0085 J J 
XYLENE, (TOTAL) 63 0.02 U U 0.017 U U 0 025 U U 0.025 U U 

Notes:
 
Sample depth reported in feet below ground surface.
 
LQ - Laboratory qualifier.
 
VQ - Validation qualifier. 
J - As a laboratory qualifier, the compound was positively identified; the reported value is 
      an estimated concentration between the method detection limit and the reporting limit. 
J - As a validation qualifier, the compound/analyte was positively identified; the reported 
       value is an estimated concentration. 
UB - The analyte was not detected significantly above the levels found in the associated 
           method blanks, field blanks, and/or equipment blanks. 
Bold concentrations exceed the listed RSLs. 
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Table 4-13
 

Metals Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB01 LF2SB02 LF2SB02-SUP LF2SB03 
AB0004 
8/5/2010 

REG 
20 - 21 ft 

AB0005 
8/5/2010 

REG 
39 - 40 ft 

AB0007 
8/4/2010 

REG 
20 - 21 ft 

AB0008 
8/4/2010 

REG 
34 - 35 ft 

AB0090 
9/20/2011 

REG 
3 - 5 ft 

AB0091 
9/20/2011 

FD 
3 - 5 ft 

AB0010 
8/3/2010 

REG 
11.5 - 12.5 ft 

Compound/Analyte 
(mg/kg) BKG 

2012 EPA 
RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ

 Metals 
ALUMINUM 36720 7700 1330 1280 22200 19600 10200 J 7120 21500 
ANTIMONY 15.1 3.1 0.43 B J 0.55 B J 23 U U 48 U U 0.97 B J 0.59 B J 22 U U 
ARSENIC 37.6 0 39 6.5 3 49.1 38.8 9.3 J 6.4 47.8 
BARIUM 104 1500 5.5 B J 5.8 B J 55.2 B J 37.7 B J 11.8 B J 7.2 B J 136 B J 
BERYLLIUM 1.69 16 0.056 B J 0.25 U U 2 B J 12 U U 0.35 B J 0.29 B J 2.6 B J 
CADMIUM 1.3 7 0.42 0.37 4.7 U U 9.7 U U 1.1 U U 0.24 U U 1.5 B J 
CALCIUM 98500 356000 353000 3410 B J 2870 B J 1450 J 920 2520 B J 
CHROMIUM 268 20.1 21.7 254 291 119 77.7 227 
COBALT 29.6 2.3 47 U U 51 U U 50.2 18 0.92 B J 0.64 B J 20.8 B J 
COPPER 24.1 310 3.7 B J 3.8 B J 21 3 B J 13.4 B J 2.9 B J 2.6 24.9 B J 
IRON 68910 5500 3010 2590 83100 73400 22100 J 13500 70100 
LEAD 24.6 400 19 U U 20 U U 15 9 9.8 6.3 J 5 5 13.5 B J 
MAGNESIUM 1040 1340 1290 4160 B J 2910 B J 305 B J 203 B J 1690 B J 
MANGANESE 3730 180 15.9 23.3 1120 632 30.3 J 19.1 1510 
MERCURY 0.28 1 0.091 U U 0 091 U U 0.028 B J 0.036 B J 0 071 B UB 0.03 B UB 0.092 U U 
NICKEL 44.6 150 2.1 B J 2.5 B J 92.4 84 4.2 B J 4.4 69.3 
POTASSIUM 1090 82.3 B J 92.3 B J 948 B J 24000 U U 165 B J 121 B J 11000 U U 
SELENIUM 1.2 39 19 U U 20 U U 23 U U 48 U U 1.5 B J 0.92 B J 22 U U 
SILVER 9.32 39 0.47 U U 0.51 U U 12 U U 24 U U 2.7 U UJ 0.61 U U 11 U U 
SODIUM 1260 87.2 B J 88.4 B J 12000 U U 24000 U U 2700 U U 610 U U 11000 U U 
THALLIUM 0 078 9.4 U U 10 U U 5 9 U U 1.9 U U 2.7 U U 0.61 U U 2.2 U U 
VANADIUM 128 39 8.8 8.7 173 126 51.8 J 35.6 147 
ZINC 46.8 2300 19 U U 20 U U 59.9 50 4.6 B J 4.4 52.6 

KN16/Ramey/LF1_2/RI/F7-20/Tables/4-13 



  

  


 


 

 


 

Table 4-13
 

Metals Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB03 LF2SB04 LF2SB04-SUP LF2SB05 
AB0011 
8/3/2010 

REG 
29 - 30 ft 

AB0013 
8/3/2010 

REG 
39 - 40 ft 

AB0015 
8/3/2010 

REG 
20 - 21 ft 

AB0016 
8/3/2010 

REG 
39 - 40 ft 

AB0092 
9/22/2011 

REG 
3 - 5 ft 

AB0018 
8/4/2010 

REG 
20 - 21 ft 

AB0019 
8/4/2010 

REG 
39 - 40 ft 

Compound/Analyte 
(mg/kg) BKG 

2012 EPA 
RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 1320 1820 2260 1670 15200 3880 985 
ANTIMONY 15.1 3.1 4.4 U U 4.7 U U 4.3 U U 4.5 U U 1.1 B J 0.84 B J 0.42 B J 
ARSENIC 37.6 0 39 3.9 4.6 5.4 3.3 7.4 11.6 2.5 
BARIUM 104 1500 4.5 B J 6.5 B J 7.6 B J 5.2 B J 13.8 B J 7.1 B J 3 B J 
BERYLLIUM 1.69 16 1.1 U U 1.2 U U 1.1 U U 1.1 U U 0.8 B J 0.29 0.045 B J 
CADMIUM 1.3 7 0.88 U U 0.94 U U 0.85 U U 0.9 U U 1.1 U U 2.1 0.4 
CALCIUM 98500 383000 374000 367000 365000 946 B J 324000 357000 
CHROMIUM 268 21.7 27 29.5 23.5 124 53.1 21.2 
COBALT 29.6 2.3 0.29 B J 0.55 B J 0.72 B J 0.4 B J 3.8 B J 0.99 B J 0.25 B J 
COPPER 24.1 310 5 B J 7.2 B J 6.6 B J 5.8 B J 10.1 3.6 B J 3.3 B J 
IRON 68910 5500 2900 4880 5010 3720 38900 13000 2370 
LEAD 24.6 400 4.4 U U 4.7 U U 4 3 U U 4.5 U U 6 1.9 U U 1.5 U U 
MAGNESIUM 1040 1550 1380 1420 1610 370 B J 2040 1300 
MANGANESE 3730 180 27.1 38 39.9 35.5 145 26.2 19.9 
MERCURY 0.28 1 0.085 U U 0 084 U U 0.02 B J 0.023 B J 0.048 B J 0.093 U U 0.093 U U 
NICKEL 44.6 150 2.8 B J 4.7 B J 4 9 B J 3.9 B J 20 8 2.1 B J 
POTASSIUM 1090 2200 U U 2300 U U 2100 U U 2200 U U 170 B J 161 B J 85.4 B J 
SELENIUM 1.2 39 18 U U 19 U U 17 U U 18 U U 5.7 U U 19 U U 15 U U 
SILVER 9.32 39 2.2 U U 2.3 U U 2.1 U U 2.2 U U 0.3 B J 0.47 U U 0.37 U U 
SODIUM 1260 2200 U U 2300 U U 2100 U U 2200 U U 2800 U U 103 B J 120 B J 
THALLIUM 0.078 2.2 U U 2.3 U U 2.1 U U 2.2 U U 2.8 U U 0.94 U U 0.75 U U 
VANADIUM 128 39 6.5 B J 10.2 B J 10.4 B J 8 B J 80.5 22.9 5.1 
ZINC 46.8 2300 18 U U 6.8 B J 6 3 B J 4.7 B J 26.2 14.3 B J 15 U U 
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Table 4-13
 

Metals Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 3 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB05-SUP LF2SB06 LF2SB06-SUP LF2SB07 
AB0095 

9/20/2011 
REG 

3 - 5 ft 

AB0021 
8/3/2010 

REG 
20 - 21 ft 

AB0022 
8/3/2010 

REG 
39 - 40 ft 

AB0107 
9/20/2011 

REG 
3 - 5 ft 

AB0024 
8/5/2010 

REG 
20 - 21 ft 

AB0025 
8/5/2010 

FD 
20 - 21 ft 

AB0027 
8/5/2010 

REG 
27 - 28 ft 

Compound/Analyte 
(mg/kg) BKG 

2012 EPA 
RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 7650 16900 830 11400 10300 10200 17100 
ANTIMONY 15.1 3.1 1 B J 32 U U 0.5 B J 1.4 B J 3.5 U U 4 U U 6.2 U U 
ARSENIC 37.6 0 39 7.3 26.1 2.6 11.1 17.2 J 32.7 J 47.7 
BARIUM 104 1500 31.8 B J 320 U U 3.9 B J 19 B J 11.4 B J 9.1 B J 876 
BERYLLIUM 1.69 16 0.65 B J 2.6 B J 0.23 U U 0.67 B J 0.62 B J 1.5 J 1.9 
CADMIUM 1.3 7 0.5 B J 6.5 U U 0.25 1.2 U U 0.45 B J 0.97 J 1.7 
CALCIUM 98500 33800 4350 B J 373000 740 B J 680 B J 511 B J 3000 
CHROMIUM 268 86.7 240 15.4 119 95.6 J 168 J 190 
COBALT 29.6 2.3 7.6 B J 6.6 0.35 B J 6.7 B J 1.7 B J 2 B J 154 
COPPER 24.1 310 19.7 14.8 B J 4.4 B J 13.1 8 J 16.6 J 20.4 
IRON 68910 5500 26000 60000 2020 37400 26700 J 52000 J 69800 
LEAD 24.6 400 43.4 7.6 1 8 U U 5.5 6.4 6.8 11.1 
MAGNESIUM 1040 603 B J 1240 B J 1100 230 B J 398 B J 336 B J 935 B J 
MANGANESE 3730 180 502 245 26 2 416 52.3 57.5 8700 
MERCURY 0.28 1 0.2 0 066 B J 0.086 U U 0.065 B J 0.093 U U 0.09 U U 0.078 B J 
NICKEL 44.6 150 17.7 73 3 B J 20.9 10 13.4 55.6 
POTASSIUM 1090 177 B J 16000 U U 58 5 B J 192 B J 203 B J 163 B J 373 B J 
SELENIUM 1.2 39 2.1 B J 32 U U 18 U U 2 B J 0.85 B J 1.4 B J 1.9 B J 
SILVER 9.32 39 2.5 U U 16 U U 0.45 U U 3 U U 1.8 U U 2 U U 0.64 B J 
SODIUM 1260 2500 U U 16000 U U 44.6 B J 3000 U U 1800 U U 2000 U U 3100 U U 
THALLIUM 0.078 2.5 U U 0.4 U U 0.9 U U 3 U U 0.67 J 1.3 J 2.2 
VANADIUM 128 39 44.3 110 4.9 75.4 53.7 J 96.3 J 131 
ZINC 46.8 2300 131 46.3 18 U U 33.4 14.7 21.9 34.7 
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Table 4-13
 

Metals Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 4 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB08 LF2SB08-SUP LF2SB09 LF2SB09-SUP LF2SB10 
AB0029 
8/4/2010 

REG 
20 - 21 ft 

AB0030 
8/2/2010 

REG 
39 - 40 ft 

AB0096 
9/22/2011 

REG 
3 - 5 ft 

AB0032 
8/4/2010 

REG 
20 - 21 ft 

AB0033 
8/4/2010 

REG 
39 - 40 ft 

AB0099 
9/22/2011 

REG 
3 - 5 ft 

AB0035 
8/4/2010 

REG 
20 - 21 ft 

Compound/Analyte 
(mg/kg) BKG 

2012 EPA 
RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 1090 913 10400 1150 951 14700 17200 
ANTIMONY 15.1 3.1 0.43 B J 0.49 B J 0.6 B J 0.46 B J 0.4 B J 12 U UJ 11 U U 
ARSENIC 37.6 0 39 4.3 2.7 5 4.2 3.3 5.3 B J 18.1 
BARIUM 104 1500 4 B J 3.9 B J 15.7 B J 4.4 B J 6.4 B J 32.1 B J 7.5 B J 
BERYLLIUM 1.69 16 0.046 B J 0.21 U U 0.37 B J 0.047 B J 0.19 U U 0.78 B J 1.8 B J 
CADMIUM 1.3 7 0.44 0.3 0.88 U U 0.36 0.32 2.4 U UJ 2.2 U U 
CALCIUM 98500 351000 360000 481 B J 358000 356000 821 B J 2080 B J 
CHROMIUM 268 20.4 19.8 89.6 16.4 15.4 124 232 
COBALT 29.6 2.3 0.38 B J 0.25 B J 6 5 B J 0.22 B J 0.42 B J 9.7 B J 23 
COPPER 24.1 310 3.4 B J 3.4 B J 12.4 3.4 B J 3.4 B J 12.2 B J 16.6 
IRON 68910 5500 2650 1860 25400 1910 1880 36400 65200 
LEAD 24.6 400 1.7 U U 1.7 U U 4.4 1.7 U U 1.5 U U 5.3 B J 13.7 
MAGNESIUM 1040 1310 1400 193 B J 1370 1290 283 B J 779 B J 
MANGANESE 3730 180 21.3 20.9 381 18.6 27.4 631 J 415 
MERCURY 0.28 1 0.092 U U 0 092 U U 0.1 0.092 U U 0.09 U U 0.062 B J 0.043 B J 
NICKEL 44.6 150 2.8 B J 2.1 B J 12.4 2.4 B J 2.5 B J 20.5 B J 53.6 
POTASSIUM 1090 66.8 B J 80.3 B J 147 B J 76.7 B J 89.1 B J 6000 U UJ 5600 U U 
SELENIUM 1.2 39 17 U U 17 U U 4.4 U U 17 U U 15 U U 12 U UJ 11 U U 
SILVER 9.32 39 0.41 U U 0.42 U U 0.23 B J 0.42 U U 0.37 U U 6 U U 5.6 U U 
SODIUM 1260 102 B J 87.3 B J 2200 U U 93.1 B J 71 B J 6000 U U 5600 U U 
THALLIUM 0.078 0.83 U U 0.84 U U 2.2 U U 4.2 U U 0.74 U U 6 U U 0.56 U U 
VANADIUM 128 39 6.3 5.4 54.3 5.7 6.1 78.2 J 119 
ZINC 46.8 2300 17 U U 17 U U 20.1 17 U U 15 U U 25.3 J 38.5 
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Table 4-13
 

Metals Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 5 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB10 LF2SB10-SUP LF2SB11 LF2SB12 
AB0036 
8/4/2010 

REG 
39 - 40 ft 

AB0102 
9/20/2011 

REG 
3 - 5 ft 

AB0038 
8/5/2010 

REG 
20 - 21 ft 20 - 21 ft 

AB0039 
8/5/2010 

FD 

AB0041 
8/5/2010 

REG 
39 - 40 ft 

AB0043 
8/5/2010 

REG 
20 - 21 ft 

AB0044 
8/5/2010 

REG 
39 - 40 ft 

Compound/Analyte 
(mg/kg) BKG 

2012 EPA 
RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 894 11100 19200 21500 1020 18400 1360 
ANTIMONY 15.1 3.1 0.33 B J 0.99 B J 11 U U 20 U U 0.55 B J 43 U U 0.52 B J 
ARSENIC 37.6 0 39 3.6 5.9 31.7 43.9 2.3 47.2 4.1 
BARIUM 104 1500 3.8 B J 43.4 B J 12.5 B J 10.6 B J 4.7 B J 430 U U 3.2 B J 
BERYLLIUM 1.69 16 0.19 U U 0.59 B J 1.9 B J 2.2 B J 0.23 U U 2.4 B J 0.048 B J 
CADMIUM 1.3 7 0.33 0.97 U U 1.1 B J 1.4 B J 0.24 8.6 U U 0.42 
CALCIUM 98500 353000 609 B J 1350 B J 1550 B J 369000 1850 B J 357000 
CHROMIUM 268 17.3 105 281 366 19.4 302 24.3 
COBALT 29.6 2.3 0.2 B J 12.6 11.4 8.8 0.35 B J 19 0.71 B J 
COPPER 24.1 310 4.2 B J 13.4 16.7 17.9 B J 4.1 B J 18.7 B J 6 B J 
IRON 68910 5500 1800 30800 73500 90000 2000 91000 2930 
LEAD 24.6 400 1.5 U U 6.2 10.1 11.6 1.8 U U 12.8 1.5 U U 
MAGNESIUM 1040 1200 225 B J 586 B J 702 B J 1190 981 B J 1060 
MANGANESE 3730 180 18 1240 169 144 22.4 560 30.2 
MERCURY 0.28 1 0.088 U U 0 085 B UB 0.098 U U 0.014 B J 0 084 U U 0.1 U U 0.088 U U 
NICKEL 44.6 150 2.7 B J 17.7 50.4 58.2 2.5 B J 61.8 4.5 
POTASSIUM 1090 60.5 B J 162 B J 5300 U U 9900 U U 72.4 B J 21000 U U 80.3 B J 
SELENIUM 1.2 39 15 U U 2.8 B J 11 U U 20 U U 18 U U 43 U U 15 U U 
SILVER 9.32 39 0.37 U U 2.4 U U 5 3 U U 9.9 U U 0.46 U U 21 U U 0.37 U U 
SODIUM 1260 138 B J 2400 U U 5300 U U 9900 U U 460 U U 21000 U U 45 B J 
THALLIUM 0.078 0.75 U U 2.4 U U 0 8 0.77 0.92 U U 0.28 B J 3 U U 
VANADIUM 128 39 4.5 60.4 136 168 5.3 175 7.2 
ZINC 46.8 2300 15 U U 28 35.6 41.2 18 U U 74.2 4.6 B J 
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Table 4-13
 

Metals Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 6 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SB25-SUP LF2SB26-SUP TP2-19 TP2-20 TP2-21-SUP TP2-22 TP2-23 
AB0104 

9/20/2011 
REG 

3 - 5 ft 

AB0106 
9/20/2011 

REG 
3 - 5 ft 

AB0046 
8/5/2010 

REG 
15 - 15.5 ft 

AB0049 
8/6/2010 

REG 
15 - 15.5 ft 

AB0050 
8/6/2010 

FD 
15 - 15.5 ft 

AB0109 
9/20/2011 

REG 
3 - 5 ft 

AB0057 
8/5/2010 

REG 
15 - 15.5 ft 

AB0060 
8/6/2010 

REG 
15 - 15.5 ft 

Compound/Analyte 
(mg/kg) BKG 

2012 EPA 
RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 9550 13100 14500 17400 21000 11900 14500 11100 
ANTIMONY 15.1 3.1 1.1 B J 1.4 B J 5.4 U U 5.7 U U 11 U U 1.4 B J 9.5 U U 8.4 U U 
ARSENIC 37.6 0.39 7 9.3 39.6 38.6 47.2 6.8 23.2 24.2 
BARIUM 104 1500 23.3 B J 25 B J 5.8 B J 11.7 B J 9.7 B J 28.7 B J 38 B J 4.7 B J 
BERYLLIUM 1.69 16 0.5 B J 0.52 B J 0 86 B J 0.8 B J 0.8 B J 0.35 B J 0.59 B J 2.1 U U 
CADMIUM 1.3 7 0.82 U U 0.78 U U 0 85 B J 0.58 B J 2.2 U U 0.84 U U 1.9 U U 1.7 U U 
CALCIUM 98500 571 B J 737 B J 258 B J 676 B J 713 B J 899 B J 688 B J 954 B J 
CHROMIUM 268 97.7 121 225 222 290 97.9 189 164 
COBALT 29.6 2.3 10.8 13.5 3.4 5.8 5 9 B J 8.8 2.7 
COPPER 24.1 310 17.3 18.9 13.4 14.7 15.9 29.3 17.9 12.4 
IRON 68910 5500 30100 36300 60100 72000 86100 30800 53700 48300 
LEAD 24.6 400 5.4 5.8 5.4 7.1 7.2 6.2 6.6 5.4 
MAGNESIUM 1040 227 B J 259 B J 439 B J 547 B J 653 B J 223 B J 377 B J 420 B J 
MANGANESE 3730 180 1070 587 107 315 J 179 J 1450 671 114 
MERCURY 0.28 1 0.07 B J 0.054 B J 0.093 U U 0.1 U U 0.1 U U 0.043 B J 0.022 B J 0.096 U U 
NICKEL 44.6 150 15 14.6 19.1 26.8 29.1 12.7 21.2 15.3 
POTASSIUM 1090 161 B J 214 B J 2700 U U 149 B J 5600 U U 226 B J 4700 U U 223 B J 
SELENIUM 1.2 39 3.1 B J 2.9 B J 1.1 B J 5.7 U U 11 U U 2.1 B J 3.2 B J 8.4 U U 
SILVER 9.32 39 2 U U 2 U U 2.7 U U 2.9 U U 5.6 U U 2.1 U U 4.7 U U 4.2 U U 
SODIUM 1260 2000 U U 2000 U U 2700 U U 2900 U U 5600 U U 2100 U U 4700 U U 4200 U U 
THALLIUM 0.078 2 U U 2 U U 1.2 2.6 3 0.42 U U 0.41 B J 0.56 
VANADIUM 128 39 57.8 74.4 115 128 164 63.7 104 98.8 
ZINC 46.8 2300 31.5 38.1 30.4 37 40.4 40 37.3 27.4 
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Table 4-13
 

Metals Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 7 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

TP2-24 TP2-25 TP2-25-SUP TP2-26 TP2-26-SUP TP2-27 
AB0065 
8/6/2010 

REG 
15 - 15.5 ft 

AB0068 
8/5/2010 

REG 
15 - 15.5 ft 

AB0108 
9/20/2011 

REG 
3 - 5 ft 

AB0071 
8/6/2010 

REG 
15 - 15.5 ft 

AB0110 
9/20/2011 

REG 
3 - 5 ft 

AB0111 
9/20/2011 

FD 
3 - 5 ft 

AB0074 
8/5/2010 

REG 
15 - 15.5 ft 

Compound/Analyte 
(mg/kg) BKG 

2012 EPA 
RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 18200 13500 11800 12200 12900 13600 14700 
ANTIMONY 15.1 3.1 21 U U 5.1 U U 1.3 B J 9.5 U UJ 1.3 B J 1.1 B J 8.3 U U 
ARSENIC 37.6 0 39 32.2 32.9 7.7 28 J 9.2 10.5 31.3 
BARIUM 104 1500 210 U U 11.7 B J 15.4 B J 9 B J 31.9 B J 31.8 B J 47.7 B J 
BERYLLIUM 1.69 16 5.3 U U 0.52 B J 0.38 B J 0.59 B J 0.42 B J 0.39 B J 0.88 B J 
CADMIUM 1.3 7 4.3 U U 0.82 B J 0.91 U U 1.9 U U 0.95 U U 1.3 U U 1.7 U U 
CALCIUM 98500 505 B J 357 B J 587 B J 432 B J 619 B J 671 B J 365 B J 
CHROMIUM 268 233 180 108 159 J 106 116 189 
COBALT 29.6 2.3 4.3 5 4.3 B J 2.8 8.4 B J 11.5 B J 17.8 B J 
COPPER 24.1 310 25.2 B J 15.3 15.7 11.1 B J 19 20 21.1 
IRON 68910 5500 72300 54500 33200 51100 35000 37700 65400 
LEAD 24.6 400 7 5.9 5 5 6.1 J 5.7 5.8 9.1 
MAGNESIUM 1040 542 B J 377 B J 244 B J 463 B J 236 B J 259 B J 448 B J 
MANGANESE 3730 180 191 240 255 82.9 J 650 869 902 
MERCURY 0.28 1 0.1 U U 0 036 B J 0.018 B UB 0.089 U U 0.066 B J 0.064 B J 0.1 U U 
NICKEL 44.6 150 22 18.6 13.4 16.6 J 12.6 13.8 21.4 
POTASSIUM 1090 11000 U U 2600 U U 199 B J 4700 U U 187 B J 208 B J 4200 U U 
SELENIUM 1.2 39 21 U U 1.1 B J 3.1 B J 9.5 U UJ 3 B J 3.4 B J 4.3 B J 
SILVER 9.32 39 11 U U 2.6 U U 2 3 U U 4.7 U U 2.4 U U 3.2 U U 4.2 U U 
SODIUM 1260 11000 U U 2600 U U 2300 U U 4700 U UJ 2400 U U 3200 U U 4200 U U 
THALLIUM 0.078 0.6 1.1 2.3 U U 0.53 2.4 U U 3.2 U U 1.5 B J 
VANADIUM 128 39 148 102 64.8 104 J 71.2 75.9 108 
ZINC 46.8 2300 44.1 32.7 25.6 28.1 J 27.7 30.7 34.4 
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Table 4-13
 

Metals Detected in Subsurface Soil
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 8 of 8) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

TP2-27 TP2-29 TP2-30 
AB0075 
8/5/2010 

FD 
15 - 15.5 ft 

AB0082 
8/6/2010 

REG 
15 - 15.5 ft 

AB0085 
8/6/2010 

REG 
15 - 15.5 ft 

Compound/Analyte 
(mg/kg) BKG 

2012 EPA 
RSL Result LQ VQ Result LQ VQ Result LQ VQ 

Metals 
ALUMINUM 36720 7700 14600 13600 14900 
ANTIMONY 15.1 3.1 9.8 U U 12 U U 10 U U 
ARSENIC 37.6 0.39 31.4 26.3 31.6 
BARIUM 104 1500 60 B J 36.8 B J 6 B J 
BERYLLIUM 1.69 16 0.99 B J 2.9 U U 2.5 U U 
CADMIUM 1 3 7 2  U  U  0.6  B  J  2  U  U  
CALCIUM 98500 315 B J 706 B J 333 B J 
CHROMIUM 268 195 184 200 
COBALT 29.6 2.3 15.3 B J 11.7 3 
COPPER 24.1 310 22.3 23.2 13.4 
IRON 68910 5500 70500 50800 60100 
LEAD 24.6 400 9.8 5.9 5.7 
MAGNESIUM 1040 424 B J 286 B J 471 B J 
MANGANESE 3730 180 1070 2520 117 
MERCURY 0.28 1 0.091 U U 0.054 B J 0.023 B J 
NICKEL 44.6 150 20.3 18.7 18.5 
POTASSIUM 1090 4900 U U 5900 U U 5100 U U 
SELENIUM 1 2 39 9.8 U U 12 U U 10 U U 
SILVER 9 32 39 4.9 U U 5.9 U U 5.1 U U 
SODIUM 1260 4900 U U 5900 U U 5100 U U 
THALLIUM 0.078 4.9 U U 1.6 2.1 
VANADIUM 128 39 116 97.8 119 
ZINC 46.8 2300 37.2 42.3 30.5 

Sample depth reported in feet below ground surface. 

NE - Not established. 

NR - Compound not regulated by the FDEP. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, the compound was positively identified; he reported value is an 


B - The analyte was posi ively iden ified; the reported value is an estimated concentration between
estimated concentration betweenthe method detection limit and the reporting limit. 


UB - The analyte was not detected significantly above the levels found in the associated method
the instrument detection limit and the reporting limit. 


Shaded concentrations exceed the listed RSL. 

Bold concentrations exceed background. 

blanks, field blanks, and/or equipment blanks. 
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Table 4-14
 

Organic Compounds Detected in Groundwater
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 2) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

RMW2-1 RMW2-2 RMW2-3 
AB3001 

7/16/2010 
REG 

AB3008 
12/9/2010 

REG 

AB3002 
7/16/2010 

REG 

AB3009 
12/9/2010 

REG 

AB3003 
7/16/2010 

REG 

AB3004 
7/16/2010 

FD 

Compound/Analyte 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 FIELD TESTS 
Conductivity (umhos/cm) 1.29 1.193 1.06 0.999 1.234 
Dissolved Oxygen (µg/L) 7990 6770 6520 6240 6390 
Oxidation Reduction Potential (mV) -123.5 27 9 -10.3 27.8 -35.7 
pH (STD_units) 7.2 7.18 7.26 7.2 7.27 
Temperature (°C) 33.96 30.1 30.94 33.24 30.7 
Turbidity (NTU) 6.2 8.4 6.4 0 6.2
 GEN CHEMISTRY (µg/L)
ALKALINITY, TOTAL 245000 249000 242000 237000 255000 242000 
CHLORIDE 179000 196000 117000 141000 186000 199000 
FLUORIDE 62 200 U U 110 B J 1000 U U 200 U U 
NITRATE 2500 4400 4600 3300 3900 4100 4000 
Phosphate, Ortho 100 U UJ 62 B UB 190 32 B UB 36 B J 21 B J 
SULFATE 23900 31100 17100 22900 25600 25200 
TOTAL DISSOLVED SOLIDS 714000 579000 529000 455000 664000 567000 
TOTAL SUSPENDED SOLIDS 10000 UB 14000 23000 14000 18000 15000 UB
 Volatiles (µg/L)
CHLOROFORM 0.19 0.25 J UB 1 U U 1 U U 1 U U 1 U U 1 U U 
TRICHLOROETHENE 0.26 1.1 0.94 J J 0.57 J J 0.46 J J 1.1 1.1 
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Table 4-14
 

Organic Compounds Detected in Groundwater
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 2) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

Compound/Analyte 
2012 EPA 

RSL

 FIELD TESTS 
Conductivity (umhos/cm) 
Dissolved Oxygen (µg/L) 
Oxidation Reduction Potential (mV) 
pH (STD_units) 
Temperature (°C) 
Turbidity (NTU)
 GEN CHEMISTRY (µg/L)
ALKALINITY, TOTAL 
CHLORIDE 
FLUORIDE 62 
NITRATE 2500 
Phosphate, Ortho 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED SOLIDS
 Volatiles (µg/L)
CHLOROFORM 0.19 
TRICHLOROETHENE 0.26 

Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

1.237 1.296 1.149 1.347 1.167 
6170 5980 6530 6490 6490 
28.2 -139.5 25.2 -22.4 27.9 
7.25 7.23 7.22 7 26 7.19 

29.95 31.5 28.41 30.16 28.42 
4.9 0 1.9 0 0 

244000 224000 249000 250000 233000 
214000 210000 193000 200000 207000 

200 U U 200 U U 
4400 4100 4200 3900 4400 J 

47 B UB 23 B J 45 B UB 31 B J 86 B UB 
31500 25200 30300 25100 31000 

608000 716000 534000 664000 582000 
25000 5000 B UB 10000 U U 10000 J 10000 U U 

1 U  U  1 U  U  1 U  U  1 U  U  1 U  U  
0.88 J J 0.72 J J 0.57 J J 0.81 J J 0.68 J J 

RMW2-5 
AB3006 

7/16/2010 
REG 

AB3011 
12/9/2010 

REG 

RMW2-4 
AB3007 

7/16/2010 
REG 

AB3012 
12/9/2010 

REG 

RMW2-3 
AB3010 

12/9/2010 
REG 

Notes: 

Sample depth reported in feet below ground surface. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between


J - As a validation qualifier, the compound/analyte was positively identified; the reported value is an estimated concentration. 

UB - The analyte was not detected significantly above the levels found in the associated method blanks, field blanks, and/or

 the method detection limit and the reporting limit. 


Bold concentrations exceed the listed RSL. 

equipment blanks. 
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Table 4-15
 

Metals Detected in Groundwater
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 2) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

RMW2-1 RMW2-2 RMW2-3 RMW2-3 
AB3001 

7/16/2010 
REG 

AB3008 
12/9/2010 

REG 

AB3002 
7/16/2010 

REG 

AB3009 
12/9/2010 

REG 

AB3003 
7/16/2010 

REG 

AB3004 
7/16/2010 

FD 

AB3010 
12/9/2010 

REG 

Compound/Analyte (µg/L) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 Metals (Unfiltered)
ALUMINUM 1600 50 B J 293 109 B J 219 47.5 B J 64 B J 96.3 B J 
ANTIMONY 0.6 3.3 B UB 6 U U 6 U U 6 U U 3.9 B UB 6 U U 6 U U 
BARIUM 290 7.3 B J 7 B J 8.2 B J 8.9 B J 6.7 B J 6.4 B J 6.2 B J 
CALCIUM 97200 93100 J 91700 107000 96800 J 96700 102000 
CHROMIUM 7.9 B J 5.7 B J 10.1 J 10 8.5 B J 7.9 B J 5.3 B J 
COPPER 62 25 U U 25 U U 9.5 B J 25 U U 3 B J 2.9 B J 25 U U 
IRON 1100 300 U U 102 B J 174 B J 165 B J 300 U U 53.9 B UB 300 U U 
LEAD 5 U U 5 U U 5 U U 5 U U 5 U U 5 U U 5 U U 
MAGNESIUM 21600 20300 J 15200 17300 20600 20500 22300 
MANGANESE 32 2.4 B J 5.8 B J 2.7 B J 3.1 B J 1.5 B UB 1.5 B UB 4.7 B J 
NICKEL 30 2.2 B J 40 U U 4.5 B J 5.3 B J 2.5 B J 2.2 B J 2 B J 
POTASSIUM 4890 B J 4860 B J 3190 B J 3800 B J 5120 B J 5060 B J 5210 B J 
SELENIUM 7.8 10 U U 10 U U 10 U U 10 U U 10 U U 10 U U 10 U U 
SODIUM 103000 109000 65300 79100 102000 108000 123000 
VANADIUM 7.8 2.5 B J 2.7 B J 2.5 B J 3 B J 3.4 B J 3.1 B J 3.3 B J 
ZINC 470 20 U U 7.2 B J 14.2 B J 9.5 B J 12.8 B J 16.3 B J 8.1 B J
 Metals (Filtered)
ALUMINUM 1600 200 U U 200 U U 200 U U 200 U U 200 U U 200 U U 200 U U 
BARIUM 290 7 B J 8.4 B J 7.6 B J 9.5 B J 5.8 B J 6.2 B J 6.8 B J 
CALCIUM 91400 95700 91300 83600 92100 94400 87600 
CHROMIUM 4.4 B J 4.7 B J 2.9 B J 3.3 B J 5.6 B J 6.2 B J 4.5 B J 
COBALT 0.47 50 U U 50 U U 50 U U 50 U U 50 U U 50 U U 50 U U 
COPPER 62 25 U U 25 U U 2.1 B J 25 U U 3 B UB 3.1 B UB 25 U U 
IRON 1100 300 U U 300 U U 300 U U 300 U U 300 U U 300 U U 300 U U 
LEAD 5 U U 5 U U 5 U U 5 U U 1.4 B UB 5 U U 5 U U 
MAGNESIUM 19900 21800 15400 15900 20800 21400 20700 
MANGANESE 32 15 U U 15 U U 15 U J 15 U U 15 U UJ 15 U UJ 15 U U 
NICKEL 30 2.2 B J 40 U U 40 U U 2.9 B J 2.4 B J 2.7 B J 40 U U 
POTASSIUM 4490 B J 5290 B J 3240 B J 3610 B J 4950 B J 5110 B J 5130 B J 
SELENIUM 7.8 10 U U 3 B J 10 U U 10 U U 3.2 B J 3.8 B J 10 U U 
SODIUM 101000 115000 64500 76500 109000 112000 110000 
VANADIUM 7.8 2.7 B J 2.4 B J 1.9 B J 1.7 B J 2.6 B J 3 B J 2.7 B J 
ZINC 470 20 U U 20 U U 10 B J 7.1 B J 16.3 B UB 16.1 B UB 7.4 B J 
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Table 4-15
 

Metals Detected in Groundwater
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 2) 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

RMW2-4 RMW2-5 
AB3006 

7/16/2010 
REG 

AB3011 
12/9/2010 

REG 

AB3007 
7/16/2010 

REG 

AB3012 
12/9/2010 

REG 

Compound/Analyte (µg/L) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ 

Metals (Unfiltered)
ALUMINUM 1600 200 U U 200 U U 200 U U 200 U U 
ANTIMONY 0.6 6 U U 6 U U 6 U U 6 U U 
BARIUM 290 200 U U 5.2 B J 200 U U 200 U U 
CALCIUM 90200 87400 84600 87600 
CHROMIUM 4.3 B J 3.6 B J 3.9 B J 4.5 B J 
COPPER 62 25 U U 25 U U 25 U U 25 U U 
IRON 1100 300 U U 300 U U 300 U U 300 U U 
LEAD 5 U U 5 U U 5 U U 5 U U 
MAGNESIUM 21200 19800 19400 20800 
MANGANESE 32 15 U UJ 15 U U 15 U UJ 15 U U 
NICKEL 30 40 U U 40 U U 40 U U 40 U U 
POTASSIUM 4840 B J 4840 B J 4780 B J 4900 B J 
SELENIUM 7.8 10 U U 10 U U 2.5 B UB 10 U U 
SODIUM 102000 104000 105000 110000 
VANADIUM 7.8 2.6 B J 2 9 B J 3 B J 2.9 B J 
ZINC 470 6.5 B J 9 5 B J 8 B J 20 U U 

Metals (Filtered)
ALUMINUM 1600 200 U U 200 U U 200 U U 200 U U 
BARIUM 290 5.1 B J 5.7 B J 5.1 B J 6 B J 
CALCIUM 84100 86100 86600 85800 
CHROMIUM 3.3 B J 4 2 B J 3.7 B J 3.3 B J 
COBALT 0.47 50 U U 50 U U 50 U U 50 U U 
COPPER 62 25 U U 25 U U 25 U U 25 U U 
IRON 1100 300 U U 300 U U 300 U U 300 U U 
LEAD 5  U  U  5  U  U  1.4  B  UB  5  U  U  
MAGNESIUM 19600 20100 20400 20700 
MANGANESE 32 15 U U 15 U U 15 U UJ 15 U U 
NICKEL 30 40 U U 40 U U 40 U U 40 U U 
POTASSIUM 4470 B J 5060 B J 4810 B J 4930 B J 
SELENIUM 7.8 10 U U 10 U U 10 U U 10 U U 
SODIUM 107000 108000 104000 45600 
VANADIUM 7.8 2.9 B J 3 B J 2.9 B J 2.9 B J 
ZINC 470 20 U U 20 U U 5.6 B UB 20 U U 

Sample depth reported in feet below ground surface. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, he compound was positively identified; the reported value is an 


estimated concentration between the method detection limit and the repor ing limit. J - As a validation qualifier, the compound/analyte was positively identified; the reported value 

UB - The analyte was not detected significantly above the levels found in the associated me hod blanks,is an estimated concentration. 

B - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated 
field blanks, and/or equipment blanks        concentra ion between the instrument detection limit and he reporting limit. 
Bold concentra ions exceed the listed RSL. 
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Table 4-16
 

Organic Compounds Detected in Sediment
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SWSD01 LF2SWSD02 LF2SWSD02 LF2SWSD03 LF2SD03-SUP LF2SWSD04 LF2SD04-SUP 
AB1000 

6/25/2010 
REG 

0 - 0.5 ft 

AB1001 
6/25/2010 

REG 
0 - 0.5 ft 

AB1002 
6/25/2010 

FD 
0 - 0.5 ft 

AB1004 
7/12/2010 

REG 
0 - 0.5 ft 

AB1010 
9/22/2011 

REG 
0 - 0.5 ft 

AB1005 
7/12/2010 

REG 
0 - 0.5 ft 

AB1011 
9/22/2011 

REG 
0 - 0.5 ft 

Compound/Analyte (mg/kg) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 GEN CHEMISTR Y 
SOLIDS (%) 80 82 78.9 59.7 74.4 60.8 73
 PCBS 
PCB-1248 0.22 0 02 U U 0.02 U U 0.02 U U 0.027 U U 0 027 U U 
PCB-1254 0.11 0 02 U U 0.02 U U 0.02 U U 0.027 U U 0 027 U U 
PCB-1260 0.22 0 02 U U 0 02 U U 0.02 U U 0.027 U U 0 027 U UJ
 Pesticides 
4,4'-DDD 2 0.0039 U UJ 0.0044 J J 0.004 U U 0.0054 U U 0.0054 U U 
4,4'-DDE 1.4 0.005 J 0.0211 0 00092 J J 0.0054 U U 0.0054 U U 
4,4'-DDT 1.7 0.0035 J J 0.0312 0 00089 J J 0.054 U UJ 0 054 U UJ 
alpha-CHLORDANE 0.002 U UJ 0.004 U U 0.002 U U 0.0027 U U 0.0027 U U
 Semivolatiles 
3-METHYLPHENOL AND 4-METHYLPHENOL 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.0664 J J 
ACENAPHTHYLENE 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
ANTHRACENE 1700 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
BENZO(a)ANTHRACENE 0.15 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
BENZO(a)PYRENE 0.015 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
BENZO(b)FLUORANTHENE 0.15 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
BENZO(ghi)PERYLENE 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
BENZO(k)FLUORANTHENE 1.5 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
BIS(2-ETHYLHEXYL)PHTHALATE 35 0.4 U U 0 39 U U 0.41 U U 0.55 U U 0.54 U U 
CARBAZOLE 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
CHRYSENE 15 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
DIBENZO(a,h)ANTHRACENE 0.015 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
FLUORANTHENE 230 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
INDENO(1,2,3-cd)PYRENE 0.15 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
PHENANTHRENE 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U 
PYRENE 170 0.2 U U 0.2 U U 0.21 U U 0.28 U U 0.27 U U
 TPH 
TPH (C10-C28) 610 10 U U 9.8 U U 10 U U 21.3 11 U U 38 5.53 J J
 Volatiles 
METHYLENE CHLORIDE 36 0.012 U UJ 0.008 JB UB 0.012 U UJ 0 016 U U 0 017 U U 
TOLUENE 500 0.0058 U UJ 0.0065 U UJ 0.0059 U UJ 0.117 0.0374 

Notes: 

Sample depth reported in feet below ground surface. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between


J - As a validation qualifier, the compound/analyte was positively identified; the reported value is an estimated concentration. 

UB - The analyte was not detected significantly above the levels found in the associated method blanks, field blanks, and/or

 the method detection limit and the reporting limit. 


B - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between the instrument detection limit and the reporting limit. 


equipment blanks.
Bold concentrations exceed the listed background or SCTLs. 
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Table 4-17
 

Metals Detected in Sediment
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

LF2SWSD01 LF2SWSD02 LF2SWSD03 LF2SWSD04 
AB1000 

6/25/2010 
REG 

0 - 0.5 ft 

AB1001 
6/25/2010 

REG 
0 - 0.5 ft 

AB1002 
6/25/2010 

FD 
0 - 0.5 ft 

AB1004 
7/12/2010 

REG 
0 - 0.5 ft 

AB1005 
7/12/2010 

REG 
0 - 0.5 ft 

Compound/Analyte 
(mg/kg) 

2012 EPA 
RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ

 Metals 
ALUMINUM 7700 9730 9020 11500 11000 9580 
ANTIMONY 3.1 6.1 U U 5.3 U U 9.7 U U 5.7 U U 7 U U 
ARSENIC 0.39 10.2 8 8 16.4 15.1 
BARIUM 1500 22.8 B J 19.7 B J 35.5 B J 23.8 B J 29.5 B J 
BERYLLIUM 16 0.52 B J 0.47 B J 0.76 B J 0.76 B J 0.61 B J 
CADMIUM 7 1.2 U U 1.1 U U 1.9 U U 1.1 U U 1.4 U U 
CALCIUM 1650 1770 1660 B J 2040 1300 B J 
CHROMIUM 104 97 111 153 115 
COBALT 2.3 9 B J 8.9 B J 10 B J 10.4 B J 10.9 B J 
COPPER 310 13.1 11.1 12.7 13.8 16.3 
IRON 5500 28700 26100 34500 36700 33400 
LEAD 400 34.3 13.9 17.7 7.5 9 
MAGNESIUM 302 B J 270 B J 350 B J 568 B J 286 B J 
MANGANESE 180 446 473 758 629 755 
MERCURY 1 0.052 B J 0.055 B J 0.061 B J 0.043 B 0.079 B 
NICKEL 150 16.8 14.8 19.9 20.9 19.4 
POTASSIUM 230 B J 192 B J 277 B J 864 B J 215 B J 
SELENIUM 39 6.1 U U 5.3 U U 9.7 U U 5.7 U U 7 U U 
SILVER 39 3 U U 2.7 U U 4.8 U U 2.8 U U 3.5 U U 
THALLIUM 0.078 0.79 B J 0.66 B J 4.8 U U 1.4 B J 3.5 U U 
VANADIUM 39 58.5 52 68.1 80.3 64.7 
ZINC 2300 39.6 34.5 33.6 32.6 47.6 

Notes: 

Sample depth reported in feet below ground surface. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between


J - As a validation qualifier, the compound/analyte was positively identified; the reported value is an estimated concentration. 

UB - The analyte was not detected significantly above the levels found in the associated method blanks, field blanks, and/or

 the method detection limit and the reporting limit. 


B - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between the

equipment blanks. 

Bold concentrations exceed the listed RSL.

instrument detection limit and the reporting limit. 
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Table 4-18
 

Organic Compounds Detected in Surface Water
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

LF2SWSD01 LF2SWSD02 LF2SWSD03 LF2SW03-SUP LF2SWSD04 LF2SW04-SUP 
AB2000 

6/25/2010 
REG 

AB2001 
6/25/2010 

REG 

AB2002 
6/25/2010 

FD 

AB2004 
7/12/2010 

REG 

AB2010 
9/22/2011 

REG 

AB2005 
7/12/2010 

REG 

AB2011 
9/22/2011 

REG 

Compound/Analyte (µg/L) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 Semivolatile s 
BIS(2-ETHYLHEXYL)PHTHALATE 0 071 4 9 U U 2.8 J J 5 U U 4 8 U U 4 8 U U
 TPH 
TPH (C10-C28) 160 161 J J 121 J J 203 J J 975 250 U U 1020 99 2 J J
 Volatiles 
CARBON DISULFIDE 72 13 8 B J 3 4 B UB 4 9 B UB 2 U U 2 U U 
TOLUENE 86 1 U U 1 U U 1 U U 1 U U 0 37 J J 

Notes:
 
Sample depth reported in feet below ground surface.
 
LQ - Laboratory qualifier.
 
VQ - Validation qualifier.
 
J - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between


 the me hod detection limit and the reporting limit. J - As a validation qualifier, the compound/analyte was positively identified; the reported value is an estimated concentration. 
UB - The analyte was not detected significantly above the levels found in the associated method blanks, field blanks, and/or

Bold concentra ions exceed he listed RSL. 
equipment blanks. 
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Table 4-19
 

Metals Detected in Surface Water
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Location Code 
Sample Number 

Sample Date 
Sample Purpose 

LF2SWSD01 LF2SWSD02 LF2SWSD02 LF2SWSD03 LF2SWSD04 
AB2000 

6/25/2010 
REG 

AB2001 
6/25/2010 

REG 

AB2002 
6/25/2010 

FD 

AB2004 
7/12/2010 

REG 

AB2005 
7/12/2010 

REG 

Compound/Analyte (µg/L) 
2012 EPA 

RSL Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ Result LQ VQ
 Metals (Unfiltered)
ALUMINUM 1600 1730 1740 1840 163 B J 399 
ARSENIC 0.045 9 B J 7.8 B J 8.5 B J 7.6 B J 4.5 B J 
BARIUM 290 14.9 B J 15 B J 14.9 B J 30.6 B J 49.7 B J 
CALCIUM 14900 14600 14700 25400 51000 
CHROMIUM 7.3 B J 7.4 B J 8.3 B J 1 B J 3.7 B J 
COBALT 0.47 1.2 B J 1.3 B J 1.2 B J 50 U U 1.6 B J 
COPPER 62 2.1 B J 2.3 B J 2.4 B J 25 U U 2.1 B J 
IRON 1100 2300 2450 2790 748 1840 
LEAD 1.9 B J 1.5 B J 2.6 B J 1.5 B J 2.2 B J 
MAGNESIUM 766 B J 742 B J 781 B J 3290 B J 3450 B J 
MANGANESE 32 78.7 71.9 73.3 222 270 
MERCURY 0.063 0.12 B UB 0.085 B UB 1 U U 1 U U 1 U U 
NICKEL 30 2.1 B J 2.1 B J 2.4 B J 40 U U 40 U U 
POTASSIUM 3510 B J 3380 B J 3400 B J 8230 B J 1570 B J 
SELENIUM 7.8 2.9 B UB 10 U U 2.1 B UB 10 U U 10 U U 
SODIUM 6160 B J 6300 B J 6340 B J 5270 B J 5030 B J 
VANADIUM 7.8 9.6 B J 9.9 B J 10.5 B J 2.3 B J 4.6 B J 
ZINC 470 16.2 B J 12.3 B J 12.4 B J 5.5 B UB 9.1 B UB 

Notes: 

Sample depth reported in feet below ground surface. 

LQ - Laboratory qualifier. 

VQ - Validation qualifier. 

J - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between


J - As a validation qualifier, the compound/analyte was positively identified; the reported value is an estimated concentration. 

UB - The analyte was not detected significantly above the levels found in the associated method blanks, field blanks, and/or

 the method detection limit and the reporting limit. 


B - As a laboratory qualifier, the compound was positively identified; the reported value is an estimated concentration between the

equipment blanks. 

Bold concentrations exceed the listed RSL.
 instrument detection l mit and the reporting limit. 
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Table 5-1
 

Summary of Samples
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 2) 

Sample Location 
Sample 
Number 

Sample 
Purpose 

Date of 
Sample 

Sample Depth 
(feet) Sample Analyses 

Surface Soil 
Outside Burial Area 
LF1SB01 AA0001 REG 30-Jul-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB01 AA0002 FD 30-Jul-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB02 AA0006 REG 3-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB03 AA0009 REG 30-Jul-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB04 AA0014 REG 30-Jul-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB05 AA0017 REG 2-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB06 AA0020 REG 2-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB07 AA0023 REG 2-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB08 AA0028 REG 2-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB21 AA0078 REG 6-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
Inside Burial Area 
LF1SB19 AA0068 REG 9-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB20 AA0070 REG 9-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-9 AA0031 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-10 AA0034 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-11 AA0037 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-12 AA0042 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-13 AA0045 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-14 AA0048 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-15 AA0053 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-16 AA0056 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-17 AA0059 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-18 AA0062 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-18 AA0063 FD 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
Subsurface Soil - Outside Burial Area 
LF1SB01 AA0004 REG 30-Jul-10 2.5 - 3 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB02-SUP AA0090 REG 22-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB02-SUP AA0091 FD 22-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB03-SUP AA0094 REG 20-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB04-SUP AA0095 REG 20-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB05 AA0018 REG 2-Aug-10 5 - 6 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB06-SUP AA0096 REG 21-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB07 AA0024 REG 2-Aug-10 2 - 3 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
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Table 5-1
 

Summary of Samples
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 2) 

Sample Location 
Sample 
Number 

Sample 
Purpose 

Date of 
Sample 

Sample Depth 
(feet) Sample Analyses 

LF1SB07 AA0025 FD 2-Aug-10 2 - 3 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB21-SUP AA0099 REG 20-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
Excluded from risk evaluation because of depth 
LF1SB07 AA0027 REG 2-Aug-10 6 - 7 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
Groundwater 
RMW1-1 AA3001 REG 15-Jul-10 258 - 258 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW1-1 AA3005 REG 8-Dec-10 258 - 258 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW1-1 AA3006 FD 8-Dec-10 258 - 258 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW1-2 AA3002 REG 15-Jul-10 240 - 240 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW1-2 AA3008 REG 8-Dec-10 236 - 236 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW1-3 AA3003 REG 15-Jul-10 220 - 220 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW1-3 AA3009 REG 10-Dec-10 217 - 217 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW1-4 AA3004 REG 16-Jul-10 230 - 230 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW1-4 AA3010 REG 10-Dec-10 230 - 230 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
Sediment 
LF1SWSD01 AA1000 REG 28-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SWSD02 AA1001 REG 28-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SWSD03 AA1003 FD 28-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SWSD03 AA1002 REG 28-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SWSD04 AA1005 REG 28-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 

Field tests include conductivity, dissolved oxygen, oxidation reduction potential, temperature, turbidity, and pH.
 
f & uf - Filtered and unfiltered.
 
Gen Chem - General chemistry parameters.
 
PAH - Polycyclic aromatic hydrocarbons.
 
PCB - Polychlorinated biphenyls.
 
SVOC - Semivolatile organic compounds.
 
TPH - Total petroleum hydrocarbons.
 
VOC - Volatile organic compounds.
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Table 5-2
 

Summary of Samples
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 1 of 3) 

Sample Location 
Sample 
Number 

Date of 
Sample 

Sample Depth 
(feet) Sample Analyses 

Surface Soil 
LF2SB01 AB0001 REG 5-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB01 AB0002 FD 5-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB02 AB0006 REG 4-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB03 AB0009 REG 3-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB04 AB0014 REG 3-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB05 AB0017 REG 4-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB06 AB0020 REG 3-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB07 AB0023 REG 5-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB08 AB0028 REG 4-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB09 AB0031 REG 4-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB10 AB0034 REG 4-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB11 AB0037 REG 5-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB12 AB0042 REG 5-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB25-SUP AB0103 REG 20-Sep-11 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB26-SUP AB0105 REG 20-Sep-11 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-19 AB0045 REG 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-20 AB0048 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-21 AB0053 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-21 AB0054 FD 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-22 AB0056 REG 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-23 AB0059 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-24 AB0062 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-24 AB0063 FD 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-25 AB0067 REG 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-26 AB0070 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-27 AB0073 REG 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-28 AB0078 REG 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-28 AB0079 FD 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-29 AB0081 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-30 AB0084 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
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Table 5-2
 

Summary of Samples
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 2 of 3) 

Sample Location 
Sample 
Number 

Date of 
Sample 

Sample Depth 
(feet) Sample Analyses 

Subsurface Soil 
LF2SB02-SUP AB0090 REG 20-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB02-SUP AB0091 FD 20-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB04-SUP AB0092 REG 22-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB05-SUP AB0095 REG 20-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB06-SUP AB0107 REG 20-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB08-SUP AB0096 REG 22-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB09-SUP AB0099 REG 22-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB10-SUP AB0102 REG 20-Sep-11 3 - 5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB25-SUP AB0104 REG 20-Sep-11 3 - 5 Explosives, Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB26-SUP AB0106 REG 20-Sep-11 3 - 5 Explosives, Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-21-SUP AB0109 REG 20-Sep-11 3 - 5 Explosives, Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-25-SUP AB0108 REG 20-Sep-11 3 - 5 Explosives, Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-26-SUP AB0110 REG 20-Sep-11 3 - 5 Explosives, Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-26-SUP AB0111 FD 20-Sep-11 3 - 5 Explosives, Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
Surface Water 
LF2SW03-SUP AB2010 REG 22-Sep-11 0 - 0.5 TPH 
LF2SW04-SUP AB2011 REG 22-Sep-11 0 - 0.5 TPH 
LF2SWSD01 AB2000 REG 25-Jun-10 0 - 0.5 Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD02 AB2001 REG 25-Jun-10 0 - 0.5 Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD02 AB2002 FD 25-Jun-10 0 - 0.5 Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD03 AB2004 REG 12-Jul-10 0 - 0.5 Metals, PCB, Pest, SVOC, TPH*, VOC 
LF2SWSD04 AB2005 REG 12-Jul-10 0 - 0.5 Metals, PCB, Pest, SVOC, TPH*, VOC 
Sediment 
LF2SD03-SUP AB1010 REG 22-Sep-11 0 - 0.5 Gen Chem, TPH 
LF2SD04-SUP AB1011 REG 22-Sep-11 0 - 0.5 Gen Chem, TPH 
LF2SWSD01 AB1000 REG 25-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD02 AB1001 REG 25-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD02 AB1002 FD 25-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD03 AB1004 REG 12-Jul-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH*, VOC 
LF2SWSD04 AB1005 REG 12-Jul-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH*, VOC 
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Table 5-2
 

Summary of Samples
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

(Page 3 of 3) 

Sample Location 
Sample 
Number 

Date of 
Sample 

Sample Depth 
(feet) Sample Analyses 

Groundwater 
RMW2-1 AB3001 REG 16-Jul-10 230 - 230 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW2-1 AB3008 REG 9-Dec-10 230 - 230 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW2-2 AB3002 REG 16-Jul-10 220 - 220 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW2-2 AB3009 REG 9-Dec-10 220 - 220 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW2-3 AB3003 REG 16-Jul-10 230 - 230 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW2-3 AB3004 FD 16-Jul-10 230 - 230 Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW2-3 AB3010 REG 9-Dec-10 227 - 227 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW2-4 AB3006 REG 16-Jul-10 226 - 226 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW2-4 AB3011 REG 9-Dec-10 226 - 226 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW2-5 AB3007 REG 16-Jul-10 223 - 223 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 
RMW2-5 AB3012 REG 9-Dec-10 223 - 223 Field Tests, Gen Chem, Metals (f & uf), PCB, Pest, SVOC, TPH, VOC 

* Result in surface water and sediment data replaced with TPH samples from 2011 from same location.
 
Metals (f&uf) - Metals filtered and unfiltered; metals data is unfiltered unless specified otherwise.
 
Field tests include conductivity, dissolved oxygen, oxidation reduction potential, temperature, turbidity, and pH.
 
Gen Chem - General chemistry parameters.
 
PCB - Polyclorinated biphenyls.
 
SVOC - Semivolatile organic compounds.
 
TPH - Total petroleum hydrocarbons.
 
VOC - Volatile organic compounds.
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Table 5-3
 

Summary of Background Evaluation for Chemicals of Potential Concern
 
Metals in Surface Soil, Landfill Area 1 Inside the Burial Area
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Exposure 
Point 

CAS 
Number 

Chemical 

(Qualifier) 

Maximum 
Concentration 

Units COPC 
Flag (1) 

(Y/N) 

Background 
Value (2) 

MDC 

Exceeds 
Background? (3) 

(Yes/No) 

Failed 

WRS? (4) 
(Yes/No) 

Requires 
Geochemical 

Evaluation? (5) 

Site-related 
Contaminant 

Based on 
Geochemical 

Evaluation? (6) 

Surface Soil 7429-90-5 Aluminum 1.90E+04 mg/kg Yes 2.36E+04 No No No --
7440-36-0 Antimony 8.30E-01 J mg/kg No ND -- -- -- --
7440-38-2 Arsenic 2.83E+01 J mg/kg Yes 3.16E+01 No No No --
7440-39-3 Barium 6.91E+02 J mg/kg No 8.99E+01 -- -- -- --
7440-41-7 Beryllium 9.80E-01 J mg/kg No 1.36E+00 -- -- -- --
7440-43-9 Cadmium 1.70E+00 J mg/kg No 8.80E-01 -- -- -- --
7440-70-2 Calcium 2.04E+05 mg/kg No 2.44E+05 -- -- -- --
7440-47-3 Chromium 5 1.74E+02 J mg/kg Yes 2.28E+02 No No No --
7440-48-4 Cobalt 1.12E+01 mg/kg Yes 1.92E+01 No No No --
7440-50-8 Copper 5.43E+01 mg/kg No 3.61E+02 -- -- -- --
7439-89-6 Iron 6.36E+04 mg/kg Yes 5.45E+04 Yes No Yes Yes 
7439-92-1 Lead 1.44E+02 J mg/kg No 5.26E+01 -- -- -- --
7439-95-4 Magnesium 1.23E+03 J mg/kg No 1.06E+03 -- -- -- --
7439-96-5 Manganese 6.06E+02 mg/kg Yes 2.39E+03 No No No --
7439-97-6 Mercury 6.40E-01 J mg/kg No 2.60E-01 -- -- -- --
7440-02-0 Nickel 3.56E+01 mg/kg No 3.24E+01 -- -- -- --
2023695 Potassium 5.22E+02 J mg/kg No 1.27E+03 -- -- -- --

7782-49-2 Selenium 2.60E+00 J mg/kg No ND -- -- -- --
7440-22-4 Silver 2.60E+00 mg/kg No 5.06E+00 -- -- -- --
7440-28-0 Thallium 3.20E+00 mg/kg Yes ND NA NA NA NA 
7440-62-2 Vanadium 9.14E+01 J mg/kg Yes 1.07E+02 No No No --
7440-66-6 Zinc 3.38E+02 mg/kg No 9.29E+01 -- -- -- --

COPC = Chemical of Potential Concern; J = Estimated value; NA = Not Applicable; ND = no data/ nondetect;

 "--" = Chemial is not a COPC or, in last column, geochemcial evaluation was not necessary.
 

(1) Based on Appendix I-1 Table 2.1, for surface soil inside the burial area. 
(2) Background screening values (Shaw, 2004). 
(3) Only applies to inorganics selected as COPCs. 
(4) See Appendix I-2 for results. 
(5) A geochemical evaluation is performed when either the MDC exceeds the BV, or the WRS test fails (i.e., indicating a statistically significant difference between data sets). 
(6) If the geochemical test indicates that the analyte is naturally occurring, the analyte is identified as being associated with naturally occurring background conditions and is 

thus excluded from identification as a COPC. See Appendix K for geochemical evaluation results. 
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Table 5-4
 

Summary of Background Evaluation of Chemicals of Potential Concern
 
Metals in Surface Soil, Landfill Area 1 Outside the Burial Area
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Exposure 
Point 

CAS 
Number 

Chemical 

(Qualifier) 

Maximum 
Concentration 

Units COPC 
Flag (1) 

(Y/N) 

Background 
Value (2) 

MDC 
Exceeds 

Background? (3) 
(Yes/No) 

Failed 
WRS? (4) 
(Yes/No) 

Requires 
Geochemical 

Evaluation? (5) 

Site-related 
Contaminant 

Based on 
Geochemical 

Evaluation? (6) 

Surface Soil 7429-90-5 Aluminum 1.80E+04 mg/kg Yes 2.36E+04 No No No --
7440-36-0 Antimony 2.85E+00 J mg/kg No ND -- -- -- --
7440-38-2 Arsenic 3.15E+01 mg/kg Yes 3.16E+01 No No No --
7440-39-3 Barium 3.50E+01 J mg/kg No 8.99E+01 -- -- -- --
7440-41-7 Beryllium 1.20E+00 J mg/kg No 1.36E+00 -- -- -- --
7440-43-9 Cadmium 6.15E-01 mg/kg No 8.80E-01 -- -- -- --
7440-70-2 Calcium 2.40E+05 mg/kg No 2.44E+05 -- -- -- --
7440-47-3 Chromium 2.21E+02 mg/kg Yes 2.28E+02 No No No --
7440-48-4 Cobalt 1.30E+01 mg/kg Yes 1.92E+01 No No No --
7440-50-8 Copper 1.84E+01 J mg/kg No 3.61E+02 -- -- -- --
7439-89-6 Iron 6.02E+04 mg/kg Yes 5.45E+04 Yes No Yes No 
7439-92-1 Lead 2.15E+01 mg/kg No 5.26E+01 -- -- -- --
7439-95-4 Magnesium 1.52E+03 mg/kg No 1.06E+03 -- -- -- --
7439-96-5 Manganese 1.18E+03 mg/kg Yes 2.39E+03 No No No --
7439-97-6 Mercury 1.20E-01 mg/kg No 2.60E-01 -- -- -- --
7440-02-0 Nickel 3.27E+01 mg/kg No 3.24E+01 -- -- -- --
2023695 Potassium 1.23E+03 J mg/kg No 1.27E+03 -- -- -- --

7782-49-2 Selenium 6.90E+00 J mg/kg No ND -- -- -- --
7440-22-4 Silver 7.20E-02 J mg/kg No 5.06E+00 -- -- -- --
7440-28-0 Thallium 3.50E+00 mg/kg Yes ND NA NA NA NA 
7440-62-2 Vanadium 1.14E+02 mg/kg Yes 1.07E+02 Yes No Yes No 
7440-66-6 Zinc 4.44E+01 mg/kg No 9.29E+01 -- -- -- --

COPC = Chemical of Potential Concern; J = Estimated value; NA = Not Applicable; ND = no data/ nondetect;

 "--" = Chemial is not a COPC or, in last column, geochemcial evaluation was not necessary. 


(1) Based on Appendix I-1 Table 2.2, for surface soil outside the burial area. 
(2) Background screening values (Shaw, 2004). 
(3) Only applies to inorganics selected as COPCs. 
(4) See Appendix I-2 for results. 
(5) A geochemical evaluation is performed when either the MDC exceeds the BV, or the WRS test fails (i.e., indicating a statistically significant difference between data sets). 
(6) If the geochemical test indicates that the analyte is naturally occurring, the analyte is identified as being associated with naturally occurring background conditions and is 

thus excluded from identification as a COPC. See Appendix K for geochemical evaluation results. 
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Table 5-5
 

Summary of Background Evaluation of Chemicals of Potential Concern
 
Metals in Subsurface Soil, Landfill Area 1 Outside the Burial Area
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Exposure 
Point 

CAS 
Number 

Chemical 

(Qualifier) 

Maximum 
Concentration 

Units COPC 
Flag (1) 

(Y/N) 

Background 
Value (2) 

MDC 
Exceeds 

Background? (3) 
(Yes/No) 

Failed 
WRS? (4) 
(Yes/No) 

Requires 
Geochemical 

Evaluation? (5) 

Site-related 
Contaminant 

Based on 
Geochemical 

Evaluation? (6) 

Subsurface Soil 7429-90-5 Aluminum 1.64E+04 mg/kg Yes 3.67E+04 No No No --
7440-36-0 Antimony 2.30E+00 J mg/kg No ND -- -- -- --
7440-38-2 Arsenic 1.38E+01 mg/kg Yes 3.76E+01 No No No --
7440-39-3 Barium 3.25E+01 J mg/kg No 1.04E+02 -- -- -- --
7440-41-7 Beryllium 1.70E+00 J mg/kg No 1.69E+00 -- -- -- --
7440-43-9 Cadmium 4.45E-01 mg/kg No ND -- -- -- --
7440-70-2 Calcium 4.06E+05 mg/kg No 9.85E+04 -- -- -- --
7440-47-3 Chromium 5 2.34E+02 mg/kg Yes 2.68E+02 No No No --
7440-48-4 Cobalt 2.54E+01 mg/kg Yes 2.96E+01 No No No --
7440-50-8 Copper 2.10E+01 mg/kg No 2.41E+01 -- -- -- --
7439-89-6 Iron 5.55E+04 mg/kg Yes 6.89E+04 No No No --
7439-92-1 Lead 9.90E+00 mg/kg No 2.46E+01 -- -- -- --
7439-95-4 Magnesium 1.34E+03 mg/kg No 1.04E+03 -- -- -- --
7439-96-5 Manganese 7.82E+02 mg/kg Yes 3.73E+03 No No No --
7439-97-6 Mercury 3.00E-01 mg/kg No 2.80E-01 -- -- -- --
7440-02-0 Nickel 3.77E+01 mg/kg No 4.46E+01 -- -- -- --
2023695 Potassium 7.07E+02 J mg/kg No 1.09E+03 -- -- -- --

7782-49-2 Selenium 3.90E+00 J mg/kg No ND -- -- -- --
7440-23-5 Sodium 7.19E+02 J mg/kg No ND -- -- -- --
7440-62-2 Vanadium 1.05E+02 mg/kg Yes 1.28E+02 No No No --
7440-66-6 Zinc 3.35E+02 mg/kg No 4.68E+01 -- -- -- --

COPC = Chemical of Potential Concern; J = Estimated value; NA = Not Applicable; ND = no data/ nondetect;

 "--" = Chemial is not a COPC or, in last column, geochemcial evaluation was not necessary. 


(1) Based on Appendix I-1 Table 2.3, for deep soil outside the burial area. 
(2) Background screening values (Shaw, 2004). 
(3) Only applies to inorganics selected as COPCs. 
(4) See Appendix I-2 for results. 
(5) A geochemical evaluation is performed when either the MDC exceeds the BV, or the WRS test fails (i.e., indicating a statistically significant difference between data sets). 
(6) If the geochemical test indicates that the analyte is naturally occurring, the analyte is identified as being associated with naturally occurring background conditions and is 

thus excluded from identification as a COPC. See Appendix K for geochemical evaluation results. 
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Table 5-6
 

Summary of Background Evaluation of Chemicals of Potential Concern
 
Metals in Surface Soil, Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Exposure 
Point 

CAS 
Number 

Chemical Maximum 
Concentration 

(Qualifier) 

Units COPC 
Flag (1) 

(Y/N) 

Background 
Value (2) 

MDC 
Exceeds 

Background? (3) 
(Yes/No) 

Failed 
WRS? (4) 
(Yes/No) 

Requires 
Geochemical 

Evaluation? (5) 

Site-related 
Contaminant 

Based on 
Geochemical 

Evaluation? (6) 

Surface Soil 7429-90-5 Aluminum 1.63E+04 mg/kg Yes 2.36E+04 No No No --
7440-36-0 Antimony 1.10E+00 J mg/kg No ND -- -- -- --
7440-38-2 Arsenic 3.85E+01 J mg/kg Yes 3.16E+01 Yes No Yes No 
7440-39-3 Barium 3.16E+02 J mg/kg No 8.99E+01 -- -- -- --
7440-41-7 Beryllium 7.69E+00 J mg/kg No 1.36E+00 -- -- -- --
7440-43-9 Cadmium 6.45E+00 J mg/kg No 8.80E-01 -- -- -- --
7440-70-2 Calcium 9.07E+03 mg/kg No 2.44E+05 -- -- -- --
7440-47-3 Chromium 2.34E+02 mg/kg Yes 2.28E+02 Yes No Yes 

No 
No 

7440-48-4 Cobalt 1.60E+01 mg/kg Yes 1.92E+01 No No --
7440-50-8 Copper 2.10E+01 mg/kg No 3.61E+02 -- -- -- --
7439-89-6 Iron 6.17E+04 mg/kg Yes 5.45E+04 Yes Yes Yes No 
7439-92-1 Lead 1.09E+01 mg/kg No 5.26E+01 -- -- -- --
7439-95-4 Magnesium 1.29E+03 J mg/kg No 1.06E+03 -- -- -- --
7439-96-5 Manganese 1.75E+03 mg/kg Yes 2.39E+03 No No No --
7439-97-6 Mercury 9.80E-02 mg/kg No 2.60E-01 -- -- -- --
7440-02-0 Nickel 4.35E+01 mg/kg No 3.24E+01 -- -- -- --
2023695 Potassium 1.51E+04 J mg/kg No 1.27E+03 -- -- -- --

7782-49-2 Selenium 3.06E+01 J mg/kg No ND -- -- -- --
7440-28-0 Thallium 2.80E+00 J mg/kg Yes ND NA ND NA NA 
7440-62-2 Vanadium 1.18E+02 J mg/kg Yes 1.07E+02 Yes Yes Yes No 
7440-66-6 Zinc 4.60E+01 J mg/kg No 9.29E+01 -- -- -- --

COPC = Chemical of Potential Concern; J = Estimated value; NA = Not Applicable; ND = no data/ nondetect;

 "--" = Chemial is not a COPC or, in last column, geochemcial evaluation was not necessary. 


(1) Based on Appendix I-1 Table 2.6, for Suspected Waste Area 2 surface soil. 
(2) Background screening values (Shaw, 2004). 
(3) Only applies to inorganics selected as COPCs. 
(4) See Appendix I-2 for results. 
(5) A geochemical evaluation is performed when either the MDC exceeds the BV, or the WRS test fails (i.e., indicating a statistically significant difference between data sets). 
(6) If the geochemical test indicates that the analyte is naturally occurring, the analyte is identified as being associated with naturally occurring background conditions and is 

thus excluded from identification as a COPC. See Appendix K for geochemical evaluation results. 
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Table 5-7
 

Summary of Background Evaluation of Chemicals of Potential Concern
 
Metals in Subsurface Soil, Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Exposure 
Point 

CAS 
Number 

Chemical 

(Qualifier) 

Maximum 
Concentration 

Units COPC 
Flag (1) 

(Y/N) 

Background 
Value (2) 

MDC 
Exceeds 

Background? (3) 
(Yes/No) 

Failed 
WRS? (4) 
(Yes/No) 

Requires 
Geochemical 

Evaluation? (5) 

Site-related 
Contaminant 

Based on 
Geochemical 

Evaluation? (6) 

Subsurface Soil 7429-90-5 Aluminum 1.52E+04 mg/kg Yes 3.67E+04 No No No --
7440-36-0 Antimony 1.40E+00 J mg/kg No ND -- -- -- --
7440-38-2 Arsenic 1.11E+01 mg/kg Yes 3.76E+01 No No No --
7440-39-3 Barium 4.34E+01 J mg/kg No 1.04E+02 -- -- -- --
7440-41-7 Beryllium 8.00E-01 J mg/kg No 1.69E+00 -- -- -- --
7440-43-9 Cadmium 5.00E-01 J mg/kg No ND -- -- -- --
7440-70-2 Calcium 3.38E+04 mg/kg No 9.85E+04 -- -- -- --
7440-47-3 Chromium 1.24E+02 mg/kg Yes 2.68E+02 No No No --
7440-48-4 Cobalt 1.35E+01 mg/kg Yes 2.96E+01 No No No --
7440-50-8 Copper 2.93E+01 mg/kg No 2.41E+01 -- -- -- --
7439-89-6 Iron 3.89E+04 mg/kg Yes 6.89E+04 No No No --
7439-92-1 Lead 4.34E+01 mg/kg No 2.46E+01 -- -- -- --
7439-95-4 Magnesium 6.03E+02 J mg/kg No 1.04E+03 -- -- -- --
7439-96-5 Manganese 1.45E+03 mg/kg Yes 3.73E+03 No No No --
7439-97-6 Mercury 2.00E-01 mg/kg No 2.80E-01 -- -- -- --
7440-02-0 Nickel 2.09E+01 mg/kg No 4.46E+01 -- -- -- --
2023695 Potassium 2.26E+02 J mg/kg No 1.09E+03 -- -- -- --

7782-49-2 Selenium 3.20E+00 J mg/kg No ND -- -- -- --
7440-22-4 Silver 3.00E-01 J mg/kg No 9.32E+00 -- -- -- --
7440-62-2 Vanadium 8.05E+01 mg/kg Yes 1.28E+02 No No No --
7440-66-6 Zinc 1.31E+02 mg/kg No 4.68E+01 -- -- -- --

COPC = Chemical of Potential Concern; J = Estimated value; NA = Not Applicable; ND = no data/ nondetect;
 "--" = Chemial is not a COPC or, in last column, geochemcial evaluation was not necessary. 

(1) Based on Appendix I-1 Table 2.7, for Suspect Waste Area 2 deep soil. 
(2) Background screening values (Shaw, 2004). 
(3) Only applies to inorganics selected as COPCs. 
(4) See Appendix I-2 for results. 
(5) A geochemical evaluation is performed when either the MDC exceeds the BV, or the WRS test fails (i.e., indicating a statistically significant difference between data sets). 
(6) If the geochemical test indicates that the analyte is naturally occurring, the analyte is identified as being associated with naturally occurring background conditions and is 

thus excluded from identification as a COPC. See Appendix K for geochemical evaluation results. 
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Table 6-1
 

Samples Used in the Screening-Level Ecological Risk Assessment
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Sample Location 
Sample 
Number 

Sample 
Purpose 

Date of 
Sample 

Sample Depth 
(feet) Sample Analyses 

Surface Soil 
LF1SB01 AA0001 REG 30-Jul-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB01 AA0002 FD 30-Jul-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB02 AA0006 REG 3-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB03 AA0009 REG 30-Jul-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB04 AA0014 REG 30-Jul-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB05 AA0017 REG 2-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB06 AA0020 REG 2-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB07 AA0023 REG 2-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB08 AA0028 REG 2-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB19 AA0068 REG 9-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB20 AA0070 REG 9-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SB21 AA0078 REG 6-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-10 AA0034 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-11 AA0037 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-12 AA0042 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-13 AA0045 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-14 AA0048 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-15 AA0053 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-16 AA0056 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-17 AA0059 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-18 AA0062 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-18 AA0063 FD 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP1-9 AA0031 REG 3-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
Dry Sediment 
LF1SWSD01 AA1000 REG 28-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SWSD02 AA1001 REG 28-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SWSD03 * AA1003 FD 28-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SWSD03 * AA1002 REG 28-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF1SWSD04 AA1005 REG 28-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 

* Indicates sample was located upgradient from Landfill Area 1 and was used as a reference sample. 
FD - Field duplicate 
f & uf - filtered and unfiltered 
Gen Chem - General chemistry parameters 
PAH - Polycyclic aromatic hydrocarbons 
PCB - Polychlorinated biphenyls 
Pest - Pesticides 
REG - Regular (target) sample 
SVOC - Semivolatile organic compounds 
TPH - Total petroleum hydrocarbons 
VOC - Volatile organic compounds 
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Table 6-2
 

Samples Used in the Screening-Level Ecological Risk Assessment
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Sample Location 
Sample 
Number 

Sample 
Purpose 

Date of 
Sample 

Sample Depth 
(feet) Sample Analyses 

Surface Soil 
LF2SB01 AB0001 REG 5-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB01 AB0002 FD 5-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB02 AB0006 REG 4-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB03 AB0009 REG 3-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB04 AB0014 REG 3-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB05 AB0017 REG 4-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB06 AB0020 REG 3-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB07 AB0023 REG 5-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB08 AB0028 REG 4-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB09 AB0031 REG 4-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB10 AB0034 REG 4-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB11 AB0037 REG 5-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB12 AB0042 REG 5-Aug-10 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB25-SUP AB0103 REG 20-Sep-11 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SB26-SUP AB0105 REG 20-Sep-11 0 - 2 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-19 AB0045 REG 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-20 AB0048 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-21 AB0053 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-21 AB0054 FD 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-22 AB0056 REG 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-23 AB0059 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-24 AB0062 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-24 AB0063 FD 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-25 AB0067 REG 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-26 AB0070 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-27 AB0073 REG 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-28 AB0078 REG 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-28 AB0079 FD 5-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-29 AB0081 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
TP2-30 AB0084 REG 6-Aug-10 0 - 1 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
Surface Water 
LF2SW03-SUP AB2010 REG 22-Sep-11 0 - 0.5 TPH 
LF2SW04-SUP AB2011 REG 22-Sep-11 0 - 0.5 TPH 
LF2SWSD01 AB2000 REG 25-Jun-10 0 - 0.5 Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD02 AB2001 REG 25-Jun-10 0 - 0.5 Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD02 AB2002 FD 25-Jun-10 0 - 0.5 Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD03 AB2004 REG 12-Jul-10 0 - 0.5 Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD04 AB2005 REG 12-Jul-10 0 - 0.5 Metals, PCB, Pest, SVOC, TPH, VOC 
Sediment 
LF2SD03-SUP AB1010 REG 22-Sep-11 0 - 0.5 Gen Chem, TPH 
LF2SD04-SUP AB1011 REG 22-Sep-11 0 - 0.5 Gen Chem, TPH 
LF2SWSD01 AB1000 REG 25-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD02 AB1001 REG 25-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD02 AB1002 FD 25-Jun-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD03 AB1004 REG 12-Jul-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 
LF2SWSD04 AB1005 REG 12-Jul-10 0 - 0.5 Gen Chem, Metals, PCB, Pest, SVOC, TPH, VOC 

FD - Field duplicate 
Gen Chem - General chemistry parameters 
PCB - Polychlorinated biphenyls 
Pest - Pesticides 
REG - Regular (target) sample 
SVOC - Semivola ile organic compounds 
TPH - Total petroleum hydrocarbons 
VOC - Volatile organic compounds 
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Table 6-3 

Preliminary Ecological Screen for Surface Soil a
 

Landfill Area 1
 
Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Page 1 of 2 

Range of Values, mg/kg Ecological 
Detection Detected Concentrations Reporting Limits Screening Value b Retained for 

Chemical Frequency Minimum Maximum Minimum Maximum mg/kg HQ Step 3a? d 

Inorganics 
Aluminum 21 / 21 1.69E+03 - 1.90E+04 3.60E+01 - 2.20E+02 pH Dependent NA Yes 
Antimony 3 / 21 7.20E-01 - 2.85E+00 3.60E+00 - 2.20E+01 0.27 10.56 Yes 
Arsenic 21 / 21 3.10E+00 - 3.15E+01 1.80E+00 - 1.10E+01 18 1.8 Yes 
Barium 21 / 21 5.00E+00 - 6.91E+02 3.60E+01 - 2.20E+02 330 2.1 Yes 
Beryllium 19 / 21 4.10E-01 - 1.20E+00 9.10E-01 - 5.40E+00 21 0.06 No (a) 
Cadmium 9 / 21 2.70E-01 - 1.70E+00 7.30E-01 - 4.30E+00 0.36 4.72 Yes 
Calcium 21 / 21 1.45E+03 - 2.40E+05 9.10E+02 - 5.40E+03 NSV NA Yes 
Chromium 21 / 21 2.91E+01 - 2.21E+02 2.00E+00 - 1.10E+01 26 9 Yes 
Cobalt 21 / 21 4.80E-01 - 1.30E+01 1.90E+00 - 2.40E+01 13 1.0 No (a) 
Copper 21 / 21 6.00E+00 - 5.43E+01 4.50E+00 - 2.70E+01 28 1.9 Yes 
Iron 21 / 21 2.86E+03 - 6.36E+04 5.40E+01 - 3.20E+02 pH Dependent NA Yes 
Lead 20 / 21 4.30E+00 - 1.44E+02 7.70E-01 - 9.70E+00 11 13.1 Yes 
Magnesium 21 / 21 1.98E+02 - 1.52E+03 9.10E+02 - 5.40E+03 4400 0.3 No (a) 
Manganese 21 / 21 2.41E+01 - 1.18E+03 3.10E+00 - 1.60E+01 220 5 Yes 
Mercury 19 / 21 3.05E-02 - 6.40E-01 8.30E-02 - 2.00E-01 0.1 6 Yes 
Nickel 21 / 21 3.50E+00 - 3.56E+01 1.50E+00 - 1.90E+01 38 0.9 No (a) 
Potassium 14 / 21 1.28E+02 - 1.23E+03 1.80E+03 - 1.10E+04 NSV NA Yes 
Selenium 10 / 21 1.10E+00 - 6.90E+00 3.60E+00 - 2.20E+01 0.52 13 Yes 
Silver 6 / 21 7.20E-02 - 2.60E+00 1.80E+00 - 1.10E+01 4.2 0.619 No (a) 
Thallium 7 / 21 1.20E-01 - 3.50E+00 3.80E-01 - 4.90E+00 0.0569 62 Yes 
Vanadium 20 / 21 6.40E+00 - 1.14E+02 1.00E+01 - 5.40E+01 7.8 15 Yes 
Zinc 21 / 21 9.30E+00 - 3.38E+02 3.60E+00 - 2.20E+01 46 7.3 Yes 
Polychlorinated biphenyls (PCB) 
PCB-1242 1 /  21  5.50E-01 - 5.50E-01 1.80E-02 - 2.00E-01 0.000332 1657 Yes 
PCB-1248 1 /  21  8.85E-02 - 8.85E-02 1.80E-02 - 2.00E-01 0.000332 267 Yes 
PCB-1254 3 /  21  4.21E-02 - 5.09E-02 1.80E-02 - 2.00E-01 0.000332 153 Yes 
PCB-1260 8 /  21  2.79E-02 - 3.25E-01 1.80E-02 - 2.00E-01 0.000332 979 Yes 
Pesticides 
4,4'-DDD 1 21 4.57E-02 - 4.57E-02 3.70E-03 - 7.90E-02 0.021 2.2 Yes 
4,4'-DDE 5 / 21 1.20E-03 - 1.59E-01 3.70E-03 - 7.90E-02 0.021 7.6 Yes 
4,4'-DDT 3 / 21 9.90E-04 - 4.58E-02 3.70E-03 - 7.90E-02 0.021 2 Yes 
alpha-Chlordane 9 / 21 6.60E-04 - 2.83E-02 1.80E-03 - 3.90E-02 0.224 0.1 No (a) 
Dieldrin 1 / 21 9.30E-03 - 9.30E-03 1.80E-03 - 3.90E-02 0.00238 3.9 Yes 
gamma-Chlordane 6 / 21 1.20E-03 - 2.44E-02 1.80E-03 - 3.90E-02 0.224 0.1 No (a) 
Heptachlor Epoxide 1 / 21 1.30E-03 - 1.30E-03 1.80E-03 - 3.90E-02 0.152 0.01 No (a) 
Semivolatile Organics 
bis(2-Ethylhexyl)phthalate 9 / 21 1.94E-01 - 2.69E+00 3.70E-01 - 3.50E+00 0.925 2.9 Yes 
Butyl benzyl phthalate 3 / 21 9.38E-02 - 2.65E-01 3.70E-01 - 3.50E+00 0.239 1.1 No (a) 
Carbazole 6 / 21 6.09E-02 - 6.07E-01 1.90E-01 - 1.80E+00 NSV NA Yes 
Dibenzofuran 2 / 21 4.68E-02 - 2.54E-01 1.90E-01 - 1.80E+00 NSV NA Yes 
di-n-butyl Phthalate 2 / 21 1.90E-01 - 9.69E-01 3.70E-01 - 3.50E+00 0.15 6.5 Yes 
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Table 6-3 

Preliminary Ecological Screen for Surface Soil a
 

Landfill Area 1
 
Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Page 2 of 2 

Range of Values, mg/kg Ecological 
Detection Detected Concentrations Reporting Limits Screening Value b Retained for 

Chemical Frequency Minimum Maximum Minimum Maximum mg/kg HQ Step 3a? d 

Low Molecular Weight (LMW) PAHs 
Acenaphthene 4 / 21 4.41E-02 - 8.62E-01 1.90E-01 - 1.80E+00 
Acenaphthylene 1 / 21 5.05E-01 - 5.05E-01 1.90E-01 - 1.80E+00 
Anthracene 6 / 21 6.81E-02 - 8.37E-01 1.90E-01 - 1.80E+00 
Naphthalene 2 / 21 5.92E-02 - 2.12E-01 1.90E-01 - 1.80E+00 
Phenanthrene 10 / 21 5.28E-02 - 4.67E+00 1.90E-01 - 1.80E+00 
LMW PAHs total 7.09E+00 29 0.2 No (a) 
High Molecular Weight (HMW) PAHs 
Benzo(a)anthracene 11 / 21 5.77E-02 - 3.11E+00 1.90E-01 - 1.80E+00 
Benzo(a)pyrene 11 / 21 5.62E-02 - 2.65E+00 1.90E-01 - 1.80E+00 
Benzo(b)fluoranthene 11 / 21 5.58E-02 - 2.83E+00 1.90E-01 - 1.80E+00 
Benzo(ghi)perylene 10 / 21 5.11E-02 - 1.62E+00 1.90E-01 - 1.80E+00 
Benzo(k)fluoranthene 11 / 21 5.60E-02 - 2.36E+00 1.90E-01 - 1.80E+00 
Chrysene 11 / 21 6.11E-02 - 3.20E+00 1.90E-01 - 1.80E+00 
Dibenzo(a,h)anthracene 5 / 21 4.70E-02 - 5.39E-01 1.90E-01 - 1.80E+00 
Fluoranthene 11 / 21 1.13E-01 - 7.49E+00 1.90E-01 - 1.80E+00 
Fluorene 2 / 21 1.27E-01 - 3.76E-01 1.90E-01 - 1.80E+00 
Indeno(1,2,3-cd)pyrene 11 / 21 4.25E-02 - 2.03E+00 1.90E-01 - 1.80E+00 
Pyrene 11 / 21 9.13E-02 - 5.14E+00 1.90E-01 - 1.80E+00 
HMW PAHs total 3.13E+01 1.1 28.5 Yes 
Volatile Organics 
Acetone 1 / 21 4.37E-02 - 4.37E-02 3.70E-02 - 8.60E-02 2.5 0.02 No (a) 
Total Petroleum Hydrocarbons 
TPH (C10-C28) 11 / 21 9.62E+00 - 4.81E+02 9.20E+00 - 9.90E+01 NSV NA No (b) 

a Surface soil includes samples collected from 0 to 2 feet below ground surface. 

b Please see Appendix J, Attachment J-2.
 
d No = Chemical is not selected for further evaluation. Reasons for rejection are as follows:


 = The HQ value based on the maximum detected concentration does not exceed 1 when rounded.
(a )  = Total petroleum hydrocarbons are not evaluated in the SLERA. Please see text for details.
(b )COPEC - Chemical of potential ecological concern 
ESV - Ecological screening value 
HQ - Hazard quotient 
mg/kg - milligram per kilogram 
NA - Not applicable 
NSV - No screening value available 
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Table 6-4
 

Preliminary Ecological Screen for Dry Sediment
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Page 1 of 2 

Detection 
Range of Values, mg/kg 

Detected Concentrations Reporting Limits 
Ecological 

Screening Value a Retained for 
Chemical Frequency Minimum Maximum Minimum Maximum mg/kg HQ Step 3a? b 

Inorganics 
Aluminum 3 / 3 6.36E+03 - 1.24E+04 6.10E+01 - 6.40E+01 pH Dependent NA Yes 
Arsenic 3 / 3 7.10E+00 - 9.60E+00 3.00E+00 - 3.20E+00 18 0.5 No (a) 
Barium 3 / 3 1.93E+01 - 2.76E+01 6.10E+01 - 6.40E+01 330 0 No (a) 
Beryllium 3 / 3 3.40E-01 - 7.70E-01 1.50E+00 - 1.60E+00 21 0.04 No (a) 
Cadmium 3 / 3 4.80E-01 - 4.60E+00 1.20E+00 - 1.30E+00 0.36 12.8 Yes 
Calcium 3 / 3 8.77E+04 - 1.33E+05 1.50E+03 - 1.60E+03 NSV NA Yes 
Chromium 3 / 3 6.14E+01 - 1.32E+02 3.10E+00 - 6.40E+00 26 5 Yes 
Cobalt 3 / 3 5.10E+00 - 9.40E+00 1.50E+01 - 1.60E+01 13 0.7 No (a) 
Copper 3 / 3 1.36E+01 - 3.48E+01 7.60E+00 - 8.00E+00 28 1.2 No (a) 
Iron 3 / 3 2.14E+04 - 3.14E+04 9.10E+01 - 9.60E+01 pH Dependent NA Yes 
Lead 3 / 3 3.70E+01 - 8.33E+01 6.10E+00 - 6.40E+00 11 7.6 Yes 
Magnesium 3 / 3 8.53E+02 - 9.38E+02 1.50E+03 - 1.60E+03 4400 0.2 No (a) 
Manganese 3 / 3 2.53E+02 - 3.45E+02 4.50E+00 - 9.60E+00 220 1.6 Yes 
Mercury 3 / 3 1.50E-01 - 2.70E-01 9.40E-02 - 1.10E-01 0.1 3 Yes 
Nickel 3 / 3 1.42E+01 - 2.67E+01 1.20E+01 - 1.30E+01 38 0.7 No (a) 
Potassium 3 / 3 3.11E+02 - 4.13E+02 3.00E+03 - 3.20E+03 NSV NA Yes 
Selenium 3 / 3 1.50E+00 - 1.80E+00 6.10E+00 - 6.40E+00 0.52 3.5 Yes 
Silver 1 / 3 5.40E-01 - 5.40E-01 3.00E+00 - 3.20E+00 4.2 0.1 No (a) 
Thallium 3 / 3 7.00E-01 - 8.40E-01 3.00E+00 - 3.20E+00 0.0569 14.8 Yes 
Vanadium 3 / 3 3.16E+01 - 6.53E+01 1.50E+01 - 3.20E+01 7.8 8 Yes 
Zinc 3 / 3 1.21E+02 - 1.88E+02 6.10E+00 - 6.40E+00 46 4.1 Yes 
PCBs 
PCB-1248 1 / 3 3.15E-02 - 3.15E-02 2.10E-02 - 2.30E-02 0.000332 94.88 Yes 
PCB-1254 1 / 3 2.97E-02 - 2.97E-02 2.10E-02 - 2.30E-02 0.000332 89.46 Yes 
PCB-1260 3 / 3 1.50E-02 - 9.53E-02 2.10E-02 - 2.30E-02 0.000332 287.05 Yes 
Pesticides 
4,4'-DDE 1 / 3 1.20E-03 - 1.20E-03 4.10E-03 - 1.80E-02 0.021 0.057 No (a) 
alpha-chlordane 1 / 3 9.00E-04 - 9.00E-04 2.10E-03 - 9.10E-03 0.224 0.004 No (a) 
Semivolatile Organics 
Bis(2-Ethylhexyl)Phthalate 1 / 3 3.52E-01 - 3.52E-01 2.10E-01 - 4.60E-01 0.925 0.4 No (a) 
Carbazole 1 / 3 7.64E-02 - 7.64E-02 2.10E-01 - 2.30E-01 NSV NA Yes 
Low Molecular Weight (LMW) PAHs 
Acenaphthylene 1 / 3 1.19E-01 - 1.19E-01 2.10E-01 - 2.30E-01 
Anthracene 1 / 3 2.35E-01 - 2.35E-01 2.10E-01 - 2.30E-01 
Phenanthrene 2 / 3 7.28E-02 - 7.74E-02 2.10E-01 - 2.30E-01 
LMW PAHs total 4.31E-01 29 0.01 No (a) 
High Molecular Weight (HMW) PAHs 
Benzo(a)anthracene 2 / 3 1.19E-01 - 7.30E-01 2.10E-01 - 2.30E-01 
Benzo(a)pyrene 2 / 3 1.29E-01 - 5.32E-01 2.10E-01 - 2.30E-01 
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Table 6-4
 

Preliminary Ecological Screen for Dry Sediment
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Page 2 of 2 

Detection 
Range of Values, mg/kg 

Detected Concentrations Reporting Limits 
Ecological 

Screening Value a Retained for 
Chemical Frequency Minimum Maximum Minimum Maximum mg/kg HQ Step 3a? b 

Benzo(b)fluoranthene 3 / 3 4.50E-02 - 1.30E+00 2.10E-01 - 2.30E-01 
Benzo(ghi)perylene 2 / 3 9.52E-02 - 3.12E-01 2.10E-01 - 2.30E-01 
Benzo(k)fluoranthene 2 / 3 7.09E-02 - 3.93E-01 2.10E-01 - 2.30E-01 
Chrysene 2 / 3 1.31E-01 - 1.01E+00 2.10E-01 - 2.30E-01 
Dibenzo(a,h)anthracene 1 / 3 9.62E-02 - 9.62E-02 2.10E-01 - 2.30E-01 
Fluoranthene 3 / 3 5.33E-02 - 6.33E-01 2.10E-01 - 2.30E-01 
Indeno(1,2,3-cd)Pyrene 2 / 3 1.06E-01 - 3.64E-01 2.10E-01 - 2.30E-01 
Pyrene 3 / 3 4.50E-02 - 1.00E+00 2.10E-01 - 2.30E-01 
HMW PAHs total 6.37E+00 1.1 5.8 Yes 
Total Petroleum Hydrocarbons 
TPH (C10-C28) 2 / 3 1.00E+01 - 4.65E+01 1.00E+01 - 1.10E+01 NSV NA No (b) 

a Soil ESVs are used for the dry sediment. Please see Appendix J, Attachment J-2. See text for additional details. 
b No = Chemical is not selected for further evaluation. Reasons for rejection are as follows:

 = The HQ value based on the maximum detected concentration does not exceed 1 when rounded.
(a )  = Total petroleum hydrocarbons are not evaluated in the SLERA. Please see text for details.
(b )

COPEC - Chemical of potential ecological concern 
ESV - Ecological screening value 
HQ - Hazard quotient 
MDC - Maximum detected concentration 
mg/kg - milligram per kilogram 
NA - Not applicable 
NSV - No screening value available 
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Table 6-5 

Preliminary Ecological Screen for Surface Soil a
 

Suspected Waste Area 2
 
Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Range of Values, mg/kg Ecological 
Detection Detected Concentrations Reporting Limits Screening Value b Retained for 

Chemical Frequency Minimum Maximum Minimum Maximum mg/kg HQ Step 3a? c 

Inorganics 
Aluminum 26 / 26 6.27E+03 - 1.63E+04 4.10E+01 - 6.25E+02 pH Dependent NA Yes 
Antimony 2 / 26 7.50E-01 - 1.10E+00 4.10E+00 - 6.25E+01 0.27 4.07 Yes 
Arsenic 26 / 26 5.80E+00 - 3.85E+01 2.00E+00 - 3.12E+01 18 2.1 Yes 
Barium 26 / 26 1.16E+01 - 3.16E+02 4.10E+01 - 6.25E+02 330 1.0 No (a) 
Beryllium 19 / 26 2.20E-01 - 7.69E+00 1.00E+00 - 1.56E+01 21 0.37 No (a) 
Cadmium 17 / 26 2.70E-01 - 6.45E+00 8.10E-01 - 1.25E+01 0.36 17.90 Yes 
Calcium 26 / 26 4.28E+02 - 9.07E+03 1.00E+03 - 1.56E+04 NSV NA Yes 
Chromium 26 / 26 7.70E+01 - 2.34E+02 2.00E+00 - 3.12E+01 26 9 Yes 
Cobalt 26 / 26 7.30E+00 - 1.60E+01 2.00E+00 - 1.50E+01 13 1.2 No (a) 
Copper 26 / 26 1.06E+01 - 2.10E+01 5.10E+00 - 7.81E+01 28 0.8 No (a) 
Iron 26 / 26 2.01E+04 - 6.17E+04 6.10E+01 - 9.37E+02 pH Dependent NA Yes 
Lead 26 / 26 4.80E+00 - 1.09E+01 7.80E-01 - 5.90E+00 11 1.0 No (a) 
Magnesium 26 / 26 1.84E+02 - 1.29E+03 1.00E+03 - 1.56E+04 4400 0 No (a) 
Manganese 26 / 26 3.08E+02 - 1.75E+03 3.10E+00 - 4.64E+01 220 8 Yes 
Mercury 26 / 26 3.20E-02 - 9.80E-02 8.50E-02 - 1.10E-01 0.1 1 No (a) 
Nickel 26 / 26 1.10E+01 - 4.35E+01 1.60E+00 - 1.20E+01 38 1.1 No (a) 
Potassium 12 / 26 1.15E+02 - 1.51E+04 2.00E+03 - 3.12E+04 NSV NA Yes 
Selenium 9 / 26 8.90E-01 - 3.06E+01 4.10E+00 - 6.25E+01 0.52 59 Yes 
Thallium 18 / 26 2.60E-01 - 2.80E+00 3.90E-01 - 2.90E+00 0.0569 49 Yes 
Vanadium 26 / 26 4.23E+01 - 1.18E+02 1.00E+01 - 1.56E+02 7.8 15 Yes 
Zinc 26 / 26 1.85E+01 - 4.60E+01 4.10E+00 - 6.25E+01 46 1.0 No (a) 
Volatile Organics 
2-Butanone 2 / 26 1.71E-02 - 1.96E-02 1.80E-02 - 4.80E-02 89.6 0.0002 No (a) 
Acetone 8 / 26 5.24E-02 - 1.87E-01 3.50E-02 - 9.50E-02 2.5 0.07 No (a) 
Methylene Chloride 4 / 22 6.70E-03 - 9.60E-03 7.30E-03 - 1.90E-02 4.05 0.002 No (a) 
Total Petroleum Hydrocarbons 
TPH (C10-C28) 1 / 26 6.49E+00 - 6.49E+00 9.30E+00 - 1.10E+01 NSV NA No (b) 

a Surface soil includes samples collected from 0 to 2 feet below ground surface. 

b Please see Appendix J, Attachment J-2.
 
c No = Chemical is not selected for further evaluation. Reasons for rejection are as follows


 = The HQ value based on the maximum detected concentration does not exceed 1 when rounded.
(a )  = Total petroleum hydrocarbons are not evaluated in the SLERA. Please see text for details.
(b )

ESV - Ecological screening value 

HQ - Hazard quotient 

mg/kg - milligram per kilogram 

NA - Not applicable 

NSV - No screening value available 
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Table 6-6
 

Preliminary Ecological Screen for Surface Water
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Range of Values, µg/L Ecological 
Detection Detected Concentrations Reporting Limits Screening Value a Retained for 

Chemical Frequency Minimum Maximum Minimum Maximum µg/L HQ Step 3a? b 

Inorganics 
Aluminum 4 / 4 1.63E+02 - 1.79E+03 2.00E+02 - 2.00E+02 87 21 Yes 
Arsenic 4 / 4 4.50E+00 - 9.00E+00 1.00E+01 - 1.00E+01 150 0.1 No (a) 
Barium 4 / 4 1.49E+01 - 4.97E+01 2.00E+02 - 2.00E+02 4 12 Yes 
Calcium 4 / 4 1.47E+04 - 5.10E+04 1.00E+03 - 1.00E+03 11600 4.4 Yes 
Chromium 4 / 4 1.00E+00 - 7.85E+00 1.00E+01 - 1.00E+01 11 1 No (a) 
Cobalt 3 / 4 1.20E+00 - 1.60E+00 5.00E+01 - 5.00E+01 23 0.07 No (a) 
Copper 3 / 4 2.10E+00 - 2.35E+00 2.50E+01 - 2.50E+01 9.33 0.3 No (a) 
Iron 4 / 4 7.48E+02 - 2.62E+03 3.00E+02 - 3.00E+02 1000 3 Yes 
Lead 4 / 4 1.50E+00 - 2.20E+00 5.00E+00 - 5.00E+00 3.18 0.7 No (a) 
Magnesium 4 / 4 7.62E+02 - 3.45E+03 5.00E+03 - 5.00E+03 82000 0.04 No (a) 
Manganese 4 / 4 7.26E+01 - 2.70E+02 1.50E+01 - 1.50E+01 120 2 Yes 
Nickel 2 / 4 2.10E+00 - 2.25E+00 4.00E+01 - 4.00E+01 52.2 0.04 No (a) 
Potassium 4 / 4 1.57E+03 - 8.23E+03 1.00E+04 - 1.00E+04 53000 0.2 No (a) 
Sodium 4 / 4 5.03E+03 - 6.32E+03 1.00E+04 - 1.00E+04 680000 0.01 No (a) 
Vanadium 4 / 4 2.30E+00 - 1.02E+01 5.00E+01 - 5.00E+01 20 0.5 No (a) 
Zinc 2 / 2 1.24E+01 - 1.62E+01 2.00E+01 - 2.00E+01 120 0.1 No (a) 
Semivolatile Organics 
bis(2-Ethylhexyl)phthalate 1 / 4 2.65E+00 - 2.65E+00 4.80E+00 - 4.90E+00 3 0.9 No (a) 
Volatile Organics 
Carbon Disulfide 1 / 3 1.38E+01 - 1.38E+01 2.00E+00 - 2.00E+00 0.92 15 Yes 
Toluene 1 / 4 3.70E-01 - 3.70E-01 1.00E+00 - 1.00E+00 9.8 0.04 No (a) 
Total Petroleum Hydrocarbons 
TPH (C10-C28) 3 / 4 9.92E+01 - 1.62E+02 2.40E+02 - 2.50E+02 NSV NA No (b) 

a Please see Appendix J, Attachment J-2.
 
b No = Chemical is not selected for further evaluation. Reasons for rejection are as follows:


 = The HQ value based on the maximum detected concentration does not exceed 1 when rounded.
(a )  = Total petroleum hydrocarbons are not evaluated in the SLERA. Please see text for details.
(b )
ESV - Ecological screening value 
HQ - Hazard quotient 
µg/L - microgram per liter 
NA - Not applicable 
NSV - No screening value available 
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Table 6-7 


Preliminary Ecological Screen for Sediment
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Range of Values, mg/kg Ecological 
Detection Detected Concentrations Reporting Limits Screening Value a Retained for 

Chemical Frequency Minimum Maximum Minimum Maximum mg/kg HQ Step 3a? b 

Inorganics 
Aluminum 4 /  4  9.58E+03 - 1.10E+04 5.70E+01 - 7.50E+01 2.55E+04 0.4 No (a) 
Arsenic 4 /  4  8.00E+00 - 1.64E+01 2.80E+00 - 3.75E+00 9.79E+00 1.7 Yes 
Barium 4 /  4  2.28E+01 - 2.95E+01 5.70E+01 - 7.50E+01 2.00E+01 1 No (a) 
Beryllium 4 /  4  5.20E-01 - 7.60E-01 1.40E+00 - 1.85E+00 NSV NA Yes 
Calcium 4 /  4  1.30E+03 - 2.04E+03 1.40E+03 - 1.85E+03 NSV NA Yes 
Chromium 4 /  4  1.04E+02 - 1.53E+02 3.00E+00 - 5.70E+00 4.34E+01 4 Yes 
Cobalt 4 /  4  9.00E+00 - 1.09E+01 1.40E+01 - 1.85E+01 5.00E+01 0.2 No (a) 
Copper 4 /  4  1.19E+01 - 1.63E+01 7.10E+00 - 9.35E+00 3.16E+01 0.5 No (a) 
Iron 4 /  4  2.87E+04 - 3.67E+04 8.50E+01 - 1.15E+02 2.00E+04 2 Yes 
Lead 4 /  4  7.50E+00 - 3.43E+01 1.10E+00 - 7.50E+00 3.58E+01 0.96 No (a) 
Magnesium 4 /  4  2.86E+02 - 5.68E+02 1.40E+03 - 1.85E+03 NSV NA Yes 
Manganese 4 /  4  4.46E+02 - 7.55E+02 4.60E+00 - 8.50E+00 4.60E+02 1.6 Yes 
Mercury 4 /  4  4.30E-02 - 7.90E-02 9.20E-02 - 1.40E-01 1.80E-01 0.4 No (a) 
Nickel 4 /  4  1.68E+01 - 2.09E+01 1.10E+01 - 1.50E+01 2.27E+01 0.9 No (a) 
Potassium 4 /  4  2.15E+02 - 8.64E+02 2.80E+03 - 3.75E+03 NSV NA Yes 
Thallium 3 /  4  7.90E-01 - 1.53E+00 2.80E+00 - 3.75E+00 NSV NA Yes 
Vanadium 4 /  4  5.85E+01 - 8.03E+01 1.50E+01 - 2.80E+01 NSV NA Yes 
Zinc 4 /  4  3.26E+01 - 4.76E+01 5.70E+00 - 7.50E+00 1.21E+02 0.4 No (a) 
Pesticides 
4,4'-DDD 1 /  4  3.20E-03 - 3.20E-03 3.90E-03 - 5.95E-03 4.88E-03 0.7 No (a) 
4,4'-DDE 2 /  4  5.00E-03 - 1.10E-02 3.90E-03 - 5.95E-03 3.16E-03 3.5 Yes 
4,4'-DDT 2 /  4  3.50E-03 - 1.60E-02 3.90E-03 - 5.40E-02 4.16E-03 3.9 Yes 
Semivolatile Organics 
3-Methylphenol and 4-Methylphenol 1 /  4  6.64E-02 - 6.64E-02 2.00E-01 - 2.80E-01 NSV NA Yes 
Volatile Organics 
Toluene 2 /  4  3.74E-02 - 1.17E-01 5.80E-03 - 8.40E-03 NSV NA Yes 
Total Petroleum Hydrocarbons 
TPH (C10-C28) 1 /  4  5.53E+00 - 5.53E+00 9.90E+00 - 1.10E+01 NSV NA No (b) 

a Please see Appendix J, Attachment J-2.
 
b No = Chemical is not selected for further evaluation. Reasons for rejection are as follows:


 = The HQ value based on the maximum detected concentration does not exceed 1 when rounded.
(a )  = Total petroleum hydrocarbons are not evaluated in the SLERA. Please see text for details.
(b )
ESV - Ecological screening value 
HQ - Hazard quotient 
mg/kg - milligram per kilogram 
NA - Not applicable 
NSV - No screening value available 
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Table 6-8 

Step 3a COPEC Refinement for Surface Soil a
 

Landfill Area 1
 
Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Page 1 of 2 

Maximum 
Detect 

Chemical mg/kg 

Chemical 
Essential 
Nutrient? 

BV b 

mg/kg 

MDC 
Greater than 

BV? c 

Site Geochemical Test 
Fails WRS Indicates Presence of 

Test? c Comtamination? c 

Chemical 
Determined to be 

Site-Related? 
Detection 
Frequency 

Percent 
Detection 

Step 3a 
COPEC? d 

Inorganics 
Aluminum 1.90E+04 No 23560 No No NA No 21 / 21 100 No (b) 
Antimony 2.85E+00 No ND NA NA e No No 3 / 21 14 No (b) 
Arsenic 3.15E+01 No 31.6 No No NA No 21 / 21 100 No (b) 
Barium 6.91E+02 No 89.9 Yes No No No 21 / 21 100 No (b) 
Cadmium 1.70E+00 No 0.88 Yes NA e No No 9 / 21 43 No (b) 
Calcium 2.40E+05 Yes 243600 No Test Not Performed for Nutrients No 21 / 21 100 No (a) 
Chromium 2.21E+02 No 228 No No NA No 21 / 21 100 No (b) 
Copper 5.43E+01 No 360.5 No Yes Yes Yes 21 / 21 100 Yes 
Iron 6.36E+04 No 54490 Yes No Yes Yes 21 / 21 100 Yes 
Lead 1.44E+02 No 52.6 Yes No Yes Yes 20 / 21 95 Yes 
Manganese 1.18E+03 No 2390 No No NA No 21 / 21 100 No (b) 
Mercury 6.40E-01 No 0.26 Yes Yes Yes Yes 19 / 21 90 Yes 
Potassium 1.23E+03 Yes 1270 No Test Not Performed for Nutrients No 14 / 21 67 No (a) 
Selenium 6.90E+00 No ND NA NA e No No 10 / 21 48 No (b) 
Thallium 3.50E+00 No ND NA NA e Undetermined Yes 7 / 21 33 Yes 
Vanadium 1.14E+02 No 107 Yes No No No 20 / 21 95 No (b) 
Zinc 3.38E+02 No 92.9 Yes Yes Yes Yes 21 / 21 100 Yes 
Polychlorinated biphenyls (PCB) 
PCB-1242 5.50E-01 NA NA 1 / 21 4.8 No (c) 
PCB-1248 8.85E-02 NA NA 1 / 21 4.8 No (c) 
PCB-1254 5.09E-02 NA NA 3 / 21 14 Yes 
PCB-1260 3.25E-01 NA NA 8 / 21 38 Yes 
Pesticides 
4,4'-DDD 4.57E-02 NA NA 1 / 21 5 No (c) 
4,4'-DDE 1.59E-01 NA NA 5 / 21 24 Yes 
4,4'-DDT 4.58E-02 NA NA 3 / 21 14 Yes 
Dieldrin 9.30E-03 NA NA 1 / 21 4.8 No (c) 
Semivolatile Organics 
High Molecular Weight (HMW) PAHs) 
Benzo(a)anthracene 3.11E+00 NA 1.67 Yes NA f 11 / 21 52 Yes 
Benzo(a)pyrene 2.65E+00 NA 1.39 Yes NA f 11 / 21 52 Yes 
Benzo(b)fluoranthene 2.83E+00 NA 0.925 Yes NA f 11 / 21 52 Yes 
Benzo(ghi)perylene 1.62E+00 NA 0.822 Yes NA f 10 / 21 48 Yes 
Benzo(k)fluoranthene 2.36E+00 NA 1.41 Yes NA f 11 / 21 52 Yes 
Chrysene 3.20E+00 NA 1.67 Yes NA f 11 / 21 52 Yes 
D benzo(a,h)anthracene 5.39E-01 NA 0.195 Yes NA f 5 / 21 24 Yes 
Fluoranthene 7.49E+00 NA 1.23 Yes NA f 11 / 21 52 Yes 
Fluorene 3.76E-01 NA 0.199 Yes NA f 2 / 21 10 Yes 
Indeno(1,2,3-cd)pyrene 2.03E+00 NA 0.947 Yes NA f 11 / 21 52 Yes 
Pyrene 5.14E+00 NA 1.09 Yes NA f 11 / 21 52 Yes 
bis(2-Ethylhexyl)phthalate 2.69E+00 NA NA NA NA 9 / 21 43 Yes 
Carbazole 6.07E-01 NA NA NA NA 6 / 21 29 Yes 
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Table 6-8 

Step 3a COPEC Refinement for Surface Soil a
 

Landfill Area 1
 
Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Page 2 of 2 

Chemical 

Maximum 
Detect 
mg/kg 

Chemical 
Essential 
Nutrient? 

BV b 

mg/kg 

MDC 
Greater than 

BV? c 

Site 
Fails WRS 

Test? c 

Geochemical Test 
Indicates Presence of 

Comtamination? c 

Chemical 
Determined to be 

Site-Related? 
Detection 
Frequency 

Percent 
Detection 

Step 3a 
COPEC? d 

D benzofuran 2.54E-01 NA NA NA NA 2 / 21 10 Yes 
di-n-butyl Phthalate 9.69E-01 NA NA NA NA 2 / 21 10 Yes 

a Surface soil includes samples collected from 0 to 2 feet below ground surface. 

b The background values (BV) for soil are presented in Shaw Environmental, Inc. (Shaw), 2004, Installation-Wide Background Soil Study Report, Former Ramey Air
 

c Force Base, Aguadilla  Puerto Rico, Final, April A geochemical evaluation is only performed if the chemical fails the BV and WRS tests. See Appendix J, Attachment 3 for WRS and Appendix K for the geochemical background evaluation 
d No = Chemical is not selected for further evaluation. Reasons for rejection are as follows:

 = The chemical is an essential nutrient
 (a)  = The chemical was determined to be background-related.
(b )  = Chemical detected infrequently (i.e., in 5 percent or fewer samples).
(c )e The site and/or or background data set had less than 50 percent detections; therefore, a WRS test could not be performed. 
f No WRS or geochemical test was done for polycyclic aromatic hydrocarbons (PAH), but a supplemental evaluation PAHs analogous to the geochemical evaluation was performed

See text for details. 
that provides evidence as to whether the PAH was site-related. 
BV - Background value 
COPEC - Chemical of potential ecological concern 
mg/kg - milligram per kilogram 
NA - Not applicable 
WRS - Wilcoxon rank sum test 
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Table 6-9
 

Step 3a COPEC Refinement for Sediment
 
Landfill Area 1
 

Former Ramey Air Force Base, Aguadilla, Puerta Rico
 

Chemical 

Maximum 
Detect 
mg/kg 

Chemical 
Essential 
Nutrient? 

Upgradient 
Sample 

Concentration (mg/kg) a 

MDC Below 
Ugradient 

Concentration? 
Detection 
Frequency 

Percent 
Detection 

Step 3a 
COPEC? b 

Inorganics 
Aluminum 1.24E+04 No 8.33E+03 No 3 / 3 100 Yes 
Cadmium 4.60E+00 No 3.75E-01 No 3 / 3 100 Yes 
Calcium 1.33E+05 Yes 8.46E+04 No 3 / 3 100 No(a) 
Chromium 1.32E+02 No 8.20E+01 No 3 / 3 100 Yes 
Iron 3.14E+04 No 2.17E+04 No 3 / 3 100 Yes 
Lead 8.33E+01 No 1.26E+01 No 3 / 3 100 Yes 
Manganese 3.45E+02 No 4.41E+02 Yes 3 / 3 100 No (b) 
Mercury 2.70E-01 No 1.15E-01 No 3 / 3 100 Yes 
Potassium 4.13E+02 Yes 2.69E+02 No 3 / 3 100 No(a) 
Selenium 1.80E+00 No 1.50E+00 No 3 / 3 100 Yes 
Thallium 8.40E-01 No ND No 3 / 3 100 Yes 
Vanadium 6.53E+01 No 4.41E+01 No 3 / 3 100 Yes 
Zinc 1.88E+02 No 1.21E+02 No 3 / 3 100 Yes 
PCBs 
PCB-1248 3.15E-02 NA ND No 1 / 3 33 Yes 
PCB-1254 2.97E-02 NA ND No 1 / 3 33 Yes 
PCB-1260 9.53E-02 NA ND No 3 / 3 100 Yes 
Semivolatile Organics 
Carbazole 7.64E-02 NA ND No 1 / 3 33 Yes 
Benzo(a)anthracene 7.30E-01 NA 0.15 No 2 / 3 67 Yes 
Benzo(a)pyrene 5.32E-01 NA 0.17 No 2 / 3 67 Yes 
Benzo(b)fluoranthene 1.30E+00 NA 0.37 No 3 / 3 100 Yes 
Benzo(ghi)perylene 3.12E-01 NA 0.13 No 2 / 3 67 Yes 
Benzo(k)fluoranthene 3.93E-01 NA 0.12 No 2 / 3 67 Yes 
Chrysene 1.01E+00 NA 0.26 No 2 / 3 67 Yes 
Dibenzo(a,h)anthracene 9.62E-02 NA 0.13 Yes 1 / 3 33 No (b) 
Fluoranthene 6.33E-01 NA 0.10 No 3 / 3 100 Yes 
Indeno(1,2,3-cd)Pyrene 3.64E-01 NA 0.14 No 2 / 3 67 Yes 
Pyrene 1.00E+00 NA 0.16 No 3 / 3 100 Yes 

a The upgradient concentration is from sediment sample LF1SWSD03. 
b No = Chemical is not selected for further evaluation. Reasons for rejection are as follows:

 = The chemical is an essential nutrient
 (a)  = The maximum detected concentration is below the concentration range of upgradient samples.
(b )
COPEC - Chemical of potential ecological concern 
MDC - Maximum detected concentration 
mg/kg - milligram per kilogram 
NA - Not applicable 
ND - Not detected 
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Table 6-10 

Step 3a COPEC Refinement for Surface Soil a
 

Suspected Waste Area 2
 
Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Chemical 

Maximum 
Detect 
mg/kg 

Chemical 
Essential 
Nutrient? 

BV c 

mg/kg 

MDC 
Greater than 

BV? c 

Site Geochemical Test 
Fails WRS Indicates that 

Test? c Comtamination Present? c 

Chemical 
Determined to be 

Site-Related? 
Detection 
Frequency 

Percent 
Detection 

Step 3a 
COPEC? d 

Inorganics 
Aluminum 1.63E+04 No 2.36E+04 No No NA No 26 / 26 100 No (b) 
Antimony 1.10E+00 No ND NA NA e No No 2 / 26 8 No (b) 
Arsenic 3.85E+01 No 3.16E+01 Yes No No No 26 / 26 100 No (b) 
Cadmium 6.45E+00 No 8.80E-01 Yes NA e No No 17 / 26 65 No (b) 
Calcium 9.07E+03 Yes 2.44E+05 No Test Not Performed for Nutrients NA 26 / 26 100 No (a) 
Chromium 2.34E+02 No 2.28E+02 Yes No No No 26 / 26 100 No (b) 
Iron 6.17E+04 No 5.45E+04 Yes Yes No No 26 / 26 100 No (b) 
Manganese 1.75E+03 No 2.39E+03 No No NA No 26 / 26 100 No (b) 
Potassium 1.51E+04 Yes 1.27E+03 Yes Test Not Performed for Nutrients NA 12 / 26 46 No (a) 
Selenium 3.06E+01 No ND NA NA e No No 9 / 26 35 No (b) 
Thallium 2.80E+00 No ND NA NA e Undetermined Yes 18 / 26 69 Yes 
Vanadium 1.18E+02 No 1.07E+02 Yes Yes No No 26 / 26 100 No (b) 

a Surface soil includes samples collected from 0 to 2 feet below ground surface. 

b The background values (BV) for soil are presented in Shaw Environmental, Inc. (Shaw), 2004, Installation-Wide Background Soil Study Report, Former Ramey Air
 

c Force Base, Aguadilla  Puerto Rico, Final, April A geochemical evaluation is only performed if the chemical fails the BV and WRS tests. See Appendix J, Attachment J-3 for WRS and geochemical background evaluation 
d No = Chemical is not selected for further evaluation. Reasons for rejection are as follows:

 = The chemical is an essential nutrient
 (a)  = The chemical was determined to be background-related.
(b )  = Chemical detected infrequently (i.e., in 5 percent or fewer samples).
(c )e The site and/or or background data set had less than 50 percent detections; therefore, a WRS test could not be performed. 

BV - Background value 
COPEC - Chemical of potential ecological concern 
mg/kg - milligram per kilogram 
NA - Not applicable 
WRS - Wilcoxon rank sum test 
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Table 6-11
 

Step 3a COPEC Refinement for Surface Water
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Chemical 

Maximum 
Detect 
µg/L 

Chemical 
Essential 
Nutrient? 

Detection 
Frequency 

Percent 
Detection 

Step 3a 
COPEC? a 

Inorganics 
Aluminum 1.79E+03 No 4 / 4 100 Yes 
Barium 4.97E+01 No 4 / 4 100 Yes 
Calcium 5.10E+04 Yes 4 / 4 100 No (a) 
Iron 2.62E+03 No 4 / 4 100 Yes 
Manganese 2.70E+02 No 4 / 4 100 Yes 
Volatile Organics 
Carbon Disulfide 1.38E+01 No 1 / 3 33 Yes 

a No = Chemical is not selected for further evaluation. Reasons for rejection are as follows:
 = The chemical is an essential nutrient 

(a )
COPEC - Chemical of potential ecological concern 
MDC - Maximum detected concentration 
µg/L - microgram per liter 
NA - Not applicable 
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Table 6-12
 

Step 3a COPEC Refinement for Sediment
 
Suspected Waste Area 2
 

Former Ramey Air Force Base, Aguadilla, Puerto Rico
 

Chemical 

Maximum 
Detect 
mg/kg 

Chemical 
Essential 
Nutrient? 

Detection 
Frequency 

Percent 
Detection 

Step 3a 
COPEC? a 

Inorganics 
Arsenic 1.64E+01 No 4 / 4 100 Yes 
Beryllium 7.60E-01 No 4 / 4 100 Yes 
Calcium 2.04E+03 Yes 4 / 4 100 No(a) 
Chromium 1.53E+02 No 4 / 4 100 Yes 
Iron 3.67E+04 No 4 / 4 100 Yes 
Magnesium 5.68E+02 Yes 4 / 4 100 No(a) 
Manganese 7.55E+02 No 4 / 4 100 Yes 
Potassium 8.64E+02 Yes 4 / 4 100 No(a) 
Thallium 1.53E+00 No 3 / 4 75 Yes 
Vanadium 8.03E+01 No 4 / 4 100 Yes 
Pesticides 
4,4'-DDE 1.10E-02 NA 2 / 4 50 Yes 
4,4'-DDT 1.60E-02 NA 2 / 4 50 Yes 
Semivolatile Organics 
3-Methylphenol and 4-Methylphenol 6.64E-02 NA 1 / 4 25 Yes 
Volatile Organics 
Toluene 1.17E-01 NA 2 / 4 50 Yes 

a No = Chemical is not selected for further evaluation. Reasons for rejection are as follows:
 = The chemical is an essential nutrient 

(a )
COPEC - Chemical of potential ecological concern 
mg/kg - milligram per kilogram 
NA - Not applicable 
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.Semivo1at11es 
ACENAPHTl-IENE 340 

NTI-IRACENE 1700 
BENZO(a~Nh"l C E 0.1 
BENZO(a)P\'RENE 0.015 

BENZO(b)FLUORANlHENE 0.15 
8ENZ0(~hi]PERYLENE 

SENlO(')FLUORl\NTHENE 1.5 

" CENE 0.015 

'·' 2W 
2W 
0.15 

'" 

AA0037 
813/2010 

"" 0 • 111. 

ReS1J l t La v a 

(1862 

0.837 
3.11 
2 .65 
2.83 
t . 62 

, "' 
0.607 J ,, 
0.413 .I J 

0.254 J 
7.49 

0 ,376 J 
2.03 

02!2 J 
4.e1 
5 . !4 

Sample NumDer 
Sample Date 

Sample Purpose 

'"''" 2012 EPA 

Compaund/Analyte [mglkg) RSLs 
Pesticides 

1700 
0.15 

BENZO(b)FLUORANTHE~JE 0.15 
BE NZO(gh1)PERYLENE 
BENZOlk)FLUORAJ>.'mENE 1..5 

BIS i2.ETHYLHEXYL)PHil-fll,LAT£ 35 
BUTYL BENZYL P U'ITE 280 

:'~~~c~o~catlon Ccd~•t=:.;;;;;111~11'!!!!!!!!!!!!! 
Sample Number 

Sample Oate 
Sample Purpose 

o~rn 

Compound/Ana!yte (mglkg) 

Semivolatl les 
CENilPHTHYLENE 

ANT11RACENE 
BENZO(a)ANTI1RACENE 
BENZO(a)PYRENE 
BENZO(b~LUORANTJ--iENE 

BE NZO(ghi )PERYLENE 
) 

BIS(2..CTHV LHEX\IL)PHTH..\LA TE 

2012 EPA 

"'" 
0.22 

' ' 

'700 
0. 15 
0015 

0" 

0.015 

'" '" 0. 15 

Result LO VO Re stilt LQ 

0.426 

0.01 65 J 
o.ro32 J 

0.0323 J 

O.OOJ 

0.164 J 
0.662 
0,665 
0.!125 

0.47 

0.3 .I 

0.0706 J 

0.127 J 
0.0873 J 

'-' 
0.5!;4 

0.28 

, , 

0.224 

0. ~74 LI 
0.0171 j 

0.0165 j 

1 .9 u 

0.'82 J 
0.J75 J 
O.tf.4 J 

1.9 u 

' 3.7 LI 

li'3/~010 .,. 
0 . 1 ft 

Result LQ 

U.0144 

D OCl27 J 
0.0022 

' O.OQ12 J 

0.0€<!1 J 
O.ZlO 

0 .183 J 
0.203 
0.107 J 
0 . 198 
o. 194 J 
0.265 J 

0,0609 J 

0.229 

S/312.0tO 

R<G 
0 - 1 ft 

Compound/Analym 
(mglkg) 

2012 EPA 
RSLs Re,.,,11 LQ 

0 . 2. 0.55 
S<>ml volatil ns 

BENZO(a)ANlHRl.CENE 0.15 
BENZO(af'YRENE 0.015 
E!ENZO(bf'LUORi\NTHENE 0.15 
BENZO(ghi)PERYLENE 
BENKJ(kifLUORANTI-1ENE 1.5 

'" 

Sampl~ Purpox 

DEPTH 
Compoundlll,nalyte 

(mglkg ) 
'1012 EPA 

RS Ls 

0.0924 J 
0.0882 J 
0.106 J 

0.0578 J 
0,0696 J 
0 . 104 J 
om 

.,. 
0 • 1 ft 

Result LQ 

0.22 O.C885 J J 
0.11 O.C509J J 

O.C007 J J 

l .O O.C59Z J 

2012 EPA 
CompoundlAnalyte (mg/kg) RSLs 

Sample Number 
sample Date 

Sampl ~ Purpou. 
DEPTH 

2012 EPA 

7130/2010 

"" 0 . 2 ft BENZo;a)PYR::NE 
BENZO(b)FLUORANTHENE 

2 

HOO 
0.15 

0.015 
0.15 

Compound/Analy<e 1mglkgl RSLs Re&Ull LQ BEf.IZO(ghi)PERYLENE 
BENZO(k)Fl UORANTHENE """ 0.22 

'' '·' 

0.0279 

0 .00121 

0,001 J 

' ' 0 .0012 J 

Sample Numbe 
Samplf! Dau. 

Sample Purpose 
DEP TH 

Bl6j2·ETHYlflEX\ll)PHTHALATE 35 

CompoundlAnal yte jmglkg) 

BENZO(a)ANTrlRACENE 
BENZO(a)PYRENE 
BENZO(b)FLUDRAl>ITHC:NE 
BENZO(ghi)PE RYLE NE 
BENZO(k)FLUORANTI--li:NE 
l:ll~\~-t I HY LH!:llY L)l"ti I HALI\ It: 

"" 

Rm 
0 - 1 ft 

2012 EPA 
RSLs Re•u l l LQ 

0.22 0.0900 

0,15 0.21 
0015 0.309 
0,45 0 .462 

0.247 
1.5 0.191 

15 0."302 
0.015 0.1)41 J J 
230 0 .405 

0.15 0.144 
0.127 J 

170 0.402 

'·' 
0 .015 

'·' ,.., 
"' 0 . 15 

"' 

2 .32 
0.12 J 

0.261 
0.0891 J 

0. , 18 J 
0 178 j 

81312010 .,. 
0 . l 1t 

Resull LQ VQ 

0.0457 
0. 159 
om 

0,024! 

0.246 
0.204 

0.9:l7 

1. 11 
0 0957 J 

1. 21 
0.258 

0,041Xl J 

0. 127 J 

, • 1 5 
1.lit 

LEGEND 
----

-

REG 

LQ 

VQ 

RSL 

mg/kg 

J 

u 

TPH 

BOLD 

DRAINAGE CHANNEL N.ID 
FLOW DIRECTION 

SOIL BORING 

TEST PIT LOCATION 

SURF ACE WATER/SEDIMENT SAMPLE 
LOCATION 

SAMPLE LOCATION FOR 2011 
SUPPLEMENT /IJ.... FIELD WORK 

2010 GEOPHYSICAL INTERPRETATION 
OF FILL EXTENT 

AREA OF EXPOSED BURIED DEBRIS IN 
DRAINAGE DITCH 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFER 

REGIONAL SCREENING LEVEL 

MILLIGRAMS PER KILOGRAM 

ESTIMATED CONCENTRATION 

NOT DETECTED. THE REPORTING Llt.AIT 
IS PROVIDED 

TOTAL PETROLEUM HYDROCARBONS 

EXCEEDS THE 2012 EPA RSL 

L<>=tlon Code TP1 -14 
Sample Numberf---AA~oo""~O---i 

Sample Date 11/312010 
Sample Purpose REQ 

DEPTH 0 - 1ft 
Compound/Analyte 

\mg/kg) 
2012 EPA 

ResUlt LQ VQ 

0.0434 

15.6 

FIGURE 4-1 
ORGANIC COIAPOUNDS DETECTED IN 
SURF ACE SOIL AND SEDllAENT 
LANDFILL AREA 1 
FORMER RAMEY AIR FORCE BASE 
AGUAJJILLA, PUERTO RICO 

-j_ 
TerranearPMC 

CB&I Federal Services LLC 
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Location Cod@l-''o'o"'W""<0o0m~+-''o'c"'W"°<000='-
Sample Number AA1002 AA10~3 

Sample Date ~2812010 6128/2010 
Sample PU•P""" REG FD 

DEf'lH O - 0.5 fl O - 0.6 1l 

Compound/Analyte 
lmglkg ) 

M"tale 

2012 EPA 

'" Result LQ VQ Resun LO VQ 

LUMINUM 7700 8150 8510 
ANTIMONY 3.1 0.63 B 5_2 U U 
ARSEr>llC 0 .39 &.1 8.2 
BARIUlll 1500 19.4 B 23 6 B 
BERYLLIUM 16 0.51 B 0.53 B 
l:AUMIUM U.~ij I:! U,:;!/ 1:5 
CALCIUM 112000 76300 

CHROMIUM 34 80 
COBALT 23 8 6 8.3 B J 
COPPER J\O 17 18.2 
IRON 5~00 21500 21800 
LEAD 400 12.8 12.4 
MAGNESIUM 706 8 697 B 
Ml\NGANESE 1aa 409 473 

MERC;;UcRcY __ -+~+.,--+-''~· 1~':1-+~ 0.09 B 
NICKEL 150 16.4 ---i-7] -
POTASSIUM 'Zl7 8 260 9 

SELENIUM 39 1.3 El 
VANAOIUM Jg 43.4 

2~00 32 .J 

location Code LF1SB21 
Sample Numberl--'•'•"o"o",."--

Samp1 .. Date Bi612010 
Sample Purpose REG 

ComPOundlAnalyte 
lmglkg) 

Metals 
LUMINUM 
RSENIC 

BARIUM 
BERYLLIUM 
CALCJUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAO 
Ml\GNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SEL NIU~\ 

Loc•tlon Code LF1SB02 
Sample Numbe r·r-c,•,•o•~=--

Sample Daill 81312010 
Sample Purpose REG 

DEPTH 0 . 2 ft 

2012 EPA 
RSLs BKG 

7700 23560 

0,39 31.6 
1500 69 .9 

16 1.36 

'"'"' ,,. 
2.3 19.2 
310 360-5 
5500 54490 
400 52.6 

1055 

180 2390 
0,26 

150 32.4 
1270 

39 1.6 
0,078 3.1 

Re!llJlt LO VQ 

16400 

31.5 
10.7 B 
0.83 8 

'"" "' 3 .6 B 
10.7 

~"' 
" ~' 
'" 0. 12 
23,~ 

217 B 
1.1 8 

location Code 
Sample Number 

Sample Dall! 
Samp!e Purpose 

DEPTH 

Compound/Anal vte 2012 EPA 
~"!llk!I) RSL 

Met<ll$ 
ALUMINUM 7700 
ARSENIC 0,39 
BARIUM 1500 
BERYLUUlll 16 
CADMIUM 7 
CALCIUM 
CHROMIUM 
COBALT 2.3 
COPPER 310 
IRON 5500 
LEAD 400 

,00 

' ''° 

LF1SWS002 
AA1001 

11na12010 

"G 
O·O.Sfl 

"" "' 20.2 B J 
0.62 B J 
0-48 B J 

00000 

00' 
7 .6 B 
13.6 

21800 

"' 853 B 

'" 0.18 
18.9 
331 B 

Loe~llon Codo 
Sample Number 

Sample Date 
Sample Purpo.., 

"''" Compound/Analyte 2012 EPA 
(mg/kg) RS ls BKG 

Metals 
lUMINUM 

ANTIMONY 

" ' 
'' '" 55CO 

'°' 
''° ' "" 

23560 
18.6 
31.6 
89.Q 
1.36 
0.88 

243.&00 

"" 19,2 

~· "'"' "' ' ""' 0.16 
31.4 
mo 
1n1 

lf1SBOI 
AA0001 AA0002 

7/J0/2010 7/30/2010 

'" 0 - 2 ft 

Result LQ \IQ 

"00 
Q2 IJ UJ 

19.J 

'" 0.5 B J 
t.8 u u 

000000 
90.9 

5.6 B 
10.9 8 

23500 
4.7 B 

~ 

0.041 B 
16. B 

" o -2 n 

Result LQ VQ 

"'' t_ 1 B 
12.2 
1S 1 6 

0.43 B 
0.33 

19eooo 
86.8 

S.J fl J 
9.7 8 

20700 
3.9 B 

~ 

0.02 B 
15.3 
18~ B 

"" 
ol:ll~on Code,__0TI'"''c•~-

Samp1e Num~r AA0031 

" 23CO 

Sample D•te 111312010 
Sample Purpose REG 

DEPTH 0-1ft 

Sample Numbe• 
Sample Dale 

Sample PurpoR 
DEPTH 

CompoundlAnalyte 2012 EPA 
(my/kg) RS ls BKG 

Metals 

0.39 91 .6 
1500 8S_9 
16 1.S8 

243000 

"' 2.3 19 2 
J10 300.S 

81312010 

'" 0 - 1 ft 

Result LQ VQ 

11100 
~1.2 

27. 1 B 
0.85 B 

"'00 

17.6 

Sample Number 
Sample 0-<>(e 

S•mple Purpooe 
DEPTH 

mpound/Analyte '2012 EPA 
(my/kg! RSL1> Bl<G 

noo 
0.39 ""' 3 1.fi 

eg_9 
243600 

TIJ!llZ010 

"G 
0 - 2 ft 

Re.ult LQ lvo 
6120 
14.8 

~· 25900 

LEGEND 
----

-
• 

REG 

LQ 

VQ 

RSL 

DRAINAGE CHANNEL N-.ID 
FLOW DIRECTION 

SOIL BORING 

TEST PIT LOCATION 

SURF ACE WATER/SEDIMENT SAMPLE 
LOCATION 

SAMPLE LOCATION FOR 2011 
SUPPLEMENT /IJ... FIELD WORK 

2010 GEOPHYSICAL INTERPRETATION 
OF FILL EXTENT 

AREA OF EXPOSED BURIED DEBRIS IN 
DRAINAGE DITCH 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFER 

REGIONAL. SCREENING LEVEL 

DEPTH 0-2tl 
5500 54490 376(111 CcmpoundlAnal)'le 2D12EPA 
~00 52.6 "' 360.S 

11. T 

'' 
mg/kg 

J 

MILLIGRAMS PER KILOGRAM 

ESTIMATED CONCENTRATION 
ompoun~/Analyle 2012 EPA 

{mglkol RS Ls BKG 
Metals 
lUMINUM 
RSENIC 

SARILIM 
BERYLLI~ 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
Ml\NGl\NESE 
MEROJRY 
NICKEL 
POTASSIUM 
SE LENIUM 
ll-fALUUM 

Comp!lund/Analyte 
(mglkg) 

eta ls 
AL UMINUM 
ARSENIC 
BARIUM 
BERYLUUM 
CADMIUM 
CALCIUM 
CH~OMIUM 

COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCUFIY 
NICKEL 

0 .:39 3 1.6 
899 
1_36 

2431300 

'" '' 192 

"' 360.5 

"'" '°' 52.6 
1055 

"' 2390 
0,26 ,,, 
\ 270 

0.078 

2300 02.0 

Location Code 
Sampl• Number 

Sa_mpl• Dal9 
Sample Purpose 

DEPTl-l 
2012 EP,A 

RS Ls BKG 

7700 23560 
000 31 _6 
1500 89_9 

10 1.30 
7 0,88 

243600 
228 

2.3 1 9. ~ 

31a 360.5 
5500 54490 

•oo 

' 

,,, 
1055 

D.26 

n• 
1270 

Re!Wlt LO 

18.5 
19-2 s J 
0_59 B J 

"' 11.5 
1~. 7 

l6200 ,, 
1!!/l B 

0.035 B 
17.3 
128 B 

"' 

LF1SB19 

"~' 
8/Q/2010 

"" 0 - 2 ft 

Result LO VQ 

10000 
28.3 J 
42_5 8 J 
0.88 B 

1.7 B 

"'°" 1 i'4 

11.1 
53.6 

57700 

'" 
"'" B 
0 .4 7 

,522 B 

0 ,078 3.1 0_31 B 

Sample Number 
Sample Dale 

Sample Purpoo;e 

Compoun<llAnal~1" 2012 EPA I 
(mgJkg) RS ls 

Metal& 
LlJMINUM 7700 
RSENIC 0 .39 

BARIUM 1500 
BERYLLIUM 16 
CADM IUM 7 
CAlCJW 
CHROMIUM 
COBALT 2.3 
COPPER 310 

IRON 5500 
LEAD 400 
MAGNESIUM 
MANGANESE "180 

MERCURY 1 
NICKEL 150 

DEPlH 

•m 
23560 
31 .6 

"'' 1.36 
o:8B 

243600 

'" 19.2 
360_5 

54490 

"' 1055 
2390 
0.26 
32_4 
1270 

&1312010 

'" 0 • 1 ft 

"" 19_9 
37. 1 B 
0.55 8 
0.56 B 

'™'"' rno 
6.9 B 

38 ,9 

28600 
67._2 
1230 B 

"' 0.29 
18_2 
~eg B 

107 91 .4 

location Code'--~~=
Sample Number 

Location Code 
Sample Number·1--~"'"'C-

Samp1e Dal<! 51312010 

"'G 

Compound/Analyll! 
lmglkg) 

Sample Dal~ 
sample Porprn1e 

DEPTH 

2012 EPA 
RSLs BKG 

7700 23560 

0.39 31.6 
1500 89.9 

16 1.36 

243600 

'" 2.3 1\1.2 
310 380 ,5 
5500 54490 
400 52.6 

1055 
180 2390 

0.26 

S"mple Number 
Sample Daill 

Sampl• Purpose 
OE.P TH 

Compou~d/An"IY1e 2012 E'f'A 

Resu lt lQ 

12.7 
22 .1 B 
0.71 8 

"'"" m 

' 11.5 
w•oo 

'' 916 8 

"' 0.12 

(mgl~gj RSL Result La 

Sample Purpose 

"'"" Compoond/Analyte 2012 EPA 
(mg/kg) RS Lo BKG 

7700 23560 
3. 1 1 8.6 
0.39 31.6 

'1500 89,9 
16 1.36 
7 O.Ela 

243600 

"' 2.3 19.2 
310 360.5 
5500 54490 
400 52_6 

"" 180 2390 
1 0.26 

!50 32.4 

Sample Nun1ber 
Sample Date 

Sample Purpose 

'~™ 

1270 

812/2010 
R<G 

0 - 2 fl 

0 - , ft 

Rosult LQ VQ 

10600 
0,83 B J ,., 
40_9 B J 
0.54 B J 

1:2 
97900 

"' " ' ""·' 
~'" 
"' !;125 8 J 

"" 0.64 J ,., 
355 B J 

Sample t.lumb@r 
Sample Date 

Sample PurJ?Ose 
DEPTH 

CompoondlAnalyte 2012 EPA 
(mg/kg) RSL 

Meta s 
LUMINUM 7700 

RSEN'C 0.39 
BARIUM 1500 
BERYLLIUM 16 
CADMIUM 7 
CALCIUM 
CHROMIUM 
COBALT 2.3 
COPPER 310 
IRON 5500 
LEAD 400 
MAGNESIUM 
MANGANESE 180 
MERCURY 1 
NICKEL 150 
POTASSIUM 

Sample Purpo,.. 
DEPTH 

Compound/Ana lyte 2012 EPA 
(mol~al RSLs BKG Compound/Analyte 2012 EPA 

~.u!t lQ 
noo 
Q.39 

'' 

"' ' "' 
" 0.078 

6360 

' 19.3 B 
0,34 B 

133000 
61-4 

5.1 B 
18. 1 

21400 

" 921 B 

"' 0.15 
14.2 
311 8 
1.6 8 

0.84 B 
31.6 
' M 

7700 ~351:10 

0.39 31.6 
1500 89.9 

24~800 

"" 2.:'.I 1Y 2 
310 3!30.S 
5500 54490 
400 ~2. B 

1055 
180 2:i90 

1 0 ,26 

'" 

11600 
17.7 

'" 
'"00 
"' u 

13,8 
d1300 ,, 
'™' 
""' 0.042 B 

(rnglk~) RSL• 5KG 

7700 23&;0 

0.39 31 ,6 
1500 s9. e 

16 1,38 
7 0.88 

2 .3 19.2 
310 SG0.5 
5500 54490 
40-0 52 .6 

1055 
18D 2390 

Resutt LO 

12400 
7.1 J 

27 .6 B J 
0.77 B 

' ' 87700 

9_4 8 J 

34.8 J 
31400 J 

63.J J 
938 B J 
345 J 

0.21 
26 .7 
41J B 

"'' 0 • 2 fl 

Resun LO VQ 

11100 
18.5 
2~.6 D 

051 e 
0.81 B 

117000 

'·' 33 .J 

'""' '" 860 B 

'" 

(molko) RSLs BKG Re...,lt LQ 

noo 
0_3g 

Comp01Jm;l/An~lyto 

(molkg) 
Metals 

ALUMINUM 
ARSENIC 
BARIUM 
BERYlUUM 
CADMIUM 

CALCIUM 
CHROMIUM 
COBALT 

COPPER 
IRON 

•LE/ID 
MAGNESllJll 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 

o.oo 
243600 

'" 19.2 

8630 
17.1 
20.8 8 
0.59 B 
0.27 B 

153000 

'" 6.9 
360.5 18 

54490 25400 
5~--426 --

1055 SGO B 
2390 '" 0-26 0.24 

ComPO~nd/Analyte 

img'kg) 

sample NumDer 
S"mple Oat<> 

Sample Purpose 
DEPTH 

2012 EPA 

sample Date 
Sornpte Purpose 

DEPTH 
2012 EPA 

RSL5 BKG 

77CQ 235GO 
0.39 31 ,0 
15CQ 89.G 

243600 

"' 2 .J 19.2 
310 360.5 
55CO 54490 

1055 
181! 2390 
150 32.4 
2E 107 

23C(I !J2.9 

AA~' 
11312~10 

R'6 
0 - 1 fl 

Tf'1 -18 

8/212010 

'" 0 .211 

Result LQ 

"" '' " ' 240000 

"1 
0.48 8 

2860 

AA005J 
!/ll2010 

" 0 • l 1l 

RS Ls BKG Resu!1 LO VO Result LO va 

7700 23560 
0.30 31.6 
1500 gg_g 

16 J.36 
T C-.SO 

243600 ,,, 
2.J i 9 _2 

310 360.S 
-5500 54490 
400 52.6 

1055 
180 2390 

I 0. 26 
150 32.4 

1270 
39 1,6 

39 5.06 
39 107 
~300 92.9 

9880 
16.3 
71 ., 
0.48 B 

'-' 
'"'" 85.6 

'·' 35.4 
moo ,,, 

1190 B J 
563 J 

0 . 17 
16.S 
225 B 
i,_g El 

' ' 50.5 

101(1{1 
12.4 
1310 J 

2_1 U u 
l .T U U 

143000 J 

"' 
'' 19. 1 J 

2l200 
75,8 
1220 B J 
299 J 

0. 17 

240 B J 
2,.2 B J 

4.2 u u 
52.2 

'" 

1055 
lSQ 2390 

1 0.28 
150 32.A 

1270 
39 1.8 

sample P"rpose 
DEPTH 

Compound/Analyll! 2012 EPA 

747 B 

~02 B 

' ' 

~G 

0 • 11t 

MOO 
<00 

"" 
"" " 0.078 

, .. ., 
52.8 
1055 ,,., 
0.26 
32A 

'·°' '' 

21JOO 
21 .5 

'" 237 c 
0.072 B 

lncatinn Cnde 
Sample NumtJ.erf--~"'"--' 

Sample Dal<! 

u 

8 

c 

NOT DETECTED. THE REPORTING Lit.All 
IS PROVIDED 

ESTIMATED RESULT DETECTED ABOVE 
THE METHOD DETECTION LIMIT BUT 
BELOW THE REPORTING LIMIT 

ELEVATED RL DUE TO MATRIX 
INTERFERENCE. SAMPLE WITHIN LINEAR 
RANGE 

(mglkg) RS Ls BKG Rewll LO Sample Purpo"' 
81312010 

"G 
0. 1 ft_ 

TPH 

SHADED 

TOT/IJ... PETROLEUM HYDROCARBONS 

EXCEEDS BACKGROUND LIMITS 

EXCEEDS THE 2012 EPA RSL 
Mela I• 
LUMINUM 7700 23560 11400 

22.4 ARSENIC 0.39 31 ,6 

cmpcundlAnalyte 
(mg/k!J) 

Metals 
LUMINUM 
NT!MON\I 

RSENIC 
BARIUM 
BERYLUUM 
CADM IUM 

l\LCIUM 
HROMIUM 

COBALT 
COPPER 
IRON 

LEAD 
MAGNESIUM 
MANGANESE" 

MERCURY 
NICKEL 
POT SSIUM 

ALLI UM 
I\ DIUM 

" 

1500 89.9 
16 1.36 

2436(10 

21.4 8 
0.75 B 

65300 ,,, 74.4 
2.3 19.2 ' 310 360.5 1~ . 1 

5500 54490 
400 ~2.e 

rn~ 

JJ91l0 
3~. 2 

771 8 
180 2390 "' 
150 32.4 

Sample Numll~rt---ii"'"i.--11~ 
Sample Date 

Sample Purpose 
DEPTH 

21112 EPA 
RS Ls BKG 

7700 23560 
3 . 1 19.6 

0.39 31-6 
1500 89-9 

10 1.30 

7 0,88 
243600 

'" 2.3 19.2 
310 JllO.S 

5500 54490 
400 52.6 

1055 

100 2390 
1 0.26 

150 32,4 
1270 

0.076 J.1 
39 107 

2300 92 0 

81312010 

"G 
0 - 1 fl 

Resul LO va 

0.72 B 

18.8 J 
21 B J 

0.41 B J 

0.6Q B J 
1<0000 

D3.4I J 

" ' 24.3 J 
7£9!10 J 

49.4 J 
1030 B J 

2091 J 

0" 
22.4 
277 8 J 

0.63 B J 
45.7 J 

' J 

Ccmp01Jn<llAna!yU! 
1mg1kg) 

2012 EPA I 

'"' 
noo 
o_se 

"'" " 
,, 
'" 

sample oam 
Sample Purpose 

DEPTH 
Compound/Analvte 2012 EPA 

(mg/kg) RS Ls Bl<G 

7700 23560 
0.39 "31,6 
1500 89.9 

7 O.M 
243600 

'" Z.3 19,2 
310 360.5 
5500 54490 

400 52.6 
1055 

!80 2390 

150 324-
12ro 

39 5 .06 
39 107 ........ 

""''" 
eKG 

2J560 
31 ,6 
89.9 
1.36 

243600 

19.2 
3~0_5 

52_6 
105~ 

2390 
0.26 

Re~ult LO VO 

'"' 14.S 

49.2 B J 
0.48 B J 

~0. 4 

22SOO 

"' 680 B 

'" 0.18 

8/~2Dl0 

'" 

BOLD 

Lo~a~o" Ccdel--c'c'c"e''"~-' 
Sample N"mbe< AA0014 

Sample Date 7/3012010 
S;omp!e PurpO!i<! RfG 

CompoundJA~alyll! 2012 EPA 
(mg/kg) RS Ls 

Metal5 
ALUMINUM 7700 

RSENIC 0,39 
BARIUM 1500 
BERYLUUM 16 
CALCIUM 
CHROMIUM 
COBAlT 
COPPER 
IRON 

'"'" Ml\GNESIUM 
Ml\ NGAN ESE 
'1E"RCUR 
NICKEL 
VP,i'tAOIUM 

" 

<00 

Looatton Code.,__~'c'~'c·lc<~-" 
Sample Numbe• AA0043 

Sarnpl~ Date 8/312010 

Sample Purpose REG 
DEPTH 0-1fl 

DEPTH o · I fl 

'" 
2356~ 

31 .6 
S9.9 

'" 243600 ,,, 
\92 

"60_5 
5449J 
52.6 
1055 

''"' 
32.4 

"' '~' 

Resu1 La va 

"m 
" 21 .4 B 

0.69 B 

'""" "' 8.7 El J 
12.2 

"'"' 6.9 B 
818 B 

'~ o. 
21-2 

6J.4 
20.5 

0 • 1 ft 
ompound/Analyro 2012 EPA 

Re!iUll LQ VQ 

9100 
13.2 

'" 0)15 B 
0.63 B 

133000 

"' " 24l00 
_59,4 
11 20 

0.29 
16.8 

(mg/kg) 
Me!a.ls 
LUMINUM 

ARSENIC 
BARIUM 
BERYLLIUM 
CALCIU~I 

CHROMIUM 
C081'.LT 
COPPER 
IRON 
LE.AO 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POT,1,SSIUM 
VANl\DIUM 

" 

RS ls BKG 

7700 2JOW 
0 39 311l 
1500 89_9 
16 1.36 

243SOO 

'" 2.3 19.2 
310 300.5 
5500 54490 
400 526 

WW 
180 2390 
1 o.w 

150 32.4 
1270 

:39 107 
2300 92_9 

Rewlt Lo va 

128()0 
22 .B 
33_5 B J 
O.SS B J 

51900 

"' , 1.2 
1e.e 

43300 
21 .9 
557 8 J 

·~ 0.12 
35_6 
227 8 J 

87 .2 

'" 

location Codef-~7''°"e"
Sample Number 

sample Date 
SamplP. Purpo..., 

DEPTH 
CompcundlAnalyte 2012 EPA 

(mglkgl ~ls '"' Metals 
LUli.llNUM T700 '""' 31.6 ARSENIC 0.39 

llARIUM 1500 
BERYLLIUM 16 
CALO UM 

'' "' 

89.S 
1.36 

243600 

"' 19.2 
360,5 

5500 54490 
400 52_6 

1055 
IW 2390 
150 32_4 
39 1.6 

SCALE ----r'"' - - -31 
0 200 

ll/212010 

"' 0 • 2 fl 

Re...,n LQ 

""' 17.9 
18.9 0 

1.2 B 
1850 B 

"' 11.2 
18.4 B 

00200 

" ' 
'" 

I 
400 FEET 

FIGURE 4-2 
METALS DETECTED IN SURF ACE SOIL 
AND SEDIMENT 
LANDFILL AREA 1 
FORMER RAMEY AIR FORCE BASE 
AGUADILLA, PUERTO RICO 

Terraneaf PMC 

CB&I Federal Services LLC 



location Cade 
Sample Numberc--AA~OO~,,,-~-~~"°-~-~=~--

sample Date a1s1201a 
Sample Purpose REG 

DEPTH 31 -32 ft 

B161i010 

•o 
31-32fl 

S/6/2010 

"G 
37-38fl 

Sampl<> Dam 
Sample Pu1pose 

08'IB 

a,312010 

"G 
8-8.5ft 

Compound/Analyte 2012 EPA Compound/Analyte ~012 EPA 

SBmpJe Purp09< 

DEPTH 
"G 

12 - 12.Sft 

CompoundlAnalvte 
lm!tfkg) 

2012 EPA 
RSL Result LQ 

0.22 0.1 13 J 
0. 11 0.0602 J 
0 .22 0.026 J 

0.15 0.0467 J 
0. 0.04 J 

15 0.0479 J 
23'.l o_ 102 J 

0 0747 J 
170 0.078~ J 

LocaUon Code 
Sample Numberf---==~~r~==~

Sample Date 
sample Purpose 

DEPTH 2 - 3 fl 

CompoundlAnaly!<! 2012 EPA 
(mg/kg) RSL Result LQ VQ Re~ult LO 

(m9lk9) RSL Re.ult La va Re .. u LQ va Re>lllt La va (mglkg) RSL Re&.1Jlt La 

0.11 0 .019 IJ IJ 

'" 0.019 IJ IJ 

'' D.004 
0.03 0.001 u u 

o.001a u u 
0.0038 u u 

16.4 

0.019 IJ IJ 

0.003B u u 
0.0019 u u 
0.0019 u lJ 

0.003B u u 

1 :J.4 

0.038 J 
0.0442 J 

0.0071 
0.001 J 

0.0007 J 

0.0012 J 

t7.7 

Sarnp!e Number 
Sample Date 

Sample Purpose 
DEPTH 

Compound/Ana lyl<> 2012 E:PA 

'" (mg/kg) 

'·" 0.0506 

816/2010 
><£G 

34 -3~n 

ReS1Jlt LQ VQ Resu lt LQ 

2012 EPA 

'" 
0.22 

81312010 

"G 
10-10.5fl 

RelMJlt LQ 

0. 0197 

0.089 J 

0. 0636 J 
0.0026 J 

a/312010 

"G 
6-S.5fl 

Compouni:l/Analylio 2012 EPA 
(mg/kg) RSL Result LQ 

Sample Purpose 
DEPTH 

Compou11d/A11alyte 
(my/kg) 

Semi~ota~les 

6Er.IZO!a)l<NTHRACE NE 
BENZOia)PYRENE 
BENZOlb}FLUORANTHENE 

BENZOlk)FLUORANTHENE 
CHRYSENE 

2012 EPA 

'" 
o_ 11 
022 

0.15 
0.015 
0.15 

' ; ,,-
0.15 

''° 

0.004 J 
0 .0038 

B/312010 

"" 8 - 8.5 fl 

Re ... 11 La va 

0.038 J 
0.02 u u 

0.0036 J J 
0,0006 J J 
0 .0009 J J 

0 .0709 J 
o.0561 J J 
0 .0562 J J 

0.16 J J 
0,0393 J J 

0.109 J J 
0.112 J J 

8_96 J 

8/312010 

'° 8-8.5ft 

Ro,,..ll LO 

0.0669 J J 
0018 J J 

0.0022 J 
0.002 u 
0.002 u 

Sample Numl:ler 
Sample Date 

Sample Purpose 
DEPTH 

2012 EPA 

'" 

713012010 

"G 
19-20ft 

Result LQ 

0.0 34 J 
0.0786 J 

LEGEND 
----

-
• 

REG 

LC 

VQ 

RSL 

mg/kg 

J 

u 

TPH 

BOLD 

DRAINAGE CHANNEL N.10 
FLOW DIRECTION 

SOIL BORING 

TEST PIT LOCATION 

SURF ACE WATER/SEDIMENT SAMPLE 
LOCATION 

SAMPLE LOCATION FOR 2011 
SUPPLEMENT AL FIELD WORK 

2010 GEOPHYSICAL INTERPRETATION 
OF FILL EXTENT 

AREA OF EXPOSED BURIED DEBRIS IN 
DRAINAGE DITCH 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFER 

REGIONAL SCREENING LEVEL 

MILLIGRAMS PER KILOGRAM 

ESTIMATED CONCENTRATION 

NOT DETECTED. THE REPORTING Llt.41T 
IS PROVIDED 

TOT AL PETROLEUM HY-DROCARBONS 

EXCEEDS THE 2012 EPA RSL 

Location Code f--_ 0w""'·c"O---j 
Sample Number AAOO•S 

Sample (late 81312010 
Sample F'urpose REG 

DEPTH 13 - 13.5 fl 

2012 EPA 
Compound/Anal)'te (mg/kg) RSL Result LQ VQ 

Pesticides 
.4"-000 2 0.0279 
,4'-DDE 1-4 0.0395 

a p a-
amina·CHLORDANC .0126 
Semivola~les 

2-METHYLNAPKTHALENE 23 0.0503 J 

" , 
NTHRACENE 1700 0.0935 J 

BENZO(a)A '/THRACE NE 0. 15 0. 103 J 
BENZO[a)PYRENE 0.015 0.099 J 
BENZOlb)FLUORANTHENE 0 . 15 0. 104 J 

BENZO(ghilPERYLENE 0.0668 J 
BENZOik)FLUORANTHENE 1.5 0.0904 J 
BIS{2-ETHYLHEXYL)PHTtiALAl E 35 0.29 J 

CHRYSIONE 15 0. 121 J 

FLUORl<NT.c<oEc'°~----+-c'c~;c-+.,c;0.,3'8"'~h--j 
FLl.JORENE 230 0.0673 J J 
INDEN0(1.~.3-cd)PYRENE 0. 15 0.066 J 

PHENANlHRENE 0.365 
PYRENE 170 0.234 

"' H (f: l n.r.::>R) 
TPH-GRO (C&-C10) 3_29 J 

Volatiles 
1,4-DICHLOROBENZENE , ' 0 .003 J 

2-BLJTANONE 2800 0.0454 
ACETONE 5100 0.237 
CARBON DSULFIDE 0.0036 J 
cis-1 .2-0ICHLOROETHENE 0.0012 J 

FIGURE 4-3 
ORGANIC COMPOUNDS DETECTED IN 
SUBSURFACE SOIL 
LANDFILL AA.EA 1 
FORMER RAMEY AIR FORCE BASE 
AGUAIJILLA, PUERTO RICO 

Terraneaf PMC 

CB&I Federal Services LLC 



~ 
0 
N 

~ 
N 

~ • 0 
N • N 

LoeaUon Code 
Sample Num~er 

Sample Date 
Sampl~ Purpo.., 

DEPTH 

Campound/Analyle Z012 EPA 

LF1SB!l2 
AA0007 AAOODB 
61312010 

ROG 

10 - 11ft 

H/112010 

ROG 

19 -20 tt 

LF1SB02.SUP 
AA0090 AA0091 

9/22J2011 

ROG 

J -5 n 

9/Z212il11 
rn 

3 - s n 

(mglkg} RBL BKG Result LQ VC Result LQ Va Re.ult LQ VO Result LQ VQ 
Mot~I • 

LUMINUM 
RSENIC 

BERYLUUIJ 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 

7700 
0.39 

7 

"" 

36720 21800 
37,6 40.6 ""' '' 21 ,3 B 5.3 fl 

7" 2.B 1 1U U 
2,2U U 0 ,86U U 

13200 '365000 

"' 24. 1 27;5 
00910 71400 
24 _6 
1()40 12208 
3730 423 
0.28 ... 
,,. 
46.8 

0.13 

!>400 u u 

"" 42_7 

22.4 

0 .59 B J 
7.6 8 J 

4.4 u u 

""' 272 
O.OM B J 

4.7 a J 
2200 u u 

242 B J 

7,2 B J 
8.8 B J 

2520 

'·' 11 ' 1 
0,168 j 

0.23 u u 
316000 

1, 1 B j 

28 u u 

2.1 B 

"" 61 ,5 
0.008 u u 

4 .7 J 
111 B J 

2WO 

" .5.B 8 J 
o.oos a J 

0.27 
340000 

o.77 a J 
20 u u 

0.8 B J 
1290 

19 6 
0.057 a J 

2.6 J 

LocaUon Codef----~''''"""'7~----+-'e'c'"'"""''7~~"c'c 
Sample Number AA0079 AAOOSO AA0099 

Sample Date l!{t;/21!10 B/612010 912012011 
Sampl<> Purpo.., REG REG REG 

DEPTH 10-11 tt 19 - 20fl 3-Sft 

Compound/Analyle 2012EPA 
(mglkg) RSL BKG Result LQ VQ Resull LQ VQ ReSlllt LQ 

M~t<tl• 

LUMINUM 
NTlMONY 

ARSEN:C 
BARIUM 
BERYWUM 
CADM IUM 
CA LCI~ 

CHROMIUM 
COBALT 
COPPER 

LEAD 
MAGNESIUM 
MANGllNESE 
MERCI.RY 

Ccmpound/A~alyl<! 

1mglkg) 
Metals 

ALUMINUM 
NTlMONY 

ARSENiC 
BARIUM 
BE:RVlUUM 
CADMIUM 
CALCIUM 
CHROMIUM 

COBALT 
COPPER 

LEAD 
MAGNESIUM 
MANGJ.\NESE 

NICKEL 
POTASS UM 
SODIUM 

LLIUM 

uw 

" 0.3S 

" ' 

"" 5~00 

'" 

:J!:il"20 
15. 1 
37 .6 

mo 
1.69 
u 

~•oo 

"' 29.6 
24. 1 

68910 
24.6 
1040 

180 373(] 
0.28 

150 44.6 

39 126 
2:JOO 46.B 

'" 0.59 B 

"' 3_9 B 
0,19 LI 
0 .2:; 

390000 
15, 2 
0. 3 B 
4. 6 8 

1710 
0.72 B 
72>0 
15.1 

0.018 B 
3_ 1 B 

57.2 8 
54.9 B .. 

30 IJ u 

lbS 
042 B 

'' 3_5 B 
0.25 u 
0.23 

"~ 
13.2 
0.26 B 

0.59 B 

14 .3 
0,082 u u 

2.7 B J 
57.8 8 j 

78,5 B 
4 

20 u u 

10300 
8.7 LI 

••• 
23.4 B 
0.71 8 

1 :1 u 
2130 B 

% . 7 
S.1 B 

11. 1 
23600 

'' 196 6 

m 
0 .006 B 

19.5 
4400 u 
4400 LI 

" 18.6 

LocaUon Codef--"'"'"7·"'"7~-+-~~~~Wc-;7c·7c7~~~~-
Sample N~mbe r AA0072 AA0073 AAll074 

Sample Date 81612010 8/612010 111612010 
Sample Purpose REG FD REG 

DEPTH l1 - 32ft Ji - J2ft l7 - 38ft 

2012 EPA 
RSL BKG 

7700 '36720 
3 1 15.1 
0.39 37.6 
1500 104 

7 1.3 

2.3 29 .6 
31 0 24.1 
5~00 68910 

''° 
3730 

"" 150 ... 
moo 
1260 

0.078 
39 128 

-noo 46.6 

Result La va 

3. 1 J 
17.2 
o 13 B 

••• 

Resul! LC va Result La 

7000 

0.8a s J 
1.4 J 

115.3 
o.2a u u 
0.37 

18600 

23 c 

<IS.46 
12 B 
4.6 u 

311000 .379000 58700 
40 .0 J 

2.7 8 J 
7_5 B J 

0 .063 B 

237 B 
42.7 5 

'° 

, 

, 

12.3 8 J 

'" Sample Numb-.• 

21 .3 J 

1.3 B J 
5,2 B 

2370 
2.1 B 

"'" '°' 0 .004 u 
4,3 B 

1/212010 

"'" 

14.2 

"' 62600 

921 B 

r:ompound/Analyte 
imgikg) 

Metals 

LUMINUM 
NTIMONY 

ARSENIC 

BARIUM 
BERYLLIUM 
CAOMIUM 
CALCIUM 
CHROMIUM 
COBi>.LT 

Compound/Analyte 
(mgll<g) 

Sample Date 
Sample Purpose 

OEPTH 

1012EPA 

6 • G ft 

Re•ull La Iva 

81212010 

"G 
12 - 13ft Sampla P11rp<>.., 

I------~---, DEPTH 

8J3/2010 

'" 12 - 12.5 ft 

RSL SK<> 

7700 36720 
11 15.1 

0.39 37.6 
1~00 104 
16 1 69 
7 1,3 

'""' 
2.3 29.a 
310 24., 

&1910 

"' m<O 

""' 0,26 

ReQllt LQ Compound/Anal~te 

(mg/kg) 
2012 EPA 

22 u u 
13.8 
28.2 8 J 

1.7 8 ~ 

4.5 u u 
1540 8 J 

1o< 
25. 4 
10.9 8 

55500 

" 495 8 

"" 0 .077 B 
37.7 

0.24 B 

7.9 8 

0.21 u 
o.n 

399000 

o.47 a 
3.11 B 

·= 0.47 8 
7'ro 
14_6 

0.015 B 
2.s a 

64.7 B 
7~' 

'·' 1' u 

Compound/Analyle 
(mg/kg) 

Metal& 

Sampl,. Oat<> 

Sample Pul'j)Oil! 

"'"" 2012 EPA 
RSL EIKG 

!112/21110 

"G 
z -J ft 

Resul La va 

RSL BKG 

7700 36720 
0.39 37. 6 
1500 104 

16 1. 69 

98500 

~· 2.3 19.S-

310 24.1 
5500 63910 

"" 24.e 

""" 70> 3730 
0.211 
44 .6 

1090 

B/212010 

'° 2 - J n 

R~sult LO VQ 

Result La 

13200 
13.9 
29.6 8 
0.04 8 

39400 

"' '·' 17. 6 
56100 

"" 0.47 
21 .11 

370 8 

Rc,..,lt lQ 

s~;~~:~"u~ob:f--.,owc,=',,='=,--t , 
Sample Date 813/2010 

S"mp!c PU!P<l"" REG 

DEPTH B - B.5 fl 

2012 EPA 
RSL B!(G 

7700 3£720 
3, 1 15. 1 

0, 39 37.6 
1500 104 

16 !.69 
7 1.3 

96500 

"' 2.3 29.6 
310 24 .1 
5500 68910 
400 24,6 

704-0 
180 3730 

1 0.28 

Result LQ va 

o.s0 s 

'·' 22 .8 

0.22 a 
0.~3 

'~" 
2.9 8 J 

1J.9 6 
10000 

27.3 
1120 

HO 
0.037 a 

CompoundlAnalyte 
lmglkg) 

Metals 

LUMINUM 
NTIMONY 

ARSENIC 
BARIUM 
BERYLLUM 
CAOM IUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 

LE.AO 
MAGNESIUM 

Sampl~ Dato 

Sample Pu.,,ose 
DEPTH 

81612010 

"G 
34.35n-

Cor:npound/Analyte 
(mg/kg I 

2012 EPA 
fl()L OllC R~""lt LQ VQ 

Loea~on Ced• L.F1SB01 
Sample Numberr-~.,=ooo=•o"~c=~AA=oo=o~,--t 

Sample Date 7/30/2010 7130/2010 
S<>mp!c Purposo REG REG 

DEPTii 2.5 · J 11 19.S · 20 ft 

2012 EPA 
RSL BKG 

7700 J672(J 
3,1 i5,1 

0,39 37.6 
1500 104 

18 1.69 
7 1.3 

98500 

'"' 2.3 29.6 
310 24. 1 
5500 68910 
400 24.6 

""" 100 3730 

150 44 ,6 
7000 

SJS/2010 

'" 34-35n-

Re~ll LQ VQ 

Result LQ va Result LQ VO 

""' 0_135 B U 

" 5 .7 8 

0.068 8 
0 .08 8 

3I40DO 

" 0.53 B 
5.4 B 

~"' 
0.77 B 
1220 
~ .. 

3.8 8 
70,9 8 

1910 
0.93 B J 

' 7 _9 8 J 

00998 J 
0,079 B 

'374000 
23 . 1 

1.6 B J 
4 .9 B J 

0>00 

o.eJ a J 
76'0 

Location Code 
Sample ii/umber 

Sample Date 
S~mple Purposo 

DEPTH 

TP1-12 
AA0043 
813/2010 

"G 
10.10.sn 

Compound/Analyte 2012 EPA 
jmglkg) 

Metals 
llLUMINU~I 

NTIMONY 
RSENIC 

B/l/2010 

"G 
9- 10ft 

Result La va 

RSl BKG 

7700 313720 
3.1 15.1 
0.39 37. 6 
1SC'O 104 

16 1.69 
7 1,3 

•=o 
'" Z.3 29.6 

~10 24.1 
5500 68910 

400 24.6 

"'" 180 3730 
0.28 

Re6Ult LO 

,~ 

0.62 B .., 
12.6 
0.13 B 
0.71 

345000 
41.>J 

2.2 8 

•• .. oo 
2.3 B 
m 

88.6 
O 024 B 

Compaund/Anal\lte 
(mg/kg) 

7/3D/2010 

"G 

5ample purpoo;e 
OEPTH 

2012 EPA 
RSL BKG 

7700 38720 
3.1 15.1 
0.39 37. 6 
1500 104 

16 1.69 
7 1. :l 

98500 

"" 2.3 29.S 
310 24.1 

5500 68910 
400 24.6 

m4-0 
180 ~)"30 

I 0. 28 
150 44,6 

moo 

8/312010 

"" 6 - 6.5 II 

Result La VO 

3820 
082 B J 

'·' 13.6 
0 15 B J 

3.48 J 
21 ,8 B J 

"""" 11.8 

"" 0,073 B J 

'·' B2.5 B J 

10 - 11n. 10-11ft 19 - 20ft 3-5ft 

Cotnp<>und/A~"lyt<o 2012 ET'A 

(mg/kg) RSL BKG Result LO VQ Result LO VO Result LO VO Result La VO 

81212010 

"G 
14.S -15.5 ft 

Rewll LQ VQ 

ij17U 
13.9 
26.1 B 
0.27 B 

'MOO 
M.7 
7.5 B J 

'' 

HOO 36120 
3.1 

" 7 
o.65 e 

0.39 37,6 "' 7"' 5.3 B 
L S9 0.2 u 

7 0.21 , 
00000 

'' 29 _6 0.39 8 

'" 24.1 , 
68910 1670 
24.6 0.54 8 

""" rn;o 

"' '"° 25. 1 
0 .28 0,091 u 

"" M, 6 

Sample Oali! 
Sampl,. Putp<><l! 

""'" CompouncllAnalyte 
{mg/kg~ 

2012 EPA 

"" "" 
noo 
, , 7 
0 ,39 

1500 

" ' 
,, 
'" 5500 
400 

36720 
15.1 
J7.e 

"'' 1.69 
7., 

98500 

"" 29 _6" 
24. 1 

68910 
24.6 

Sample Number 
Sample Date 

Sample Purpose 
OEPTII 

0-47 B 

' 5,6 B 
023 u 

0.052 8 
374000 

14.4 

0-43 B 
3.8 B 

1800 
0._61 B 

"90 
24_8 

0 .067 u 
2.4 a 

80.3 s 

61312010 

"G 
s- a.s n 

Resun La va 

2610 
0.79 3 

7.1 J 

"' ' 0-1~ '3 
0.99 

3J61JOP 

"' 2.8 B J 

61150 J 
10.3 

0.09 8 

81212010 

'"' 10 - ~t n 

'" 0 .4 8 

'' 4.8 B 
0.041 13 
0.26 

371000 
16.8 

0.38 B 
4.2 B 

""" 0.51 8 

"'' 25.3 
o.oro u 

2.9 8 
67,9 8 

61312010 
m 

a -B.5 ft 

Result LO 

U.> 
15.7 8 
D.4418 
0,91 u 

'209000 

""·' 4_3• 
10.9 8 

19800 
10, 1 

0,048 8 

BIZ/2010 

''° 19 -20 II 

Comp.ound/Analyte 
(mg/Kg) 

2017 EPA 

'" BKG Re!ll!lt LQ VQ Result LQ VQ 
Metals 
LUMINLM 

ANTIMONY 
RS EN IC 

MKIUM 
BERYLLIUM 
CADM I U~I 

CALCIUM 
CHROMIUM 

GOBALT 
80PPER 
IRON 

COAO 
MAGNESIUM 
MAN"GA!>.:ESE 
MERCURY 
NICKEL 

noo 
; , 7 

0 ,3S 
7~ 

" ' 
"' 3 10 

·~ 
'" 
'"' 7 
7>0 

3fi720 t 3900 •6SO 
15,1 22U u 0.73 
37.8 17.2 7.8 
7~ 

1.89 

u 
98500 

'~ 
29.6-,., 

68910 

24 .6 
1040 
3730 
0.28 
44.• 
7000 

"' 46.8 

~j i:. J 

1.5 13 J 

4-4 U LI 
13!0 6 

•oo 
17.6 
21.7 13 

~•oo ,, 
563 8 

>000 
0.024 13 

'" 11000 u u 

"' " 

1~. 0 1:l J 

Q 27 8 J 

u 
300000 

66,7 

3.4 8 J 
13 2 B J 

1~000 

2.8 B 

"'" '" 0.037 B J 
12.4 
7~ ' 

26.6 

" 

10600 
1.1 B 

• 
25.8 8 
0.76 B 

1.6 u 
24700 

"' " 
, 

1•.2 
31600 

19.2 
4000 u 

Resolt LQ VQ 

7~0 

10 u u 
12.6 

15 1:l J 

0.9 B J 

2.1 u lJ 
42200 

"' 7.3 a J 
20.1 

37800 

" 757 B ... 
o_ 11 

"'' '"'' 75.9 

"' 

LEGEND 
----

-
• 

REG 

LQ 

VQ 

RSL 

mg/kg 

J 

u 

8 

TPH 

SHADED 

BOLD 

DRAINAGE CHANNEL N.10 
FLOW DIRECTION 

SOIL BORING 

TEST PIT LOCATION 

SURF ACE WATER/SEDIMENT SAMPLE 
LOCATION 

SAMPLE LOCATION FOR 2011 
SUPPLEMENT AL FIELD WORK 

2010 GEOPHYSICAL INTERPRETATION 
OF FILL EXTENT 

AREA OF EXPOSED BURIED DEBRIS IN 
DRAINAGE DITCH 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFER 

REGIONAL SCREENING LEVEL 

MILLIGRAMS PER KILOGRAM 

ESTIMATED CONCENTRATION 

NOT DETECTED. THE REPORTING Llt.41T 
IS PROVIDED 

ESTIMATED RESULT DETECTED ABOVE 
THE METHOD DETECTION LIMIT BU7T 
BELOW THE REPORTING LIMIT 

TOTAL PETROLEUM HYDROCARBONS 

EXCEEDS BACKGROUND LIMITS 

EXCEEDS THE 2012 EPA RSL 
Location Cede TP1-13 

sample Numberr-~AA""oo°"~Oc--
Sample Oate 81312010 

Sample PotpO!ie REG 
DEPTH 13-13.51l 

CompounalAnalyte 
(mg/kg) 

2012 EPA 
RSL 8KG Raru!t LO va 

Metals 
AL~INLIM 7700 313720 11800 
ARSENIC 039 37.6 27.2 
BARIUM 1500 104 35.5 B 

ERYWUM 16 1.69 0.82 B 
CALCIUr~ 98:;!)0 :;5000 

HROMIUM 

COBALl ". " COPPER 24. 1 "'"' IRON 68910 3740() 

"" 24.6 17.8 
AGNESIUM "'" 1!.10 8 

MAf'IGANESE 

ERCURY 0" 
NICKEL "" 21 ,5 
POTASSIUM moo ~54 B 

ANAOIUM "" "° "' 
.,,, 

L<>eaUon Code f--==o-''c'c"r"c~~==~-t-''c'c70•0•0~"'°c'c'-1 Sampl• Number AA0015 AA001& AA0095 
Sample Dall! 713012010 7130/2010 9,12012011 

sarnple Purpose REG REG REG 
OEPTH 10-11ft 1~ - 201t 3 · S -tt 

2012 EPA 
RSL BKG Result La va Resutt LO va Result LQ VQ 

noo 

" 0.39 

' 
" 

36720 

15. 1 
37.6 

' ' 98500 

"' "·' 24. 1 
ea91 0 

24.6 
7~C 

~730 

0.28 

«.• 
70 

7' 
1260 

"" ~· 

1930 
069 6 

J.3 8 
0 12 B 
0.15 6 

371000 

"' ' 0.95 B 
6.2 8 

'~' 
1_2 B 

11UU 
43. 9 

0 ,018 B 

6. 1 B 

• • 
'"" 66_2 B ,., 

5. 9 6 

FIGURE 4-4 

, , 

, , 
c , 

1200 

0.52 B 

4 .2 6 
0. 058 B 

"·' 377000 
23.2 
0.66 B 

5.J B 
2820 

0.8 8 
1;<4Q 
31 .7 

0.084 u 
4.2 B 
3-4 B 

"" 73.4 B ,, 
35-4 

, , 
, 
u , 
c , 

15200 

2.3 a 
1 ~.4 

32. ~ 8 
0.93 B 

"'" 
" 492tl0 

•• ;;au !:I 

"' 
·~· 2.7. 9 

3_g 8 

""" " 96.9 
37.2 

' " 

METALS DETECTED IN SUBSURFACE 
SOIL 
LANDFILL AA.EA 1 
FORMER RAMEY AIR FORCE BASE 
AGUADILLA, PUERTO RICO 

Terraneaf PMC 

CB&I Federal Services LLC 
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Sample Number 

Sample Date 
sample Purpose 

2012 EPA 
CompoundlAnalyte RSl 

FIELD TESTS 
Conductf;ity (umhosl cm) 
Dissol""d Oxygen (µg/L) 
Oxidolion Reduction Polcntio~ mV) 
pH (STD_unfts) 

emperature ("C) 

urt>idity (NTU) 
GEN CHEMISTRY [µgill 

ALKALINITY. TOTAL 

2500 

Sample Number 
Sample Date 

Sample Purpose 

2012 EPA 
Compound/Analyte RSL 

FIELD TESTS 

Conductiloity (umhos/cm) 
Dlssol-.ed Oxygen (~g/L) 
Ox<dalion Reduction PolenllaJ (mV) 

·emperatore (°Cl 
Urbidl ty (NTI.J) 
GEN CHEMISTRY (µgl l ) 

ALl<AUNJTY. TOTAL 

2500 

OTAL DISSOLVED SOLIDS 

CHLOROFORM 0. 19 

REG REG 

Result LO VQ 

1.144 1.139 
6490 6060 
16.4 16, 1 
7.2 7.17 

31 ,74 31.14 
3.4 S.2 

259000 295000 
187000 179000 

4300 4400 
42 B 170 

Result LQ VQ 

0 .977 0.934 
6400 6150 

·128.5 :36.1 
7.1 7_12 

27.2 30.81 
0 0 

261 000 273000 
102000 110000 

4700 4900 
260 388 

14300 17800 
561 000 486000 

0.48 J J 
1.5 1.2 

location Code RMW1"3 
1----~~~~~~~~~--

S amp I e NumbP.r AA3003 AA30M 
Sample Date 7/ 1512010 1211012010 

Sample Purpose REG REG 

2012 EPA 
Compound/Analyte RSL Result LO VO 

FIELD TESTS 
CondtJctility {IJmho:slcm) 1 062 1.061 
Dfssol-.ed Oxygen (µi;IL) 6760 8480 
OX idation Reduction Polenlial (mV) ·130.6 ·117.1 
pH (STQ_units) 
emperalure ("C) 
urbiditv NTIJ) 
GEN CHEMISTRY (µg/L) 

LKALINITY, TOTAL 

CHLORIDE 
ITRA1E 2500 

Sample Date 711512010 
Sam;ple Pu ose REG 

2012EPA 

7.12 
n97 

0 

260000 
120000 

4600 

12/8/2010 

REG 

7.09 
32.2 

0 

265000 
140000 J 

4700 J 
34 B U 

21700 
445000 

9000 B J 

12/8/2010 
FD 

CompoundlAnalyte RSL ReSlll i La VQ Result LQ VQ Result LQ VQ 
FIELD TESTS 

Condueti\Aty {l.llTlhcs/cm) 0.963 0.928 
Dissol..ed Oxygen (µQ/L) 7060 6240 
Oxidation Reduc1ion Poteohal (mV) -113 40.8 
pH (STD_unils) 7_ 11 7.15 

32.93 32,58 
8.1 4. 

271000 263000 264000 
100000 107000 108000 

2C-00 4400 4:500 ... 4eoo 
38 B J 75 B U n B U 

13000 15700 15900 
428000 379000 327000 

14000 5000 B 10000 u u 

LEGEND ___ _. 
DRJlJNAGE CHANNEL AND 
FLOW DIRECTION 

EXISTING MONITORING WELL 

SAMPLE LOCATION FOR 2011 
SUPPLEt.ENT AL FIELD WORK 

----- 2010 GEOPHYSICAL INTERPRETATION 
OF FILL EXTENT 

REG 

LQ 

VQ 

RSL 

p.g/L 

J 

u 

B 

BOLD 

AREA OF EXPOSED BURIED DEBRIS 
IN DRAINAGE DITCH 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFIER 

REGIONAL SCREENING LEVEL 

MICROGRAMS PER LITER 

ESTIMATED CONCENTRATION 

NOT DETECTEO. THE REPORTING 
LIMIT IS PROVIDED 

ESTIMATED RESU.. T DETECTED 
ABOVE THE METHOD DETECTION 
LIMIT BUT BELOW THE REPORTING 
LIMIT 

EXCEEDS THE 2012 EPA RSL 

FIGURE 4-5 
ORGANIC COMPOUNDS DETECTED 
IN GROUNDWATER 
LANDFILL AREA 1 
FORMER RAMEY AIR FORCE BAS£ 
AGUAD~LA,PU£RTO RICO 

>. 
TerranearPMC 

oliiiilp-~-iiil-~-~-!liiiil--~:_iiil~~:-~Eiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii4iiiiiioiiiiild FEET A CB&I Federal Services LLC 



Location Co de RMW14 
Sample Number AA3004 AA3010 

Somple 0<1te 7/16/2010 12110/2010 

Samele Pu ose REG REG 
Compound/Analyte 2012 EPA 

(119/L) RSL Result LQ VQ 

1600 82.7 6 J 88.1 B 
290 5.1 6 J 6.4 B 

107000 122000 

7.1 6 J 6.7 B 
62 25 u u 2.7 B 

1100 H5 B J 114 B 
SU u 1 .6 B 

20200 19700 
32 2.7 B J 
30 

7,8 
470 

1600 200 u u 751 
Q90 200 u u 9 .3 B 

93200 279000 
3,8 B J 23.9 

0 47 50 u LI 1.1 B 
62 25 u u 5;9 B 

1100 300 u LI 1360 
18600 19600 

32 15 u u 47.2 
30 40 u u 28.2 B 

IO 
6 :sample Num Per 
(\ol 

Sample Date .... 
IO 

Sample Purpose ..... 
v 

Compound/An·a1yte 2012 EPA 
(µg/L) RSL Result Lava 

Meta.ls (Unflltered) 

>- BARIUM 290 5.7 6 7.2 B· .. 
CALCIUM 97900 99500 'i 

0 CHROMIUM 5.38 J 8 .9 B J u 
0 MAGNESIUM 15800 15800 E 
E MANGANESE 32 15U 15 LI 
i JO 40U u 2 .1 B 

28306 j 2930 B 
57300 59900 

78 2.96 J 3.1 B 
470 2 0U u 5.5 8 J 

6. 
~ .. 
N 

I 
.!< 32 .; ,, 

29606 J 3000 B J I 
N 57500 60800 

¥ 78 2.8 6 J 3.4 B 

iO 470 20 u u 9.4 6 
Q .... 
t 

Location Code 

Sample Number 
Sample Date 

Sample Purpose 

Compound/Analyte 2012 EPA 

(ll!llL) RSL 
Metals (Unftltered) 

BARIUM 290 
CALCIUM 
CHROMIUM 

32 
30 

290 

32 
30 

Sample Number 

Samllle Date 
sample Purpose 

Compound/Analyte .2012 EPA 
(pgll) RSL Result LO VO 

Metals (Unfiltered) 

ALUMINUM 1600 113 B J 
BARIUM 290 5.4 B J 
CALCIUM 99300 
CHROMIUM 8 .1 6 J 

1100 89.8 B J 
17200 

32 2.5 B J 
30 2 .. 9 B J 

2140 B j 

52500 
7.8 3 6 J 
470 7.9 8 J 

290 5.3 B J 
as.soo 

3.9 B J 
16600 

RMW1 -3 

AA3003 AA3009 
7/ 15/2010 12/1012010 

REG REG 

Result LQ VQ 

7.7 B J 5.5 B IJ 
94700 92700 

646 J 4. 1 s 
15~00 

5.7 s J 
97700 

4.2 B J 4 .~ e J 

16300 17700 
15 u 15 u 

26 B 40 u u 
3250 6 3400 6 J 

67600 7.9800 

121812010 
REG 

Result LQ VQ 

75 8 J 
5.5 (I. J 

97!XJO 
10 

300 u u 
17200 16900 

1.7 .s J L7 B J 
2.5 6 36 J 

'.22006 2190 8 J 
57200 57900 

3.2 s J 3.6 6 J 
5. 1 s J 20 u u 

76 u 75 6 u 
S72ll0 9?400 

J 

LEGEND ___ _. 
DRJlJNAGE CHANNEL AND 
FLOW DIRECTION 

EXISTING MONITORING WELL 

SAMPLE LOCATION FOR 2011 
SUPPLEt.ENT AL FIELD WORK 

------ 2010 GEOPHYSICAL INTERPRETATION 
OF FILL EXTENT 

REG 

LQ 

VQ 

RSL 

p.g/L 

J 

u 

B 

BOLD 

AREA OF EXPOSED BURIED DEBRIS 
IN DRAINAGE DITCH 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFIER 

REGIONAL SCREENING LEVEL 

MICROGRAMS PER LITER 

ESTIMATED CONCENTRATION 

NOT DETECTEO. THE REPORTING 
LIMIT IS PROVIDED 

ESTIMATED RESlL T DETECTED 
ABOVE THE METHOD DETECTION 
LIMIT BUT BELOW THE REPORTING 
LIMIT 

EXCEEDS THE 2012 EPA RSL 

FIGURE 4-6 
METALS DETECTED IN 
GROUNDWATER 
LANDFILL AREA 1 
FORMER RAMEY AIR FORCE BASE 
AGUAD~LA,PUERTO RICO 

->. 
TerranearPMC 
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i 
8 
u 

I 

oca on o e L-.:::..:=..:.:..::.:::..:::.:.-l.......:::..==..::..:::.:._ 
Sample Number 

Sample Date 
Sample Purpose 

DEPTH 

AB1005 
7112/2010 

REG 

CompoundlAnalyte (mg/kg) 
SemlvolaUles 

3·METHYLPHENOL AND 4-METHVLPHENOL 

Sample Date 
Sample Purpose 

DEPTH 
OOmpoundlAnalyte 2012 EPA 

(mg/kg) RSL 

500 

Location Code ,__~LF~2~S~B~09~-
Sample Number AB0031 

Sample Date 81412010 
Sample Purpose REG 

DEPTii 

Loca on ode<------'-"-;::_.;_ ___ _ 
sample Number 

Sample Date 
Sample Purpose 

DEPTH 

8/612010 
Sample Purpose REG 

DEPTH 0 -1 ft 

CompoundlAnalyte 2012 EPA 
(mgll(g) RS Ls Result LQ 

2800 0.0196 J J 
6 100 0,187 

Location Code LF2SB08 
Sample Number AB0028 

Sample Date 8/4/2010 
Sample Purpose REG 

OEPTtt Q - 2 ft 

Compound/Analylc 2012 EPA 
fmglkg) RS Ls Result Lq 

Volatiles 
ACETONE 6100 0.0562 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 0 - 1 It 

2012 EPA 
RSls Result LO VO 

36 0,0079 J J 

LEGEND 

* SOIL BORING 

- TEST PIT LOCATION 

• 

<.:> 

REG 

LQ 

VQ 

RSL 

mg/kg 

J 

u 
TPH 

SORF ACE WATER/SEDIMENT SAMPLE 
LOCATION 

SAMPLE LOCATION FOR 2011 
SUPPLEt.ENT AL FIELD WORK 

2010 GEOPHYSICAL INTERPRETATION 
OF LATERAL FILL .EXTENT CD.ASHED 
WHERE INFERRED> 

2010 GEOPHYSICAL INTERPRE:T ATION 
EXTENT OF DEEPEST FILL <DASHED 
WHERE INFERRED> 

OITCH REFERENCED IN 1996 INPR 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFIER 

REGIONAL SCREENING LEVEL 

MILLIGRAMS PER KILOGRAM 

ESTIMATED CONCENTRATION 

NOT DETECTED 

TOTAL PETROLEUM HYDROCARBONS 
Locauon Code LF2SVYSD02 

Sample Numberf--~A~B-10~0~1---r--~A~B-10~0~2---1 

Sampl e Date 6/2512010 &2512010 
Sample Purpose REG FD 

DEPTH 

Compound/Ana.lyte 2012 EPA 
(mg/kg) RSL 

2 
1.4 
1.7 

Localloo Code 
sample Number 

Sample Dale 
sample Purpose 

DEPTH 

0 - 0.5 ft 

0.0211 
D,0312 

LF2SWSD01 
AB1000 

612512010 
REG 

0 - 0.Sft 

0 - 0.5 ft 

ResoltLQ VQ 

0.0009 J J 

Compound/Analy1e 2012 EPA 

0 - 1 ft 

Result LQ VQ 

0 ~11 u u 

(mg/kg) RSL Result LC VQ 

17 0.0035 J 

FIGURE 4-7 
ORGANIC COMPOUNDS DETECTED 
IN SURF ACE SOIL AND SEDIMENT 
SUSPECTED WASTE AREA 2 
FORMER RAMEY AIR FORCE BASE 
AGUAD~LA,PUERTO RICO 

>. 
TerranearPMC 
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• 

Compound/An~lytc 

Uletals(mglkg) 
ALUMINUM 

RSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
C.>.LCUM 
CHROMIUM 
COBALT 
COP"ER 

'"'" LEAD 

sample Date 
Saml)le Purpose 

DEPltl 

2012 EPA 
RSL BKG 

~/5/'i'Cl l D 

R>G 

a - 2 n 

ReS1J!t LQ VQ 

7700 23560 11100 
0.39 31 .6 24.J J 
1500 89.9 27.3 B J 
16 136 0.56 B J 
7 0.88 0.91 B J 

243600 864 B 

228 163 
2 .3 19.2 B.4 J 
310 360.5 12 

5500 54490 41600 
400 52_6 8_5 

1055 273 B J 

Rosul! LQ 

11700 

~· 
'" 0.57 B 

0.96 B 
814 B 

"' u 
12.2 ....,, ,, 
277 B 

"'"""'""~---+-"''"'-'--"""'°"-'---"""'' ' 0.26 O.o:J8 B J "' 0.026 B 

:.ample. O..lo 

Sample Purpo se 
DEPTH 

2012 EPA 

noo 23,.-;o 
0.39 31 6 
1500 gg _g 

16 1.36 
243600 

2.3 192 
310 360.5 
5500 54490 
400 52.6 

1055 
160 2390 

0.26 
150 32.4 

1270 

'" 

za1z EFA 
RSL 8KG 

7700 23~C 

0,39 31.6 
1500 89_9 
16 1.36 
1 0.68 

243600 

"" 192 

''° 3130 _5 

5500 

'"' 52.6 
1055 

11/<!IZOlO 

Rm 
0 · 2" 

11700 
0.5 

13.6 8 
047 R 
582 B 

'' 
42100 

" 250 B 

"' 0.06 B 

'" 174 B 

1 . 1 B 

12800 

16.4 B 
0.50 B 
9.6 B 

632 B 

••• 
" 

6 _, 

288 B 

sample N~mDer 
Sample D<lte 

Sampl• Purpose 

""'™ 2012 EPA 

31412010 

"'G 
0 - 2 fl 

te RSL BKG 

IRON 

0 _3g 

''°" " ' 

LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 

31 .6 

89.9 
1,36 

o.se 

360.5 12 .4 
54490 26000 
~2 . G 7.9 
1055 297 B 
2390 1270 c 

O.Oll6 6 
202 

Sample Purpose 
OEPlH 

2012 EPA 

RSL 8KG 

7700 2356U 
3.1 11'!6 

0.39 31 .tl 
15:JO 89 .9 

" ' 
" '" 

' " 0.88 
2~3600 

"' 1S.2 
360.5 
54490 
52 _6 
1055 

"'" 0.26 
32_4 
1270 

Sarnpla Pu•po.., 
OO'TI< 

2012 EPA 
RSL 6KG 

7700 23560 
0.39 '.11 .6 
1$()0 $9.9 

1e 1.36 
7 0.88 

243600 
228 

2.3 19.2 
~10 360.5 

55UO $0490 
400 52_6 

10ti5 
tBO 2>90 

1 0.26 
:U.4 
1270 ,, 

15900 

''" " 262 6 
1.1 B 

1.1 3 
716 B 

"' 14. 1 
19.6 B 

"" o -2n 

Result LO 

15100 
2G.3 
·~-? E< 

0:56 B 
0.88 B 
712 B 

"' 1 t.8 
18_6 

""" ' ~'" &' 
0.05 B 
2l.2 
1B7 8 

1. 1 B 

Sample Date 
Sample Purpose 

DEPTli 

2012 EPA 

"" 
7700 

0.39 

"''° " 

' ' ''° 5500 

mo 

OKG 

31-6 
89 _9 

"' 243600 

~· 1Q.2 
360.5 

"'"' Q2.ll 

1055 

0.26 
15{] 32.4 

8/312010 

"" 0 - 2 ft 

Result La VO 

1 3100 

25.4 B J 
Q_S B J 

712 B J 

"' 10.3 8 J 
15.:3 

"'°' 4.6 8 ~ 

306 B J 

0.055 B J 
2'5 
204 8 J 
J,2 B J 

2012 EPA 

"" 
7700 
0.39 

'"" 

Sample Number 
Sample Date 

Sample Purpose 
OO'TI< 

Compound/Analyte 2012 EPA 
(mg/kfl) RSL 

Meta ls 
LUMiNUM 7700 

RSENIC 0.39 
BARIUM 1500 
BERYLLIUM 16 
CALCIUM 
CHROMIW 
COBALT 
COPPER 

LEAD 
MAGNESIUM 

MANGANESE 

23560 
3.1 ,6 
89.9 

243000 

19.2 
31>1J.5 

"'" 52.6 
1055 
<390 

·~· 238 
31 .5 B 

11.2 
16.5 

40300 

'·" 323 B 

Sample Number 
Sample Date 

Sample Pu<po<Je 
DEPTH 

"' 

s1.i2010 

"'G .,, 

711212!110 
R<G 

o-o.5n 

Rosul! LO va 

·~· 1$.1 
29_5 B J 
0.61 B J 

1300 8 J 

10.9 8 J 
16_3 

' 286 a J 

2012 EPA 

COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 

- MERCURY 

RSL BKO Re'OUll LQ 

7l00 23560 11 S<JO 
0.39 3 1-6 
1500 89.9 
-e 1.J6 
7 O.BB 

2.3 19.2 

'' "" 0.38 B 
0,29 B 
~71 B 

110 
12.2 

310 300.5 13.3 
34900 

0.5 
5500 54490 
4·JO 52 .6 

105~ 

130 2390 
0.26 

199 B J 
1130 

0.079 B 

Samp!e Purpooe 

'"'™ 2012 EPA 
RSL BKG 

7700 23530 
0.39 31 6 
1500 89.9 

7 0.88 
243600 

"' 2.3 192 
310 36G,5 

400 526 
1055 

180 2390 
1 0 .26 

"'" 0 · 1 fl 

Result LQ 

12100 
21.7 
34_2 B 

0 :96 B 

"" '" 
14.J 
17.5 

41500 

"'" ''" 0.087 8 

Somple Da te 

Sample P11rpose 
OO'TI< 

Compound/Analyte 2012 EPA 
Jmg/kg) RSL 

Metals 
ALUMINUM 
ARSENIC 
BARIJM 
BERYLLIUM 
CALCIUM 
CHROMILM 
COBALT 
COPPER 

'=' LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 

'""'' 

noo 
0 39 

"'" " 

'~ 

' ''° 

111~12010 

R<G 
0 -0.Sft 

Roault LO 

11000 
16.4 
23.6 B 
0.76 B 
MO 

'" 10.4 B 
13.8 

36700 

" ""' "' o.043 B 

"'·' 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

a/312010 

""' o ·2 n 
2012 EPA 

RSL BKG 
Com oundlAnalyte 

Result LO va 
Meta l ~{mglkg) 

1700 23560 
039 316 
1500 89_9 
16 1,36 

243600 

"' 2.3 19.2 
3\0 360.5 
5500 54490 

13~0 

'" 0.69 8 

''° 8,3 8 J 

ALUMINUM 
RSENIC 

BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
I F':AD 4'oo - 52:6-

47900 --s.s:a- r 
MAGNESIUM 

1055 319 8 J MANGANESE 
180 2300 MERCURY 

0. 26 0_04 B J 
150 32 .4 27.1 

Compoun<!IAna!yte 

Metals (mg/kg) 
LUMINUM 

S•mple Nlimber 
Sample Dale 

Sample Purpose 
DEf'TH 

2012 EPA 

"" 
noo 
0.39 
'500 

" 

"' 5'00 

'"' 
'" 

2J:if'i0 
J-1 _8 .... 

19.2 
360.5 

"" 
32_4 
mo 

Somplo Dote 
Sample Purpose 

'""" 2012 EPA 
RSL BKG 

7700 '''" 0.J9 J1-6 

'"' 69_9 
1.36 

243600 

Resun LQ va 

20.5 
31.3 B J 
0.38 8 J 

623 B J 

"' '' !4.4 

269 8 J 

'"' 0036 B J 
15_6 
167 B J 

~/o;/~010 

Rm 
0 . 1 fl 

8720 
17.1 
22 _4 8 
031 B 

15.5 
310 
5500 

360 .5 
54490 '" 31800 

'" 52.fi , ... 

815/20\0 

'° () - 1 rt 

Resul t La 

Z3100 
5<1.5 B 
1200 u 

JOU 
~4 I J 

5300 B 
353 
13.1 

21 .5 B 
~1000 

14.8 
2310 B 

'" 0 .1 B 

1.3 
60000 u 

Sample Purpo"" 
oeprn 

2012 EPA 
fl.SL BKG 

7700 23::.00 
0 .39 31_8 
J[-00 89_9 
16 1.36 

243600 

"" 
310 360.5 

'55:10 54490 
400 5? 6 

'"5 
180 2300 

1 0 .26 

150 32.4 

"'" 0 - 2 It 

1 SljQO 

23.4 
22.6 B 

0.6B 
1130 B 

''" B.6 B 
14.6 

Sample Number 
Sample Date 

Sample Purpose 
DEPTH 

2012 EPA 
RSL BKG 

7700 23060 
0.39 31 .fl 
1S!JO 09 9 

16 1.3(5 

7 0.88 
243600 

"' 2.3 19.2 
310 360.5 
5500 54490 
400 52.6 

1055 
180 2390 

1 0.26 
150 32.4 

1270 

8!412010 

"" 0 -2ft 

ReSllll LQ VQ 

12.700 J 

9.6 J 
37 . 1 s 
0.03 6 

0_49 B 
oooe 

"' 13.9 

'° 40600 J 

'' 232 B J 
1250 c J 

0.052 8 
24.2 
185 B 

locaUon Cede 
Sample Numberf--~==~cc~~==~_, 

Sample Date 
Sample Purpo5e 

DFPTH 

2012 EPA 
RSL BKG 

7700 23560 
0.39 31.6 
1500 89 .9 

'"' 24361)() 

'" 2.3 10.2 
310 360_5 
5500 54490 
400 52.6 

'°'' 150 2300 

Sample Purpose 
QEP7H 

2012 EPA 
RSL BKG 

7700 23560 
0.39 31.6 
15UO 89 .9 

1fi 1~ 

7 0_88 
243WO 

"' 2.3 19.2 
310 360.5 
5500 54490 

400 52 _6 

Result LQ 110 

7a3o 
16.4 
36.4 B 
0.67 B 

1360 B 

''° 10.4 
19.7 

2760() 

'·' 
"" " "" 

"'" D -2 n 

7490 
5• 

22.3 B 
0 ?? I'\ 
0.27 B 
819 B 

B1 _3 

' 10.6 
,~. 

'-' 

15700 
25.i 
6.1 B 
1_g -

596 B 

'" ••• 
15_7 

61700 

" "" "' 

Sample Paff 
Sample Purpose 

DEPTH 

Sample Number 
Sampl• Date 

sample Purp0"" 
DEPTH 

612512010 

""' o -1).5 n 

6/2S.'20 10 

'" 0 -0.Sft 

LEGEND 
$-- SOIL BORING 

TEST PIT LOCATION 

SURFACE WATER/SEDIMENT SMIPLE 
LOCATION 

Compounll/Analyte 2012.EPA 
(mg/kg) RSL 

Compound/Ana1yte 2012 EPA 

Sa 1 npl~ Pale 

Sample Purpose 
DEPTH 

2012 EPA 

SAMPLE LOCATION FOR 2011 
SUPPLEMENT AL FIELD WORK 

Metal$ 
lUMINUM 7700 
RS EN IC 0.39 

BARIUM 1500 
BERYLLIUM 16 
Co.LCJUM 
CHROMIUM 
COBALT 2.3 
COPPER 310 

IRON 5500 
LEAD 400 
MAGNE:'>IUM 
MANGANESE 
MERCURY 

Sampl" NumOc< 

Sample Date 
Sample Purpose 

'"'™ 2011 EPA 
RSL BKG 

7700 2351>0 
3.1 18.8 

0.39 31.B 
1~ e9.9 

16 1.36 
243600 

m 
2.3 19.2 
310 360.5 
~'.>\JV :.44~U 

400 52.6 

'°~ 
180 2300 

1 0.25 
150 32-4 
39 

"' 

6270 
0.75 B 
5.0 

2J.2 B 
0.34 B 
428 B 
n 

8.2 8 
10.9 

2U1UO 

" 184 B 

"' 0043 B 

" ,. 

9730 
10.2 
22.8 8 J 
0.52 8 J 
1650 

"' .. ' 
13.1 

28700 

0.052 B J 

lmijll<g) RSL 

noo 
039 

""' " 

Re..,11 LO VO R•wlt LO VQ 
Compound/Analyte RSL BKG 

9020 11soo Metals(mglkg) 
8 g ALUMINUM 7700 23_560 

19.7 B 35 .5 B RSENfc 0~39 31.6 
0,47 B 0.76 B BARIUM 1500 89.9 
1770 1660 B BERYUIU~I 16 1.36 0.46 8 J 

0 2010 GEOPHYSICAL INTERPRETATION OF 
LATERAL FILL EXTENT <DASHED WHERE 
ltfERREDl 

2.3 8.Y B J 10 B J CALClUM 243600 557 B J 
97 11 1 l CADM IUM 7 0.M 0.66 B J 

~~~~~~=========±==i,,~,t=j==='~'~·'~'=j"=j==c'~'~'fe=±'::J ""~""""'""''""~M~----<----+"-',",•""+-~",,","'-+~ 

2010 GEOPHYSICAL INTERPRETATION 
EXTENT OF DEEPEST FILL !DASI-ED 
WHERE INFERRED> 

s5oo 2G100 34500 0000000,0c,•,----1-''"',_-t-ii"~·;'-t-"'~'~'+-+-""~-----1-".o"o'-+-=,,"•"--l-+-",","-'+-+-1 COPPER 310 360.5 21 

DITCH REFERENCED IN 1996 INPR 

'50 

• 

270 B J 350 B IKQN ~:.00 :>4490 4550Q 
473 7~S LEAD 400 52.B 6 .7 

0.055 B 0.061 B MAGNESIUM 1055 319 B 
14.B 19_9 MANGANESE 180 2390 602 

MERCURY 0.26 0.053 8 

c , ~~AEL>;;IUM 150 32.4 1:o 1 

Sa mpl<> Oat<! 

' 

' ' 

REG 

LQ 

VQ 

RSL 

mg/kg 

J 

u 

B 

TPH 

SHADED 

BOLD 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFIER 

REGIONAL SCREENING LEVEL 

MILLIGRAMS PER KILOGRAM 

ESTIMATED CONCENTRATION 

NOT DETECTED 

ESTIMATED RESULT DETECTED ABOVE 
THE METHOD DETECTION LIMIT BUT 
BELOW THE REPORTING LIMIT 

TOTAL PETROLEL.t.t HYDROCARBONS 

EXCEEDS BACKGROUND LIMITS 

EXCEEDS THE 2012 EPA RSL 

Sample Purpose 
9120/1011 

"" LocaHan Cod• C--""'"°'·'"~--' 
Sample Numl>er A80081 

'""" 0 - 2" 
2012 EPA 

Sample Date B/612010 

RSL BKG Result La 
Sample Purpose REG 

DEPTlJ 0 -1 ll 

Sample Numl:>er 
s~mpl• Date 

Sample Purpose 
DEPTIJ 

201? EPA 
RSL BKG 

8/6i201D 

"'G 
0 -1" 

7700 23560 
3-1 \8 .6 

0.39 31 .6 
1500 89_9 
1~ t .36 

7 0.88 
243600 

"' 2.3 19.2 
310 360.5 

5500 5'1490 
400 52 _6 

:055 
180 2390 
1 0.26 

150 32.4 

•~o 
1. 1 8 ,, 

20.1 B 
0.34 B 

D.3 B 
489 B 

"' 9.3 B 
13.3 

2noo 

' .. 
185 6 

1260 
007 8 

" 

Sample Number 
Sample Dale 

Sample Purpose 
DEf'TH 

2012 J;;PA 

20t2 EPA 

RSL BKG 

1500 89.9 
16 1.36 
7 0.88 

243600 

2.3 19.2 
310 360.5 

400 52.6 
1055 

180 2390 
1 0.26 

150 32.4 
0_078 11 

39 107 
2300 92.9 

AB0063 

816J2010 

'° 0 - 1 l'l 

C~mpouncl/Analyte RSL SKG Result LQ va Resu l t LQ va 

/kg) 
7700 23560 WJQ lZOOO 
0_39 31.6 -11.s 22.8 

n oo 2JtKiO 10200 240600 11w a 1~2os 

0.39 31 _6 21 .1 228 13'i 156 
1500 89.9 36.s s J '"=~-----t-"'"·'~T--000c.,~f--,c,c.0:t---+---+-~,"•f-T--< 

7 0.88 0.51 B COPPER 310 360.5 17.8 22_ 1 B 

Result La va 

99SO 
19.2 
322 8 
0.27 B 
0.72 8 

~" 

"' 11.1 

262 B J 
1650 

O.Cl<9 B 

"' 0.95 
67.8 

'" 

Compound/Ana! 
M@taf• (mglkg) 
LUMlNUM 

BARIUM 
BERYUIUM 
CADMIUM 
CAL Cl LU 
CHROMIUM 
COBALT 

localiOll Code L-'"C"'e'"''"'-J 
Sample Number A0002l 

Sample Date B/512010 
Sample Purpose REG 

DEPTH 0 - 2n 

2012 EFA 
RSL BKG Result LQ VO 

11300 
0.39 31 5 
1500 89.9 11.6 8 

16 1.36 0.41 8 
7 0,88 0. 78 B 

243600 

"' 127 

2012 EPA ~;~~~~~f ~~g~l~~~l~~ii 1500 Sll .9 3.9.5 B 44.3 B 

i•~!;l.)f.1 1<10 9 IRON ~soo -5.il\IO U-400 42£00 COPPER 310 360.5 
RSL BKG 

7700 23560 ~090 

0.39 31 .S 18 
1M)O 89.9 27 ,0 8 

?43000 9070 
228 100 

2.3 19.2- 8.2 
310 3605 \7 .8 
5500 54490 28200 
400 52,e 6.9 

1055 352 B 

MAGNESIUM 
MAflGANESE 
MERCURY 
NICKEL 

LLIUM 
Ai'tAOI M 
NO 

225 119 LEAD 400 52.6 7_2 7.9 
2.3 19.2 10.9 MAGNESIUM 1055 291 B 399 B 
310 360.S 17 . ~ MANGANESE 160 2390 1540 1g.(;0 
5500 54490 3-4200 MERCURY 1 0-26 D051 B 0.052 B 
~00 52.S 7 .5 NICKE 150 32.4 15.1 17.9 

1055 371 B J 95.2 
mo 239Cl 1260 43_3 
1 0.26 0.04S 8 

'"'" LEAD 

MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 

ALLIUM 
ANAD.UM 

" 

FIGURE 4-8 

5500 54400 
400 52.6 

1055 
180 2390 

1 a.:ro 
150 324 

1270 
39 1.6 

•l.076 3 , 1 
39 107" 

92.9 

METALS DETECTED IN 

3'300 

'". 
0 .053 B 

15.6 
132 8 

0.89 B 

0.61 
75.1 

SURF ACE SOIL AND SEDIMENT 
SUSPECTED WASTE AREA 2 
FORMER RAMEY AIR FORCE BASE 
AGUADILLA, PUERTO RICO 

SCALE ----~ - - *d'1 
0 200 400 FEET 

"' Terra nearPMC 

CB&I Federal Services LLC 
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S•mple Purpow 
DEPTH 

2012 EPA 
CompoundlAnalyte (mg/kg) RSL 

PCBS 
B-1248 0.22 

0.11 
0.22 

1.4 
1 7 

3 

0.15 
0.0 15 
0.15 

1.5 
35 

260 
15 

230 
0.15 

170 

REG 
3 - 5 ft 

0 0011 J 
0.0028 J 
0.0023 
0.0007 J J 

0.0421 J 
0.0481 J 
0.0694 J J 
0.0398 ·J 
0.0265 J 

0.233 J 
0.066 J 

0.0481 J 
0.0609 J 
0.0416 J J 
0.0212 J J 
0.0616 J J 

LEGE~D 

* SOIL BORING - TEST Pll LOCATION 

<f) SURF ACE WATER/SEDIMENT SAMPLE 
LOCATION 

• SAMPLE LOCATION FOR 2011 
SUPPLEPtENT AL FIELD WORK 

(.-:) 2010 GEOPHYSICAL INTERPRETATION 
OF LATERAL f ILL EXTENT CD ASHED 
WHERE INFERRED> 

@ 2010 GEOPHYSICAL INTERPRETATION 
EXTENT OF DEEPEST FILL <DASHED 
WHERE INFERRED> 

OITCH REFERENCED IN 1996 INPR 

REG REGULAR 

LQ LABORATORY QUALIFIER 

VQ VALIDATION QUALIFIER 

RSL REGIONAL SCREENING LEVEL 

mg/kg MILLIGRAMS PER KILOGRAM 

J ESTIMATED CONCENTRATION 

TPH TOTAL PETROLEUM HYDROCARBONS 

FIGURE 4-9 
ORGANIC COMPOUNDS DETECTED 
IN SUBSURFACE SOIL 
SUSPECTED WASTE AREA 2 
FORMER RAMEY AIR FORCE BASE 
AGUAD~LA,PUERTO RICO 

j 
TerranearPMC 
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0 200 400 FEET 
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• 
Loca~on Cod<> LF2SBD2 LF2S802.SUP 

Sample Number 
Sample Date 

Samp!o Purpo ... 

ABOll07 AB0008 AB0090 AB0091 

DEPTH 

2012 EPA 

B/412010 81412010 

'" 20-21ft 
"G 

34-35ft 

912012011 

"G 
3 .sn 

9/20/2011 

" 3-Sft 
Compound/Analyte 

lmglkg) RSL BKG Result LQ VQ Resull LQ VQ Result LQ VQ Res"lt LQ 

N 
Metals 
LUMINUM 
NTIMONY 
RSENIC 

BARIUM 
BERYLLIUM 
CALCIUM 

CHROMIUM 
COBALT 
COPPER 
IRON 

7700 36720 22200 

' ' 0.39 

'' 

15. ) 

"" 1 .69 
gssao 
2'8 
29.£ 

23 u u 
4~. 1 

55.2 B 

" 3'l10 B 

"' 50.2 
310 24.1 21,3 B 

5500 68910 83100 
~00 24.6 15.9 

1040 4160 B 

180 37:.0 1120 
1 f!.28 0.028 B 

''° 44.6 

"" 46.8 

.ll .4 
""8 , 
23 u u 

m 
59.9 

Loca~on Cod~ 

1960(1 
48 u u 

"' 37J B J 
12 u u 

2B70 B J 

"' " 13.4 B J ,,,., 
8.8 

2910 B J 

"' 0.036 B J 

102(11) 
0.91 B 

11 .6 B J 
0.35 B 

"~ 

'" 0 .92 B 

'" 22100 J 
6 .3 J 
305 B J 

30.3 J 
0.071 B U 

4.2 B J 

Sample Numb~rf-~,•a•oo"~~-~~==~-
Sample Date 81512010 

Sample Pu1pose REG 
DEPTH 20 - 21 It 

~012 EPA CompQUnd/A.na!y~ 

(mgl~g) '" 8'G Result LQ va Result La 
Metals 
AL~\INUM 

ANllMONY 
ARSENIC 
BARIUM 

BERYLLJUM 
CADMILM 

noo 

'' 0.39 

"' ''° 

:J6720 
15.1 
37.6 

'" L 69 , , 

446 

""° '" 

0.43 8 
8.5 
5. ~ e 

0.056 8 
0.42 
~ 

20.1 
3,7 8 
~10 

'~' 
15.9 
2.1 a 

B2.3 8 

872 8 

'·' 
oca on CoOe 

s~mplQ Number 

Sample Date 
Sample Purpose 

DEPTH 

L 2S 09 
i\90032 

B/4/2010 

"G 
20 - 2111 

i\9003! 

81412010 

"G 
39 - 401t 

C<:>mpound/Analyte 
(mg/kg) 

2012 EPA 

'" 8'G Re.ult LQ va Result LO Va 
M(OtalS 

LUMINUM 

ANTIMONY 
ARSENIC 
BARI UM 

BERYLLIUM 
CAOM:UM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEA D 
MAGNESIUM 
MANGANESE 

C<:>mpoundlAnalyte 
1mglkgl 

noo 36720 1150 951 
15. t Q.46 B 0.4 B 

0.39 37,6 '' 4 .4 B 6.• B 

'" 1.69 0.047 6 0.19 u 

' 0.32 
:;ssooo 

"' 16.4 
296 0.22 6 

"' 241 34 a 
5500 68910 1910 

24.6 1.7 u 
1040 !370 

'" 3730 18.6 
0 .28 0.092 u 
44.6 2 .4 B 
1090 76.7 a 

Sample Purpose REG 
DEPTH 20 - 21 n 

2012 EPA 

RSL BKG Result LQ VQ 

7700 36720 18400 
3.1 15.1 43U U 
0.39 

1500 

5500 

37Jl 

'"' 1 69 

29.6 
24 .1 

689\0 
24.6 
10AO 
37~0 

2.4 B 
8 .6 u 

1850 B 

'" " 16 7 B 
·91000 

12.5 

981 B 

"" 

' 
" 

' " ' 

15.4 
0.42 B 
34 8 

1880 
1.5 u 

27.4 

"G 
39-40ft 

'"o 
052 B 

'·' 32 B 
0.048 B 

0.42 
:;srooo 

24 .3 
0 .71 B 

" 
1.5 u 

'"'o 
80.3 B 

1280 

0 .55 B 

5.8 B 
0.25 u 
0.37 

053000 

'" 3.8 B 
2~90 

"'" 23.3 

ReS<Jlt LQ 

14700 

5.3 8 
321 B 

0 .78 8 

""'" 5 .3 6 
263 B 

8" 

CompoundlAnalyte 
(mglkgl 

7120 
0.59 B 

'·' 7,2 B 
0.29 B 

''° n., 
0.64 B 

'·" 13500 

19.1 
0.03 B .. 

Sample Purpose 
DEPTH 

2012 EPA 
fl.SL BKG 

7700 36720 
0.39 37.6 

16 1.69 
98500 

2.3 29.6 
310 24.1 
ssoo oas10 
400 24 .6 

'~' 
150 3730 

1 ,0 .28 
150 446 
39 1.2 

CornpoundlAnalyt& 
lmglkg) 

"" 

0.59 B 

"'" 
17.9 

53700 

'·' 377 B 

0.022 B 
21 .2 

.:iample Nun>11erC--'i'"'iiii'---J-'"'"'"=T=o.ruc,,--I• 

Sample Date 
Sampl~ Purpose 

DEPTH 

2012 EPA 

RSL BKG Result ta va Result La va 

7700 ~6720 

0 39 37.6 

16 1.69 
7 1.3 

SB500 

'" 2.3 29.6 
310 24.1 
~:l()Q 66910 

400 24 6 

1040 

"~ 
47.8 
136 B J_ 

24.9 B 
70100 

'""" 1510 

Compound/Analyte 
(mg/kg) 

sample Numtier 
Sample Date 

Sample Pur~ 
DEi>Ttt 

1320 

'' 4.5 B J 
j_ 1 u u 

0. 88 u u 

1820 

•• 
6.5 B 
1.2 u 

0 .94 u 
:IB3000 374000 

21.7 

0. 29 B J 

" , 
illOO 

4. 4 u u 

'"" 27 . 1 
2. BB J 
2 .2 u u 

sample Purpose 
OEPTH 

2012 EPA 
RSL BKG 

7700 36720 
0.39 37 6 
l:>OG 104 

16 1.69 

'""' 268 
2 .3 2g.6 
310 24.1 . . ' 
400 24 6 

'""' 180 3730 
150 44 ,6 
39 1 2 

0.078 
3(1 128 

23QO 46.8 

81512010 

"G 
20-21ft 

0.55 6 
7.2 B 

4 .7 u 

'"" 

Result LQ VQ Result LC 

31 .3 31 .4 
47-7 B 

0 88 B J 
365 B 

'" 17.8 B J 
21-1 

OMOO 

0.99 B J 
315 B J 

"" 
9 .1 98 

4488 424B J 
!102 1070 

21 .4 
4,3 B J 
1.5 6 J 

"' 

81512010 

FO 
Z0-21ft 

Compound /Analyja 

m " 

2012 EPA 

RSL 6KG VQ Result LQ Va 

CornpounOIAnalyte 
(m9l~g) 

'" ' '" 

36720 

'" 37.6 

'"' 1 69 
i .3 

98500 
~ 

29.6 
24"1 

sa91a 

24.6 
rn•o 
3730 

Q.28 .... 
moo 

128 
40.8 

19200 
11 IU LJ 

31 .7 
12.5 B 

1.9 B 

1.1 6 
1350 B 

"' 11.4 
16.7 

73500 
10.1 
566'6 
·.oo 

0.098 u .. 
5300 u 

o.8 

"' 35 .~ 

, 
•• , , 

' 
' 

21500 
20 u u 

"·' 10.6 B 

2.2 B 
1..4 6 

1550 B 

'ffi 
'·' 17.9 B 

90000 
11.6 
702 B 

'" 0 .0\4 B 

Location Code lF2S810 LF2SB10 
Sample Number AB0035 AB0035 

Sample D•te 
Sarnplc ru•po:oe 

DEPTH 

2012 EPA 

8140010 

"'c 
20 . 21f! 

1oio 
0.55 B 

'·' 4 .7 B 

0.23 u 
0.24 

"""'" 19.4 
Q35 B 

4.1 B ,.,0 
1.8 u 

0. 084 u 
2.5 B 

S/i0/2011 

'" 3 - 5 It 

llSL SKG RD.ult L a va Ro~ult LQ VQ llooult LQ VQ 

7700 36720 
3 . 1 \5.1 
0.39 37.6 
1500 11)4 

16 1 .69 

7 1.3 

2.3 29 .6 
310 24.1 
~500 68910 
400 24 6 

'""' 180 3730 
1 0.28 

150 44.6 
woo 

39 128 

2300 ~68 

•• 

17200 
11 u u 

18.1 
7.5 B J 
1.5 a J 
2 .. 2 u u 

2080 6 J 
m 

16.6 
65200 

13. 7 
779 6 J 

"' o.ll43 a J 

3.8 B 
0. l ~l/ u 
0.33 

'553009 
17.3 

0.2 8 
4 .2 8 ,,., 
1.5 u u ,,., 
" 0.088 ll u 

11100 
0,99 B J 

5.• 
43.4 B 

0.59 B 
0.97 u 

'°" '°' 12.6 
13.4 

"" mo 
O.OBS B 

compouno1Ana1yte 2012 EPA 
(moll<g) RSL 

Metals 
ALUMINUM 7700 

RSENIC 0. 39 

BARIUM 1500 

.2 .~ 

38720 
37.G 

'"' 1,69 .., 
98500 

"'' 29.G 

24. 1 
68910 
24.6 
'MO 
3730 
44.6 .., 

c:ompounO/Analyte 
(rnglkg ) 

"'"° 39.8 
5.B 8 

086 6 
o.65 a 
258 6 

"' '·' 13.t 
60100 

'' 439 a 

'"' 19.1 
h 1 6 

Sample Number 
Samplo On!<> 

Sample Purpoiie 
DEPTH 

2012 EPA 

RSL BKG 

T!OO 36720 
3. 1 15. \ 

0.39 37.6 
1500 104 
16 1.69 

98500 

''" 2 3 29.6 
310 24. j 
5500 68910 
40!1 24.6 

1040 
180 3730 
1 0 .26 

J50 44.6 
moo 

61312010 

"G 
20-21ft 

B/312010 

"G 
39-4011 

Result LC va Result LC va Result La 

""' 4.3 u u 
5.0 
7.6 B 
!.1 u lJ 

29 .5 
0.12 a 

6.6 B 

4.3 u u 

39.9 
0.02 B J 

4.98 J 

1670 
4.5 u u 

'' 5.2 B J 
1. 1 u u 

365000 
23.5 
0.4 s J 

5.8B J 

4 .5 u u 
1810 
35.5 

0 .023 a J 

3.9 B J 
2200 u u 

15200 
1. t B 

'' 13.8 B 
0.8 8 

"" "' 3.8 B 
10.1 

:J.8900 

370 8 

"' o.046 B 

170 B 

C"" l f"'M11~/Ao.,1y1" 

(m!l"kol 

Sampl• Oate 
Sample Purpose 

DEPTli 

7700 36720 
0. 3\l 37.& 
1500 104 
16 1 .69 
7 1.3 

98500 

''" 2.3 29,6 
310 24. I 
~o 68910 

Location Cod<> 
Sample Numberf-~==~'T~~==-+=7'~~~ 

CampoundlAn.iyto 
(mglKg) 

Sample Date 
Sarnpl~ Purpo"" 

DEPTH 
2012 EPA 

RSL BKG 

7700 36720 
3 1 15. 1 

0 .39 37.B 
1500 104 

16 1.69 
7 1.3 

98500 

2 .3 29.6 
310 24.1 

5500 68910 
400 24.6 

1040 
180 3730 
1 0.28 

150 44.6 

<;;ompoun<1111na1yre 
(mglkg) 

8•312010 

"G 
2~-21 ft 

81312~10 

"'" 39-4!1ft 

Result LO VC Result LQ VQ 

169:MI 830 
'12U U 0.56 

~6 . t '·' 32Q u u 3.9 B J 
2.6 6 J 0.23 u u 
E.O U U 0 .25 

4350 B J :573000 

••• 
1~ .8 8 J 

600~0 

'·" t2W B J 

'~ 
0.056 B J 

160'IO u u 

Sarnp!<> Date 
Samp!e Purpose 

OEPTH 
Z'llZ IOPI\ 

RSL 8KG 

7700 36720 
3.1 1; .. 1 

O.JS 37.6 
1500 104 

16 1.69 

2.3 29.6 
310 24 . 1 
5500 68910 
400 2~ .6 

180 3730 
0 .26 

150 44.6 

15.4 
0 .35 B 

4.4 B 

"'"' 1.8 u u 
HOO 

"' 0 .056 u u 
3 B J 

ss.5 e J 

9J2Dl20i1 

"G 
3 - 5 ft 

Result LO 

11900 
1. 4 B ... 

28.7 B 
0 .35. B 

"" 97. i) 

" "·' 30800 

'"" 0.04) B 

12.7 
1000 225 B 

S/4/2010 
Sample Purpose REG 

~~-~~~~~~~c'0'0'0'"0 1---1Q..: 21ft 
CompoundlAnalyte 2012 EPA 

"G 
3 -5ft 

11400 
1.4 a J 

11 .1 
196 J 

0.67 6 J 
1.2 u 
740 B 

'" 6.7 B J 

13.1 
37400 

'' 230 B J 

"' 0 .065 B J 

20.9 
192 6 J 

lITTQIKQ) t-<:>L ijK;<; Result LC VQ Result LQ VQ 

51612£110 

"G 
15-15.51! 

Re$1.ll! LQ \IQ 

38.$ 
11.i 8 
0.8 B 

0.56 B 

€76 B 

••• 
14. 7 

72000 

~47 B 

m 
26 .8 

21000 
47.2 
9.7 8 
0.8B 
2.2 u 
713 B 

'" 
15.9 

86100 
1'.~ 

"'" "' " ' 

7700 

0.30 

'" 
' '" 

36720 
15.1 
37.6 

98500 

'" 29.6 
24 .1 

68910 
24.6 

"'" 3730 
0.28 
44 ,6 

""' 

moo 
0.43 8 

351000 
20.4 

'~' 
3.4 B 

"'° 1.7 u 
1310 
21.3 

0.092 u 

~" 
66 .8 B 

' 

' 
" 

0.49 B J 

J.98 
0. 21 u 

"·' 360000 
19.8 
0.25 B 
3 .4 B 

1660 
1.7 u ,.., 
"'' 0 .09:2 u 
2. 1 B 

S0.3 B 

, 
' 

o.6 a 

15 .7 B 
0.37 8 
0,88 u 
481 a 

89.6 
6 .5 B 

12.4 

'""" ••• 
193 8 

"' "·' 12.4 
147 B 

CompoundlAnalyto 
(mg/kg) 

Metals 

S<1mple Number 
Sample Oate 

Sample Purpose 
DEPTH 

:2012 EPA 

B/4121110 

"G 
20-211t 

81412010 

'" 39-40ft 

9/2012011 

"G 
3 -5 ft 

RSL BKG Resutt LQ va Result La va 

7700 36720 
3.1 15.1 

0.39 37.6 
1~0 104 

16 1.69 
7 1.3 

O.S4 B J 

11.6 
7.1 B J 

0,,, 

'·' "'"' '" '"""' 53 .1 
2.3 29.6 
310 24. 1 

55:'.lO 68910 
400 24.6 

' " 180 3730 
1 0.28 

150 44.6 
woo 

Sample D•t~ 
Sample Purpose 

DEPTH 

2012 EPA 

RSL BKG 

7700 36720 
3 .1 15.1 

0.39 37.6 
1500 104 
16 1.69 

98500 

'"" 2 .3 29.6 
31 0 24 .1 
5500 68910 
400 24.6 

"''" 180 3730 
0'" 

1 0 44.6 

1090 

0.99 6 J 
3 .6 B J 

13000 
1.9 u u 

26 .2 

0.093 u u 

ts1 a J 

Q/20/2011 

"G 
3-Sft 

9~50 

' " ' 23.3 B 

571 B 

ITT·' 
10.8 
17. 3 

30100 , .. 
"'8 

1070 
0.07 B 

161 B 

o.42 a 
H 

" 0.045 B 
0.4 

;srooo 
21 .2 
0 .25 B 

3 .3 6 

"'" 1.5 u u 

'" 0.093 u u 
2. 1 B J 

SSAB J 

76~0 

" ,., 
JL8]B 
O.E5 6 
0.5 6 

""o 
"·' 7.6 B 
19.7 

26000 
43.4 

"' ' 

CompoundfAn•IY"" 
{rnglkgl 

Sample Number 
S•rnple Date 

Sample Purpose 
DEPTH 

2ll12 EPA 
RSL BKG 

7700 36J20 
3 . 1 15:1 

0.39 37.6 
1500 104 
16 1. '19 

' " 98500 

'" 2.3 29.6 
310 2~, 1 
5500 68910 

'" 
''° 

0. 28 ..... 
""" 

81512010 

"" 15 - 15.5 11 

ReaultLQ VQ 

13500 
5 . 1 u u 

32.9 
11.7 8 
O 52 B 
0.82 B 
357 6 

"" 
15.3 

"'"' 5 .9 

"" '" o 036 a 
18.6 

2600 u 

LocotionC~def-~~~f--+-~~,;!"<>';"""';.,~~~ 
Sample Number 

Sample Pate 
Sarnpte Purpose 

DEPTH 

2012 EPA 

RSL BKG 

7700 36720 
3. 1 15. 1 
0.39 37.6 

1500 104 
16 1.69 

=oo 
''" 2.3 29.6 

310 24. I 

5500 68910 
400 24.6 

MO 
1!}0 ~ 730 

1 0.28 
150 44.6 

39 1.2 

8/612010 

"" 15 -15.&ft 

12200 
9 .5U W 

" ' " , 
0.59[6 J 
4'12 l"l 

"' '·' 11 1 B 

51100 

' ' 463 B 
$~. ~ J 

0 .089 u u 
16,6 j 

4700 u u 
9.5U W 

"G 
3 - 5 ft " 3 • 5 ft 

Result La VC Result LQ 

12900 13000 
1.3BJ 1.19 

'·' 31 .9 B J 
0.42 B J 
01a B 

'°' 6.4 B J 

~000 

'' 236 B J 

"' 0 .066 B J 
12.6 
167 8 J 

'"' 31.B B 
0.39 B 
OTl 6 

"' 11.5 B 

37700 

'·' 259 B 

"' 0 .064 B 
13.8 

Sample Purpose 
DEPTli 

Sampl@ Purpo.,. 
DEPTH ''" 15 -1 ~.5 1t 

CompoundlAnalyte 
(mg/kg) 

2012 EPA 
RSL 8KG Rceult La 

SarnplD Putpo.., 

DEPTH 
2012 EPA 

R3L !>t<;G 

7700 '.!672•1 
0.39 37.6 
1500 104 

9'500 

''" 2.3 29.6 
3!0 24.1 
5500 Ba910 
400 24 .6 

180 3730 
150 44.0 

'""" 

!'le><ltt LQ 

11100 
24.2 
4.7 B 

,, 
12.4 

48300 , .. 
420 B 

'" 15.3 

223 8 

Compoun~/An~lyte 

lmgikg) 
2012 EPA 

RSL BKG 

7700 3672() 

0 .39 37.6 
1500 104 

98500 

'"" 2.3 2El.6 
J10 24 .1 

55-00 68910 
400 24 .6 

""" 1BO 3730 
1 0.28 

Result LQ 

14900 

31 .6 
88 

lJ.4 
60100 

;J 

471 B 

"' 0.023 B 

7700 3672C 
0 .39 :37.6 

9850C 

2 .j 29. ~ 

310 24. 1 
55QO 6891C· 
400 24.6 

'Mo 
180 3730 

18200 
32.2 

25.2 B 

72300 

' 

912012011 

"G 
3. 5 ft 

Result LQ 

118-00 
1.3 B 
u 

15.4 B 
035 B 
0 .9! u 

"'" "'" 4.3 8 
15.7 

~32{)0 

244 B 

"' 001a a 
13.4 

'08 

C:ompound/Analyte 
[mglkg) 

SCALE 
~-__, 

LEGEND 
$--

0 

REG 

LQ 

VQ 

RSL 

mg/kg 

J 

u 

B 

TPH 

SHADED 

aa.o 

SOIL BORING 

TEST PIT LOCATION 

SURFACE WATER/SEDIMENT SMIPLE 
LOCATION 

SAMPLE LOCATION FOR 2011 
SUPPLEMENT AL FIELD WORK 

2010 GEOPHYSICAL INTERPRETATION OF 
LATERAL FILL EXTENT <DASHED WHERE 
ltfERREDl 

2010 GEOPHYSICAL INTERPRETATION 
EXTENT OF DEEPEST FILL !DASI-ED 
WHERE INFERRED> 

DITCH REFERENCED IN 1996 INPR 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFIER 

REGIONAL SCREENING LEVEL 

MILLIGRAMS PER KILOGRAM 

ESTIMATED CONCENTRATION 

NOT DETECTED 

ESTIMATED RESULT DETECTED ABOVE 
THE METHOD DETECTION LIMIT BUT 
BELOW THE REPORTING LIMIT 

TOTAL PETROLEL.t.t HYDROCARBONS 

EXCEEDS BACKGROUND LIMITS 

EXCEEDS THE 2012 EPA RSL 

Laeati on Code!'!~'.-;<'"'':J 
Sample Number 

Sample Date 
Sample Pur;iooe 

DEPTH 

2012 EPA 
RSL BKG 

noo 36720 
3.1 1 ~. I 

0.39 37.6 
1500 104 

16 1.69 
06500 

268 
2.3 29.6 
:rm- 24:1 

5500 58910 
~00 24.6 

1000 
180 3730 
1 0 .28 

150 <.4 .5 

""" 

Sample 'lurnber 
Sample Date 

Sample Pur,~ose 

DEPTH 

2012 EPA 

RSL 8KG 

7700 ~\;720 

0.39 37.6 
1500 104 

\6 1.69 
7 1.3 

08500 

~· 2.3 29.6 
310 24. \ 

·~ 3 • 5 n. 
lo~u~<>n Codo T?2-29 

Sample Numberc-~A0a0oo=.,~--1 
s~rnple a~t• 8/!ll2010 

Resull LQ VQ 

13100 
1.4 B 

'·' 
"8 

0.52 B 
737 B 

,.,,,0 
5.8 

£5~ B 
58' 

0_054 B 
14 .6 

Compound/Analyte 
(mg/kg) 

LUMINUM 
RSENIC 

BARIUM 

CADMILIVI 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
11\0tl 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 

" VANAOIUM 

LF2S807 

5arnple Purpo"" REG 
DEPTH 1s.1s.s n 

2012 EPA 
RSL BKG 

7700 36720 
0.39 37.6 
1500 104 

'"' 2.3 29.6 
:310 24.1 
5500 03910 
400 24.6 

1040 
180 37~0 

"" 150 44.6 

"' 46.8 

Result LQ va 

13600 
263 

0.6 B J 
700 B J 

11. 7 
23.2 

50SOO 

286 B J 
2520 
0 .0~ B J 

18 7 

'·' 97.8 
42.3 

81512010 

'"' 20-21ft 

AB0025 
BIS/2010 

" 20 .21 n 

AB0027 
81512010 

""" 27-28ft 

Resuft La va Resu11 La va Resu ll La vc 

'"~ 
17.2 
1 \.4 B 
0.62 B 
0 .45 B 

"" 8 
~' 

' 
, 
' , 

10200 
3.2.7 J 
9.1 B J 
1.5 

rn , 
16,6 

5ZOU!I J 

'' "'' 57 .5 
0,09 u u 

'. 
" ' 1.3 J 

21.9 

t7100 

47.7 

'·' ,., 
""' '" "' 20.4 

'" 935 8 J 
8700 
00788 J 

1...9 8 J 
0.64 B J 

'·' 

FIGURE 4-10 
METALS DETECTED IN 
SUBSURFACE SOIL 
SUSPECTED WASTE AREA 2 
FORMER RAMEY AIR FORCE BASE 
AGUADILLA, PUERTO RICO 

~ 
TerranearPMC 

CB&I Federal Services LLC 

400 FEET 



S om,ple Number 

Sample Date 
Sample Purpose 

Z012 EPA 

Compound/Analyte RSL 
FIELD TESTS 
Conducti>Aty (umhoslcm) 
Dissorved Ox en (µ IL) 
OXidation Reduction Potential (mV) 
pH (STD_unlts) 
emperature (' C) 
urt>idity (l'ITU) 

. GEN CHEMISTRY (µg/L) 
ALKALINITY, TOTAL 
CHLORIDE 
FLUORIDE 62 
NITRATE ;2500 

0.2 

Dissolved Oxygen (µgil) 

Result LO VO Resutl LO VQ Result LO 

1.234 1.237 
6390 6170 
·35.7 28.2 
7.27 7,25 
30.7 29.95 
6.2 49 

255000 242000 244000 
186000 199000 214000 

1000 u u 200 u u 
41 00 4000 4400 

36 B 21 B J L7 B u 
25600 25200 31500 

664000 567000 608000 
18000 15000 u 25000 

1.1 1.1 0.88 J J 

Location Codei---~~-R-'-M""W""2""-4 ____ _ 
Sample Number AB3006 AB3011 

Sample Date 711612010 1219/2010 
sample Purpose REG REG 

Rosult LQ VQ Ro sul! LQ 

1.296 r149 
5980 6530 

Oxidation Reduction PoteAtlal (mV) -139.5 25.2 
7.23 7.22 

emperature l'C) 31 .5 28.41 
urbidity (NTU) 0 1 9 
GEN CHEMISTRY (µg/L 
LKALINfTY, TOTAL 224000 240000 

210000 193000 
2500 4100 42-00 

23 B J 45 B 
25200 3Q;IOO 

71tl000 534000 

Samplo Dato 

Sample Pur ose 
2012 EPA 

7/1612010 

REG 

Compound/Anoly te RSL Re•ult L Q \IQ 
IELDTESTS 
onducli\.lty (umhos/cm) 1.347 
fssol..ed O~ygen (µg/LJ 6490 
x1dation Reduclion Potential (mV) -22.4 

mperature (°CJ 

GEN CHEMISTRY (µg/L) 
U<AUNln'. TOTAL 

2500 

7.26 
30.16 

0 

250000 
200000 

3900 
31 B J 

25100 

664000 
10000 J 

Compound/Analyte 
ELD TESTS 
o•ducti>ity (umhos/cm) 

rssol~ Oxygen ( IL 
xldatiot1 Reduction Potentfal (mV) 
M (SID_uni ts) 
empefi!ture (°C) 
uit>idity (NTU) 
GEN CHEMISTRY llQJL) 

AL.KALINITY, TOTAL 
CHLORIDE 

ITRAlE 
ULFATE 
OfALDISSOLVEO SOLIDS 

TAL SUSPENDEO SOLIDS 

1 167 
6490 
27.9 
719 

28.42 
0 

233000 
21)7000 

4400 J 
66 B u 

31000 
582000 
10000 u u 

1 .29 

7900 
-123.5 

7.2 
33.96 

6.2 

245000 

179000 
2500 4400 

23900 
714000 
10000 

0. 26 1.1 

Somplc Number 

Sample Date 
Sample Purpose 

2012 EPA 

Compound/Analyte RSL 
FIELD TESTS 
ConductMty (umhos/cm) 
Dissolved Oxygen (µg/L) 

Oxidation Reduction Potential {mV) 
pH (STO_unf!s) 
emperature (°C) 
urtxdity (NTI.J) 
GEN CHEMISTRY (µ,g/L) 

ALKALINllY, TOTAL 

62 
2500 

REG 

1.193 
6770 
27.9 
7.18 
'30,1 

8.4 

2110000 
196000 

46.00 
31100 

Result LO 'IQ 

1.06 
6520 
-10.3 
7.26 

30.94 
6.4 

242000 
117000 

110 B J 
3300 

R!!sult LO VQ 

0.999 
6240 
27.8 
7.2 

33;24 
0 

237000 
141000 

3900 

LEGEND 
E& 
• 

REG 

LQ 

VQ 

RSL 

µ.g/l 

J 

u 

B 

BOLD 

EXISTING MONITORING WELL 

SAMPLE LOCATION FOR 2011 
SUPPLEt.ENT AL FIELD WORK 

2010 CEOPHYSICAL INTERPRETATION 
OF LATERAL FILL EXTENT CDASHED 
WHERE INFERRED> 

2010 GEOPHYSICAL INTERPRETATION 
EXTENT OF DEEPEST FILL <DASHED 
WHERE INFERRED> 

DITCH REFERENCED IN 1996 INPR 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFIER 

REGIONAL SCREENING LEVEL 

MICROGRAMS PER LITER 

ESTIMATED CONCENTRATION 

NOT DET£CTEO. THE REPORTING 
LIMIT IS PROVIDED 

ESTIMATED RESULT DETECTED 
ABOVE THE METHOD DETECTION 
LIMIT BUT BELOW THE REPORTING 
LIMIT 

EXCEEDS THE 2012 EPA RSL 

FIGURE 4-11 
ORGANIC COMPOUNDS DETECTED 
IN GROUNDWATER 
SUSPECTED WASTE AREA 2 
FORMER RAMEY AIR FORCE BASE 
AGUAD~LA.PUERTO RICO 

>. 
TerranearPMC 

579000 
u 14000 

0.94 J IJ 
liiiP-~•iii!*5ii•-~•iii!*5ii:.c!!51AiiiiLEiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiij A 
0 200 400 FEET 

CB&I Federal Services LLC 



6. 
"'? 
"' N 

I 
.i. 
.::: .., 
I 

N 

;; 
I 

iiO 
0 ... 
;t 

Sample Number 
Sample Dam 

Sample Purpo,.. 

Compound/Analyte 2012 EPA 
(1J9/L) RSL 

1600 
29a 

62 

32 
30 

7.8 

29.0 

so 

7.8 

Result LQ 

47.5 B 
6.7 B 

96800 

8.5 B 
3 8 

20600 
1.5 8 
2.5 8 

5120 B 
102000 

3.4 8 
12,6 B 

5.8 B 
921 0 

5.6 8 
20800 

2.4 8 
4sr,o e 

3.2 B 
109000 

VQ Result LQ VQ Result LQ 

64 8 J 96.3 B 
6.4 B J 6.2 B 

967CO 102000 
7 .9 B J 5.3 B 
2.9 8 -J - 25 .u 

20500 22300 
UJ 1.5 B UJ 4.7 B 
J 22 B J 26 
J 5060 B J 5210 B 

108000 123000 
3.1 B J J .3 B 

16.3 B J 8.1 B 

6.2 8 6.8 B 
9 67600 

6 .2 B J 4.5 B 
2MCO 20700 

J 2.7 8 J 40 u 
J c;1 10 a J 
J 3.8 B J 

112000 

J 

J 

J 
J 

J 

u 
J 

u 

L n 'Codel--,-=:-,.,..,,,-.:.:::.;..:,.;.:...:.... _____ -1 
Sample Number 

Sample Date 
s ample Purpose REG REG 

Compound/Analyte. 2012 EPA 
ill!llL) RSL ·Result LQ va Result La 

RIUM 290 200 U U 52 8 J 
90200 87400 

4.3 8 J 3.6 8 J 
1200 19800 
4840 B J 4840 B J 

102000 104000 
7.8 2.68 J 29 8 J 
470 6.5 B J 9.5 B J 

290 5.1 8 5.7 8 
84100 86100 

3 .3 B J 
19600 

REG 

Contpound/Analyte 2012 EPA 
(IJQ/L) RSL Result La 

Metals (Unfiltered) 
ALUMINUM 1800 50 B. 

BARIUM 290 7.3 8 
CALCIUM 97200 
CHROMIUM 7.9 8 

1100 300 u 
21600 

32 2.4 8 
:JO 2,2 6 

4890 B 

103000 
76 2.5 B 
470 20 u 

290 78 
91400 

4.4 B 
19900 

30 2.2 6 
4490 B 

16 10 u 
101000 

78 2.7 B 

Compound/Analyt.e 
(J.l!llL) 

Metals (Unftltered) 
CALCIUM 

CHROMIUM 

MAGNESIUM 

REG 

VQ Result LO 

293 
78 J 

93100 J 
J 5.7 8 J 
u 1)2 B J 

20300 J 
J 5.8 8 J 
J 40 u u 
J 4830 B J 

1090)0 
J 2.7 B J 
u 7.2 B J 

J 8.4 8 J 
957JO 

J 4.7 8 
218?0 

J 40 u u 
J 52'10 B J 
u 38 J 

1150)0 
J ~.4 9 J 

REG 

2012 EPA 
RSL Result LQ VQ 

84600 87600 
3.9 8 4.58 J 

19400 20800 
4780 B J 4900 B J 

105000 110000 
7.8 38 298 
470 88 J 

200 5.1 8 68 J 
86600 85800 

37 B J 3.3B J 
20400 20700 
4810 B J 

Location Code 
Sample Number 

sample Date 711612010 
Sample Purpose REG 

Compound/Analyte 2012EPA 
(119/L) RSL Result LQ VQ 

Metals (Unrtltered) 
LUMINUM 1600 109 8 
ARILIM 290 8.2 8 
ALCIUM 91700 

10.1 
62 9.5 8 

1100 174 8 J 
15200 

32 2.7 8 J 
30 4.5 8 J 

3190 B J 
65300 

78 2.5 8 J 
470 14.2 B J 

290 7.6 B J 
91300 

2.9 6 J 
62 2.1 8 J 

15400 
32 15 u J 
30 40 LI LI 

3240 8 j 

645 
7.8 1,Q 8 
470 10 8 

121912010 
REG 

ReSlllt LQ VQ 

'11 9 

8.9 8 J 
101000 

10 

25 u u 
165 8 J 

17300 
3 .1 8 J 
5.3 8 J 

3800 B J 
79100 

39 
9,5 B J 

9 .5 B 
63600 

3.3 B J 
25 u u 

15000 
15 U u 

2.9 B 
3610 B 

76500 
17 B 
716 

LEGEND 
E& 
• 

REG 

LQ 

VQ 

RSL 

p.g/l 

J 

u 

B 

FIGURE 
METALS 

EXISTING MONITORING WELL 

SAMPLE LOCATION FOR 2011 
SUPPLEt.ENT AL FIELD WORK 

2010 CEOPHYSICAL INTERPRETATION 
OF LATERAL FILL EXTENT CDASHED 
WHERE INFERRED> 

2010 GEOPHYSICAL INTERPRETATION 
EXTENT OF DEEPEST FILL <DASHED 
WHERE INFERRED> 

DITCH REFERENCED IN 1996 INPR 

REGULAR 

LABORATORY QUALIFIER 

VALIDATION QUALIFIER 

REGIONAL SCREENING LEVEL 

MICROGRAMS PER LITER 

ESTIMATED CONCENTRATION 

NOT DETECTEO. THE REPORTING 
LIMIT IS PROVIDED 

ESTIMATED RESULT DETECTED 
ABOVE THE METHOD DETECTION 
LIMIT BUT BELOW THE REPORTING 
LIMIT 

4-12 
DETECTED IN 

GROUNDWATER 
SUSPECTED WASTE AREA 2 
FORMER RAMEY AJR FORCE BASE 
AGUADILLA, PUERTO RICO 

>. 
TerranearPMC 

!imp-!!iwijj!•5i1w*!!iwii!•5i1~~AiiiiLEiiiiiiiiiiiiiiiiiiii~j A 
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Sample Date 6/25/2010 612512010 
Sample Purpose REG FD 

EPA 
Compound/Analyte (µg/L) RSL 

Semi volatiles 
BIS(2· ETHYl.HEXYL PHTHA LA TE 
TPH 
PH (C10·C28) 

Location Code!!---"~,.,,.:,=.=-=..:._ 
Sample Number 

Sample Date 
sample Purpose 
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REG 

LQ 

VQ 

RSL 

SURF ACE WATER/SEDIMENT SAMPLE 
LOCATION 

SAMPLE LOCATION FOR 2011 
SUPPLEMENT AL FIELD WORK 

2010 GEOPHYSICAL INTERPRETATION 
OF LATERAL FILL EXTENT CDASHED 
WHERE INFERRED> 
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EXTENT OF DEEPEST FILL <DASHED 
WHERE INFERRED> 
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LABORATORY QUALIFIER 

VALIDATION QUALIFIER 
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FIGURE 4-13 
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Sample Number 

Sample Date 
Sample Purpose 

2012 EPA 

RSL 

1600 399 
0.045- 4.6 B J 

290 49.7 B J 
51000 

3.7 B J 
0.47 1.6 B J 
62 2.1 B J 

1100 1840 
2.2 B J 

3450 B J 
32 

I 
u 
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Location Code 1-.:.:...:;::::=:::;:..:....._ 
Sample Number 

sample Date 
Sampl1t Purpose REG 

2012EPA 
Compound/Analyte (lllJ/L) RSL 

Metals (Unftltered) 
ALUMINUM 1600 1730 
ARSENIC 0.045 98 

290 14.9 B 
14900 

7.3 B 
0.47 1.2 B 
62 2.1 B J 

1100 2300 
~.9 B J 

766 B J 
32 78.7 
30 2.1 B J 

3~10 B 

Location Code1----,___-=:..;:=.:;==---
Sample Number 

Sample Date 
Sample Purpose 

Compound/Anal~e (pg/L) 
Metals (Unfiltered) 
J.liMINUM 

_ RSENIC 

2012 EPA 

RSL 

1600 
0.045 

0,47 
62 

1100 

32 
'.lO 

7,8 
470 

Result LO VQ Result LO VQ 

1740 1840 
7.8 B J 8.5 B 
15 B J 14.9 B 

14600 14700 
7.4 B J 8.3 B 
1.3 B J 1.2 B J 
2.3 B J 2 .4 B J 

2450 2790 
t.5 B J 2.6 B J 

7428 J 781 B J 
71.9 73.3 
2.1 El J 2 .4 B J 

3380 B J 3400 B J 
6300 B J 6340 B J 

9.9 B J 10.5 B J 
12.3 B J 12.4 B J 
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SUPPLEt.ENT AL FIELD WORK 
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OF LATERAL FILL EXTENT COASHED 
WHERE INFERRED> 

©> 2010 GEOPHYSICAL INTERPRETATION 
EXTENT OF DEEPEST FILL <DASHED 
WHERE INFERRED> 

DITCH REFERENCED IN 1996 INPR 

REG REGULAR 

LQ LABORATORY QUALIFIER 

VQ VALIDATION QUALIFIER 

RSL REGIONAL SCREENING LEVEL 

µ.g/L MICROGRAMS PER LITER 

J ESTIMATED CONCENTRATION 

u NOT DETECTEO. THE REPORTING 
LIMIT IS PROVIDED 

8 ESTIMATED RESll. T DETECTED 
ABOVE THE METHOD DETECTION 
LIMIT BUT BELOW THE REPORTING 
LIMIT 

TPH 10TAL PETROLEUM HYDROCARBONS 

FIGURE 4-14 
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Figure 6-1 

Eight-Step Ecological Risk Assessment Process for Superfund 

Step 1: SCREENING-LEVEL: 
• Problem Formulation 
• Toxicity Evaluation 

Step 2: SCREENING-LEVEL: 
• Exposure Estimate 
• Risk Calculation 

Step 3: Problem Formulation 

Toxicity Evaluation 

Assessment 
Endpoints 

Conceptual Model 
Exposure Pathways 

Questions/Hypotheses 

Step 4: Study Design and DQO Process 
• Lines of Evidence 
• Measurement Endpoints 
• Work Plan and Sampling and Analysis Plan 

Step 5: VERIFICATION OF FIELD 
SAMPLING DESING 

Risk Assessor 
and Risk Manager 

Agreement 

SMDP 

SMDP 

-.j SMDP I 

SMDP 

Step 6: SITE INVESTIGATION AND 
.._ ___ DA_T_A_A_N_A_L_Y_s1_s ______ __. -.J SMDP 

Step 7: RISK CHARACTERIZATION I 
.._st_e_p_e:_R_1_s_K_M_A_N_AG_E_M_E_N_T _____ __.H SMDP 

SMDP =Scientific management decision point 
Source: 
U.S. Environmental Protection Agency (EPA), 1997, Ecological Risk Assessment Guidance for Superfund: Process for 
Designing and Conducting Ecological Risk Assessments, Interim Final, EPN540/R-97/006. 
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Figure 6-2 

Ecological Conceptual Site Model 
Landfill Area 1 
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Figure 6-3 

Ecological Conceptual Site Model 
Suspected Waste Area 2 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

Carnivorous 
Bird .,., 

.& ~ ...................... 
1 \ ...... ...... Insectivorous 

Carnivorous J \ ...... ..... ...... ..... Bird Herbivorous 
Mammal ~-L \ ............. ~ ~ ~ B' d 

t .... .--._ '"" ...... .... /( 
"', I -\.-- ;,_'/.... ............ 7' " ~ 

Suspected Waste Area 2 Cross Section Facing North 
Depth of Landfill Material Unknown 
NOTTO SCALE 

I 'I \ ...... -. _ / I ...... ...... ......;...._ .,. ' Insectivorous Insectivorous 
lnsectivorous Insectivorous 1 I' \ .................. / I ............ I -........._/ ', Herbivorous Bird (aquatic) Mammal (aquatic) 
Bird (aquatic) Mammal (aquatic) 1 I ', \ -..._t.. I 7............ I', ', Mammal ~ .,. 

• I I ' \ I --.l..._ I '...J, '-........_ ''><• Jf ' .. • T .. .& .& 

' 

,.t.J.. " I ' \ I I -...... I_ 1 -..... -..... ,,, -..., ' I l I I t l 
I • .& .& I '\_ I I -. - I '-..... '--< / 7

'-.... ' 
l l I I I I I I \' I I I -- .J.. '"">'-"' ...._~ ' ' I I I I I I 
I I I I I I I Sma/f \ ', I I / - I -- "' '---<.. -........._ ', ', II l \~/ 1' l 
I ~ I I · . \ , / J Y / ' '-..... ' ' AmP.hibians 
I I 1 Ampliibians lnsectlvoious .:(_ r f ,,, - -./<'._ ...... ...... -..... ', , I I / 1 I _. ...,. 

I I ...ill M I + -L-..L -... I f I "' ............ ...... ...... '-..... ' ' \ I I I I r 
I I I I I ..i1 r amma "'- \ r - ""'<:. - - -L f "' / - - - '...... ...... ...._ ' I I I 
I I I I I I 7'/ • "-. \I ' I ---r---- 1"' // --- '-... -........_', ', l I I I l I I I 
I I/ I I I I/ I \ -< ',1 I --r'}--.J"__ --.::-.....:-~...... 'I I I I I I I I 
l I/ \ I I It I \ I \ I' I ,,,"' / ------- --~~~ 'I I / I I I I I 
I I/ . \ I ft l \ I \ I ' I ,,,"' I // ------------""'~.:::, 't..,j I I I I 

~~~le:! ,, 1,t... .... I )\ \ I ">', ,,, I/ ············"-- .. _ l .,..1 :lj 

---a--.-~,-!,~~~,"~~!. :.~,~s ( ~ : ,:=.~::,Qs;-r,;;5~,':c~, / -_. Pitn~ ~- ~--:: - - : f -~ . : : ~ 
1 

- , "'"' 

! 0 1 ; i Benthic if?vertebrates ..., ..., ..., ..., ..., 

f . . -

KN16/RAFB/LF1-2/Rl/F/Flg S-3.ppl/4-5-16 

Pond Water 

Suspected Landfill Area 

Pond Sediment 

············> Groundwater Percolation 
and Surface Runoff 

- - • Food Chain Pathway 

~ Direct Contact 



CESAS-EN-GG 
SUBJECT: Geophysical Survey at Landfill Site 11 and Site 12, Former Ramey AFB, 
Ramey Puerto Rico and Pistol Range Landfill, Former San Juan NAS, San Juan Puerto 
Rico. 

appears to cover most of the area with higher conductivity and in-phase readings seen 
around the sinkhole and along the edge of the subsidence depression. It appears that the 
sinkhole and adjacent ground were the first areas to be filled. with waste material which 
subsequently progress to the edge of the subsidence depression and then along both roads. 
Several large amplitude anomalies are seen adjacent to the subsidence depression, which 
are indicative of large pieces of buried metallic debris. One large anomaly is seen along 
the southernmost survey line (Line -1150). This feature is approximately 300 feet long 
and 50 feet wide. This anomaly may be associated with the rumored buried airplane and 
additional investigation of this anomaly is warranted. Two locations are recommended 
for installing perimeter monitoring wells around the landfill site. One location for well 
installation is the limestone bluff located on the northern edge of the landfill. The other 
location is immediately to the west of the sinkhole on the plateau. These areas appear to 
be located outside of the landfill boundaries. Attachment C contains Surfer® contour 
plots showing the interpreted extent of the landfill and the recommended location of the 
perimeter monitoring wells. 

b. Results of the geophysical survey at the Site 12 Landfill, indicate that the 
northwestern one-third of the site contains buried debris (See Attachment B). The 
geophysical anomalies are expressed as smaller isolated features with small amplitudes. 
Several of the anomalies appear to be associated with old building foundations and 
possibly abandoned buried utilities, especially the anomalies in the central portion of the 
site. The highest concentration of anomalies is located adjacent to a ditch that runs along 
the northwestern boundary of the site. Landfill debris.material was exposed in the walls 
along the northern 400 feet of the ditch. This area corresponds with the cluster of 
geophysical anomalies in the area. The southeastern two-thirds of the site appears to be 
devoid of any significant anomalies. The linear anomaly in the western portion of the site 
is an artifact caused by low battery power to the instrument. It is recommended that the 
geophysical survey be extended at least 500 to the north and west of the northwest comer 
of the site. Based on the current survey, there is a possibility that that landfill extends off 
of the property in these directions. At least two perimeter monitoring wells should be 
installed in the southeastern half of the site. One well should be located south of the 
retention pond and one well near the intersection of the three barbed-wire fences. After 
the additional geophysical survey of the northwestern area is completed, additional 
monitoring wells should be installed in that area. Attachment C contains Surfer® contour 
plots showing the interpreted extent of the landfill and the recommended location of the 
perimeter monitoring wells. 
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CESAS-EN-GG 
SUBJECT: Geophysical Survey at Landfill Site 11 and Site 12, Fonner Ramey AFB, 
Ramey Puerto Rico and Pistol Range Landfill, Former San Juan NAS, San Juan Puerto 
Rico. 

c. Results of the geophysical survey at the Pistol Range Landfill> indicate that 
most the site contains buried debris and/or disturbed material. The geophysical 
anomalies are numerous and have high amplitudes. There are several small anomalies in 
the southern portion of the site. These anomalies appear to be associated with near 
surface metallic debris (drum lids, bullet casings, wire, etc.). The northern edge of the 
property appears to be the only location containing relatively undisturbed material. Two 
locations are recommended for installing perimeter monitoring wells around the landfill 
site. One well should be located in the northern comer of the site, near the abandoned 
vehicles. The other well should be located in the asphalt parking lot near the fence the 
separates the northern and southern half of the site. Attaclunent C contains Surfer® 
contour plots showing the interpreted extent of the landfill and the recommended location 
of the perimeter monitoring wells. 

7. · If any additional information or assistance is needed, do not hesitate to Thomas 
Whitacre, Project Geologist at 912/652-6003. 

Encl 

-. a' 
ROBERT V. O'KELLEY, P .G. 
Chief, Geology/Hydrogeology & HTRW 

Design Section 
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