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EXECUTIVE SUMMARY 

E.1  PURPOSE AND OBJECTIVE OF REPORT 

Tetra Tech has prepared this report to summarize activities and findings for the Full Resource 

Conservation and Recovery Act (RCRA) Facility Investigation (RFI) at Solid Waste Management Unit 

(SWMU) 57 located at Naval Activity Puerto Rico (NAPR) in Ceiba, Puerto Rico.  SWMU 57 - Petroleum, 

Oil, and Lubricant (POL) Drum Storage Area is located at Facility No. 278 north of Antietam Road and 

just south and adjacent to SWMU 9 Area C.  This report was prepared under Contract Task Order (CTO) 

JM02 of the Comprehensive Long-Term Environmental Action Navy (CLEAN) IV Contract Number 

N62472-03-D-0057.    

 

The objective of this RFI was to collect and evaluate sufficient data to characterize the nature and extent 

of contamination at SWMU 57, and to quantify the potential risks posed to human health and the 

environment as a result of exposure to site-related contaminants.  This Full RFI report describes the field 

activities and findings of the Full RFI field work conducted in June 2012.   

 

Full RFI field activities included: 

 

• Advancement of soil borings and evaluation of geologic materials 

• Installation of permanent groundwater monitoring wells 

• Collection and analysis of surface soil, subsurface soil, and groundwater samples 

• Collection of groundwater level measurements associated with all permanent monitoring wells 

• Surveying of sampling points and permanent monitoring well locations and elevations 

• Analog geophysical survey of the scattered debris area 

 

Additionally, results of Phase I RFI field work conducted in January 2010 (Baker, 2010), and Phase I/II 

Environmental Condition of Property (ECP) field work conducted in May 2004 (NAVFAV-LANT, 2005) are 

evaluated in the Full RFI Report.  Site characterization activities including evaluation of nature and extent 

of contamination, continued refinement of the conceptual site model (CSM), and human health and 

ecological risk assessments incorporate results from all three field events. 

 

E.2  SCOPE OF RFI 

The SWMU 57 Full RFI consisted of sampling environmental media (surface and subsurface soil and 

groundwater), installation of monitoring wells, surveying of sample locations and monitoring well 
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locations, analog geophysical survey of the scattered debris area, collection of solid and aqueous 

investigation-derived waste (IDW) samples, and collection of a synoptic round of groundwater level 

measurements.  The Full RFI was conducted in accordance with the Full RFI Sampling and Analysis Plan 

(SAP) for SWMU 57 - POL Drum Storage Area (Tetra Tech, 2012).  All Full RFI laboratory data were 

subjected to data validation, and all SWMU 57 Full RFI data were entered into a database along with the 

Phase I RFI and Phase I/II ECP data.  The soil data collected during the Full RFI, Phase I RFI, and Phase 

I/II ECP investigations were combined and used to conduct both a human health risk assessment (HHRA) 

and an ecological risk assessment (ERA) to support site decisions.  For groundwater, only Full RFI (June, 

2012) data were used for the HHRA and ERA because it is most representative of present-day 

conditions.  The three sets of groundwater data were evaluated in the report for tendencies to determine if 

conditions have changed with time.  The risk assessments include comparisons of analytical results to 

state and federal standards, and to facility and site-specific background levels.   

 

E.3  HISTORICAL INFORMATION 

NAPR, formerly known as Naval Station Roosevelt Roads (NSRR), is located on the eastern coast of 

Puerto Rico in the municipality of Ceiba, approximately 33 miles southeast of San Juan.  NSRR was 

officially closed on March 31, 2004; the Navy established NAPR to serve as the caretaker of the property 

associated with NSRR and to assist in transfer of the property (NAVFAC, 2005).  In anticipation of 

operational closure of NSRR, currently designated as NAPR, Naval Facilities Engineering Command 

Atlantic (NAVFAC-LANT) prepared the Phase I/II ECP Report to document the environmental condition of 

NSRR (NAVFAC-LANT, 2005).  Section 8132 of the Fiscal Year 2004 Defense Appropriations Act, signed 

into law on September 30, 2003, directed that NSRR be disestablished within 6 month, and that the real 

estate disposal/transfer be carried out in accordance with procedures contained in the Base Realignment 

and Closure (BRAC) Act of 1990.  This legislation requires that base closure be conducted in accordance 

with the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as 

amended by the Community Environmental Response Facilitation Act (CERFA).  The United States 

Environmental Protection Agency (USEPA) issued a RCRA 7003 Administrative Order on Consent 

(USEPA Docket No. RCRA-02-2007-7301 [USEPA, 2007a]), identifying SWMU 57 (formerly referred to 

as ECP Site 3) as having numerous small spills and releases throughout the usage period of 

approximately 1958 through 1995.   

 

SWMU 57 – POL Drum Storage Area was used for the storage of POL and other potentially hazardous 

materials, and numerous small spills and releases occurred while this site was operational (1958 through 

1995).  In addition, a historical aerial photograph appears to show a potential sludge disposal pit at 

SWMU 57 on the northwestern side of the concrete pad [similar to disposal areas at SWMU 9 (Baker, 
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2010)].  SWMU 9 Area C (tanks 216 and 217), a fuel management area, is located adjacent to SWMU 57.  

SWMU 57 is approximately 1.3 acres.  The site consists of a large concrete pad, approximately 170 by 

100 feet in size, and a loading dock surrounded by densely wooded areas on all sides except the 

northeastern side, which is a gravel access road and turn-around currently overgrown with long grass.  A 

truck down-ramp drive-through which enabled vehicles access onto the pad is also located on the 

northeastern side of the pad.  A 7-inch-high concrete containment curb surrounds the entire outer 

perimeter of the pad, including the loading dock on the northwestern side.  Presently, vegetation on three 

sides of the pad extends to the pad itself, likely a result of discontinued maintenance following end of site 

operations.  A mounded earthen area and grassy slope (and previously, an earthen drainage feature 

approximately 140 linear feet in length that is no longer visible) divert runoff around (away from) the 

northeastern portion of the concrete pad.  The drainage area is upgradient of the concrete pad; therefore, 

releases to the concrete pad or loading dock could not have migrated to it.  Miscellaneous scattered 

debris and hummocky soil mounding were observed immediately adjacent to the pad in the southwestern 

portion of SWMU 57 in a heavily vegetated area.  The miscellaneous debris observed generally included 

construction debris and drum fragments.   

 

E.4  GEOLOGY AND HYDROGEOLOGY 

Several soil borings were advanced at SWMU 57 during the Phase I RFI and the Full RFI field 

investigations to profile surface and subsurface conditions.  These soil borings described very thin (0.3 to 

6 inches) organic top soils at the ground surface in vegetated areas.  Near the road and pad, soils 

consisted of clays with increased amounts of silt, sand, and gravel.  During both the Phase I and the Full 

RFI investigations, a large portion of SWMU 57 was found to be underlain by residuum generally 

consisting of clay (predominant), silt, and/or sand.  Residuum thickness was observed to range between 

approximately 1.5 feet on the slope southwest of the pad to 8.0 feet northwest of the pad.  The residuum 

appears to generally follow topography across the site, thinning out on steeper slopes southwest of the 

pad and increase in thickness in the center of the site where topography is more flat.  Areas near the 

concrete pad were found to be underlain by fill material including varying combinations of clay to gravel or 

highly weathered bedrock.  Weathered bedrock was observed beneath the residuum or fill.  According to 

the Phase I RFI (Baker, 2010), this variability of shallow subsurface materials (i.e., residuum, fill, or highly 

weathered bedrock) is not unusual considering the cut and fill construction methods typically employed in 

hilly areas similar to the upland areas of NAPR.  Also, a thin discontinuous bedrock of tuff was noted 

approximately 14 feet below ground surface (bgs) at select locations southwest of the concrete pad. 

 

At SWMU 57, a grassy slope and man-made earthen mound (and historical drainage feature no longer 

visible) divert surface water runoff away from the concrete pad.  There are no natural surface water 
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features at SWMU 57.  Ultimately, overland flow near SWMU 57 drains to the northwest toward the Los 

Machos Mangrove Forest, which is located approximately 500 feet from the site. 

 

During the Phase I RFI, groundwater was located approximately 16 to 23 feet bgs and the groundwater 

flow at the upland area of SWMU 57 was reported to be toward the north northwest with a gentle 

hydraulic gradient.  During the 2012 Full RFI groundwater sampling event, the groundwater flow direction 

was generally consistent with that of the 2010 Phase I RFI with groundwater flow toward the north-

northwest.  The groundwater flow direction for the both the 2010 and 2012 groundwater data is consistent 

with the anticipated flow for SWMU 57 and is with the flow direction observed at adjacent SWMU 9 Area 

C also toward Los Machos Mangrove Forest.  As in 2010, water levels in 2012 in the western portion of 

the site in the scattered debris area are nearly flat, with only 0.26 feet of elevation difference between 

57GW07 and 57GW01.  Based on soil boring logs, groundwater is first noted within the highly weathered 

bedrock and wells were then seated just above or across the transition into more competent bedrock.  

Overall water levels measured in June 2012 for the Full RFI are elevated approximately 2 feet higher than 

those measured in April 2010 across the site, which is expected based on available precipitation data for 

the months preceding the sampling events; the Full RFI water levels were collected during the traditional 

rainy season while a drought occurred in 2010 prior to the Phase I RFI field event.   

 

E.5  NATURE AND EXTENT OF CONTAMINATION 

Surface and subsurface soil samples were collected at SWMU 57 during the ECP investigation, Phase I 

RFI, and Full RFI.  Volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), 

polynuclear aromatic hydrocarbons (PAHs), diesel range organics (DRO), total petroleum hydrocarbons 

(TPH), pesticides, polychlorinated biphenyls (PCBs) (only Aroclor-1260), and inorganics were detected in 

soil samples.  Many of the detections were low, less than both human health and ecological screening 

levels, and detections were scattered throughout the site.  A majority of the maximum detections were 

found in samples collected within and near the scattered debris area, although analytes were also 

detected in samples collected along the eastern and southeastern side of the concrete pad, along the 

western edge of the loading dock, north-northwest of the site, and near the access road.  Overall, the 

greatest number of PAHs and other SVOCs were detected in samples collected from locations northwest 

of the concrete pad on the opposite side of the access road.  PAHs in this area may be related to 

anthropogenic impacts near the road rather than site-specific releases; several inorganic maximum 

detected concentrations were also noted in this area.  Many of the PAH and inorganic concentrations 

were less than site-specific and facility background threshold values (BTV).   
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For groundwater, a trend of decreasing concentrations of organics and fewer impacted wells is evident 

over time at SWMU 57.  Few VOCs were detected in groundwater samples collected in 2004 (ECP) and 

2010 (Phase I RFI), and no VOCs were detected in groundwater samples collected in 2012 (Full RFI).  

SVOCs, primarily PAHs, were detected in several groundwater samples collected in 2010, but in 2012, 

SVOCs were only detected in one monitoring, the SVOCs detected were fewer than in 2010 and all at 

lesser concentrations.  Inorganics also show a trend of lower concentrations.   

 

The possibility that shallow subsurface debris could be present within the scattered debris area, from 

debris originally placed on the ground surface or scraped off the concrete pad may have been covered 

with several inches of soil and/or leaf litter over time, was investigated during the Full RFI via an analog 

geophysical survey.  As expected based on the CSM, there were no indications from the geophysical 

survey of shallow subsurface metallic debris, nor was there evidence of buried debris in the soil borings.  

All instrument signals were associated with observed debris on the ground surface only.  Moreover, no 

hazardous debris was encountered that could serve as a future contaminant source, except for two intact 

marine batteries on the ground surface that were removed and the underlying soil sampled.  

 

Further, during the RFI for adjacent SWMU 9 Area C, a test pit was advanced in the suspected sludge 

disposal pit area at SWMU 57.  Only inorganics (barium, lead, and silver) were detected in the test pit soil 

sample (collected 11 feet bgs) and all were present at concentrations less than screening criteria in place 

at that time.  No evidence of waste or a sludge disposal pit was noted during advancement of this test pit 

or during any of the SWMU 57 investigations (ECP, Phase I RFI, or Full RFI). 

 

To evaluate the concrete pad during the Phase I RFI, four concrete wipe and four concrete chip samples 

were collected.  The rectangular concrete pad was evaluated during the investigation and the number and 

locations of wipe and concrete chip samples were determined in the field based on visual observations.  

Although visible chemical staining was not evident, slight depressions were observed where rain water 

would collect and later evaporate.  Based on this observation, wipe samples were collected within these 

small, isolated depressions.  Further, significant physical degradation of the concrete was not evident, 

since significant degradation and/or staining were not evident, the concrete chip sample locations were 

spatially distributed on the pad considering the storage possibilities over the entire period of reported use.  

The concrete chip samples were collected to a depth of approximately ½ inch and a field determination 

was then made whether or not contamination may have penetrated deeper than the top ½ inch; however, 

evidence of contamination (e.g., staining) below ½ inch was not encountered and, therefore, no additional 

concrete chip samples were collected.  Few SVOCs, DRO, and metals were detected in these samples.  

Although there are no criteria available for comparison, concentrations of these constituents are low and 
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do not indicate that surface contamination is be present or that surrounding soils have been impacted.  

Additional sampling was not warranted during the Full RFI. 

 

E.6  HUMAN HEALTH RISK ASSESSMENT 

An HHRA was completed for SWMU 57 that evaluated risks using combined site soil data collected 

during the ECP investigation, Phase I RFI, and Full RFI.  Five potential receptor groups were evaluated: 

current and future construction workers, current and future industrial workers, current and future 

adolescent trespassers, future child, adolescent, and adult recreational users, and future child and adult 

residents.  The risk characterization section of the HHRA evaluated risks to all receptors across the entire 

site as one exposure unit (EU).  All receptors were evaluated for exposures to chemicals of potential 

concern (COPCs) in soil, combined for surface soil from 0 to 1 foot bgs and subsurface soil from 1 to 

3 feet bgs.  The two intervals were also evaluated separately.  Construction workers were additionally 

evaluated for exposures to COPCs in subsurface soil greater than 3 feet bgs, which consists of data from 

samples collected mostly greater than 10 feet bgs.  The HHRA calculated risks both with and without 

background considerations.   

 

Based on the HHRA, only one analyte was identified as a risk driver (i.e., contaminant with non-cancer 

hazard quotient (HQ) greater than 1 or with a cancer risk greater than 1x10-6 in a scenario and medium 

with total cancer risks greater than 1x10-4) in the risk characterization: cobalt in subsurface soil 1 to 3 feet 

bgs based on child resident exposures.  However, no risk drivers were identified for any receptors when 

the combined surface and subsurface soil, 0 to 3 feet bgs, data set was evaluated.  This is important to 

note because a 0- to 3-foot bgs exposure scenario is a more likely exposure scenario for a child resident 

than 1 to 3 feet bgs.  To access the 1- to 3-foot bgs soil depth interval, a child would very likely have to 

dig through the 0-to 1-foot depth interval.  If the 1- to 3-foot bgs depth interval were somehow brought to 

the surface (e.g., construction), then that soil would be mixed with soil from the 0- to 1-foot depth interval, 

and site data show that there is no risk to future child residents when exposed to the 0-to 3-foot bgs depth 

interval.  Therefore, although there is a potentially unacceptable risk for the child resident exposed to soil 

in the 1- to 3-foot depth interval, that exposure scenario is extremely unlikely, and the more realistic 

exposure scenario (0 to 3 feet bgs) is not associated with unacceptable risks for the child resident.     

 
E.7  ECOLOGICAL RISK ASSESSMENT 

In accordance with the SAP and risk assessment guidance, the ERA evaluated surface soil only, it did not 

evaluate soil collected from depths greater than 1 foot.  After evaluation, no chemicals were retained as 

final ecological COPCs for risks to plants or soil invertebrates, aquatic organisms, herbivorous receptors, 

or omnivorous receptors. 
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Surface water is not present directly at the site, and ecological receptors are not directly exposed to 

contaminants in groundwater at the site.  The ERA evaluated groundwater because infiltration through 

site soil is a potential source of contamination to groundwater, and groundwater may subsequently 

discharge to surface water of the Los Machos Mangrove Forest, located about 500 feet north-northwest 

of the site.  After evaluation, no chemicals were retained as ecological COPCs for groundwater.  Similarly, 

surface water was evaluated calculating a conservative dilution factor to adjust detected concentration in 

groundwater to account for mixing with the surface water, and no chemicals in groundwater were retained 

as COPCs for potential risks to aquatic organisms. 

 

E.8  REVISED CONCEPTUAL SITE MODEL AND RECOMMENDATIONS 

The SWMU 57 CSM has been updated based on information from the findings of this Full RFI.  Revisions 

to the CSM include the following:   

 

• Scattered Debris Area:  Debris was most concentrated near the southwestern and southeastern 

edges of the concrete pad where previously it had been encountered during historical investigations, 

although the Full RFI found the area to be larger than previously indicated.  Hummocky soil on the 

southwestern side of the pad indicated that possible subsurface disposal occurred in this area, but 

the magnetometer survey conducted during the Full RFI did not indicate any subsurface disposal in 

this area.  No hazardous surface debris was encountered at the site. 

 

• Suspected Sludge Disposal Pit Area:  No evidence of a sludge disposal pit was noted during 

excavation of the test pit during the SWMU 9 Area C investigation or during any of the SWMU 57 

investigations (ECP, Phase I RFI, or Full RFI). 

 

Based on the results of all investigations to date, including risk assessments, No Further Action is 

recommended to address SWMU 57 soil and groundwater.  Additionally, remediation of the concrete pad 

is not warranted, however, should it be decided to demolish the concrete pad, the selected disposal 

facility may require additional waste characterization based on the volume of concrete being disposed of 

and completion of waste characterization for ignitability, corrosivity, and reactivity and, potentially, other 

parameters, prior to allowing disposal as a nonhazardous solid waste.  Alternatively, it may be more cost 

effective to power wash the concrete prior to demolishing, then sample and properly dispose of the power 

wash water.  Further, the site does not adversely impact downgradient surface water in Los Machos 

Mangrove Forest.   
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There are two site-related recommendations to prepare the site for its pending intended land use: 

 

• Abandon all existing monitoring wells 

• Collect and properly dispose of all surface debris 
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1.0  INTRODUCTION 

1.1 PURPOSE OF REPORT 

Tetra Tech has prepared this report to summarize activities and findings for the Full Resource 

Conservation and Recovery Act (RCRA) Facility Investigation (RFI) at Solid Waste Management Unit 

(SWMU) 57 located at Naval Activity Puerto Rico (NAPR) in Ceiba, Puerto Rico (Figure 1-1).  SWMU 57 - 

Petroleum, Oil, and Lubricant (POL) Drum Storage Area is located at Facility No. 278 north of Antietam 

Road and just south and adjacent to SWMU 9 Area C (Figure 1-2).  This report was prepared under 

Contract Task Order (CTO) JM02 of the Comprehensive Long-Term Environmental Action Navy (CLEAN) 

IV Contract Number N62472-03-D-0057.    

 

The objective of this RFI was to collect and evaluate sufficient data to characterize the nature and extent 

of contamination at SWMU 57, and to quantify the potential risks posed to human health and the 

environment as a result of exposure to site-related contaminants.  This Full RFI report describes the field 

activities and findings of the Full RFI field work conducted in June 2012.   

 

Full RFI field activities included: 

 

• Advancement of soil borings and evaluation of geologic materials 

• Installation of permanent groundwater monitoring wells 

• Collection and analysis of surface soil, subsurface soil, and groundwater samples 

• Collection of groundwater level measurements associated with all permanent monitoring wells 

• Surveying of sampling points and permanent monitoring well locations and elevations 

• Analog geophysical survey of the scattered debris area 

 

Additionally, results of Phase I RFI field work conducted in January 2010 (Baker, 2010), and Phase I/II 

Environmental Condition of Property (ECP) field work conducted in May 2004 (NAVFAV-LANT, 2005) are 

evaluated in the Full RFI Report.  Site characterization activities including evaluation of nature and extent, 

continued refinement of the conceptual site model (CSM), and human health and ecological risk 

assessments incorporate results from all three field events. 

 

1.2  SCOPE OF RCRA FACILITY INVESTIGATION 

The SWMU 57 Full RFI consisted of sampling environmental media (surface and subsurface soil and 

groundwater), installation of monitoring wells, surveying of sample locations and monitoring well 
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locations, analog geophysical survey of the scattered debris area, collection of solid and aqueous 

investigation-derived waste (IDW) samples, and collection of a synoptic round of groundwater level 

measurements.  The Full RFI was conducted in accordance with the Full RFI Sampling and Analysis Plan 

(SAP) for SWMU 57 - POL Drum Storage Area (Tetra Tech, 2012), herein after referred to as the 

SWMU 57 Full RFI SAP.  All Full RFI laboratory data were subjected to data validation, and all SWMU 57 

Full RFI data were entered into a database along with the Phase I RFI and Phase I/II ECP data.  The soil 

data collected during the Full RFI, Phase I RFI, and Phase I/II ECP investigations were combined and 

used to conduct both a human health risk assessment (HHRA) and an ecological risk assessment (ERA) 

to support site decisions.  For groundwater, only Full RFI (June, 2012) data were used for the HHRA and 

ERA because it is most representative of present-day conditions.  The three sets of groundwater data 

were evaluated in the report for trends to determine if conditions have changed with time.  The risk 

assessments include comparisons of analytical results to state and federal standards, and to facility and 

site-specific background levels.   

 

1.3 HISTORICAL INFORMATION 

1.3.1 Facility Background 

NAPR, formerly known as Naval Station Roosevelt Roads (NSRR), is located on the eastern coast of 

Puerto Rico in the municipality of Ceiba, approximately 33 miles southeast of San Juan (Figure 1-1).  The 

nearest major town is Fajardo, 10 miles north of the station.  The facility occupied approximately 

8,600 acres, and except for two adjacent unpopulated islands (Pineros and Cabeza de Perro) off the 

northeast coast of the facility, it is bordered on the north, south, and east by the marine waters of the 

Atlantic Ocean, Caribbean Sea, and Vieques Passage.   

 

The property was acquired by the Navy between 1941 and 1945.  In 1941, Fort Bundy was established in 

the southwestern portion of the facility as the United States Army headquarters for coastal artillery 

emplacements.  In 1943, the northeastern portion of NSRR was commissioned as a Naval Operating 

Base to provide training for Atlantic Fleet Operations in the Caribbean.  Both areas remained active until 

the end of World War II.  Between the end of World War II and 1957, Fort Bundy and NSRR were 

deactivated and reactivated several times.  In 1957, NSRR was reactivated as home of the new Atlantic 

Fleet Guided Missile Training Operations Center, which provided missile support to facilities and missile 

training to the Atlantic Fleet’s submarine units (NAVFAC, 2005). 

 

In 1963, the Atlantic Fleet Weapons Training Facility (AFWTF) was commissioned to support 

communications and weapons technology, maintenance and operation of weapons testing and exercises, 
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and military maneuvers training.  The administrative functions of AFWTF, which were carried out from 

NSRR property, peaked in 1969 and declined significantly thereafter.  

 

NSRR was officially closed on March 31, 2004; the Navy established NAPR to serve as the caretaker of 

the property associated with NSRR and to assist in transfer of the property (NAVFAC, 2005).     

   

1.3.2 Regulatory Setting 

In anticipation of operational closure of NSRR, currently designated as NAPR, Naval Facilities 

Engineering Command Atlantic (NAVFAC-LANT) prepared the Phase I/II ECP Report to document the 

environmental condition of NSRR (NAVFAC-LANT, 2005).  Section 8132 of the Fiscal Year 2004 Defense 

Appropriations Act, signed into law on September 30, 2003, directed that NSRR be disestablished within 

6 month, and that the real estate disposal/transfer be carried out in accordance with procedures 

contained in the Base Realignment and Closure (BRAC) Act of 1990.  This legislation requires that base 

closure be conducted in accordance with the Comprehensive Environmental Response, Compensation, 

and Liability Act (CERCLA), as amended by the Community Environmental Response Facilitation Act 

(CERFA).  The United States Environmental Protection Agency (USEPA) issued a RCRA 7003 

Administrative Order on Consent [USEPA Docket No. RCRA-02-2007-7301 (USEPA, 2007a)], identifying 

SWMU 57 (formerly referred to as ECP Site 3) as having numerous small spills and releases throughout 

the usage period of approximately 1958 through 1995.   

 

1.3.3 Site Background and History 

SWMU 57 – POL Drum Storage Area was used for the storage of POL and other potentially hazardous 

materials, and numerous small spills and releases occurred while this site was operational (1958 through 

1995).  In addition, a historical aerial photograph appears to show a suspected sludge disposal pit at 

SWMU 57 on the northwestern side of the concrete pad [similar to disposal areas at SWMU 9 (Baker, 

2010)].  SWMU 9 Area C (tanks 216 and 217), a fuel management area, is located adjacent to SWMU 57 

(Figure 1-2).   

 

SWMU 57 is approximately 1.3 acres.  As shown on Figure 1-3, the site consists of a large concrete pad, 

approximately 170 by 100 feet in size, and a loading dock surrounded by densely wooded areas on all 

sides except the northeastern side, which is a gravel access road and turn-around currently overgrown 

with long grass.  Significant physical degradation of the concrete and visible chemical staining were not 

evident during either the Phase I RFI or Full RFI, only minor pits and surface cracks were observed on the 

surface of the pad.  A truck down-ramp drive-through which enabled vehicles access onto the pad is also 

located on the northeastern side of the pad.  A 7-inch-high concrete containment curb surrounds the 
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entire outer perimeter of the pad, including the loading dock on the northwestern side.  The curb is in 

good condition; no sections were observed to be broken, missing, or seriously distressed during the 

Phase I RFI and Full RFI.  The SWMU 74 fuel line runs along the northern side of the access road to 

SWMU 57 and SWMU 9 Area C.  Presently, vegetation on three sides of the pad extends to the pad itself, 

likely a result of discontinued maintenance following end of site operations.  The access road bisects the 

northwesternmost portion of the SWMU 57 area, with the concrete pad located immediately adjacent to 

(southeast of) the road.  Figure 1-3 presents the site layout and includes sample locations (Full RFI, 

Phase I RFI, and ECP). 

 

A mounded earthen area and grassy slope (and previously, an earthen drainage feature approximately 

140 linear feet in length that is no longer visible) divert runoff around (away from) the northeastern 

portion of the concrete pad.  The drainage area is upgradient of the concrete pad; therefore, releases to 

the concrete pad or loading dock could not have migrated to it.   

 

During the Phase I RFI and ECP investigations, miscellaneous scattered debris and hummocky soil 

mounding were observed immediately adjacent to the pad in the southwestern portion of SWMU 57 in a 

heavily vegetated area.  The miscellaneous debris observed generally included construction debris and 

drum fragments.   

 

1.3.4 Previous SWMU 57 and Other Related Environmental Investigations 

Revised Draft RCRA Facility Investigation Report for SWMU 9 (Baker, 2010) 

The Full RFI at SWMU 9 included completion of three phases of field investigations at Areas A, B, and C 

to assess the environmental impact of operations at the site.  Appendix A presents figure showing the 

location of each SWMU 9 area, SWMU 9 Area C is located adjacent to SWMU 57.  As part of the Phase I 

field investigation of SWMU 9 Area C (tanks 216 and 217), a test pit was excavated within the suspected 

sludge disposal pit at SWMU 57, as shown on figures presented in Appendix A.  The test pit measured 

15 feet in length and extended to a maximum depth of 11 feet below ground surface (bgs).  According to 

the test pit record (provided in Appendix A), the top 1 foot of soil was dry brown topsoil, soil from 1 to 

4 feet bgs was damp brown clay, and soil from 4 to 11 feet bgs was damp, brown, medium sand and clay 

with some rock fragments.  No evidence of a sludge disposal pit was noted during excavation of the test 

pit.  One subsurface soil sample (9TP11-05) was collected from the test pit at a depth of 11 feet bgs.  The 

subsurface soil sample was analyzed for Appendix IX volatile organic compounds (VOCs), semivolatile 

organic compounds (SVOCs), RCRA metals, and total petroleum hydrocarbons (TPH) [diesel range 

organics (DRO) and gasoline range organics (GRO)].  VOCs, SVOCs, and TPH were not detected in the 

sample.  Barium, lead, and silver, the only metals detected, were present at concentrations less than 
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screening criteria in place at that time (2010).  Overall, the SWMU 9 RFI Report found that there was 

limited evidence of the impact of past site operations on subsurface soil at Area C.  

 

Phase I/II ECP (NAVFAC-LANT, 2005) 

The Aerial Photography Analysis conducted during the Phase I ECP identified the SWMU 57 area as 

photo identified (PI) Site 4, due to the observation of drum storage and staining on a concrete pad and 

surrounding soil from 1958-1995.  The records review conducted during the Phase I ECP confirmed the 

area as the POL drum storage facility, and the Phase I ECP physical site inspections observed staining 

on the pad but no significant stressed vegetation immediately surrounding the pad.  Phase I ECP 

interviews confirmed that POL and potentially other hazardous materials were stored at the site, with 

numerous small spills and releases throughout the usage period.  The ECP also included a Phase II 

investigation which included sampling and analysis to determine if a release/disposal actually occurred at 

the ECP sites (SWMU 57 is identified as ECP Site 3 in the Phase I/II ECP Report) and, if so, if any 

potential risk to human health is present at the sites. 

 

The ECP field investigation performed in 2004 included the collection of soil and groundwater samples 

and some small miscellaneous debris, including small cylinders and equipment were noted on the 

concrete pad.  There were no signs of stains or stressed vegetation observed in this area during this 

investigation.  Figure 1-3 shows the ECP soil and groundwater sample locations (3E-01, 3E-02, 3E-03, 

3E-04, 3E-05, and 3E-06).  Analytical results from the ECP are discussed and evaluated in the remaining 

sections of the Full RFI Report.   

 

Six soil borings were advanced at SWMU 57 during the ECP investigation to evaluate surface and 

subsurface conditions.  SWMU 57 was found to be underlain by thin residuum generally consisting of 

sand, silt, and/or clay.  Residuum was observed to range from 0.2 foot thick at sample location 3E-04 at 

the eastern corner of the pad to more than 5 feet thick at sample location 3E-06 southwest of the pad.  

Weathered bedrock was observed beneath the residuum.  Groundwater was not observed in residuum.  

Six surface soil and six subsurface soil samples were collected and analyzed for Appendix IX VOCs, 

SVOCs, pesticides/polychlorinated biphenyls (PCBs), organophosphorus (OP) pesticides, chlorinated 

herbicides, and metals.  A groundwater investigation followed the soil sampling program with the 

installation of two temporary monitoring wells.  At SWMU 57, depth to groundwater was approximately 13 

to 20 feet bgs in bedrock fractures (NAVFAC-LANT, 2005).  One groundwater sample was collected from 

each temporary well and analyzed for Appendix IX VOCs, SVOCs, pesticides/PCBs, chlorinated 

herbicides, and dissolved metals.   
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The ECP results indicated that SWMU 57 had locations with chlorinated compounds and metals at 

concentrations that exceeded USEPA Region III residential risk-based concentrations (RBCs) in effect at 

that time for the PCB Aroclor-1260 (surface soil), arsenic (soil), chromium (soil), and vanadium (soil and 

groundwater).  VOCs and three other metals were detected in groundwater, but only the concentrations of 

vanadium exceeded its RBC.  Of note, arsenic was the only metal that exceeded the background 

concentration in surface soil.   

 

Based on the detections of fuel-related VOCs (ethylbenzene and xylene) in surface soil and exceedances 

of criteria for Aroclor-1260 and arsenic, it was concluded that soil at this site had been impacted by 

previous site activities.  Based on the limited groundwater investigation and observations (e.g., absence 

of staining and stressed vegetation around the concrete pad and low estimated concentrations of VOCs 

in groundwater) during the ECP field event, it was tentatively concluded that groundwater had not been 

impacted by site activities.  The ECP Report noted the limited nature of the investigation and added that 

greater concentrations may be present in the soil and groundwater due to its past use as a hazardous 

waste storage area.  Further, the ECP data were verified according to laboratory protocol only, not 

USEPA Region II data validation protocol that was used for all other site data.  However, to be 

conservative in the evaluation of SWMU 57, the ECP data were used in this report for determination of 

nature and extent of contamination and for risk assessment.  Select portions of the Phase I/II ECP Report 

are presented in Appendix A. 

 

Final Phase I RFI Report for SWMU 57 – POL Drum Storage Area (Baker, 2010) 

During the SWMU 57 Phase I RFI, 12 surface soil samples were collected from seven boring locations 

and five additional discrete locations; 14 subsurface soil samples were collected from the seven boring 

locations; six groundwater samples were collected from the five newly installed permanent monitoring 

wells at SWMU 57 and one existing permanent well within the SWMU 9 Area C site boundary; and four 

concrete wipe and four concrete chip samples were collected from the concrete pad.  Figure 1-3 shows 

the sample locations (57SB01 to 57SB07, 57SS08 to 57SS12, 13GW07, 57WS01 to 57WS04, and 

57CC01 to 57CC04).  The analysis of samples obtained during the Phase I RFI indicated that surface 

soil, subsurface soil, groundwater, and concrete had been impacted by past activities at SWMU 57.  Soil 

samples were analyzed for Appendix IX VOCs, SVOCs with low-level polynuclear aromatic hydrocarbons 

(PAHs), PCBs, TPH GRO/DRO, and metals.  Groundwater samples were analyzed for Appendix IX 

VOCs, SVOCs with low-level PAHs, PCBs, and total and dissolved metals, and TPH GRO/DRO.  

Concrete chips and wipe samples were analyzed for SVOCs with low-level PAHs, TPH DRO, and metals.  

Below presents findings of the Phase I RFI including a summary of the comparison of analytical results to 

project screening criteria (USEPA Regional residential and industrial soil screening levels (SSLs) and 
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select ecological soil screening values) and background levels in effect at the time of the Phase I RFI 

(2010).  See Appendix A for analytical results comparison tables from the Phase I RFI. 

. 

Surface Soil 

• One PCB, Aroclor-1260, was detected in soil surface soil samples.  Exceedances of USEPA Regional 

residential and industrial SSLs were noted in three samples.  These samples were located in the area 

southwest of the pad where surface debris was observed.  Surface debris and hummocky soil 

mounding indicative of possible placement soil scraped from the pad existed in this area. 

 

• The metals arsenic, cadmium, cobalt, lead, mercury, and zinc were detected at concentrations 

exceeding one or more of the residential and/or industrial screening criteria and background values in 

surface soil for samples collected from the area southwest of the pad, topographically downgradient 

of the pad, and collected from topographically downgradient of the loading dock.  Isolated 

exceedances of arsenic, chromium, cobalt, mercury, and nickel were also detected in surface soil 

samples in other areas of the site. 

 

• During the Phase I RFI, analytical results for selenium were rejected in 6 of the 12 surface soil 

samples, constituting a data gap. 

 

Shallow Subsurface Soil – 1 to 3 feet bgs 

• The arsenic concentration in subsurface soil sample 57SB02-01, exceeded the background value and 

the industrial regional screening level. 

 

• Lead and thallium were detected in subsurface soil at concentrations exceeding one or more of the 

project comparison criteria and background values for subsurface soil samples at each of the seven 

soil borings advanced during the Phase I RFI. 

 

• Cobalt was detected at concentrations exceeding one or more of the project comparison criteria and 

the background value in subsurface soil samples at six of the seven soil borings. 

 

• Mercury and zinc were detected at concentrations exceeding background values and ecological 

screening criteria at one location. 
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• Selenium results were rejected in 6 of the 14 subsurface soil samples (from 1 to 3 feet bgs), 

constituting a data gap. 

 

Deep Subsurface Soil – 9 to 11 feet bgs 

• Cobalt was detected at concentrations exceeding one or more of the project comparison criteria in 

four subsurface soil samples (9 – 11 feet bgs). 

 

• Selenium results were rejected in 6 of the 14 subsurface soil samples (9 to 11 feet bgs), constituting a 

data gap. 

 

Groundwater 

• Concentrations of benzo(a)anthracene, benzo(a)pyrene (BaP), and benzo(b)fluoranthene in 

groundwater exceeded their tap water Regional screening levels and concentrations of 

benzo(a)anthracene also exceeded the associated ecological groundwater screening values for one 

groundwater sample (57GW05).  The pyrene concentration exceeded only the ecological 

groundwater screening value in one groundwater sample (57GW05).   

 

• Elevated photoionization detector (PID) readings [maximum of approximately 400 parts per million 

(ppm)], were observed through the interval of 15 to 20 feet bgs during the advancement of soil boring 

57SB05.  The soil boring location, which was turned into monitoring well 57GW05, is located 

downgradient of the suspected sludge disposal pit generated during SWMU 9 tank cleaning. 

 

• Lead was detected at dissolved concentrations exceeding ecological screening and background 

criteria in sample 57GW05. 

 

• Mercury was detected at total and dissolved concentrations exceeding background and one or more 

of the project comparison criteria in samples 57GW01, 57GW04, 57GW07, and 13GW07. 

 

• Vanadium was detected at dissolved concentrations exceeding each of the three project comparison 

criterion in samples 57GW02, 57GW04, and 13GW07. 

 

Concrete 

• The rectangular concrete pad was evaluated during the investigation and the number and locations of 

wipe and concrete chip samples were determined in the field based on visual observations.  Although 
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visible chemical staining was not evident, slight depressions were observed where rain water would 

collect and later evaporate.  Based on this observation, wipe samples were collected within these 

small, isolated depressions.  Further, significant physical degradation of the concrete was not evident, 

since significant degradation and/or staining were not evident, the concrete chip sample locations 

were spatially distributed on the pad considering the storage possibilities over the entire period of 

reported use.  The concrete chip samples were collected to a depth of approximately ½ inch and a 

field determination was then made whether or not contamination may have penetrated deeper than 

the top ½ inch; however, evidence of contamination (e.g., staining) below ½ inch was not 

encountered and, therefore, no additional concrete chip samples were collected.   

 

• A number of organic compounds and inorganic constituents were detected in concrete wipe and chip 

samples collected from the SWMU 57 concrete pad.  Screening criteria are not available for concrete 

wipe and chip samples. 

 
The Phase I RFI determined that impacts to the environment (soil and groundwater) had occurred at 

SWMU 57 from previous site operations, but that the lateral extent of contamination had not been fully 

defined and the suspected sludge disposal pit originally investigated at SWMU 9 Area C and loading dock 

area were not adequately investigated.  Additionally, as discussed in Section 2.3.2, there is some 

uncertainty associated with Phase I data based on the results of the data validation assessment.  It was 

noted that several unforeseen circumstances resulted in sample mishandling by the laboratory courier 

and by the laboratory.  Overall, the data, as qualified by the validator, was determined to be acceptable 

for its intended use.  A Full RFI was recommended to characterize the nature and extent of impacts to 

surface soil, subsurface soil, and groundwater at SWMU 57 and also to investigate the suspected sludge 

disposal pit and loading dock and area adjacent to and downgradient of the concrete pad. 

 

1.3.5 Current Land Use and Anticipated Future Land Use 

SWMU 57 is currently inactive.  The site will remain under the ownership and control of the Navy until 

response actions are complete.  According to the Supplemental Environmental Assessment, SWMU 57 

will be located in Zone 4, the Marsh Vista Country Club, with a proposed 18-hole golf course including a 

clubhouse and 50 residential units (Navy, 2011).  Potential future related activities include light recreation 

(walking, golfing), moderate to heavy construction related to house building, and construction and 

maintenance of the planned golf course.  Additionally, the Lease in Furtherance of Conveyance (LIFOC) 

between the United States of America and Local Redevelopment Authority for Naval Station Roosevelt 

Roads at the Former Naval Station Roosevelt Roads, Ceiba, Puerto Rico, #N4769212RP12P31, 
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Execution Version January 25, 2012, identifies the future land use for SWMU 57 as 

commercial/recreational. 
 

1.4  REPORT ORGANIZATION 

This Full RFI report has been divided into eight sections, with tables and figures immediately following the 

text in each section.  Section 1.0 presents the Full RFI objectives and report organization and background 

information including site location, and history. 

 

Section 2.0 presents a description of the field investigation tasks that were performed at the site to collect 

the data for the Full RFI and the analytical methods followed to develop the data needed to evaluate the 

potential for unacceptable levels of contaminants to be present at the site.  The objectives and 

descriptions of field tasks and sampling procedures and associated analytical parameters are presented 

for each investigative task.  Also, a Data Usability Evaluation is presented that discusses the usability of 

the Full RFI, Phase I RFI, and ECP data to meet the project objectives and support the HHRA and ERA. 

 

Section 3.0 presents a summary of the physical conditions at the site, including basic site features, 

topography and drainage, geology, and hydrogeology.  Information collected and observations made 

during the Full RFI, Phase I RFI, and ECP field investigations were used to provide updated descriptions 

of these physical site characteristics. 

 

Section 4.0 presents information on the nature and extent of contamination detected in site media, 

including analytical results for soil and groundwater.  Analytical data are presented on tables and 

discussed in the text for each medium and in figures for selected parameters within each medium. 

 

Section 5.0 presents information on contaminant fate and transport, including identification of potential 

contaminant migration routes, and physical, chemical, and biological factors that affect contaminant 

migration. 

 

Section 6.0 presents the baseline HHRA. 

 

Section 7.0 presents Steps 1 through 3A of the USEPA’s eight-step ERA. 

 

Section 8.0 presents a summary of HHRA and ERA results by medium, an updated CSM, and the overall 

conclusions and recommendations of the Full RFI. 
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The reference section presents the references used to develop the Full RFI Report. 
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2.0  FIELD INVESTIGATION AND ANALYTICAL METHODOLOGY 

This section documents field work performed in 2012 for the SWMU 57 Full RFI.  Discussion of the field 

work performed in 2010 during the Phase I RFI and in 2004 during the Phase I/II ECP is provided in 

Section 1.0 and the phase-specific reports (Baker, 2010; NAVFAC-LANT, 2005).  The site-specific 

geology and hydrogeology information presented in this section was developed through evaluation of 

data collected from these three investigations.  The Full RFI work was conducted in accordance with the 

Uniform Federal Policy (UFP) SAP prepared for this investigation (Tetra Tech, 2012).  Monitoring wells 

were installed in accordance with Puerto Rico regulations and the Puerto Rico drilling permit, and well 

completion report are provided in Appendix B.  
 

Table 2-1 provides a summary of samples collected, duplicate locations, and the analytical program for 

the Full RFI, and Table 2-2 provides the quality assurance (QA)/quality control (QC) and IDW samples.  

Full RFI soil boring, monitoring well, and site-specific background sample locations, and all previous 

sample locations, are shown on Figure 1-3. 

 

2.1 DEVIATIONS FROM THE SAMPLING AND ANALYSIS PLAN 

Full RFI field activities did not deviate from the 2012 Full RFI SAP, although minor adjustments were 

made in the field based on site conditions.  One sample, the subsurface soil from 1 to 3 feet bgs at 

location SB22, was not collected because of site conditions since bedrock was encountered at 6 inches 

bgs at that location.  In addition, the following sample locations were adjusted when a concrete pad was 

encountered at the loading dock (as shown on Figure 1-3) and when the scattered debris area was found 

to be larger than originally anticipated.  The samples were moved to locations as close to the concrete 

unloading area as possible, if a spill had occurred on the concrete, it would have rolled/flowed off of the 

concrete pad to the area where the relocated samples were collected. 

 

• Soil sample location 57SB13 was moved approximately 10 feet northwest to be off of the concrete 

loading dock pad. 

 

• Soil sample location 57SB14 was moved approximately 20 feet northwest to be off of the concrete 

loading dock pad. 

 

• Soil sample location 57SB20 was moved approximately 10 feet southwest to be just outside of the 

scattered debris area. 

 



NAPR SWMU 57 
Full RFI 

Revision:  1 
Date:  July 2015 

Section:  2 
 

111204/P 2-2 CTO JM02 

• Soil sample location 57SB22 was moved approximately 20 feet southwest to be just outside of the 

scattered debris area.   

 

These deviations were necessary based on site conditions and are not considered to affect the quality or 

interpretation of the data.  Data quality is discussed further in Section 2.3.2. 

 

Additionally, the laboratory was required to concentration all PCB sample extracts to 2 ml instead of 10 ml 

in order to provide lower limits of detection in an attempt to achieve the very low project screening levels; 

the laboratory did not concentration the 2012 PCB samples to 2 ml.  The implication of project screening 

level exceedances for Aroclor-1260 are that lower limits of detection would have helped to lower the 

uncertainty associated with these results but would not have eliminated uncertainty considering that the 

screening levels specified in the UFP-SAP were not achievable.  Additional discussion is provided in 

Section 6.6.1 and Appendix G. 

 

2.2 FIELD INVESTIGATION ACTIVITIES 

This section provides a description of the field investigation tasks that were performed at the site to collect 

the data for the Full RFI.  The objectives and descriptions of field tasks and sampling procedures and the 

associated analytical parameters are presented for each investigation task, as applicable.  The UFP-SAP 

project personnel sign-off sheet and copies of field logbook pages are presented in Appendix C. 

 

2.2.1 Utility Clearance/Site Access 

Personnel were required to have security clearance for access to the former facility.  All on-site personnel 

provided their social security number, presented a photo identification card, and provided vehicle 

registration information and proof of automobile insurance before entry to the facility was allowed.  The 

drilling subcontractor, GeoEnviroTech, Inc., additionally performed utility clearance activities and cleared 

all monitoring well and soil boring locations using ground-penetrating radar and pipe/cable locator. 

 

2.2.2 Analog Geophysical Survey 

The analog geophysical survey was conducted on June 6, 2012, at the SWMU 57 POL Drum Storage 

area, in the area of the scattered debris.  The survey was conducted to delineate the extent of the 

scattered debris currently on the ground surface and in the shallow subsurface where debris originally 

placed on the ground surface or scraped off the concrete pad may have been covered with leaf litter or 

soil over time.  In addition, the types and sizes of debris in the area were to be documented.  The survey 

was conducted using a White’s Spectrum XLT E-Series all metals detector capable of identifying debris in 
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the shallow subsurface to a depth of 1 to 2 feet bgs, along with visual observations.  Photographs taken 

during the survey are provided in Appendix D.  The survey began at the southwestern corner of the 

concrete pad and proceeded to the north, west, south, and east along the suspected border of the debris 

area.  Various debris items were located in the area during the survey, including corroded drums, 

batteries, metal pieces, and construction materials.  Debris was most concentrated near the southwestern 

and southeastern edges of the concrete pad, with observations during historical investigations, but the 

area was larger than previously indicated.  Figure 1-3 has been updated to reflect the actual boundary of 

debris.  Debris was less dense further from the concrete pad.  Two marine batteries were identified along 

the southeastern edge of the pad as shown on Figure 1-3.  Upon discovery of the marine batteries, the 

facility POC was notified, and the batteries have since been removed from the site by the facility’s waste 

disposal consultant (Power Cooling).  Stray trash items (e.g., beverage cans, bottles, small plastic 

containers, etc.) were located at distances greater than 100 feet from the southwestern edge of the 

concrete pad in the forested area.  These areas were not included in the debris area limits shown on 

Figure 1-3 due to low density and nonhazardous nature of the trash items.  During the survey, all 

instrument signals were associated with observed scattered debris on the ground surface only and no 

indications of shallow subsurface debris were encountered.   

 

The possibility that shallow subsurface debris could be present within the scattered debris area, from 

debris originally placed on the ground surface or scraped off the concrete pad may have been covered 

with several inches of soil and/or leaf litter over time, was investigated during the Full RFI via an analog 

geophysical survey.  As expected based on the CSM, there were no indications from the geophysical 

survey of shallow subsurface metallic debris, nor was there evidence of buried debris in the soil borings.  

All instrument signals were associated with observed debris on the ground surface only.  Moreover, no 

hazardous debris was encountered that could serve as a future contaminant source, except for two intact 

marine batteries on the ground surface that were removed and underlying soil sampled. 

 

2.2.3 Surface and Subsurface Soil Sampling 

Soil samples were collected via hand auger and direct-push technology (DTP) as described below.  Soil 

samples were collected between June 6 and June 8, 2012.  Soil sample log sheets and boring logs are 

provided in Appendix C. 

 

2.2.3.1 Soil Sample Collection via Hand Auger  

Nineteen surface soil (0 to 1 foot bgs) and five subsurface soil (1 to 3 feet bgs samples were collected 

during the Full RFI using hand auger sampling techniques.  The hand auger system consisted of a 

stainless steel bucket bit (i.e., a cylinder 6.5 inches long with a nominal diameter of 3 inches) attached to 
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a 3-foot extension rod and a cross handle.  The auger was decontaminated before and after each soil 

boring using Alconox/water solution wash and potable water rinse, wash water containerized as IDW.  

Each area to be sampled was cleared of any leaves, twigs, etc. prior to collecting the sample.  For each 

sample, the hand auger was turned into the ground and the sample material was removed and placed 

into a Ziploc bag until the final desired depth was reached.  Excess soil core material was returned to 

each hole.  At each soil sampling location, a sample log sheet was generated that included information 

such as sample and location identification, sampling time, soil description, and sampling depth.  Soil 

sample log sheets are provided in Appendix C.  Any visual signs of potential contamination (e.g., soil 

staining, elevated PID readings, or odors) were noted on soil sample log sheets.  Table 2-1 provides a 

summary of the samples collected and analyses conducted.  Figure 1-3 shows the soil boring locations.   

 

2.2.3.2 Soil Sample Collection via DPT 

A DPT drill rig was used to collect soil samples at locations where deeper soil boring and monitoring wells 

were installed.  Five surface soil (0 to 1 foot bgs), five subsurface soil (1 to 3 feet bgs), two subsurface 

soil (9 to 11 feet bgs), one subsurface (10 to 12 feet bgs), and two subsurface soil (13 to 15 feet bgs) 

samples were collected via DPT.  One soil boring (57SB23) was installed for lithology only, soil samples 

were not collected from this soil boring.  The entire length of each boring was logged using the Uniform 

Soil Classification System (USCS) and screened for organic vapors using a PID.  Each soil boring log 

notes the soil type, color, rocks or minerals present, sample intervals, organic vapor, field screening 

measurements, and a qualitative indication of soil conditions.  For each sample collected via DPT, a 

sample log sheet was generated that included information such as sample and location identification, 

sampling time, soil description, and sampling depth, boring logs were also generated.  Soil sample log 

sheets and boring logs are provided in Appendix C.  Monitoring wells 57GW08 and 57GW09 were 

installed at soil boring locations 57SB16 and 57SB23, respectively.  Except for borings 57SB16 and 

57SB23, where monitoring wells were installed, all other borings were abandoned after sampling by 

grouting the boreholes from the bottom up to the ground surface with a tremie pipe in accordance with 

Puerto Rico Environmental Quality Board (PREQB) regulations.  Table 2-1 provides a summary of DPT 

soil samples and associated analyses.  Figure 1-3 shows DPT soil boring locations.   

 

2.2.4 Monitoring Well Installation 

A DPT drill rig with augering capabilities was used to install permanent monitoring wells in boring 57SB16 

(57GW08) and 57SB23 (57GW09).  Both monitoring wells were constructed of 2-inch inside diameter, 

flush-threaded, polyvinyl chloride (PVC) well screen with a 0.010-inch slot size and compatibly threaded 

PVC well casing.  A primary filter pack of Standard Sieve No. 20/30 clean silica sand was installed flush 

with the bottom of the well to a minimum of 24 inches above the top of the 10-foot long well screen.  Wells 
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were installed using hollow-stem augers that allowed for a minimum 2-inch-thick sand pack in the annulus 

between all sides of each new well and the sidewalls of the borehole.  A minimum 24-inch-thick seal of 

100-percent bentonite pellets was installed above the primary filter pack and allowed to hydrate in 

accordance with the manufacturer's recommendations.  A concrete pad (minimum of 6 inches thick and 

3 feet by 3 feet square) was installed above the bentonite seal and around each casing.  The stick-up 

wells were constructed using a 6-inch steel protective case with locking cap.  Four concrete-filled steel 

bollards 7 feet in length, 3 feet in the ground and 4 feet out, were installed just outside the well pad.  A 

boring log and well construction sheet was produced for each new well and are provided in Appendix C.  

Table 2-3 provides well construction details for these two new monitoring wells and monitoring wells 

installed during the Phase I RFI.  Cuttings were containerized and managed as IDW.  Augers and other 

well drilling equipment were decontaminated prior to the start of drilling, between each soil boring and 

well installed, and prior to demobilization from the site, wash water was containerized as IDW.  Wells 

were installed in accordance with SOP GH-2.8 (Tetra Tech, 2012) and with applicable Puerto Rico 

regulations. 

 

Licensed Puerto Rico driller, GeoEnviroTech, Inc., based in Guaynabo, Puerto Rico, installed the 

monitoring wells and abandoned the soil borings.  The drilling permit and well completion reports are 

provided in Appendix B. 
 

2.2.5 Water Level Measurements 

One round of synoptic water level measurements, from all of the monitoring wells, was collected on 

June 9, 2012, using an electric water level indicator.  The monitoring wells are screened in weathered 

bedrock as discussed in Section 3.0.  Groundwater level measurements were recorded in the field log 

books which are provided in Appendix C.  Groundwater levels and calculated elevations are summarized 

in Table 2-3. 

 

2.2.6 Groundwater Sampling 

A groundwater sampling and analyses summary is presented in Table 2-1, and copies of groundwater 

sample log sheets are provided in Appendix C.  The monitoring wells were developed and then purged 

and sampled using low-flow techniques via a peristaltic pump.  Monitoring well development records are 

provided in Appendix C.  Prior to sampling, the wells were purged by pumping them at a higher rate than 

during sample collection.  After removing 1 to 2 gallons, the pumping rate was lowered, and the wells 

were purged until the turbidity reached 10 nephelometric turbidity units (NTUs), if possible, and until the 

other water quality parameters had stabilized.  The turbidities at 57GW05, 57GW07, 57GW08, and 

57GW09 did not reach 10 NTU.  Due to the extended purge times at these well and the stabilization of 
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the turbidity and other water quality readings, these monitoring wells were sampled with turbidity readings 

greater than 10 NTU. 

 

Water-quality parameter data such as temperature, pH, specific conductance, turbidity, dissolved oxygen 

(DO), and salinity were collected during purging of the wells and recorded on low-flow purge sheets 

provided in Appendix C.  Equipment calibration sheets for the turbidity meters, water quality meters, and 

PID also provided in Appendix C.  The last water-quality readings prior to collecting the groundwater 

sample for each sampling point are summarized in Table 2-4.   

 

2.2.7 Quality Assurance/Quality Control Samples  

QA/QC samples were generated during sampling activities to monitor both field and laboratory 

procedures, in accordance with the approved SAP.  QA/QC samples included field duplicates (see 

Table 2-1), matrix spike (MS) and matrix spike duplicates (MSD), trip blanks, and equipment rinsate 

blanks (see Table 2-2).  The following types of QA/QC samples were collected during Full RFI field 

sampling: 

 

Field duplicates consisted of a single sample split into two portions.  Field duplicates were collected at the 

rate of 1 per 20 samples collected for laboratory analysis during the field investigation to assess the 

overall precision of the sampling and analysis program. 

 

Matrix spike and matrix spike duplicate samples (MS/MSD) consisted of samples designated on the 

chain-of-custody forms.  The MS/MSDs were collected at the rate of 1 per 20 samples collected for 

laboratory analysis to assess the accuracy and precision of the analytical method. 

 

Trip blanks were collected and analyzed at a frequency of one per cooler containing VOC samples.  Trip 

blanks were provided by the laboratory to assess potential volatile organic contamination. 

 

Equipment rinsate blanks were obtained under representative field conditions by collecting the rinse water 

generated by running analyte-free water through or over reusable sample collection equipment (DPT 

equipment used for soil sampling, hand auger, and bladder pump) after decontamination and before use.  

Equipment rinsate blanks were analyzed for the same chemical constituents as the associated 

environmental samples and collected at the rate of 1 per 20 samples collected for laboratory analysis to 

assess potential decontamination contamination. 
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Sample log sheets were generated for each trip blank and equipment rinsate blank sample and are 

included in Appendix C.  Locations where duplicate samples were collected are noted on soil sample log 

sheets included in Appendix C. 

 

2.2.8 Decontamination Procedures 

Decontamination of sampling equipment (i.e., DPT equipment, hand auger, and bladder pump) was 

conducted prior to and between sampling at each location.  The decontamination procedure consisted of 

an Alconox detergent and water solution wash followed by a potable water rinse.  Drilling equipment used 

by the DPT drill rig was also decontaminated.  Decontamination fluids were containerized and 

characterized for appropriate disposal with other IDW. 

 

2.2.9 Investigation-Derived Waste Management 

IDW was containerized in Department of Transportation (DOT)-approved (DOT specification 17C) 

55-gallon drums, and stored on the SWMU 57 concrete pad.  The drums were labeled as soon as 

possible after they were filled.   

 

Waste soils were generated during the installation of the soil borings and monitoring wells.  The soil IDW 

consisted of the excess soil cuttings from the DPT soil borings that were not collected for laboratory 

analyses, and the soils produced during auger drilling of the boreholes for monitoring well installation.  

Waste soils generated during the Full RFI were collected and placed in 55-gallon drums for waste 

characterization sampling and analysis.  Four 55-gallon drum of soil IDW were generated during the field 

sampling operations.     

 

Waste water was generated during monitoring well purging, well development, sampling of the monitoring 

wells, and during decontamination procedures.  All aqueous IDW was containerized.  One 55-gallon drum 

of aqueous IDW was generated during Full RFI field sampling operations.   

 

Solid IDW was analyzed for Toxicity Characteristic Leaching Procedure (TCLP) Regulatory List Organics, 

TCLP Regulatory List Inorganics, ignitability, pH, reactive cyanide and sulfide and aqueous IDW was 

analyzed for ignitability, pH, reactive cyanide and sulfide.  Table 2-2 provides IDW sample information 

and sheets.  The IDW drums were disposed in July 2013, see Appendix C for IDW disposal information.  
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2.2.10 Land and GPS Survey 

All newly installed soil borings and monitoring wells and the corners of the concrete pad were surveyed 

(northing, easting, and elevations).  A third-order survey was conducted by Antonio Melendez & 

Asociados, P.S.C, Bayamon, Puerto Rico.  The survey data are provided in Appendix C.  The survey 

consisted of establishing horizontal control tied to the State Plane Coordinate System for Puerto Rico and 

the United States Virgin Islands, Lambert Projection, North American Datum (NAD) 1983, Current Epoch 

of 2007.  Horizontal control was established by global positioning system (GPS) (Trimble Dual Frequency 

Receivers).  Previously installed monitoring wells were resurveyed at ground level with conventional 

equipment (Nikon Total Station), and elevations at the tops of the well risers were measured by means of 

differential leveling departing from closed circuits.  A Geodetic Sokkia digital level and bar code rods were 

used for leveling of all of the monitoring wells (bench marks), and a closure of 0.003 inches was obtained.  

Some discrepancies between the newly acquired survey data and the previously reported values of some 

monitoring wells (bench marks) were noted.  New elevations were assigned at the monitoring wells 

(bench marks).  Only the bench marks (tops of monitoring well riser pipes) were measured by differential 

leveling; all other points were surveyed by conventional surveying (total station).  

 

Hand auger soil sample locations were located by Tetra Tech personnel, and coordinates were recorded 

using a hand-held GPS unit.  The horizontal locations were referenced to the State Plane Coordinate 

System for Puerto Rico and the United States Virgin Islands.   

 

2.3 ANALYTICAL METHODOLOGY 

2.3.1 Analytical Methods 

Chemical analyses for Appendix IX VOCs (SW-846 Method 8260B), Appendix IX SVOCs including low-

level PAHs [SW-846 Method 8270D and 8270D Selected Ion Method (SIM)], Appendix IX PCBs (SW-846 

Method 8082A), Appendix IX metals (SW-846 Method 6020A/7470A), TCLP organics (SW-846 Methods 

1311/8260B, 8270D, 8081A, and 8151A), TCLP Organics (SW-846 1311/8260B/8151A/8081A/8270D), 

TCLP Inorganics (SW-846 Methods 1311/6020A/7470A), and ignitability, pH, reactive cyanide, and 

reactive sulfide (SW-846 Methods 1010A, 9045D, 9040C, 9012A, and 9030/9034 and SM4500S-2 CF) 

were performed by Katahdin Analytical Services, Inc. (Katahdin), located in Scarborough, Maine.  All 

samples were sent by FedEx under proper chain-of-custody protocols to the laboratory for analysis.  

Chain-of-custody forms are included in Appendix C. 
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Detailed laboratory analytical reports and data validation reports for Full RFI data are presented in 

Appendices E and F, respectively, and include sample results for surface and subsurface soil, 

groundwater, QC, and IDW.   

 

2.3.2 Data Usability Assessment 

The usability of the data generated during Full RFI activities directly affects whether project objectives 

have been achieved.  The results from analytical laboratory samples were validated according to several 

specifications.  A description of the data review processes used to determine whether analytical 

laboratory data are of acceptable technical quality for use in decision making and summary tables that 

support the review of the data collected during the Full RFI are presented in the Data Quality Review 

(DQR) in Appendix G.  The Puerto Rico chemist’s certification of the Full RFI data is presented in 

Appendix G.   

 

Phase I RFI data were validated (Baker, 2010) as discussed below, and the Phase I RFI validation 

reports are presented in Appendix F for reference.  A DQR was not completed for Phase I RFI data.   

 

The ECP data were verified according to laboratory protocol, not USEPA Region II data validation 

protocol that was used for all other site data..  However, to be conservative, the ECP data were evaluated 

to determine the nature and extent of SWMU 57 contamination and for risk assessment.  Further, of note, 

the laboratory did apply qualifiers to the ECP data which are different than those that were applied to the 

Full RFI and Phase I RFI data during validation.  These laboratory qualifiers are described below and are 

also defined on the Section 4 tables in which ECP data are presented: 

 

N = The matrix spike recovery is not within control limits. 
B = The reported result is an estimated concentration (inorganics only). 
S = The result was determined by Method of Standard Addition. 

 

The DQR for the subject Full RFI data includes data verification and validation processes.  Verification is 

a process used to ensure that contractual requirements were satisfied.  Validation is a comparison of data 

quality indicators (DQIs) to prescribed acceptance criteria to assess analytical method performance.  The 

DQIs include measures to assess the bias and precision of the analytical calibrations and sample 

analyses.  Together, verification and validation are the first steps in evaluating the DQIs for precision, 

accuracy, representativeness, completeness, comparability, and sensitivity (PARCCS).  Each of the 

PARCCS parameters is discussed in greater detail in the DQR.  The DQR includes information on the 

data validation process, qualified results, rejected data, laboratory completeness, and a comparison of 

validated detection limits for non-detected parameters to project screening levels. 
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Assignment of data qualification flags conformed to rules established in USEPA Region II Hazardous 

Waste Supporting Branch SOPs HW-22 Revision #4 Validating Semivolatile Organic Compounds by Gas 

Chromatography/Mass Spectrometry (GC/MS) SW-846 Method 8270D and HW-45 Revision #1 Validating 

PCB Compounds by Gas Chromatography SW-846 Method 8082A, as well as the USEPA Region II 

document titled “Validation of Metals for the Contract Laboratory Program (CLP) based on SOW ILM 05.3 

(SOP Rev 13), and the Department of Defense (DoD) document entitled Quality Systems Manual (QSM) 

for Environmental Laboratories (DoD, 2009) to the greatest extent practicable.  Numerical criteria used in 

conjunction with these rules were specified in the SWMU 57 SAP.  A complete printout of the Katahdin 

analytical data with validation flags, data validation summary narrative reports, and data validation 

qualifications and discussions can be found in the reports in Appendix F.  A detailed description of the 

data qualification flags is provided in the DQR (Appendix G). 

 

Full RFI DQR Summary 

The majority of data collected is considered useable for the purposes of this project; however, laboratory 

QC accuracy issues resulted in the rejection of all soil data for  the SVOCs 1,4-phenylenediamine, 

7,12-dimethylphenethylamine, A,A-dimethylphenethylamine, hexachlorophene, and O,O,O-triethyl 

phosphorothioate and the VOCs acetonitrile, acrolein, isobutanol, and propionitrile, and all groundwater 

data for the SVOCs 1,3,5-trinitrobenzene, 1,4-naphthoquinone, 1,4-phenylenediamine, 

3,3’-dimethlybenzidine, 7,12-dimethylphenethylamine, A,A-dimethylphenethylamine, hexachlorophene, 

and O,O,O-triethyl phosphorothioate and the VOCs acetonitrile, isobutanol, and propionitrile.  All of those 

compounds listed above with rejected data are additional Appendix IX compounds (i.e. not TCL analytes) 

which often have poor recoveries due to the chemical nature of the compounds.  The majority of the VOC 

and SVOC analytical data has concentrations less than detection limits indicating that those fractions are 

not present at the site and therefore that those compounds listed above (all of which are VOC and 

SVOCs) with rejected data are not likely present on-site.  

 

Phase I RFI Validation Summary (Baker, 2010) 

Laboratory analyses for the Phase I RFI data were performed by CompuChem, a Division of Liberty 

Analytical Corporation, located in Cary, North Carolina.  Validation services for Phase I RFI data were 

provided by DataQual Environmental Services, LLC, located in St. Louis, Missouri.  The validation 

indicated that most sample preparation and analysis was performed within Region II and/or method 

holding time requirements, with exceptions as discussed below.  Changes in the results due to application 

of the data validation objectives did not significantly compromise the data quality objectives for the 
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SWMU 57 Phase I RFI.  The data as qualified by the validator was determined to be acceptable for its 

intended use.   

 

For samples 57SS08 through 57SS12, the original receipt of VOC samples was delayed because of 

courier shipment.  The samples were recollected for VOCs, and analytical results for the recollected 

samples were included with the results for other constituents.  Samples for TPH GRO analysis had to be 

resampled in May 2009 because of a laboratory error (originally sampled in January 2009).  VOC results 

for sample 57SB02-00 exhibited less than 25 percent internal standards area recoveries for all standards; 

therefore, all positive results were qualified as estimated (J), and non-detect results were qualified as 

rejected (R).  In addition, selenium results were rejected because the MS analysis submitted for the 

corresponding sample delivery group (SDG) exhibited non-compliant percent recoveries.  GRO holding 

time for samples 57ER01, 57FB01, and 57TB02 were exceeded by 1 day; therefore, the positive results 

in all samples were qualified as estimated (J).  Sample 57SS09D was analyzed 4 days after the 14-day 

holding time for VOCs; therefore, all positive results were qualified as estimated (J), and all non-detected 

results were rejected (R).  Sample 57GW05 exhibited a pH of 7 and exceeded the 7-day holding for water 

samples with pH values greater than 2 by 5 days; therefore, all positive VOC results were qualified as 

estimated (J), and non-detect results were rejected (R).  In addition, total and dissolved barium results 

were rejected because of an unfavorable comparison between total and dissolved metals.  Due to SVOC 

recoveries below 10 percent for laboratory control samples (LCSs), all associated sample non-detect 

results for several compounds were qualified as rejected (see data validation narrative in Appendix F) for 

concrete chip samples 57CC01 through 57CC04. 
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Location Sample Number Date 
Collected 

 

Medium Depth 
Collected 
(feet bgs) 

Analyses 

57SB13 57SB13-0001 06-07-12 Soil 0-1 Appendix IX VOCs, Appendix IX 
SVOCs (including low-level PAHs), 
Appendix IX metals, and Appendix 
IX PCBs  

57SB13-0001-D 06-07-12 0-1 

57SB13-0103 06-07-12 1-3 

57SB14 57SB14-0001 06-07-12 0-1 

57SB14-0103 06-07-12 1-3 

57SB14-0911 06-07-12 9-11 

57SB15 57SB15-0001 06-07-12 0-1 

57SB15-0103 06-07-12 1-3 

57SB15-1315 06-07-12 13-15 

57SB16 57SB16-0001 06-06-12 0-1 

57SB16-0103 06-06-12 1-3 

57SB16-0911 06-06-12 9-11 

57SB17 57SB17-0001 06-07-12 0-1 

57SB17-0103 06-07-12 1-3 

57SB17-1315 06-07-12 13-15 

57SB18 57SB18-0001 06-07-12 0-1 

57SB18-0103 06-07-12 1-3 

57SB18-1012 06-07-12 10-12 

57SB19 57SB19-0001 06-07-12 0-1 

57SB19-0103 06-07-12 1-2 
Refusal at 
2 feet bgs 

57SB20 57SB20-0001 06-07-12 0-1 

57SB20-0001-D 06-07-12 0-1 

57SB20-0103 06-07-12 1-3 

57SB21 57SB21-0001 06-07-12 0-1 

57SB21-0103 06-07-12 1-2 
Refusal at 
2 feet bgs 

57SB22 57SB22-0001 06-07-12 0-0.5 
Refusal at 

0.5 feet bgs 

57SB32 57SB32-0001 06-08-12 0-1 

57SB33 57SB33-0001 06-08-12 0-1 
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Location Sample Number Date 
Collected 

 

Medium Depth 
Collected 
(feet bgs) 

Analyses 

57SB34 57SB34-0001 06-08-12 0-1 

57SB34-0103 06-08-12 1-2 

57SB35 57SB35-0001 06-08-12 0-1 

57SB36 57SB36-0001 06-08-12 0-1 

57SB37 57SB37-0001 06-08-12 0-1 

57SB24 57SB24-0001 06-06-12 0-1 Appendix IX SVOCs (including low-
level PAHs), and Appendix IX 
metals 

57SB25 57SB25-0001 06-06-12 0-0.67 
Refusal at 
0.67 feet 

bgs 

57SB26 57SB26-0001 06-06-12 0-1 

57SB27 57SB27-0001 06-06-12 Soil 0-0.67 
Refusal at 
0.67 feet 

bgs 

Appendix IX SVOCs (including low-
level PAHs), and Appendix IX 
metals 

57SB28 57SB28-0001 06-06-12 0-1 

57SB29 57SB29-0001 06-06-12 0-0.5 
Refusal at 

0.5 feet bgs 

57SB30 57SB30-0001 06-06-12 0-1 

57SB31 57SB31-0001 06-06-12 0-1 

13GW07 13GW07-060912 06-09-12 Groundwater NA Appendix IX metals (total) and 
Appendix IX PCBs 57GW01 57GW01-061012 06-10-12 NA 

57GW04 57GW04060912 06-09-12 NA 

57GW07 57GW07-060912 06-09-12 NA 

57GW02 57GW02-060912 06-09-12 NA Appendix IX VOCs, Appendix IX 
SVOCs (including low-level PAHs), 
Appendix IX metals (total), and 
Appendix IX PCBs 

57GW05 57GW05-060912 06-09-12 NA 

57GW05-060912-D 06-09-12 NA 

57GW08 57GW08-061112 06-11-12 NA 

57GW09 57GW09-061012 06-10-12 NA 

 
bgs - below ground surface. 
PCB - Polychlorinated biphenyl. 
VOC - Volatile organic compound. 
SVOC - Semivolatile organic compound.  
 
A sample suffix of D indicates a duplicate. 
 



TABLE 2-2

SUMMARY OF QA/QC AND IDW SAMPLES
SWMU 57 – POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

Sample
Number

Date Collected Medium Analyses

QA/QC
TB-060612-01 06-06-12 Trip blank Appendix IX VOCs

TB-060712-01 06-07-12

TB-060912-01 06-09-12

EB-060612-01 06-06-12 DPT equipment for soil
sampling

Appendix IX VOCs, Appendix IX
SVOCs (including low-level PAHs),
Appendix IX metals, and Appendix
IX PCBs

EB-060812-01 06-08-12 Hand auger for soil
sampling

EB-061012-01 06-10-12 Bladder pump for
groundwater sampling

IDW
IDW-060812-01 6-08-12 Drill cuttings TCLP Organics, TCLP Inorganics

(regulatory list)

ignitability, pH, and reactive
cyanide and sulfide

IDW-061012-01 6-10-12 Decontamination,
development, and purge
water

Ignitability, pH, reactive cyanide
and sulfide

IDW Investigation-derived waste. TCLP Toxicity Characteristic Leaching Procedure.
PAH Polynuclear aromatic hydrocarbons VOCs Volatile organic compounds.
PCBs Polychlorinated biphenyls. SVOCs Semivolatile organic compounds.
QA/QC Quality assurance/quality control.



TABLE 2-3

WELL CONSTRUCTION AND WATER LEVEL DATA SUMMARY
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

57GW01 804382.45 939223.77 118.42 115.40 22 12 - 22 103.4 93.4 01/28/10 16.90 101.52 15.24 103.18
57GW02 804434.82 939431.32 124.62 121.90 25 15 - 25 106.9 96.9 01/26/10 23.30 101.32 21.81 102.81
57GW04 804436.30 939327.88 119.26 116.40 22 12 - 22 104.4 94.4 01/28/10 17.82 101.44 16.22 103.04

57GW05 804337.85 939306.70 121.02 118.10 21 11 - 21 107.1 97.1 01/27/10 19.43 101.59 17.78 103.24

57GW07 804269.72 939308.66 124.19 121.30 29 19 - 29 102.3 92.3 01/27/10 22.55 101.64 20.85 103.34

57GW08 804299.26 939277.72 123.97 121.10 29 19 - 29 102.1 92.1 06/07/12 NA NA 20.79 103.18

57GW09 804369.24 939299.78 120.09 117.35 23 13 - 23 104.4 94.4 06/05/12 NA NA 16.99 103.1

13GW07(c) 804485.24 939400.35 121.67 118.90 30 NA - NA NA NA 01/15/09 20.30 101.37 18.84 102.83

b   The datum used is Mean Low Water plus 100 feet as established by the U.S. Navy Survey Section (November 1941).

c   Well installation data and screen interval are unknown.

NA - Information not available

msl - feet above mean sea level

TOC - top of casing

Groundwater 
Elevation        

(feet above 
msl)

June 9, 2012Ground 
Surface 

Elevation 
(feet bove 

msl)

 Well Depth          
(ft bgs)

Screen 
Interval           
(ft bgs)

Top of 
Screen 

Elevation         
(ft above 

msl)

Bottom of 
Screen 

Elevation               
(ft above 

msl)

Date 
Installed

April 20, 2010

DTW 
(feet 

below 
TOC)

Groundwater 
Elevation       

(feet above 
msl)

bgs - below ground surface

DTW - depth to water

Top of PVC 
Casing 

Elevation(b) 

(feet above 
msl)

a   Survey coordinates from 2012 suvey; SPC - State Plane Coordiates.

DTW 
(feet)

Monitoring  
Well ID Northing (a) Easting            

(a)



TABLE 2-4

SUMMARY OF GROUNDWATER QUALITY PARAMETER DATA
COLLECTED DURING PURGING

SWMU 57 – POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO

Well
Number

Temperature
(C)

pH Specific
Conductance

(mS/cm)

Dissolved
Oxygen
(mg/L)

Salinity
(ppt)

Turbidity
(NTU)

TDS
(g/L)

ORP
(mV)

57GW01 28.31 6.65 9.91 0.00 5.6 1 6.24 259

57GW02 31.83 6.40 25.00 0.08 15.2 1 15.50 445

57GW04 29.81 7.63 5.43 0.00 2.9 10 3.42 407

57GW05 29.48 6.84 3.14 0.00 1.6 15 2.01 -55

57GW07 28.85 7.41 8.21 0.00 4.5 40 5.17 421

57GW08 29.41 6.79 9.56 0.13 5.3 19 6.02 149

57GW09 30.30 7.14 4.28 0.06 2.3 40 2.74 79

13GW07 29.64 5.98 11.80 0.00 6.7 5 7.30 482

mS/cm - milliSiemens per centimeter.
mg/L - milligram per liter.
NTU - Nephelometric Turbidity Unit.
mV - millivolts.
TDS - Total dissolved solids.
ppt - Parts per thousand.
g/L - grams per liter.
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3.0  PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

This section contains both general regional and site-specific information relative to the environmental 

setting at SWMU 57.  The physical setting of NAPR was documented in the 1984 Initial Assessment 

Study (IAS) (NEESA, 1984).  This information is the reference for the regional discussions that follow.  

 

3.1  CLIMATE  

The climate associated with NAPR is characterized as warm and humid, with frequent showers occurring 

throughout the year.  A major factor affecting the weather is the pattern of trade winds associated with the 

Bermuda High.  The prevailing wind direction reflects the easterly trade winds.  The mean annual wind 

velocity is 5.5 knots, with a minimum in November and a maximum in August.  Gales associated with 

westward-moving disturbances in the trade winds or hurricanes passing either north or south of the area 

have the highest probability of occurrence from June through October.   

 

The warmest months are August and September, and the coolest are January and February.  Mean 

annual maximum temperatures range from 82.0 degrees Fahrenheit (°F) in January to 88.2° F in August.  

The mean annual minimum temperatures vary from 64.0° F in January to 73.2° F in June.  Rain usually 

occurs at least 9 days in every month, with an average of 60 inches per year, although a dry winter 

season occurs from December through April.  The hurricane season is from mid-June through mid-

September.  An average of two tropical storms per year occurs in the NAPR area, one of which usually 

reaches hurricane intensity. 

 

3.2  TOPOGRAPHY  

The regional area of NAPR consists of an interrupted, narrow, coastal plain with small valleys extending 

from the Sierra de Luquillo range, which has been severely eroded by streams into valleys several 

hundreds of feet deep.  Slopes of up to 60 degrees are common. 

 

In the immediate area of NAPR, elevations range from sea level to approximately 295 feet.  Immediately 

north of the NAPR boundary, the hills rise abruptly to heights of 800 to 1,050 feet above mean sea level 

(msl), with the tallest peak located within 2 kilometers of the NAPR boundary.  There are three hilly areas 

on NAPR, two of which separate the southern airfield area from the former Port/Industrial, Housing, and 

Personnel Support areas, and the third is in the Bundy area.  These ridgelines not only separate sections 

of NAPR but also dictate the degree of allowable development.  Relief is low along the shoreline, and 

lagoons and mangrove swamps are common. 
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At SWMU 57, a steep vegetated hillside surrounds the concrete pad to the northeast, south, and 

southwest.  Northwest of the pad, the topography flattens approaching the road before sloping steeply 

toward the Los Machos Mangrove Forest.  A steep and bedrock-exposed hill lies immediately adjacent to 

the southeastern side of the concrete pad.  Ground elevations range from approximately 15 to 35 feet 

above msl [i.e., 115 and 135 feet; the datum plan is Mean Low Water plus 100.00 foot as established by 

the U.S. Navy Survey Section (November 1941)].  The concrete pad is located at an approximate 

elevation of 23 feet above msl (123 feet).   

 

3.3  HYDROLOGY 

The surface waters that flow across the northeastern plain of Puerto Rico, where NAPR is located, 

originate on the eastern slopes of the Sierra De Luquillo Mountains.  Surface runoff is channeled into 

various rivers and streams that eventually flow into the Caribbean Sea.  The Daguao River and Quebrada 

Seca Stream (a tributary to Rio Daguao) collect surface waters from the hills immediately north of NAPR, 

and during periods of heavy rain, flooding on NAPR occurs.  The Daguao-Quebrada Seca watershed 

comprises an area of approximately 7.6 square miles (4,900 acres), and the river falls some 700 feet from 

its source to sea level.  Increased development in the town of Ceiba, especially in areas adjacent to 

NAPR's northern boundary, has significantly increased the surface runoff reaching NAPR.  This condition 

has been alleviated by the construction of Route 3 immediately outside the fence and the realignment of 

Boxer Drive, both with attendant storm water management features. 

 

In the low-lying shore areas of NAPR, seawater flooding results from storms, wind, and abnormally high 

tides.  The tidal ranges in the NAPR area are rather small, with a maximum spring range of less than 

3 feet.  The tides are semi-diurnal and have a usual range of about 1 foot in the main harbor of NAPR. 

 

The quality of surface waters at NAPR is variable, reflecting the drainage area through which the water 

flows.  Generally, surface waters have high turbidities and high concentrations of bio-organics 

(i.e., naturally occurring organics such as decay products of vegetable and animal matter) due to the 

periodic heavy rains that can easily erode soils from steep slopes, exposed areas, and disturbed 

streambeds.  Water from alluvial aquifers along the coast of NAPR is of a calcium bicarbonate type and 

has high concentrations of iron and manganese.  The source of these minerals is unknown, but they may 

be derived from buried swamp or lagoon deposits. 

 

At SWMU 57, a grassy slope and man-made earthen mound (and historical drainage feature no longer 

visible) divert surface water runoff away from the concrete pad.  There are no natural surface water 

features at SWMU 57.  The earthen drainage feature was dry at the time of the Phase I RFI, contained 
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little or no stream substrate, and terminated before the access road.  Based on these conditions, this 

feature does not support aquatic organisms such as benthic macroinvertebrates.  The earthen drainage 

feature was overgrown and not visible during the August 2011 site visit in support of the Full RFI.  

Ultimately, overland flow near SWMU 57 drains to the northwest toward the Los Machos Mangrove 

Forest, as shown on Figure 3-1. 

 

3.4  GEOLOGY  

3.4.1  Regional 

Soil 

The dominant soil associations at NAPR are typical of humid areas, namely the Swamps-Marshes 

Association and Mabi-Rio-Arriba-Cayagua Association, which cover over one half of NAPR’s surface area 

and are equally distributed.  The Descalabrado-Guayama Association, typical of dry areas, and isolated 

areas of the Caguabo-Mucara-Naranjito Association, Coloso-Toa-Bajura Association, and Jacana Amelia-

Fraternidad Association are also found at NAPR. 

 

Geology 

The underlying geology of the NAPR area is predominantly volcanic (composed of lava and tuff), as well 

as sedimentary (rocks derived from discontinuous beds of limestone).  These rocks all range in age from 

early Cretaceous to middle Eocene.  The volcanic rocks and interbedded limestone have been complexly 

faulted, folded, metamorphosed, and variously intruded by dioritic rocks.  This complex geological 

structuring occurred sometime after the deposition of the limestone during the middle Tertiary, when 

Puerto Rico was separated from the other major Antillean Islands by block faulting, and was arched, 

uplifted, and tilted to the northeast.  Culebra, Vieques, and the Virgin Islands are part of the Puerto Rican 

block; they are separated from the main island simply because of the inundation that resulted from the 

tilting. 

 

In addition to the predominant volcanic and sedimentary rock, unconsolidated alluvial and older deposits 

from the Quaternary period underlie the northwestern and western sections of the former base. 

 

The primary geologic formations on and near NAPR are various beach deposits, alluvium, quartz diorite 

and granodiorite, quartz keratophyre, the Daguao Formation, and the Figuera Lava.  The Peña Pobre 

fault zone traverses NAPR. 
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3.4.2 Site-Specific 

Soil 

Downgradient of SWMU 57, the Swamps-Marshes Association in the Los Machos Mangrove Forest 

consists of deep very poorly drained soils.  This association is found in level or nearly level areas that are 

slightly above sea level but are wet, and when the tide is high, are covered or affected by saltwater or 

brackish water.  The soils are sandy or clayey and contain organic materials from decaying mangrove 

trees and are underlain by coral, shells, and marl at varying depths.  The high concentration of salt 

inhibits the growth of all vegetation except mangrove trees, and in small-scattered patches, other salt-

tolerant plants. 

 

Soils in the vicinity of SWMU 57, classified as the Descalabrado-Guayama Association, generally consists 

of shallow, well drained, strongly sloping to very steep soils on volcanic uplands.  Soils of this association 

are found primarily in the hilly areas located directly inland and adjacent to the soils of the Swamps-

Marshes Association.  Soil borings from the Phase I RFI and Full RFI encountered very thin (0.3 to 

6 inches) organic top soils at the ground surface in vegetated areas.  Near the road and pad, soils 

consisted of clays with increased amounts of silt, sand, and gravel.    

 

Geology 

SWMU 57 is located in an upland area within the Forrestal Area of the former base.  The upland areas of 

NAPR include the hills encompassing the Tow Way Fuel Farm and hospital areas and the hills 

encompassing the area behind the former Exchange, the former AFWTF Command, and the Bundy area.  

These upland areas are underlain by bedrock and exhibit varying degrees of weathering.  The geologic 

map of Naguabo and portions of the Punta Puerca quadrangles (M’Gonigle, 1979) indicated that the site 

is underlain by the Daguao Formation, which includes interbedded volcanic breccia, lava, subordinate 

volcanic sandstone, and crystal tuff.  Several soil borings were advanced at SWMU 57 during Phase I RFI 

(seven) and Full RFI (six) field activities to profile surface and subsurface conditions via cross sections.  

The location of each cross section is provided on Figure 3-1.  Geologic cross sections (A-A’ and B-B’) 

were prepared to depict shallow subsurface conditions at SWMU 57 (Figures 3-2 and 3-3).  Full RFI 

boring logs are provided in Appendix C and the Phase I RFI cross section and boring logs are provided in 

Appendix A for reference.  The datum for both is Mean Low Water plus 100.00 feet as established by the 

U.S. Navy Survey Section (November 1941). 

 

Consistent with the Phase I RFI, a large portion of SWMU 57 was found to be underlain by residuum 

generally consisting of clay (predominant), silt, and/or sand (57SB01, 57SB03, 57SB04, 57SB05, 
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57SB15, 57SB16, 57SB-17, and 57SB23).  Residuum thickness ranged from approximately 1.5 feet at 

57SB04 on the slope southwest of the pad to 8.0 feet northwest of the pad at 57SB01.  The residuum 

appears to generally follow topography across the site, thinning out on the steeper slopes southwest of 

the pad and increasing in thickness in the center of the site where topography is more flat.  As expected, 

areas near the concrete pad were found to be underlain by fill material (57SB02, 57SB06, and 57SB14) 

including varying combinations of clay to gravel, or highly weathered bedrock (57SB07).  The fill thickness 

was approximately 4.0 feet at 57SB02, 3.2 feet at 57SB06, and 4.0 feet at 57SB14.  Groundwater was 

not observed in residuum or fill at SWMU 57. 

 

The residuum, defined as unconsolidated soil originating from weathered-in-place bedrock, transitions 

with depth into highly weathered bedrock with a similar composition to the residuum - clay, silt, and sand 

generally coarsening with depth, with some relic bedrock features (i.e., fractures).  In addition, the degree 

of weathering was highly variable from boring to boring due to preferential weathering along fractures.  

Highly weathered bedrock was also observed directly beneath the fill.  According to Baker (2010), this 

variability of shallow subsurface materials (i.e., residuum, fill, or highly weathered bedrock) is not unusual 

considering the cut and fill construction methods typically employed in similar hilly upland areas of NAPR.    

 

Soil samples were collected from the ground surface to a maximum depth of 13 to 15 feet bgs (57SB15 

and 57SB17) within the highly weathered bedrock.  Across the site, the highly weathered bedrock 

generally consists of varying amounts of clay, silt, and sand.  Several facility background soil types exist; 

based on the Phase I RFI and Full RFI boring logs, background data for clay soils were selected as most 

appropriate.  Groundwater was noted within the highly weathered bedrock at 11 feet bgs in soil borings 

57SB14, 57SB16, and 57SB23 and at 15 feet bgs in soil borings 57SB15 and 57SB17.   

 

DPT refusal, indicating a transition to more competent bedrock, is indicated on the cross sections as a 

transition between highly weathered bedrock and weathered bedrock that was encountered at several 

boring locations including 57SB02 (15.0 feet bgs), 57SB04 (23.5 feet bgs), 57SB05 (21.0 feet bgs), 

57SB16 (20 feet bgs), 57SB18 (12 feet bgs), and 57SB23 (20 feet bgs).  As highly weathered bedrock 

transitions to more competent bedrock, the degree of weathering decreases and grain size is expected to 

increase to sands and gravel with more evident bedrock features.  Also, a thin (0.5–foot-thick), 

discontinuous, resistant lens of bedrock (tuff) was noted at approximately 14 feet bgs at locations 

57SB05, 57SB07, and 57SB23.   
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3.5  HYDROGEOLOGY  

3.5.1  Regional   

The available groundwater on NAPR is generally acceptable for most industrial and commercial uses.  

The “hardness” of this water shows a predominance of calcium, bicarbonate, and magnesium ions, but is 

within normally acceptable ranges.  However, a seawater-freshwater interface is present in the aquifers 

throughout the coastal areas of Puerto Rico, usually within a short distance inland of the coastline.  As the 

depths of wells increase and distances to the sea decrease, the levels of salt-water intrusion rise.  No 

potable wells have been installed at the former base.  Several potable wells were once installed 

upgradient of NAPR in Ceiba but were later abandoned due to high levels of salinity.  Under a 1942 

agreement, NAPR gets raw water from the Rio Blanco watershed (NAVFAC-LANT, 1987).  

 

The NAPR potable water treatment plant receives raw water from the Rio Blanco through a 27-inch 

reinforced concrete pipe that replaced an old open channel.  The intake is located at the foot of the 

El Yunque rain forest.  This buried raw water line traverses a distance of 14 miles from the intake to the 

NAPR boundary.  A raw water reservoir is located at the water treatment plant and has a 45-million-gallon 

capacity.  Additionally, there are two fire protection storage reservoirs at the facility with a total capacity of 

520,000 gallons. 

 

NAPR has been served for over 30 years by the present water treatment facility.  The plant (Building 88) 

has a capacity of 4.0 million gallons per day (MGD).  Water flows by gravity into a 45-million-gallon raw 

water storage basin from which the plant draws its supply at a past rate of 1.3 MGD on average.  

Treatment consists of pre-chlorination, coagulation sedimentation, filtration, and post-chlorination. 

 

3.5.2  Site-Specific  

During the Phase I RFI, groundwater was encountered approximately 16 to 23 feet bgs, and groundwater 

flow in the upland area of SWMU 57 was reported to be toward the north northwest at a gentle hydraulic 

gradient.  Furthermore, this groundwater flow direction is generally consistent with the anticipated flow for 

SWMU 57 based on the local topography and the flow direction observed at adjacent SWMU 9 Area C 

(i.e., toward Los Machos Mangrove Forest).  The 2010 Phase I RFI map of the potentiometric surface is 

provided in Appendix A.   

 

The groundwater elevation for well 57SB02 was not used in development of the potentiometric surface 

shown on Figure 5-4 of the Phase I RFI Report (Baker, 2010), provided in Appendix A.  The Phase I RFI 

Report indicated that groundwater elevations for 57SB02 are consistently lower than expected.  In 
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addition, DPT refusal was encountered at a depth of 15 feet bgs, and well 57SB02 had a very low yield 

and recharge rate (i.e., the well went dry during development, and the yield was insufficient for sampling 

using low-flow procedures).  Based on the typical climate for NAPR, the Phase I RFI April 2010 event 

occurred at the end of the dry winter season and a drought occurred in 2010 prior to the Phase I RFI field 

event, and so groundwater levels appeared to be at or near low conditions across SWMU 57.   

 

During the 2012 Full RFI groundwater sampling event, the groundwater flow direction to the north-

northeast was generally consistent with that of the 2010 Phase I RFI, with flow toward the Los Machos 

Mangrove Forest with an average hydraulic gradient of approximately 0.0024.  Hydraulic gradient was 

calculated between the 103.3 and 102.9 equipotential lines (a distance of 165 feet).  As in 2010, water 

levels across the site are nearly flat along the primary groundwater flow direction, with only 0.3 foot of 

elevation difference between 57GW07 and 57GW04.  Based on soil boring logs, groundwater was first 

encountered within the highly weathered bedrock, and wells were then installed immediately above or 

across the transition into more competent bedrock.  The 2012 map of the potentiometric surface is 

provided as Figure 3-4.   

 

The groundwater elevation for well 57SB02 was included in development of the Full RFI potentiometric 

surface map because elsewhere at SWMU 57 the potentiometric surface appears to occur in the 

weathered bedrock, even in wells screened across or in the less weathered/more competent bedrock, 

indicating an unconfined shallow aquifer (57SB01, 57GW02, 57GW07, 57GW08, 57GW09).  In addition, 

the well 57SB02 water level was similar to elevations in nearby 13GW07 in both 2010 and 2013, with 

differences of 0.05 foot in 2010 and 0.02 foot in 2012.  The slight variation in 2010 may have been due to 

groundwater flow variations in the more competent bedrock fractures occurring during drought conditions.  

Overall, groundwater elevations in June 2012 were approximately 2 feet higher than those in April 2010 

across the site, which is expected based on available precipitation data for the months preceding the 

2012 sampling event during the traditional rainy season, moreover, a drought occurred in 2010 prior to 

the Phase I RFI field event.  The 2012 groundwater flow direction is consistent with the anticipated flow 

for SWMU 57 toward the Los Machos Mangrove Forest.  Groundwater flow appears to be inconsistent 

with the flow direction observed at adjacent SWMU 9 Area C; however, the inconsistency can be readily 

explained.  Based on the SWMU 57 data, groundwater flow is in fact to the north, not west at SWMU 57; 

the additional wells installed at SWMU 57 during the Full RFI allowed for a more accurate depiction of 

groundwater flow than what was provided in the SWMU 9 report for the western fringe of that site.  In 

summary, groundwater is from the topographic highs east and south of the SWMUs (from weathered 

bedrock), flowing toward the mangrove swamp area (to sandy Holocene deposits).  A potentiometric 

surface map for SWMU 9 is provided in Appendix A.   
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3.6 ECOLOGY AND NATURAL RESOURCES  

The facility supports one plant (Cobana negra) that was classified as threatened in 1990 by the United 

States Fish and Wildlife Service (USFWS).  The black mangrove (Avicennia germinans) is classified as 

threatened under federal law.  Because the mangrove areas are considered wetlands, they are 

conservation zones protected under federal law and are critical habitat for the endangered yellow-

shouldered blackbird (Agelaius xanthomus).   

 

Because of its island ecosystem, abundant and diverse species of terrestrial vertebrates are not found on 

Puerto Rico.  The facility supports a variety of wildlife that have been listed by either the federal or 

Commonwealth governments as threatened, endangered, or vulnerable (Commonwealth only), including: 

five sea turtle species [green (Chelonia mydas), loggerhead (Agelaius xanthomus), hawksbill 

(Eretmochelys imbricate), leatherback (Dermochelys coriacea), and olive ridley (Lepidochelys olivacea)]; 

one snake [Puerto Rican boa constrictor (Epicrates inornatus)]; 12 birds [including the endangered 

yellow-shouldered blackbird and brown pelican (Pelecanus occidentalis occidentalis)]; and one mammal 

[West Indian manatee (Trichechus manatus)].   

 

The major mammal population in and near NAPR consists of introduced species such as stray dogs and 

cats, Norway and gray-bellied rats, mice, and mongooses.  The reptile population (especially snakes) has 

been significantly reduced because of the large mongoose population. 

 

Thirteen species of bats are known to occur on Puerto Rico.  None of the bats found on Puerto Rico are 

exclusive to the island nor are they listed under provisions of the Endangered Species Act of 1973.  The 

specific bat species known to occur on Puerto Rico include: 

 

• Fruit-eating bats: Jamaican fruit bat (Artibeus jamaicensis), Antillean fruit bat (Brachyphylla 

cavernarum), and red fig-eating bat (Stenoderma rufum). 

 

• Nectivorous bats: brown flower bat (Erophylla sezekoni bombifrons) and greater Antillean long-

tongued bat (Monophyllus redmani). 

 

• Insectivorous bats: Antillean ghost-faced bat (Mormoops blainvillii), Parnell's mustached bat 

(Pteronotus parnellii), sooty mustached bat (Pteronotus quadridens), big brown bat (Eptesicus 

fuscus), red bat (Lasiurus borealis), velvety free-tailed bat (Molossus molossus), and Brazilian free-

tailed bat (Tadarida brasiliensis). 
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• Piscivorous bats:  Mexican bulldog bat (Noctilio leporinus). 

 

Based on the August 2011 SWMU 57 site visit in support of the Full RFI, upland vegetative species (such 

as guinea grass) were noted at SWMU 57 within the former drainage feature, with the surrounding area 

vegetated by flat lying grass and secondary growth.  The drainage feature is no longer distinguishable 

from the grassy sloped area.  No watercourses or aquatic natural resources (i.e., wetlands) exist at or in 

the immediate vicinity of SWMU 57.   

 

Dominant herbaceous vegetation at SWMU 57 includes guinea grass (Urochloa maxima), ocean blue 

morning glory (Ipomea indica), flatleaf flatsedge (Cyperus planifolius), crack open (Casearia sylvestris), 

and knotgrass (Paspalum distichum).  Dominant trees and shrubs identified include white lead tree 

(Leucaena leucocephala), white indigo berry (Randia aculeata), gumbo limbo (Bursera simaruba), and 

Erythroxylum sp.   
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4.0  NATURE AND EXTENT OF CONTAMINATION 

The nature and extent of contamination relates to the characteristics of any contaminants that might be 

present and the size of the area affected by the contaminants.  This section describes the nature and 

extent of contamination at SWMU 57 as defined by the results of sampling and laboratory analyses of soil 

and groundwater samples collected during the Phase I/II ECP, Phase I RFI, and Full RFI sampling 

programs.  In addition, the location and analytical results of the SWMU 9 test pit historical soil sample 

collected at SWMU 57 are included in Appendix A.   

 

SWMU 57 – POL Drum Storage Area 57 was used for the storage of POL and other potentially 

hazardous materials, and numerous small spills and releases occurred throughout its usage period 

(1950s through 1990s).  In addition, a historical aerial photograph appeared to show a suspected sludge 

disposal pit at SWMU 57 on the northwestern side of the concrete drum pad, similar to disposal areas at 

adjacent SWMU 9.  The Phase I/II ECP sampling program included the collection of six surface soil, six 

subsurface soil, and two groundwater samples.  The Phase I RFI sampling program included the 

collection of 12 surface soil, 14 subsurface soil, 6 groundwater, 4 concrete wipe, and 4 concrete chip 

samples.  The Full RFI sampling program included the collection of 24 surface soil samples including 

eight site-specific background surface soil samples, 15 subsurface soil samples, and seven groundwater 

samples.  Soil and groundwater sample locations are shown on Figure 1-3.  The investigation strategy for 

the SWMU 57 Full RFI was to divide the site into decision units based on the results of the Phase I/II ECP 

and Phase I RFI and to collect samples for analytes associated with those specific areas only.  Decision 

units include the concrete pad, loading dock, scattered debris area, suspected sludge disposal pit, and 

groundwater.  However, because the analytical results were similar, the analytical results from these 

decisions units are discussed together, by media.   

 

Analytical results for soil and groundwater are presented in Tables 4-1 to 4-14 and on Figures 4-1 to 4-8.  

Refer to Appendix A for the SWMU 9 test pit soil sample results.  The tag maps for site soil and 

groundwater present results that exceed human health and/or ecological screening criteria and NAPR 

facility background threshold values (BTVs), as applicable.  Specific formatting is applied to the tag maps 

to indicate which screening criterion has been exceeded.  Screening criteria used for comparison are 

described below.  In summary statistics tables and on tag maps, sample and duplicate results are 

presented.  The locations of the Phase I RFI concrete wipe and concrete chip samples are presented on 

the site figures and Table 4-15 presents the analytical results; however, these results are not presented 

on tags maps, because no additional information was gathered during the Full RFI.  These results are 

discussed below and data tables are presented in Appendix E.   
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4.1 SCREENING CRITERIA 

The soil (surface and subsurface soil) and groundwater data were compared to the most current USEPA 

screening criteria for evaluating risks to human receptors which were published at the time the data were 

being evaluated (November 2013).  A discussion and comparison of the November 2013 RSLs to more 

recent RSLs published in 2015 is presented in Section 6.0.  The surface soil and groundwater (evaluated 

as surface water) data were also compared to ecological screening criteria.  The concrete chip and 

concrete wipe samples were compared to toxicity characteristic leaching procedure (TCLP) regulatory 

limits.  A discussion of the screening criteria used in this section of the Full RFI Report is provided in the 

remainder of this section.  In addition, soil and groundwater concentrations were compared to established 

NAPR facility BTVs (CH2MHill, 2013).  

 

TPHs were added to the RSL tables in November 2013 as six different categories:  aliphatic low, aliphatic 

medium, aliphatic high, aromatic low, aromatic medium, and aromatic high.  Soil and groundwater 

samples collected in 2010 were analyzed for petroleum hydrocarbons and results are reported as GRO, 

DRO, and TPH.  GRO, DRO, and TPH results are not directly comparable to TPH RSLs because the 

method of reporting used for the 2010 results does not provide the same hydrocarbon ranges as those 

used for developing the RSLs.  GRO, DRO, and TPH detections are discussed below and presented on 

the media-specific positive detection tables. 

 

4.1.1 USEPA Soil Screening Levels for Human Health 

USEPA has developed a set of screening levels for soil (residential and industrial regional screening 

levels [RSLs]) and groundwater (tapwater RSLs) which were compared site-specific soil and groundwater 

concentrations (USEPA, 2013).  The screening levels were developed by combining toxicity factors 

[reference doses (RfDs) and cancer slope factors (CSFs)] with “standard” exposure scenarios to calculate 

target analyte concentrations corresponding to fixed levels of risk [i.e., a Hazard Quotient (HQ) of 1 for 

non-carcinogens or an incremental lifetime cancer risk (ILCR) of 1 x 10-6, whichever occurs at a lower 

concentration].   

 

4.1.2 Puerto Rico Water Quality Standards 

The Puerto Rico Water Quality Standards (PRWQS) (March, 2010) for Class SB and SC waters were 

compared to SWMU 57 groundwater data.  The purposes of the PRWQS regulations are: (1) designate 

the uses for which the quality of the water bodies of Puerto Rico shall be maintained and protected; 

(2) prescribe the water quality standards required to sustain the designated uses; (3) identify other rules 

and regulations applicable to sources of pollution that may affect the quality of the waters subject to this 
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Regulation and (4) prescribe other measures necessary for achieving and maintaining the quality of the 

waters of Puerto Rico. 

 
4.1.3 Soil and Surface Water Ecological Screening Criteria  

Soil concentrations were compared to the various ecological screening criteria [USEPA Ecological Soil 

Screening Levels (Eco SSLs), Oak Ridge National Laboratory (ORNL), Los Alamos National Laboratory 

(LANL), Canadian Soil Quality Guidelines (CCME), and USEPA Region 5].  The lowest of the plant, 

invertebrate, mammal, and avian screening values was selected, as appropriate, as the minimum 

ecological screening criteria.  Groundwater concentrations (evaluated as surface water) were compared 

to PRWQS, NRWQC (USEPA National Recommended Water Quality Criteria, chronic saltwater), Region 

3 BTAG Marine Screening Levels, and NOAA Screening Quick Reference Tables, chronic marine. 

 

4.1.4 TCLP Regulatory Limits 

A waste material has the characteristic of “toxicity” if it is able to leach specific toxic metals, organic 

compounds, or pesticides into the soil or groundwater under landfill conditions.  The Toxicity 

Characteristic Leaching Procedure (TCLP) is designed to simulate the leaching a waste will undergo if 

disposed of in a sanitary landfill.  This test is designed to simulate leaching that takes place in a sanitary 

landfill only.  The extract obtained from the TCLP analysis (the "TCLP extract") is then analyzed to 

determine if any of the thresholds established for the 40 Toxicity Characteristic constituents  have been 

exceeded or if the treatment standards established for the constituents listed in 40 CFR 268.40 have 

been met under the Land Disposal Restrictions regulations.  If the TCLP extract contains any one of the 

Toxicity Characteristic constituents in an amount equal to or exceeding the concentrations specified in 

40 CFR 261.24, the waste possesses the characteristic of toxicity and is a hazardous waste.  If the TCLP 

extract contains constituents in an amount exceeding the concentrations specified in 40 CFR 268.40, the 

treatment standard for that waste has not been met, and further treatment is necessary prior to land 

disposal. 

 

4.1.5 NAPR Facility Background 

To provide perspective on the nature and extent of contamination, soil and groundwater data were 

compared to NAPR facility BTVs (CH2MHill, 2013).  The background data set is used to assist in 

determining whether detected concentrations are attributable to site-related activities or natural and 

anthropogenic sources.  NAPR facility BTVs for inorganics were established for surface soil, subsurface 

soil - clay, subsurface soil - fine sand/silt, subsurface soil - weathered bedrock, groundwater, surface 
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water - estuarine wetland, surface water - open water, sediment - estuarine wetland, and sediment - open 

water.   

 

Samples were collected at NAPR in areas not believed to be associated with base activities for any 

SWMU.  The NAPR background data sets were extracted from all the existing data available at NAPR.  

Twenty-one sample locations were determined to be suitable for inclusion in the surface soil background 

data set for inorganics, and thirty-eight samples from thirty locations were determined to be suitable for 

inclusion in the subsurface soil background data set for inorganics.  The inorganic analytical data from 20 

samples at 17 locations were used for the subsurface soil-clay data set, as discussed in Section 3, 

subsurface soil-clay background data is used for comparison with site-specific subsurface soil data.  

Fifteen samples were determined to be suitable for inclusion in the groundwater background data set for 

inorganics.  Because no surface water and sediment samples were collected at SWMU 57, the surface 

water and sediment background data sets will not be discussed in this section.  The surface water 

background data set will be discussed in Section 7.0, Ecological Risk Assessment, as it relates to the 

evaluation of contaminant migration via groundwater to surface water migration pathway. 

 

It was determined in the Background Threshold Value Evaluation and Recommendations for Naval 

Activity Puerto Rico (CH2MHill, 2013) that the 95 percent upper confidence limits of the 95th percentile 

(known as 95/95 UTLs) are considered BTVs.  These facility BTVs are presented on the positive 

detection tables (Tables 4-1, 4-2, 4-4, 4-6, 4-8, 4-10, 4-11, 4-13, and 4-14) for comparisons with 

SWMU 57 data.   

 

4.1.6 Site-Specific Background 

During the Full RFI, eight background surface soil samples, 0 to 1 foot bgs, (57SB24-0001 through 

57SB31-0001) were collected to determine site-specific background concentrations of inorganics and 

SVOCs.  These samples were collected in areas of the site unimpacted by historical hazardous 

waste/POL operations (see Figure 4-1 for sample locations).  This background data set encompasses 

locations both along the site access road, which are reflective of anthropogenic conditions associated 

with vehicles (57SB24-0001 through 57SB29-0001), and within undisturbed areas of heavy vegetation, 

which are reflective of pristine background conditions (57SB30-0001 and 57SB31-0001).  Samples were 

analyzed for Appendix IX metals and Appendix IX SVOCs, including low-level PAHs.  Results for 

constituents detected at least once in site-specific surface soil background samples are presented on 

Table 4-1 and Table 4-2.  Concentrations of analytes detected at least once were compared to human 

health direct contact soil screening criteria, ecological soil screening criteria, and facility surface soil 

BTVs.  Metals were detected in all site-specific anthropogenic and pristine background surface soil 
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samples, only two detections of selenium and one detection of zinc in samples collected along the access 

road were detected at concentrations greater than ecological screening levels and facility BTVs.  Several 

PAHs were detected in site-specific background surface soil samples, primarily in those samples 

collected along the access road; however, all were detected at concentrations less than screening 

criteria.  Overall, results suggest that there may be low level anthropogenic effects (from truck traffic to 

site) along the access road, and, as expected, the pristine samples are relective of pristine background 

conditions.  Figure 4-1 presents analytes detected in site-specific surface soil samples at concentrations 

greater than screening criteria and facility BTVs, as applicable.  These results will be used qualitatively in 

this report to discuss site sample results in relation to site-specific background concentrations. 

 

4.2 SOIL 

4.2.1 Surface Soil 

Surface soil samples, collected during all three investigations, were collected from 0 to 1 foot bgs.  Six 

surface soil samples were collected during the Phase I/II ECP investigation and analyzed for VOCs, 

SVOCs, pesticides/PCBs, OP pesticides, chlorinated herbicides, and Appendix IX inorganics including 

cyanide.  Twelve surface soil samples were collected during the Phase I RFI and analyzed for 

Appendix IX VOCs, Appendix IX SVOCs with low-level PAHs, Appendix IX PCBs, TPH, GRO/DRO, and 

Appendix IX metals.  Twenty four surface soil samples were collected during the Full RFI.  Eight of these 

samples were used for site-specific background as discussed in Section 4.1.6.  The remaining 16 

samples, as discussed below, were analyzed for Appendix IX VOCs, Appendix IX SVOCs, including low-

level PAHs, Appendix IX PCBs, and Appendix IX metals.  Table 4-3 presents frequencies of detection in 

surface soil samples collected and analyzed during the Phase I/II ECP, Phase I RFI, and Full RFI, and 

Table 4-4 summarizes results for parameters detected in at least one surface soil and also shows 

exceedances of human health and ecological screening criteria and facility BTVs, as applicable.  

Figure 4-2 presents analytes detected in surface soil samples at concentrations greater than screening 

criteria and facility BTVs, as applicable.  Figure 4-2 also shows isopleths of analyte concentrations 

exceeding both facility background concentrations (inorganics only) as well as 10 times human health 

screening criteria or 10 times ecological screening criteria. 

 

Eleven VOCs (2-butanone, 2-hexanone, acetone, benzene, carbon disulfide, carbon tetrachloride, 

chlorobenzene, chloroform, ethylbenzene, tetrachloroethene, and total xylenes) were detected in one or 

more SWMU 57 surface soil samples.  All VOCs were detected at concentration less than screening 

human health and ecological criteria.  While some of these VOCs exceeded risk-based soil screening 

levels (SSLs), no VOCs were detected in groundwater samples collected during the Full RFI. 
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Only 2010 samples were analyzed for petroleum hydrocarbons.  There are no applicable screening 

criteria for DRO, GRO, or TPH; therefore, results are not presented on Figure 4-2.  DRO and TPH were 

detected in 11 of the 12 samples analyzed for these parameters at concentrations ranging from 

4.1J milligrams per kilogram (mg/kg) to 72J mg/kg and 4.7J mg/kg to 72.6J mg/kg, respectively.  GRO 

was not detected in any surface soil sample.  These samples were collected primarily in and near the 

scattered debris area, with a few of the samples located northwest of the concrete pad and near the 

access road.  The maximum detected concentrations of petroleum hydrocarbons were noted in samples 

57SS08 and 57SS09, which were collected in the scattered debris area.    

 

Only 2004 soil samples were analyzed for pesticides and herbicides.  Detections included 4,4’-DDD, 

4,4’-DDE, 4,4’-DDT, and 2,4,5-TP; all were detected at concentration less than human health and 

ecological screening criteria.  Additionally, all pesticides were detected at concentrations less than risk-

based SSLs and no pesticides were detected in groundwater samples collected during the Full RFI. 

 

Aroclor-1260 was detected in 11 of 34 surface soil samples and in samples collected during all three 

sampling events, with the majority of the PCB detections in samples collected from the scattered debris 

area and near the loading dock.  Aroclor-1260 exceeded ecological screening criteria in all samples in 

which it was detected.  Aroclor-1260 exceeded the residential RSL in four samples located within the 

scattered debris area and also exceeded the industrial RSL in one of these samples.  PCBs were 

detected at concentrations greater than the SSL in surface soil, indicating the potential for PCBs to 

migrate into deeper soil; however, PCBs were only detected in two corresponding subsurface soil 

samples, from 1 to 3 feet bgs, which were also detected at concentrations greater than screening criteria.  

PCBs were not detected in samples collected at depths greater than 3 feet bgs or in groundwater 

samples collected at SWMU 57.  As shown on Figure 4-2, significant exceedances of ecological 

screening criteria (at least 10 times) for Aroclor-1260 were found along three sides of the concrete pad 

including the loading dock side of the concrete pad extending 40 to 50 feet from the southwestern edge of 

the concrete pad into the scattered debris area. 

 

Nineteen PAHs and/or other SVOCs were detected in 25 of the 34 surface soil samples collected at 

SWMU 57.  PAHs detected include 2-methylnaphthalene, acenaphthene, acenaphthylene, anthracene, 

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, 

chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, naphthalene, 

phenanthrene, and pyrene.  The only PAH exceedance of screening criteria was benzo(a)pyrene, which 

exceeded the residential RSL in one sample, 3E-SS06, which was collected during the Phase I/II ECP.  

Benzo(a)pyrene was detected at concentrations greater than the SSL in surface soil indicating the 

potential for migration to deeper soil.  Benzo(a)pyrene was detected in subsurface soil (2 samples at 
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depths of 1 – 3 feet bgs and 3 samples at depths greater than 3 feet bgs), all benzo(a)pyrene detections 

in subsurface soil were at concentrations less than screening criteria.  Benzo(a)pyrene was also detected 

in one Full RFI groundwater sample at a concentration greater than the tapwater RSL but less than the 

PRWQS.  Non-PAH SVOCs detected include acetophenone and bis(2-ethylhexyl)phthalate.  

Bis(2-ethylhexyl)phthalate exceeded ecological screening criteria in all samples in which it was detected 

(17 samples) with detections at five sample locations at least 10 times ecological screening criteria.  As 

shown on Figure 4-2, five small areas, centered around these locations (57SB12, 57SB13, 57SB32, 

57SB33, and 57SB34), two adjacent to the loading dock, two off of the southeastern side of the concrete 

pad, and one within the scattered debris area are noted as significant exceedances.  However, 

bis(2-ethylhexyl)phthalate is a common laboratory and field contaminant and was detected in both 

laboratory method blanks and field equipment blanks.   

 

Inorganics were detected in all surface soil samples collected at SWMU 57.  Arsenic, barium, cadmium, 

chromium, cobalt, lead, mercury, nickel, selenium, and zinc were detected at concentrations greater than 

screening criteria and facility BTVs in at least one surface soil sample.  Thallium was also detected at 

concentrations greater than screening criteria, there is no surface soil facility BTV for thallium.  As shown 

on Figure 4-2, significant exceedances of human health and ecological screening criteria (at least 10 

times) that are greater than facility background, as applicable, are noted for several inorganics.  

Chromium, lead, mercury, and thallium exceeded ecological screening criteria by at least 10 times 

(thallium not shown on Figure 4-2), and thallium exceeded human health screening criteria by at least 10 

times.  Significant exceedances for chromium are noted at one location across the access road from the 

concrete pad and one location within the scattered debris area.  Significant exceedances for lead are 

noted at two locations within the scattered debris area and one location just west of the scattered debris 

area.  Significant exceedances for mercury are noted at one location within the scattered debris area and 

along the southeastern side of the concrete pad.  Significant exceedances for thallium are noted at one 

location across the access road from the concrete pad and two locations within the scattered debris area.  

Overall, the majority of the significant exceedances are associated with the scattered debris area. 

 

The above inorganics, with the exception of thallium and zinc, were detected at concentrations greater 

than SSLs, indicating the potential for migration to deeper soil.  These inorganics were detected in deeper 

soil; however, only barium, cadmium, cobalt, lead, nickel, thallium and zinc, were detected at 

concentrations greater than screening criteria and facility background in deeper soil and only mercury, 

nickel, and thallium were detected in Full RFI groundwater samples at concentrations greater than 

screening criteria and facility background. 
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4.2.2  Subsurface Soil 

Subsurface soil samples were collected from depths of greater than 1 foot.  Six subsurface soil samples 

were collected during the Phase I/II ECP investigation and analyzed for VOCs, SVOCs, pesticides/PCBs, 

OP pesticides, chlorinated herbicides, and Appendix IX inorganics.  Fourteen subsurface soil samples 

were collected during the Phase I RFI and analyzed for Appendix IX VOCs, Appendix IX SVOCs with low-

level PAHs, Appendix IX PCBs, TPH, GRO/DRO, and Appendix IX metals.  Fifteen subsurface soil 

samples were collected during the Full RFI and analyzed for Appendix IX VOCs, Appendix IX SVOCs, 

including low-level PAHs, Appendix IX PCBs, and Appendix IX metals.  Subsurface soil results, combined 

from the three sampling events, are discussed separately for intervals of 1 to 3 feet bgs (23 samples) and 

greater than 3 feet bgs (12 samples).  Tables 4-5 and 4-7 present the frequencies of detection in 

subsurface soil samples collected from 1 to 3 feet bgs and greater than 3 feet bgs, respectively.  

Tables 4-6 and 4-8 summarize results for parameters detected in at least one subsurface soil sample 

collected during these investigations and also show exceedances of human health and ecological 

screening criteria and facility BTVs, as applicable.  Figure 4-3 presents analytes detected in subsurface 

soil samples collected from 1 to 3 feet bgs and Figure 4-4 presents analytes detected in subsurface soil 

samples collected from depths greater than 3 feet bgs.  The tag maps for site subsurface soil present only 

analytes detected in subsurface soil samples at concentrations greater than screening criteria and facility 

BTVs, as applicable.  The tag maps also show isopleths of analyte concentrations exceeding both facility 

background concentrations (inorganics only) as well as 10 times human health screening criteria or 10 

times ecological screening criteria. 

 

Seven VOCs (acetone, benzene, bromomethane, carbon disulfide, carbon tetrachloride, chloroform, and 

methyl iodide) were detected infrequently in subsurface soil samples collected from 1 to 3 feet bgs, all 

were detected at concentrations less than screening criteria.  There is no screening criteria for methyl 

iodide which was only detected in one sample.  While some of these VOCs exceeded risk-based SSLs, 

no VOCs were detected in subsurface soil samples collected at depths greater than 3 feet bgs and no 

VOCs were detected in groundwater samples collected during the Full RFI. 

 

Petroleum hydrocarbons were only analyzed for in samples collected in 2010.  DRO and TPH were 

detected in samples collected at depths of 1 to 3 feet bgs in six of seven samples and at depths greater 

than 3 feet bgs in five of seven samples.  There is no applicable screening criteria for DRO or TPH; 

therefore, results are not presented on Figure 4-3.  The maximum detected concentration of both DRO 

and TPH in samples collected from 1 to 3 feet bgs and greater than 3 feet bgs was at sample location 

57SB07, which is in the scattered debris area.   
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Pesticides and herbicides were only analyzed for in 2004.  2,4,5-TP was detected in one subsurface soil 

sample at a depth of 1 to 3-feet bgs (3E-SB04-01) at concentrations less than screening criteria.  No 

other pesticides or herbicides were detected in subsurface soil samples.  Additionally, 2,4,5-TP was 

detected at a concentration less than risk-based SSLs and no pesticides or herbicides were detected in 

subsurface soil samples collected at depths greater than 3 feet bgs or in groundwater samples collected 

during the Full RFI. 

 

Aroclor-1260 was detected in 2 of 23 subsurface soil samples at depths of 1 to 3 feet bgs at 

concentrations greater than ecological screening criteria.  PCBs were not detected in samples collected 

from greater than 3 feet bgs.  As shown on Figure 4-3, significant exceedances of ecological criteria were 

noted in these two subsurface soil samples and the isopheth for these exceedances extends from the 

southwest corner of the concrete pad into the scattered debris area.  Aroclor-1260 was also detected in 

corresponding surface soil samples at these two locations at elevated concentrations at least 10 times 

ecological screening criteria.  Aroclor-1260 was detected at concentrations slightly greater than the SSL, 

indicating a potential for migration; however, PCBs were not detected in any subsurface soil samples 

collected from depths greater than 3 feet bgs nor was it detected in any groundwater samples collected at 

SWMU 57. 

 

Nineteen PAHs and/or other SVOCs were detected in 6 of 23 subsurface soil samples collected from 1 to 

3 feet bgs.  The individual PAHs detected include 2-methylnaphthalene, acenaphthene, acenaphthylene, 

anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, 

benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, 

naphthalene, phenanthrene, and pyrene.  The only PAH exceedance of screening criteria was 

benzo(a)pyrene, which exceeded the residential RSL in one sample, 57SB04-01, this sample is located 

across the access road from the loading dock.  While benzo(a)pyrene was detected at concentrations 

greater than the SSL in soil samples collected from 1-3 feet bgs, it was not detected at concentrations 

greater than human health screening criteria or the SSL at depths greater than 3 feet bgs and it was not 

detected in groundwater samples collected during the Full RFI.  One SVOC, bis(2-ethylhexyl)phthalate, 

was also detected in subsurface soil (1 to 3 feet bgs) and exceeded ecological screening criteria in all 

samples in which it was detected (6 samples), these detections are not considered significant 

exceedances because detected concentrations were less than 10 times screening criteria.  

Bis(2-ethylhexyl)phthalate was detected at concentrations greater than the SSL and was detected in 

deeper subsurface soil samples, but was not detected in any groundwater samples collected at 

SWMU 57.   
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Sixteen PAHs and/or SVOCs were detected in 6 of the 12 subsurface soil samples collected from depths 

greater than 3 feet bgs.  The PAHs detected include 2-methylnaphthalene, acenaphthene, 

acenaphthylene, anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracenees), fluorene, 

indeno(1,2,3-cd)pyrene, naphthalene, and phenanthrene; all were detected at concentrations less than 

screening criteria.  One SVOC, bis(2-ethylhexyl)phthalate, was detected at concentrations greater than 

ecological screening criteria in the three sample in which it was detected.  The concentration of 

bis(2-ethylhexyl)phthalate at one isolated location, between the access road the northern edge of the 

scattered debris area, is considered a significant exceedance.  While bis(2-ethylhexyl)phthalate was 

detected in the corresponding 1 to 3-foot bgs subsurface soil sample and the surface soil sample 

collected from this location at concentrations greater than ecological screening criteria, it was not 

detected at concentrations considered to be significant (i.e., at least 10 times).  Bis(2-ethylhexyl)phthalate 

was detected at concentrations greater than the SSL at depths greater than 3 feet bgs but was not 

detected in any groundwater sample collected at SWMU 57.  

 

Inorganics were detected in all subsurface soil samples collected at SWMU 57.  Cadmium, cobalt, lead, 

thallium, tin, and zinc were detected at concentrations greater screening criteria and facility BTVs in at 

least one subsurface soil sample collected from 1 to 3 feet bgs.  Lead posed a significant exceedance of 

ecological screening criteria at one location in the scattered debris area (see Figure 4-3).  Thallium was 

also detected at concentrations which significantly exceeded ecological screening criteria at several 

locations and also human health screening criteria at two locations (see Figure 4-3); one north-northwest 

of the concrete pad and near the access road and one off of the northern corner of the concrete pad.  

While lead and thallium were detected at concentrations which significantly exceeded screening criteria in 

the surface soil, these exceedances were not at the same locations as those in the subsurface soil from 

1-3 feet.  Further, concentrations of lead in subsurface soil greater than 3 feet bgs were not greater than 

screening criteria although concentrations of thallium at depths greater than 3 feet bgs were significantly 

greater than ecological screening criteria.  All of the above inorganics, with the exception of tin and zinc 

were detected at concentrations greater than SSLs indicating a potential for migration; however, only 

cadmium, cobalt, lead, thallium, and zinc were detected at concentrations greater than screening criteria 

and facility BTVs in deeper subsurface soil samples.  Additionally, of the inorganics listed above, only 

mercury was detected in groundwater samples collected during the Full RFI at concentrations greater 

than human health or ecological screening criteria and facility BTVs. 

 

Barium, cadmium, cobalt, lead, nickel, thallium, and zinc were detected at concentrations greater than 

screening criteria and facility BTVs in at least one subsurface soil sample collected from depths greater 

than 3 feet bgs.  However, at depths greater than 3 feet bgs, only cobalt and thallium were detected at 
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concentrations that significantly exceeded screening criteria.  Cobalt, at depths of 9 to 11 feet bgs, was 

found at concentrations that significantly exceeded human health or ecological screening criteria at two 

locations, one location within the scattered debris area and one location across the access road from the 

concrete pad.  Cobalt was not detected at concentrations significantly greater than screening criteria 

(i.e., at least 10 times criteria) in any shallower subsurface soil or surface soil samples collected at 

SWMU 57.  Similar to what was found in shallower subsurface soil, all of the above inorganics were 

detected at concentrations greater than SSLs indicating a potential for migration; however, of the 

inorganics listed above, only nickel and thallium were detected in groundwater samples collected during 

the Full RFI at concentrations greater than human health or ecological screening criteria and facility 

BTVs. 

 

As described in Section 1.3.4, a test pit measuring 15 feet in length to a maximum depth of 11 feet bgs 

was excavated in the suspected sludge disposal pit area during the RFI for SWMU 9 Area C.  One 

subsurface soil sample was collected from the test pit at 11 feet bgs and analyzed for Appendix IX VOCs, 

SVOCs, RCRA metals, and TPH (DRO and GRO).  VOCs, SVOCs, and TPH were not detected in the 

test pit sample.  Only barium, lead, and silver were detected in the sample and all three of these 

inorganics were present at concentrations less than screening criteria in place at that time.  No evidence 

of a waste or sludge disposal pit was noted during advancement of this test pit. 

 

Soil Summary 

Significant exceedances for Aroclor-1260, bis(2-ethylhexyl)phthalate, chromium, cobalt, lead, mercury, 

and thallium were noted in either surface soil or subsurface soil.  PCBs were detected at concentrations 

greater than screening criteria in soil, the majority of detections were found in samples collected from the 

scattered debris area and near the loading dock.  At the loading dock area, exceedances were only noted 

in three surface soil samples, PCBs were non-detect at depths of 1-3 feet bgs at two of these locations 

where deeper soil samples were collected.  Also, in samples collected across the access road from the 

loading dock, PCBs were not detected.  PCBs exceeded either human health or ecological screening 

criteria in six samples collected from within the scattered debris area with two of those detections also 

within the suspected sludge disposal pit.  The maximum detected concentration of Aroclor-1260 was at 

57SS09 which is located within the scattered debris area just south of the suspected sludge disposal pit, 

concentrations of PCBs in this sample exceeded ecological screening criteria as well as residential and 

industrial RSLs.  Subsurface soil samples, 1-3 feet bgs, were collected at three of these locations with 

two exceedances of ecological screening criteria, one from a sample collected from within the scattered 

debris area with one from a sample collected from within the suspected sludge disposal pit.  PCBs were 

not detected in samples collected to the north, west, and south of these samples in the surface soil and in 
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the subsurface soil, where subsurface soil were collected.  Bis(2-ethylhexyl)phthalate was detected at 

concentrations significantly greater than ecological screening criteria at several isolated surface soil 

sample locations and one subsurface soil sample location at a depth of 9 to 11 feet bgs, no pattern to 

these exceedances is evident.  As discussed, chromium, cobalt, lead, mercury, and thallium exceeded 

either ecological or human health screening criteria by at least 10 times in soil; however, no pattern to 

these exceedances is evident.  Of note, chromium and mercury were only significant exceedances in the 

surface soil and cobalt was only a significant exceedance in the subsurface soil (greater than 3 feet bgs). 

 

In summary, there are indications of site-related impacts to surface and subsurface soil and further 

assessment of human health and ecological risks are warranted (refer to Sections 6.0 and 7.0, 

respectively). 

 

4.3 GROUNDWATER 

Seven groundwater samples from SWMU 57 were analyzed during the Full RFI for Appendix IX VOCs, 

Appendix IX SVOCs, including low-level PAHs, Appendix IX PCBs, and total metals.  Table 4-9 presents 

the frequencies of detection in groundwater for samples collected during the Full RFI.  Tables 4-10 and 

4-11 present the parameters detected in at least one groundwater sample collected during the Full RFI 

and also shows exceedances of human health and ecological screening criteria, respectively, and facility 

background.  Six groundwater samples were collected during the Phase I RFI and analyzed for Appendix 

IX VOCs, Appendix IX SVOCs with low-level PAHs, Appendix IX PCBs, TPH, GRO/DRO, and Appendix 

IX total and dissolved metals and two groundwater samples were collected during the Phase I/II ECP and 

were analyzed for VOCs, SVOCs, pesticides/PCBs, OP pesticides, chlorinated herbicides, total cyanide, 

total sulfide, and dissolved Appendix IX inorganics.  Table 4-12 presents the frequencies of detection in 

groundwater for samples collected during the Phase I RFI and the Phase I/IIECP.  Tables 4-13 and 4-14 

present the parameters detected in at least one groundwater sample collected during the Phase I RFI and 

Phase I/II ECP and also shows exceedances of human health and ecological screening criteria, 

respectively, and facility BTVs.  Note that surface water ecological screening criteria and estuarine 

surface water facility BTVs are presented on Tables 4-11 and 4-14 as groundwater is evaluated as 

surface water for purposes of ecological screening.  Further, it should be noted that the groundwater 

samples collected during the Full RFI and Phase I RFI were collected from permanent monitoring wells 

and the Phase I/II ECP groundwater samples were collected from temporary monitoring wells.  

Figures 4-5 and 4-6 present analytes detected in at least one of the Full RFI groundwater samples at 

concentrations greater than applicable human health and ecological screening criteria and facility BTVs, 

respectively, and Figures 4-7 and 4-8 present analytes detected in at least one of the Phase I RFI and 

Phase I/II ECP groundwater samples at concentrations greater than applicable human health and 
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ecological screening criteria and facility BTVs, respectively.  Groundwater contours and groundwater flow 

direction, as determined based on Full RFI groundwater sampling activities, are also presented on these 

figures.  The Full RFI groundwater information is the most recent information and is most representative 

of current conditions and is therefore presented on both groundwater tag maps.  As applicable, isopleths 

of groundwater contaminants which present significant exceedances of screening criteria (at least 10 

times) are also shown on tag maps.  

 

Full RFI 

During the Full RFI, four of the eight groundwater samples were analyzed for SVOCs including low-level 

PAHs.  Four PAHs (anthracene, benzo(a)anthracene, fluoranthene, and pyrene) were detected in the 

sample and duplicate sample collected from 57GW05, which is located just northeast of the scattered 

debris area, between the concrete pad and access road.  Benzo(a)anthracene was detected at 

concentrations greater than tapwater RSLs in these samples and pyrene was detected at concentrations 

greater than ecological screening criteria.  These exceedances are not considered to be significant 

(i.e., less than 10 times screening criteria).  No other organics were detected at concentrations greater 

than screening criteria in groundwater samples collected in 2012 during the Full RFI.  During water level 

measurement collection, all PID readings were zero with the exception of a low reading at 57GW09, 

which was 13.5 parts per million.  There was no staining present in the associated soil boring (57SB23) 

nor were any organic compounds detected in the groundwater sample collected from this monitoring well 

which was installed at 57SB23 (57GW09).  PCBs were not detected in any groundwater samples 

collected during the Full RFI. 

 

Total metals were detected in all groundwater samples.  Only total mercury was detected at 

concentrations greater than the human health screening criteria (tapwater RSLs and/or PRWQSs) and 

facility groundwater BTVs at three locations (13GW07, 57GW01, and 57GW07).  Total thallium was also 

detected at concentrations greater than human health screening criteria (tapwater RSL at 57GW02); 

there is no facility BTV for total thallium.  These exceedances are not considered to be significant 

(i.e., less than 10 times screening criteria).  Total nickel exceeded ecological screening criteria and facility 

BTVs at two locations (57GW02 and 57GW08).   

 

Phase I RFI and Phase I/II ECP 

Six VOCs (2-butanone, acetone, carbon disulfide, chloroform, chloromethane, and methyl iodide) were 

detected in groundwater samples collected during the Phase I RFI and Phase I/II ECP.  Only chloroform 

in one sample (57GW02 collected during the Phase I RFI) was detected at a concentration greater than 

human health screening criteria (tapwater RSL).  There is no ecological or human health screening 
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criteria for methyl iodide which was detected in three samples, 2 collected during the Phase I/II ECP and 

one collected during the Phase I RFI, these results are not presented on Figures 4-7 and 4-8.  All VOCs 

were detected a low levels, and most detections were qualified as estimated.   

 

Thirteen SVOCs (mostly PAHs) were detected in groundwater samples collected during the Phase I RFI.  

The only SVOC screening criteria exceedances were found in 57GW05, this monitoring well is located 

just outside of the northeastern corner of the scattered debris area, between the concrete pad and the 

road.  Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and chrysene were detected at 

concentrations greater than human health screening criteria (tapwater RSLs or PRWQSs) and 

anthracene, fluoranthene, and pyrene were detected at concentrations greater than ecological screening 

criteria.  These exceedances are not considered to be significant (i.e., less than 10 times screening 

criteria).  GRO and TPH were also detected at 57GW05 during the Phase I RFI, there is no applicable 

screening criteria for GRO or TPH; therefore, the results are not presented on Figures 4-7 and 4-8.  PCBs 

were not detected in any groundwater samples collected during the Phase I RFI. 

 

Total and/or dissolved metals were detected in all groundwater samples collected during the Phase I RFI 

and Phase I/II ECP.  Only total and dissolved cobalt, total and dissolved lead, total and dissolved 

mercury, and dissolved nickel were detected at concentrations greater than human health or ecological 

screening criteria and facility groundwater or estuarine surface water facility BTVs.  Total thallium was 

also detected in in one monitoring well (57GW02) at a concentration greater than human health screening 

criteria; there is no facility BTV for total thallium.  Of these exceedances, cobalt and thallium at 57GW02 

are considered significant (at least 10 times greater than screening criteria).  57GW02 is located off of the 

northern corner of the concrete pad, between the concrete pad and the access road. 

 

Groundwater Summary 

Few VOCs were detected in groundwater samples collected in 2004 (Phase I/II ECP) and 2010 (Phase I 

RFI), and no VOCs were detected in groundwater samples collected in 2012 (Full RFI).  Only one VOC, 

chloroform in one Phase I RFI sample was detected at a concentration greater than human health 

screening criteria.  SVOCs, primarily PAHs, were detected in several groundwater samples collected in 

2010, with maximum concentrations at 57GW05.  In 2012, 57GW05 was the only well where SVOCs 

were detected in groundwater; fewer PAHs were detected in 2012 than in 2010.  All PAH screening 

criteria exceedances are less than 10 times applicable screening criteria.  GRO and TPH were also 

detected in 57GW05 in 2010 (TPH and GRO were not analyzed for in either 2004 or 2012).  Monitoring 

well 57GW05 is located just outside of the northeastern corner of the scattered debris area between the 

concrete pad and the road.  SVOCs, PAHs, DRO, and TPH were also detected in the surface soil sample 
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collected at 57SB05, and one PAH, DRO, and TPH were detected in the corresponding subsurface soil 

samples collected at 57SB05 (1 to 3-feet bgs and 9 to 11-feet bgs).  The PAHs and petroleum 

constituents detected in monitoring well 57GW05 (installed at the 57SB05 location) were at low levels, 

0.017J to 2.4 micrograms per liter (µg/L), respectively.  Monitoring wells 57GW07 and 57GW08 are also 

located within the scattered debris area and only two PAHs were detected in the duplicate sample from 

5GW07 in 2010 at concentrations less than screening criteria, GRO and TPH were not detected in these 

monitoring wells.   

 

Few metals were detected in SWMU 57 groundwater at concentrations exceeding either human health or 

ecological screening criteria and facility BTVs.  Only cobalt and thallium in samples collected from 

57GW02 during the 2010 Phase I RFI were at concentrations at least 10 times greater than screening 

criteria.  Dissolved cobalt was detected at 12.8J µg/L in the 2010 Phase I RFI, total cobalt was detected 

at 9.5J µg/L in the 2010 Phase I RFI and decreased to 4.5 µg/L in 2012 Full RFI.  Concentrations of both 

total and dissolved cobalt were less than facility groundwater BTVs in 2010 and 2012 but the 2010 

concentrations are greater than facility estuarine surface water BTVs and ecological screening levels.  

Dissolved thallium was not detected in the 2010 Phase I RFI sample collected at 57GW02, total thallium 

was detected at 5.6J µg/L in 2010 and decreased to 0.18J µg/L in 2012.  Monitoring well 13GW07 is 

located downgradient of 57GW02, thallium was not detected in this monitoring well and cobalt was 

detected at concentrations less than screening criteria and facility BTVs.  It should be noted that total 

metals were not collected in 2004 and dissolved metals were not collected in 2012.  Additionally, cobalt 

and thallium were detected in subsurface soil samples (greater than 3 feet bgs) at concentrations that 

significantly exceeded human health or ecological screening criteria and facility BTVs. 

 

4.4 CONCRETE CHIP AND WIPE SAMPLES 

Four concrete chip samples (57CC01, 57CC02, 57CC03, and 57CC04) and one duplicate sample 

(57CC04D) were collected and analyzed during the 2010 Phase I RFI at SWMU 57.  All concrete chip 

samples were analyzed for SVOCs with low-level PAHs, PCBs, TPH DRO, and metals.  The complete 

data set for the concrete chip samples is provided in Appendix E.  Two SVOCs, bis(2-ethylhexyl)phthalate 

and isophorone, DRO, and 11 metals (arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, 

lead, nickel, vanadium, and zinc) were detected in concrete chip samples. 

 

Four concrete surface wipe samples (57WS01, 57WS02, 57WS03, and 57WS04) and one duplicate 

sample (57WS04D) were collected and analyzed during the 2010 Phase I RFI at SWMU 57.  All concrete 

wipe samples were analyzed for SVOCs with low-level PAHs, PCBs, TPH DRO, and total metals.  The 

complete data set for the concrete wipe samples is provided in Appendix E.  Five SVOCs, including 
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PAHs, 4-chloro-3-methylphenol, acenaphthene, acenaphthylene, fluorene, and phenanthrene, DRO, and 

nine metals (antimony, chromium, cobalt, copper, lead, nickel, selenium, tin, and zinc) were detected in 

concrete wipe samples. 

 

While there are no established screening criteria available for concrete chip samples or wipe samples, an 

evaluation of the potential toxicity of the concrete as defined by TCLP (Method 1311) for potential future 

disposal can be approximated based on the theoretical leachate concentration (known generally as the 

rule of 20).  The factor of 20 was derived from the 20:1 liquid-to-solid ratio employed in the TCLP.  The 

theoretical leachate concentration of contaminants was determined by dividing the concentration of any 

contaminant detected in the concrete samples (chip and wipe) that are listed in 40 CFR §261.24 by 20 

and are presented in Table 4-15.  The maximum leachable concentration is then compared to the 

maximum concentration of contaminants for the toxicity characteristic.  Based on the detected 

concentration of constituents the theoretical leachate concentrations indicate that the concrete does not 

exhibit toxicity and appears to be nonhazardous.  If the maximum leachable concentrations are less than 

the TCLP characteristic concentrations, then the waste can be assumed to be non-hazardous.  As shown 

on Table 4-15, of the analytes that have TCLP levels, all theoretical leachate concentrations were less 

than TCLP regulatory levels. 

 



LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility Range of Detections 

SAMPLE DATE RSL RSL SCREENING Surface Soil Anthropogenic

SAMPLE CODE CRITERIA BTVs Site-Specific

MATRIX  Background

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7 0.04 J - 0.15 J 0.15 J 0.13 J 0.12 J 0.13 J 0.07 J 0.04 J

ARSENIC 0.61 2.4 17 2.75 0.68 - 2.6 2.6 1.8 1.6 2 1.2 0.68

BARIUM 15000 190000 330 322 26.1 - 104 75.2 59 104 60 26.1 29.4

BERYLLIUM 160 2000 10 0.676 0.08 J - 0.39 J 0.27 J 0.27 J 0.39 J 0.19 J 0.08 J 0.14 J

CADMIUM 70 800 0.77 0.765 0.08 - 0.66 0.66 0.42 0.32 0.25 0.08 0.08 J

CHROMIUM 
(1) 120000 1500000 0.4 55 12.7 J - 35.2 J 27.4 J 23.1 J 31.4 J 35.2 J 12.7 J 16 J

COBALT 23 300 13 52.3 8.9 - 31 20 20.9 31 17.6 8.9 17.1

COPPER 3100 41000 28 192 32.8 - 119 119 108 80 63.9 32.8 55.1

LEAD 400 800 11 34.2 6 J - 28.6 J 18.1 J 13.3 J 23.9 J 28.6 J 6 J 6.2 J

MERCURY 10 43 0.013 0.131 0.04 - 0.05 0.04 0.03 U 0.05 0.016 U 0.02 U 0.014 U

NICKEL 1500 20000 38 28 7.7 J - 21 J 16.5 J 14.8 J 17.2 J 21 J 7.7 J 14.3 J

SELENIUM 390 5100 0.52 1.07 0.23 J - 1.2 1.1 0.64 1.2 0.72 0.35 0.23 J

SILVER 390 5100 4.2 NC 0.02 J - 0.09 0.09 0.06 J 0.07 J 0.04 J 0.02 J 0.03 J

THALLIUM 0.78 10 0.0569 NC 0.02 J - 0.05 J 0.05 J 0.04 J 0.05 J 0.04 J 0.02 J 0.02 J

VANADIUM 390 5100 7.8 286 52.2 - 168 120 122 168 110 52.2 101

ZINC 23000 310000 46 132 28.4 J - 132 J 132 J 88.4 J 85 J 50 J 28.4 J 55 J

POLYNUCLEARC AROMATIC 

HYDROCARBONS (µg/kg)

BENZO(A)ANTHRACENE 150 2100 800 NC 2.3 J - 9.9 J 2.9 J 2.3 J 5.4 J 4.2 J 7.2 J 9.9 J

BENZO(A)PYRENE 15 210 18000 NC 4.2 J - 7.5 J 11 U 10 U 4.7 J 4.2 J 5.9 J 7.5 J

BENZO(B)FLUORANTHENE 150 2100 18000 NC 7.2 J - 12 J 11 U 10 U 12 U 7.2 J 10 J 12 J

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC 2.6 J - 4.1 J 11 U 10 U 3 J 2.6 J 3 J 4.1 J

BENZO(K)FLUORANTHENE 1500 21000 18000 NC 3.7 J - 4.8 J 11 U 10 U 12 U 12 U 3.7 J 4.8 J

CHRYSENE 15000 210000 18000 NC 4.1 J - 4.1 J 11 U 10 U 12 U 12 U 10 U 4.1 J

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC 2 J - 2 J 11 U 10 U 12 U 12 U 10 U 2 J

FLUORANTHENE 2300000 22000000 29000 NC 3.3 J - 12 J 4.4 J 3.3 J 7.9 J 7.3 J 9.4 J 12 J

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC 2.2 J - 4.5 J 2.2 J 10 U 3.3 J 3.1 J 3.5 J 4.5 J

PHENANTHRENE 1700000 17000000 29000 NC 1.8 J - 3.1 J 11 U 10 U 3.1 J 2.3 J 10 U 1.8 J

PYRENE 1700000 17000000 18000 NC 3.3 J - 13 J 4.2 J 3.3 J 7.8 J 6.8 J 10 J 13 J

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
J = Value is estimated.
U = Analyte not detected at the reported detection limit.
BTV = Background threshold value.

(1) The value is for trivalent chromium.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

1 1 1 1 1 1

0 0 0 0 0 0

SO SO SO SO SO SO

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL

20120606 20120606 20120606 20120606 20120606 20120606

57SB24-0001 57SB25-0001 57SB26-0001 57SB27-0001 57SB28-0001 57SB29-0001

57SB24 57SB25 57SB26 57SB27 57SB28 57SB29

TABLE 4-1

SUMMARY OF POSITIVE DETECTIONS IN SITE-SPECIFIC BACKGROUND SURFACE SOIL, ANTHROPOGENIC CONDITIONS
COMPARISON TO HUMAN HEALTH AND ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO



LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility Range of
SAMPLE DATE RSL RSL SCREENING Surface Soil Detections
SAMPLE CODE CRITERIA BTVs Pristine 
MATRIX Site-Specific
TOP DEPTH (feet) Background
BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7 0.04 J - 0.09 J 0.04 J 0.09 J

ARSENIC 0.61 2.4 17 2.75 0.35 J - 1 0.35 J 1

BARIUM 15000 190000 330 322 97.3 - 101 97.3 101

BERYLLIUM 160 2000 10 0.676 0.3 J - 0.39 J 0.3 J 0.39 J

CADMIUM 70 800 0.77 0.765 0.07 J - 0.13 0.07 J 0.13

CHROMIUM 
(1) 120000 1500000 0.4 55 23.6 J - 30.3 J 23.6 J 30.3 J

COBALT 23 300 13 52.3 27.8 - 31.8 27.8 31.8

COPPER 3100 41000 28 192 65.1 - 88.6 65.1 88.6

LEAD 400 800 11 34.2 3.6 J - 21.8 J 3.6 J 21.8 J

MERCURY 10 43 0.013 0.131 0.04 - 0.05 0.04 0.05

NICKEL 1500 20000 38 28 18 J - 20.3 J 20.3 J 18 J

SELENIUM 390 5100 0.52 1.07 0.4 J - 0.83 0.4 J 0.83

SILVER 390 5100 4.2 NC 0.02 J - 0.04 J 0.02 J 0.04 J

THALLIUM 0.78 10 0.0569 NC 0.02 J - 0.04 J 0.02 J 0.04 J

VANADIUM 390 5100 7.8 286 174 - 180 174 180

ZINC 23000 310000 46 132 71.8 J - 75.8 J 75.8 J 71.8 J

POLYNUCLEAR AROMATIC 

HYDROCARBONS (µg/kg)

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC 2.6 J 2.6 J 11 U

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
J = Value is estimated.
U = Analyte not detected at the reported detection limit.
BTV = Background threshold value.

(1) The value is for trivalent chromium.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

CEIBA, PUERTO RICO

TABLE 4-2

SUMMARY OF POSITIVE DETECTIONS IN SITE-SPECIFIC BACKGROUND SURFACE SOIL, PRISTINE CONDITIONS
COMPARISON TO HUMAN HEALTH AND ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

57SB30 57SB31

57SB30-0001 57SB31-0001

20120606 20120606

NORMAL NORMAL

SO SO

0 0

1 1



TABLE 4-3

FREQUENCY OF DETECTIONS IN SURFACE SOIL
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE 1 OF 2

Parameter Frequency of 
Detection

Location of 
Maximum 
Detection

Sample with 
Maximum 

Concentration

Range of Non-
Detects

Inorganics  (mg/kg)
ANTIMONY 24/34 0.03 J 1.7 J 57SB07 57SB07-00-D 0.67 - 3.2
ARSENIC 31/34 0.18 J 5.2 57SS08 57SS08 0.34 - 1.2
BARIUM 34/34 14.6 J 374 57SB15 57SB15-0001  - 
BERYLLIUM 28/34 0.07 J 0.74 J 57SB22 57SB22-0001 0.03 - 0.64
CADMIUM 28/34 0.06 J 5.3 57SS08 57SS08 0.17 - 0.58
CHROMIUM 34/34 8.1 108 57SB04 57SB04-00  - 
COBALT 34/34 5.6 65.3 57SB15 57SB15-0001  - 

COPPER 34/34 23 N 160 N 3E-02 3E-SS02  - 
CYANIDE 2/6 0.46 B 0.53 B 3E-06 3E-SS06 0.59 - 0.8
LEAD 34/34 0.95 J 159 J 57SB34 57SB34-0001  - 
MERCURY 28/34 0.0086 BN 0.45 J 57SS09 57SS09-D 0.018 - 0.03
NICKEL 34/34 4.8 J 39.2 57SB04 57SB04-00  - 
SELENIUM 17/28 0.1 J 1.6 57SB15 57SB15-0001 0.21 - 1.6
SILVER 24/34 0.01 J 0.26 J 57SB02 57SB02-00 0.11 - 1.6
THALLIUM 27/34 0.01 J 8.8 57SS09 57SS09 0.026 - 1.6
TIN 18/34 0.97 J 4.1 B 3E-06 3E-SS06 1.7 - 3.9
VANADIUM 34/34 35 240 57SB07 57SB07-00-D  - 
ZINC 34/34 34 210 3E-06 3E-SS06  - 
PCB  (µg/kg)
AROCLOR-1260 11/34 18 J 760 57SS09 57SS09 8.1 - 55
Pesticides  (µg/kg)
4,4'-DDD 1/6 9.4 JP 9.4 JP 3E-06 3E-SS06 3.9 - 5.5
4,4'-DDE 2/6 1.4 J 11 3E-06 3E-SS06 3.9 - 5.5

4,4'-DDT 3/6 1.1 33 3E-06 3E-SS06 3.9 - 5
Herbicides   (µg/kg)
2,4,5-TP (SILVEX) 1/6 1.5 J 1.5 J 3E-01 3E-SS01 9.8 - 14
Polynuclear Aromatic Hydrocarbons   (µg/kg)
2-METHYLNAPHTHALENE 8/34 1 J 6 J 57SS08 57SS08 9.3 - 550
ACENAPHTHENE 6/34 0.82 J 2.4 J 57SS09 57SS09-D 9.3 - 550
ACENAPHTHYLENE 7/34 0.86 J 14 J 57SS09 57SS09-D 9.3 - 550
ANTHRACENE 9/34 0.67 J 7.9 J 57SS09 57SS09-D 9.3 - 550
BENZO(A)ANTHRACENE 13/34 0.98 J 79 J 3E-06 3E-SS06 9.3 - 550

BENZO(A)PYRENE 7/34 0.63 J 77 J 3E-06 3E-SS06 9.3 - 550
BENZO(B)FLUORANTHENE 8/34 1.5 J 95 J 3E-06 3E-SS06 9.3 - 550
BENZO(G,H,I)PERYLENE 7/34 0.65 J 97 J 3E-01 3E-SS01 9.3 - 550

Minimum 
Detection

Maximum 
Detection



TABLE 4-3

FREQUENCY OF DETECTIONS IN SURFACE SOIL
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE 2 OF 2

Parameter Frequency of 
Detection

Location of 
Maximum 
Detection

Sample with 
Maximum 

Concentration

Range of Non-
Detects

Minimum 
Detection

Maximum 
Detection

BENZO(K)FLUORANTHENE 6/34 0.9 J 76 J 3E-06 3E-SS06 9.3 - 550
CHRYSENE 11/34 1 J 110 J 3E-06 3E-SS06 9.3 - 550
DIBENZO(A,H)ANTHRACENE 2/34 0.71 J 0.75 J 57SB01 57SB01-00 9.3 - 550
FLUORANTHENE 13/34 2.5 J 120 J 3E-06 3E-SS06 9.3 - 550
FLUORENE 7/34 0.64 J 1.8 J 57SS09 57SS09-D 9.3 - 550
INDENO(1,2,3-CD)PYRENE 7/34 0.8 J 77 J 3E-01 3E-SS01 9.3 - 550
NAPHTHALENE 3/34 1.1 J 1.6 J 57SB07 57SB07-00 9.3 - 550
PHENANTHRENE 11/34 2.4 J 70 J 3E-06 3E-SS06 9.3 - 550

PYRENE 13/34 0.9 J 160 J 3E-06 3E-SS06 9.3 - 550
Semivolatile Organics  (µg/kg)
ACETOPHENONE 1/34 39 J 39 J 57SB07 57SB07-00 200 - 550
BIS(2-ETHYLHEXYL)PHTHALATE 17/34 50 J 1800 57SS12 57SS12 150 - 550
Volatile Organics  (µg/kg)
2-BUTANONE 2/33 97 J 120 J 57SB36 57SB36-0001 9.3 - 53
2-HEXANONE 1/33 35 J 35 J 57SB33 57SB33-0001 9.3 - 36
ACETONE 15/33 210 J 1200 J 57SB18 57SB18-0001 16 - 1100
BENZENE 2/33 1.9 J 2.6 J 57SB36 57SB36-0001 2.3 - 7.3
CARBON DISULFIDE 4/33 1.1 J 2.4 J 57SB01 57SB01-00 2.3 - 7.3
CARBON TETRACHLORIDE 4/33 2.4 J 8.8 3E-01 3E-SS01-D 2.3 - 7.3
CHLOROBENZENE 2/33 4.3 J 4.5 J 3E-03 3E-SS03 2.3 - 7.3
CHLOROFORM 2/33 1.9 J 4.3 J 3E-01 3E-SS01-D 2.3 - 7.3
ETHYLBENZENE 2/33 2.3 J 2.4 J 3E-03 3E-SS03 2.3 - 7.3
TETRACHLOROETHENE 3/33 4.2 J 6 3E-03 3E-SS03 2.3 - 7.3
TOTAL XYLENES 2/33 9 12 3E-01, 3E-03 3E-SS01-D, 3E-SS03 3.7 - 15

Petroleum Hydrocarbons  (mg/kg)
DIESEL RANGE ORGANICS 11/12 4.1 J 72 J 57SS09 57SS09 10 - 10
TOTAL PETROLEUM HYDROCARBONS 11/12 4.7 J 72.6 J 57SS09 57SS09 10.63 - 10.63

µg/kg = Micrograms per kilogram.
mg/kg = Milligrams per kilogram.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).



TABLE 4-4

SUMMARY OF POSITIVE DETECTIONS IN SURFACE SOIL
COMPARISON TO HUMAN HEALTH AND ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 1 OF 20

LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7 0.16 J 0.23 J 0.06 J 0.04 J

ARSENIC 0.61 2.4 17 2.75 1.9 J 1.8 J 0.78 0.8

BARIUM 15000 190000 330 322 107 J 46.4 J 55.4 374

BERYLLIUM 160 2000 10 0.676 0.13 J 0.07 J 0.35 J 0.57 J

CADMIUM 70 800 0.77 0.765 0.2 J 0.25 J 0.1 0.3

CHROMIUM 
(1) 120000 1500000 0.4 55 12.5 17.1 24.2 J 29.9 J

COBALT 23 300 13 52.3 8.5 J 5.9 J 31.9 65.3

COPPER 3100 41000 28 192 30.9 J 26 J 49.9 62.2

CYANIDE 22 140 0.9 NC NA NA NA NA

LEAD 400 800 11 34.2 24.5 J 33.4 J 19.7 J 17.8 J

MERCURY 10 43 0.013 0.131 0.09 0.07 0.03 U 0.05

NICKEL 1500 20000 38 28 4.8 J 5.6 J 11.1 J 21.7 J

SELENIUM 390 5100 0.52 1.07 0.31 J 0.42 J 1.1 1.6

SILVER 390 5100 4.2 NC 0.01 J 0.02 J 0.04 J 0.13

THALLIUM 0.78 10 0.0569 NC 0.1 0.03 J 0.02 J 0.03 J

TIN 47000 610000 7.62 4.25 1.9 U 2.6 U 3.8 U 2.8 U

VANADIUM 390 5100 7.8 286 58.6 41.8 158 170

ZINC 23000 310000 46 132 46.1 47.3 47.8 J 69.3 J

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC 68 J 57 J 8.1 U 8.7 U

PESTICIDES  (µg/kg)

4,4'-DDD 2000 7200 93 NC NA NA NA NA

4,4'-DDE 1400 5100 93 NC NA NA NA NA

4,4'-DDT 1700 7000 93 NC NA NA NA NA

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC NA NA NA NA

POLYNUCLEAR AROMATIC HYDROCARBONS  (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC 10 U 9.3 U 9.9 U 9.8 U

ACENAPHTHENE 3400000 33000000 20000 NC 10 U 9.3 U 9.9 U 9.8 U

ACENAPHTHYLENE 3400000 33000000 20000 NC 10 U 9.3 U 9.9 U 9.8 U

ANTHRACENE 17000000 170000000 2500 NC 10 U 9.3 U 9.9 U 9.8 U

BENZO(A)ANTHRACENE 150 2100 800 NC 10 UJ 9.3 UJ 9.9 U 9.8 UJ

BENZO(A)PYRENE 15 210 18000 NC 10 UJ 9.3 UJ 9.9 U 9.8 U

BENZO(B)FLUORANTHENE 150 2100 18000 NC 10 UJ 9.3 U 9.9 U 9.8 U

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC 10 UJ 9.3 U 9.9 U 9.8 U

BENZO(K)FLUORANTHENE 1500 21000 18000 NC 10 UJ 9.3 U 9.9 U 9.8 U

CHRYSENE 15000 210000 18000 NC 10 U 9.3 U 9.9 U 9.8 U

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC 10 UJ 9.3 U 9.9 U 9.8 U

FLUORANTHENE 2300000 22000000 29000 NC 10 U 9.3 U 9.9 U 9.8 U

FLUORENE 2300000 22000000 29000 NC 10 U 9.3 U 9.9 U 9.8 U

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC 10 UJ 9.3 U 9.9 U 9.8 U

NAPHTHALENE 3600 18000 1000 NC 10 U 9.3 U 9.9 U 9.8 U

PHENANTHRENE 1700000 17000000 29000 NC 10 U 9.3 U 9.9 U 9.8 U

PYRENE 1700000 17000000 18000 NC 10 U 9.3 U 9.9 U 9.8 UJ

57SB13 57SB14 57SB15

57SB13-0001 57SB13-0001-D 57SB14-0001 57SB15-0001

20120607 20120607 20120607 20120607

ORIG DUP NORMAL NORMAL

SO SO SO SO

0 0 0 0

1 1 1 1



TABLE 4-4

SUMMARY OF POSITIVE DETECTIONS IN SURFACE SOIL
COMPARISON TO HUMAN HEALTH AND ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
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CEIBA, PUERTO RICO
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

57SB13 57SB14 57SB15

57SB13-0001 57SB13-0001-D 57SB14-0001 57SB15-0001

20120607 20120607 20120607 20120607

ORIG DUP NORMAL NORMAL

SO SO SO SO

0 0 0 0

1 1 1 1

SEMIVOLATILES ORGANICS  (µg/kg)

ACETOPHENONE 7800000 100000000 NC NC 250 U 230 U 250 U 240 U

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC 450 150 J 320 U 240 U

VOLATILES ORGANICS (µg/kg)

2-BUTANONE 28000000 200000000 89600 NC 24 U 24 U 44 U 14 U

2-HEXANONE 210000 1400000 360 NC 14 UJ 15 UJ 15 UJ 12 UJ

ACETONE 61000000 630000000 2500 NC 230 J 270 J 390 J 270 J

BENZENE 1100 5400 255 NC 2.8 UJ 3 UJ 3 UJ 2.3 UJ

CARBON DISULFIDE 820000 3700000 94.1 NC 2.8 UJ 3 UJ 3 UJ 2.3 UJ

CARBON TETRACHLORIDE 610 3000 1000000 NC 2.8 UJ 3 UJ 3 UJ 2.3 UJ

CHLOROBENZENE 290000 1400000 40000 NC 2.8 UJ 3 UJ 3 UJ 2.3 UJ

CHLOROFORM 290 1500 8000 NC 2.8 UJ 3 UJ 3 UJ 2.3 UJ

ETHYLBENZENE 5400 27000 5160 NC 2.8 UJ 3 UJ 3 UJ 2.3 UJ

TETRACHLOROETHENE 22000 110000 360 NC 2.8 UJ 3 UJ 3 UJ 2.3 UJ

TOTAL XYLENES 630000 2700000 10000 NC 8.2 UJ 9 UJ 9 UJ 6.9 UJ

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC NA NA NA NA

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC NA NA NA NA

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7

ARSENIC 0.61 2.4 17 2.75

BARIUM 15000 190000 330 322

BERYLLIUM 160 2000 10 0.676

CADMIUM 70 800 0.77 0.765

CHROMIUM 
(1) 120000 1500000 0.4 55

COBALT 23 300 13 52.3

COPPER 3100 41000 28 192

CYANIDE 22 140 0.9 NC

LEAD 400 800 11 34.2

MERCURY 10 43 0.013 0.131

NICKEL 1500 20000 38 28

SELENIUM 390 5100 0.52 1.07

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 NC

TIN 47000 610000 7.62 4.25

VANADIUM 390 5100 7.8 286

ZINC 23000 310000 46 132

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

PESTICIDES  (µg/kg)

4,4'-DDD 2000 7200 93 NC

4,4'-DDE 1400 5100 93 NC

4,4'-DDT 1700 7000 93 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS  (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

0.14 J 0.13 J 0.09 J 0.1 J

1.8 1.1 1.5 J 1.5 J

95.4 128 90.1 J 89.2 J

0.38 J 0.38 J 0.34 J 0.31 J

0.54 0.31 0.17 J 0.33 J

31 J 31.3 J 23.4 28.4

34.8 35 22.9 J 28.2 J

81.4 71.6 79.8 J 75.3 J

NA NA NA NA

21.7 J 53.4 J 16.8 J 19.6 J

0.08 0.09 0.02 U 0.08

16.9 J 16 J 13.6 J 15.2 J

1.2 0.66 0.69 J 1.1 J

0.21 0.11 0.04 J 0.07 J

0.04 J 0.03 J 0.03 J 0.03 J

3.1 U 3 U 3.2 U 2.8 U

171 169 146 147

90 J 82 J 78.2 73.6

9.9 U 9.8 UJ 9.7 UJ 10 UJ

NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

12 U 10 U 12 U 12 U

12 U 10 U 12 U 12 U

12 U 10 U 12 U 12 U

12 U 10 U 12 U 12 U

12 U 10 UJ 12 UJ 12 U

12 U 10 U 12 UJ 12 UJ

12 U 10 U 12 U 12 U

12 U 10 U 12 UJ 12 U

12 U 10 U 12 U 12 U

12 U 10 U 12 U 12 U

12 U 10 U 12 U 12 U

12 U 10 U 12 U 3.9 J

12 U 10 U 12 U 12 U

12 U 10 U 12 U 12 U

12 U 10 U 12 U 12 U

12 U 10 U 12 U 12 U

12 U 10 UJ 12 UJ 12 U

57SB16 57SB17 57SB18 57SB19

57SB19-000157SB16-0001 57SB17-0001 57SB18-0001

2012060720120606 20120607 20120607

NORMALNORMAL NORMAL NORMAL

SOSO SO SO

0 0 0 0

1 1 1 1
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

SEMIVOLATILES ORGANICS  (µg/kg)

ACETOPHENONE 7800000 100000000 NC NC

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

2-BUTANONE 28000000 200000000 89600 NC

2-HEXANONE 210000 1400000 360 NC

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROBENZENE 290000 1400000 40000 NC

CHLOROFORM 290 1500 8000 NC

ETHYLBENZENE 5400 27000 5160 NC

TETRACHLOROETHENE 22000 110000 360 NC

TOTAL XYLENES 630000 2700000 10000 NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

57SB16 57SB17 57SB18 57SB19

57SB19-000157SB16-0001 57SB17-0001 57SB18-0001

2012060720120606 20120607 20120607

NORMALNORMAL NORMAL NORMAL

SOSO SO SO

0 0 0 0

1 1 1 1

290 U 260 U 300 U 290 U

290 U 260 U 300 U 290 U

14 U 26 U 53 U 97 J

12 UJ 14 UJ 14 UJ 18 UJ

270 J 400 J 1200 J 1100 UJ

2.4 UJ 2.8 UJ 2.8 UJ 3.5 UJ

2.4 UJ 2.8 UJ 1.2 J 3.5 UJ

2.4 UJ 2.8 UJ 2.8 UJ 3.5 UJ

2.4 UJ 2.8 UJ 2.8 UJ 3.5 UJ

2.4 UJ 2.8 UJ 2.8 UJ 3.5 UJ

2.4 UJ 2.8 UJ 2.8 UJ 3.5 UJ

2.4 UJ 2.8 UJ 2.8 UJ 3.5 UJ

7.4 UJ 8.2 UJ 8.2 UJ 10 UJ

NA NA NA NA

NA NA NA NA



TABLE 4-4

SUMMARY OF POSITIVE DETECTIONS IN SURFACE SOIL
COMPARISON TO HUMAN HEALTH AND ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 5 OF 20

LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7

ARSENIC 0.61 2.4 17 2.75

BARIUM 15000 190000 330 322

BERYLLIUM 160 2000 10 0.676

CADMIUM 70 800 0.77 0.765

CHROMIUM 
(1) 120000 1500000 0.4 55

COBALT 23 300 13 52.3

COPPER 3100 41000 28 192

CYANIDE 22 140 0.9 NC

LEAD 400 800 11 34.2

MERCURY 10 43 0.013 0.131

NICKEL 1500 20000 38 28

SELENIUM 390 5100 0.52 1.07

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 NC

TIN 47000 610000 7.62 4.25

VANADIUM 390 5100 7.8 286

ZINC 23000 310000 46 132

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

PESTICIDES  (µg/kg)

4,4'-DDD 2000 7200 93 NC

4,4'-DDE 1400 5100 93 NC

4,4'-DDT 1700 7000 93 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS  (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

0.03 J 0.06 J 0.03 J 0.04 J

0.18 J 0.77 J 0.24 J 0.43 J

14.6 J 94.8 J 60.3 J 74.2 J

0.21 J 0.4 J 0.36 J 0.74 J

0.06 J 0.54 J 0.13 J 0.14 J

25.8 27.9 19.4 14.3

18.8 J 45.6 J 13.5 J 17.1 J

57.3 J 45.8 J 124 J 130 J

NA NA NA NA

0.95 J 22.3 J 11.7 J 1.7 J

0.02 U 0.02 U 0.05 0.05

19.3 J 11.4 J 12.8 J 9.8 J

0.1 J 1 J 0.39 J 0.15 J

0.02 J 0.13 0.08 J 0.04 J

0.026 U 0.04 J 0.033 U 0.01 J

1.7 U 2.1 U 2.5 U 2.1 U

140 165 189 175

77.2 57.3 93.4 201

8.6 UJ 8.3 U 9.1 UJ 9 UJ

NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

10 U 9.3 U 11 U 10 U

10 U 9.3 U 11 U 10 U

10 U 9.3 U 11 U 10 U

10 U 9.3 U 11 U 10 U

10 U 9.3 UJ 3.9 J 10 U

10 UJ 9.3 UJ 11 UJ 10 UJ

10 U 9.3 U 6.1 J 10 U

10 UJ 9.3 U 2.3 J 10 U

10 U 9.3 U 11 U 10 U

10 U 9.3 U 11 U 10 U

10 UJ 9.3 U 11 U 10 U

6.5 J 4.8 J 4.7 J 5.4 J

10 U 9.3 U 11 U 10 U

10 U 9.3 U 2.1 J 10 U

10 U 9.3 U 11 U 10 U

10 U 9.3 U 11 U 10 U

10 U 9.3 UJ 4.7 J 2.6 J

57SB20 57SB21 57SB22

57SB20-0001 57SB20-0001-D 57SB21-0001 57SB22-0001

20120607 20120607 20120607 20120607

ORIG DUP NORMAL NORMAL

SO SO SO SO

0 0 0

1 1

0

1 1
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

SEMIVOLATILES ORGANICS  (µg/kg)

ACETOPHENONE 7800000 100000000 NC NC

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

2-BUTANONE 28000000 200000000 89600 NC

2-HEXANONE 210000 1400000 360 NC

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROBENZENE 290000 1400000 40000 NC

CHLOROFORM 290 1500 8000 NC

ETHYLBENZENE 5400 27000 5160 NC

TETRACHLOROETHENE 22000 110000 360 NC

TOTAL XYLENES 630000 2700000 10000 NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

57SB20 57SB21 57SB22

57SB20-0001 57SB20-0001-D 57SB21-0001 57SB22-0001

20120607 20120607 20120607 20120607

ORIG DUP NORMAL NORMAL

SO SO SO SO

0 0 0

1 1

0

1 1

250 U 230 U 270 U 250 U

150 U 110 J 270 U 250 U

24 U 34 U 20 U 32 U

15 UJ 16 UJ 15 UJ 18 UJ

340 J 490 J 390 J 570 J

2.5 J 1.9 J 3 UJ 3.5 UJ

3 UJ 1.1 J 3 UJ 3.5 UJ

3 UJ 3.2 UJ 3 UJ 3.5 UJ

3 UJ 3.2 UJ 3 UJ 3.5 UJ

3 UJ 3.2 UJ 3 UJ 3.5 UJ

3 UJ 3.2 UJ 3 UJ 3.5 UJ

3 UJ 3.2 UJ 3 UJ 3.5 UJ

9 UJ 9.8 UJ 9 UJ 10 UJ

NA NA NA NA

NA NA NA NA
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7

ARSENIC 0.61 2.4 17 2.75

BARIUM 15000 190000 330 322

BERYLLIUM 160 2000 10 0.676

CADMIUM 70 800 0.77 0.765

CHROMIUM 
(1) 120000 1500000 0.4 55

COBALT 23 300 13 52.3

COPPER 3100 41000 28 192

CYANIDE 22 140 0.9 NC

LEAD 400 800 11 34.2

MERCURY 10 43 0.013 0.131

NICKEL 1500 20000 38 28

SELENIUM 390 5100 0.52 1.07

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 NC

TIN 47000 610000 7.62 4.25

VANADIUM 390 5100 7.8 286

ZINC 23000 310000 46 132

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

PESTICIDES  (µg/kg)

4,4'-DDD 2000 7200 93 NC

4,4'-DDE 1400 5100 93 NC

4,4'-DDT 1700 7000 93 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS  (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

0.53 J 0.07 J 0.33 J 0.1 J

1.5 J 0.64 J 2.6 J 1.5

56.3 J 97.2 J 138 J 99.2 J

0.11 J 0.35 J 0.36 J 0.37 J

1.1 J 0.09 J 4.3 J 0.28 J

13.6 36 62.8 34.8

9.4 J 29.3 J 35.3 J 33.2 J

77.4 J 92.1 J 82 J 78.5 J

NA NA NA NA

56.5 J 11.2 J 159 J 120 J

0.27 0.04 0.05 0.05

8.6 J 23.4 J 17.9 J 16.4 J

0.35 J 0.62 J 1.1 J 0.93

0.01 J 0.06 J 0.1 J 0.08

0.03 J 0.02 J 0.04 J 0.02 J

2.5 U 2.7 U 3.9 U 2.4 U

57.8 201 165 172

126 80.7 174 114

37 J 9.2 UJ 41 J 9.5 UJ

NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

10 U 11 U 12 U 11 U

10 U 11 U 12 U 11 U

10 U 11 U 12 U 11 U

10 U 11 U 12 U 11 U

5.8 J 11 U 3.3 J 11 UJ

4.8 J 11 UJ 4.3 J 11 UJ

13 J 11 U 12 J 11 U

10 U 11 U 6.2 J 11 U

3.8 J 11 U 12 U 11 U

10 U 11 U 12 U 11 U

10 U 11 U 12 U 11 U

8.9 J 11 U 7.8 J 11 U

10 U 11 U 12 U 11 U

10 U 11 U 5.2 J 11 U

10 U 11 U 12 U 11 U

10 U 11 U 4.4 J 11 U

14 J 11 U 9.8 J 11 U

57SB34 57SB3557SB32 57SB33

57SB32-0001 57SB35-000157SB33-0001 57SB34-0001

20120608 20120608 20120608 20120608

NORMAL NORMAL NORMAL NORMAL

SO SO SO SO

0 0 0

1 1 1

0

1
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

SEMIVOLATILES ORGANICS  (µg/kg)

ACETOPHENONE 7800000 100000000 NC NC

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

2-BUTANONE 28000000 200000000 89600 NC

2-HEXANONE 210000 1400000 360 NC

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROBENZENE 290000 1400000 40000 NC

CHLOROFORM 290 1500 8000 NC

ETHYLBENZENE 5400 27000 5160 NC

TETRACHLOROETHENE 22000 110000 360 NC

TOTAL XYLENES 630000 2700000 10000 NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

57SB34 57SB3557SB32 57SB33

57SB32-0001 57SB35-000157SB33-0001 57SB34-0001

20120608 20120608 20120608 20120608

NORMAL NORMAL NORMAL NORMAL

SO SO SO SO

0 0 0

1 1 1

0

1

260 U 270 U 290 U 270 U

370 510 260 J 270 U

28 U 12 U 28 U 29 U

15 UJ 35 J 18 UJ 18 UJ

260 J 210 J 480 J 540 J

3 UJ 3 UJ 3.5 UJ 3.5 UJ

3 UJ 3 UJ 3.5 UJ 3.5 UJ

3 UJ 3 UJ 3.5 UJ 3.5 UJ

3 UJ 3 UJ 3.5 UJ 3.5 UJ

3 UJ 3 UJ 3.5 UJ 3.5 UJ

3 UJ 3 UJ 3.5 UJ 3.5 UJ

3 UJ 3 UJ 3.5 UJ 3.5 UJ

9 UJ 9 UJ 10 UJ 10 UJ

NA NA NA NA

NA NA NA NA
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7

ARSENIC 0.61 2.4 17 2.75

BARIUM 15000 190000 330 322

BERYLLIUM 160 2000 10 0.676

CADMIUM 70 800 0.77 0.765

CHROMIUM 
(1) 120000 1500000 0.4 55

COBALT 23 300 13 52.3

COPPER 3100 41000 28 192

CYANIDE 22 140 0.9 NC

LEAD 400 800 11 34.2

MERCURY 10 43 0.013 0.131

NICKEL 1500 20000 38 28

SELENIUM 390 5100 0.52 1.07

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 NC

TIN 47000 610000 7.62 4.25

VANADIUM 390 5100 7.8 286

ZINC 23000 310000 46 132

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

PESTICIDES  (µg/kg)

4,4'-DDD 2000 7200 93 NC

4,4'-DDE 1400 5100 93 NC

4,4'-DDT 1700 7000 93 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS  (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

0.13 J 0.1 J 0.75 U 1.3 J

1.8 0.95 0.74 U 1.4

44.1 J 48.2 J 82.8 J 90.8

0.13 J 0.17 J 0.26 J 0.45 U

0.19 J 0.14 J 0.75 0.25 U

11.4 18.6 28.5 24.2

7.1 J 16.4 J 27.2 52.7

37.2 J 65.4 J 92.1 63.7 J

NA NA NA NA

9.6 J 12 J 52.5 19.1 J

0.03 J 0.03 J 0.04 J 0.13

8.6 J 11.8 J 19.4 14.7

0.6 0.34 J 0.23 U 0.45 R

0.02 J 0.04 J 0.12 U 0.26 J

0.03 J 0.01 J 8.3 3.6

3.1 U 2.6 U 1.9 J 1.7 J

59.9 107 155 184

62.8 60 99.5 45.7

12 UJ 8.6 UJ 38 U 39 U

NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

14 U 9.3 U 3.1 J 11 U

14 U 9.3 U 0.93 J 11 U

14 U 9.3 U 3.3 J 11 U

14 U 9.3 U 2.5 J 11 U

14 UJ 9.3 UJ 8.2 J 11 U

14 UJ 9.3 UJ 6.6 J 11 U

14 U 9.3 U 4.5 J 11 U

14 U 9.3 U 2.6 J 11 U

14 U 9.3 U 5.3 J 11 U

14 U 9.3 U 8.1 J 11 U

14 U 9.3 U 0.75 J 11 U

14 U 3.3 J 11 U 11 U

14 U 9.3 U 0.97 J 11 U

14 U 9.3 U 3.5 J 11 U

14 U 9.3 U 11 UJ 1.1 J

14 U 9.3 U 7.3 J 11 U

14 U 9.3 U 13 11 U

57SB0157SB36 57SB37 57SB02

57SB36-0001 57SB37-0001 57SB01-00 57SB02-00

20120608 20120608 20100128 20100126

NORMAL NORMAL NORMAL NORMAL

SO SO SO SO

0 00 0

11 1 1



TABLE 4-4

SUMMARY OF POSITIVE DETECTIONS IN SURFACE SOIL
COMPARISON TO HUMAN HEALTH AND ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 10 OF 20

LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

SEMIVOLATILES ORGANICS  (µg/kg)

ACETOPHENONE 7800000 100000000 NC NC

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

2-BUTANONE 28000000 200000000 89600 NC

2-HEXANONE 210000 1400000 360 NC

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROBENZENE 290000 1400000 40000 NC

CHLOROFORM 290 1500 8000 NC

ETHYLBENZENE 5400 27000 5160 NC

TETRACHLOROETHENE 22000 110000 360 NC

TOTAL XYLENES 630000 2700000 10000 NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

57SB0157SB36 57SB37 57SB02

57SB36-0001 57SB37-0001 57SB01-00 57SB02-00

20120608 20120608 20100128 20100126

NORMAL NORMAL NORMAL NORMAL

SO SO SO SO

0 00 0

11 1 1

340 U 230 U 220 U 220 U

160 J 120 J 160 J 110 J

120 J 12 U 13 U 13 R

25 UJ 15 UJ 13 U 13 R

960 J 220 J 21 U 22 R

2.6 J 3 UJ 5 U 5.1 R

1.7 J 3 UJ 2.4 J 5.1 R

5 UJ 3 UJ 5 U 5.1 R

5 UJ 3 UJ 5 U 5.1 R

5 UJ 3 UJ 5 U 5.1 R

5 UJ 3 UJ 5 U 5.1 R

5 UJ 3 UJ 5 U 5.1 R

15 UJ 9 UJ 5 U 5.1 R

NA NA 10 U 6.9 J

NA NA 10.63 U 7.55 J
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7

ARSENIC 0.61 2.4 17 2.75

BARIUM 15000 190000 330 322

BERYLLIUM 160 2000 10 0.676

CADMIUM 70 800 0.77 0.765

CHROMIUM 
(1) 120000 1500000 0.4 55

COBALT 23 300 13 52.3

COPPER 3100 41000 28 192

CYANIDE 22 140 0.9 NC

LEAD 400 800 11 34.2

MERCURY 10 43 0.013 0.131

NICKEL 1500 20000 38 28

SELENIUM 390 5100 0.52 1.07

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 NC

TIN 47000 610000 7.62 4.25

VANADIUM 390 5100 7.8 286

ZINC 23000 310000 46 132

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

PESTICIDES  (µg/kg)

4,4'-DDD 2000 7200 93 NC

4,4'-DDE 1400 5100 93 NC

4,4'-DDT 1700 7000 93 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS  (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

0.95 J 1.2 J 1.5 J 1.2 J

1.4 0.34 U 2 1.2

55.6 67.1 72 45.8

0.1 U 0.03 U 0.16 U 0.14 U

0.26 U 0.17 U 0.58 U 0.49 U

16.9 108 29.1 20.7

14.5 38.7 16.4 22.3

49.4 J 127 J 86.3 J 65.8 J

NA NA NA NA

9.2 J 10.3 J 20.6 J 10.2 J

0.026 J 0.019 U 0.04 J 0.041

10 39.2 10.7 13.7

0.4 R 0.43 R 0.51 R 0.42 R

0.15 J 0.23 J 0.22 J 0.23 J

1.1 J 4 1.4 J 2.1

1.6 J 2.3 J 2.3 J 0.97 J

74.9 154 149 120

67.2 74.6 155 94.9

36 U 36 U 43 U 36 U

NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

10 U 3.6 J 12 U 1.7 J

10 U 1.3 J 12 U 9.9 U

10 U 3.6 J 12 U 1.3 J

10 U 7.1 J 12 U 2.1 J

10 U 8.9 J 12 U 3.3 J

10 U 6.2 J 0.63 J 2.3 J

10 U 3.6 J 1.5 J 1.9 J

10 U 1.7 J 0.65 J 9.9 UJ

10 U 4.9 J 0.9 J 1.8 J

10 U 8.6 J 1.1 J 3.3 J

10 U 0.71 J 12 U 9.9 U

10 U 12 12 U 9.9 U

10 U 1.5 J 12 U 0.71 J

10 U 2.5 J 0.8 J 9.9 U

1.2 J 9.9 UJ 12 U 9.9 UJ

10 U 15 12 U 5 J

10 U 17 0.9 J 9.9 U

57SB05 57SB0657SB03 57SB04

57SB04-00 57SB05-00 57SB06-0057SB03-00

2010012820100128 2010012720100126

NORMAL NORMAL NORMALNORMAL

SOSO SOSO

0 0 0

1

0

11 1
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

SEMIVOLATILES ORGANICS  (µg/kg)

ACETOPHENONE 7800000 100000000 NC NC

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

2-BUTANONE 28000000 200000000 89600 NC

2-HEXANONE 210000 1400000 360 NC

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROBENZENE 290000 1400000 40000 NC

CHLOROFORM 290 1500 8000 NC

ETHYLBENZENE 5400 27000 5160 NC

TETRACHLOROETHENE 22000 110000 360 NC

TOTAL XYLENES 630000 2700000 10000 NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

57SB05 57SB0657SB03 57SB04

57SB04-00 57SB05-00 57SB06-0057SB03-00

2010012820100128 2010012720100126

NORMAL NORMAL NORMALNORMAL

SOSO SOSO

0 0 0

1

0

11 1

200 U 200 U 250 U 200 U

97 J 200 U 250 U 110 J

12 U 9.3 U 13 U 10 U

12 U 9.3 U 13 U 10 U

20 U 16 U 22 U 18 U

4.7 U 3.7 U 5.3 U 4.2 U

4.7 U 3.7 U 5.3 U 4.2 U

4.7 U 3.7 U 5.3 U 4.2 U

4.7 U 3.7 U 5.3 U 4.2 U

4.7 U 3.7 U 5.3 U 4.2 U

4.7 U 3.7 U 5.3 U 4.2 U

4.7 U 3.7 U 5.3 U 4.2 U

4.7 U 3.7 U 5.3 U 4.2 U

5.5 J 4.1 J 9.2 J 7 J

6.1 J 4.7 J 9.92 J 7.6 J
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7

ARSENIC 0.61 2.4 17 2.75

BARIUM 15000 190000 330 322

BERYLLIUM 160 2000 10 0.676

CADMIUM 70 800 0.77 0.765

CHROMIUM 
(1) 120000 1500000 0.4 55

COBALT 23 300 13 52.3

COPPER 3100 41000 28 192

CYANIDE 22 140 0.9 NC

LEAD 400 800 11 34.2

MERCURY 10 43 0.013 0.131

NICKEL 1500 20000 38 28

SELENIUM 390 5100 0.52 1.07

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 NC

TIN 47000 610000 7.62 4.25

VANADIUM 390 5100 7.8 286

ZINC 23000 310000 46 132

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

PESTICIDES  (µg/kg)

4,4'-DDD 2000 7200 93 NC

4,4'-DDE 1400 5100 93 NC

4,4'-DDT 1700 7000 93 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS  (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

1.1 J 1.7 J 1 J 0.85 U

0.83 J 1.3 J 5.2 1.6

95 J 161 J 163 J 190 J

0.53 U 0.64 U 0.3 J 0.34 J

0.28 U 0.31 U 5.3 1.1

29.3 39.7 38.5 26.5

31.7 49.3 30.3 34

75.5 J 85.6 J 71.2 92.3

NA NA NA NA

17.6 J 21.1 J 116 29.6 J

0.023 U 0.023 U 0.051 0.15 J

13.9 16.1 18.8 27.8 J

0.51 R 0.49 R 0.25 U 0.26 UJ

0.18 J 0.24 J 0.14 J 0.13 U

1.5 J 3.2 J 8.5 8.8

1.9 J 1.5 J 2.4 J 2.1 J

170 240 141 180

73.5 77.4 183 136

310 J 130 J 550 760

NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

12 U 12 U 6 J 2.3 J

12 U 12 U 1.9 J 0.91 J

12 U 12 U 1.8 J 1.4 J

1.3 J 12 U 3.7 J 2.1 J

0.98 J 12 U 5.9 J 2.9 J

12 U 12 U 12 UJ 11 U

12 UJ 12 U 12 UJ 11 UJ

12 U 12 U 12 UJ 11 UJ

12 U 12 U 12 UJ 11 U

1 J 12 U 6.7 J 3.1 J

12 U 12 U 12 UJ 11 U

2.5 J 12 U 16 11 UJ

12 U 12 U 1.7 J 0.64 J

12 U 12 U 12 UJ 11 U

1.6 J 12 U 12 U 11 U

2.4 J 12 U 7.7 J 4.9 J

2 J 12 U 16 11 UJ

57SB07 57SS08 57SS09

57SB07-00 57SS0957SS0857SB07-00-D

2010012920100127

ORIG ORIG

2010012920100127

NORMALDUP

SOSO SOSO

0

1 1

0 00

1 1
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

SEMIVOLATILES ORGANICS  (µg/kg)

ACETOPHENONE 7800000 100000000 NC NC

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

2-BUTANONE 28000000 200000000 89600 NC

2-HEXANONE 210000 1400000 360 NC

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROBENZENE 290000 1400000 40000 NC

CHLOROFORM 290 1500 8000 NC

ETHYLBENZENE 5400 27000 5160 NC

TETRACHLOROETHENE 22000 110000 360 NC

TOTAL XYLENES 630000 2700000 10000 NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

57SB07 57SS08 57SS09

57SB07-00 57SS0957SS0857SB07-00-D

2010012920100127

ORIG ORIG

2010012920100127

NORMALDUP

SOSO SOSO

0

1 1

0 00

1 1

39 J 250 U 240 U 230 U

71 J 54 J 240 U 230 U

13 U 14 U 18 U 13 U

13 U 14 U 18 U 13 U

22 U 23 U 48 U 22 U

5.2 U 5.4 U 7.2 U 5.1 U

5.2 U 5.4 U 7.2 U 5.1 U

5.2 U 5.4 U 7.2 U 5.1 U

5.2 U 5.4 U 7.2 U 5.1 U

5.2 U 5.4 U 7.2 U 5.1 U

5.2 U 5.4 U 7.2 U 5.1 U

5.2 U 5.4 U 7.2 U 5.1 U

5.2 U 5.4 U 7.2 U 5.1 U

13 J 16 70 72 J

13.74 J 16.74 70.6 72.6 J
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7

ARSENIC 0.61 2.4 17 2.75

BARIUM 15000 190000 330 322

BERYLLIUM 160 2000 10 0.676

CADMIUM 70 800 0.77 0.765

CHROMIUM 
(1) 120000 1500000 0.4 55

COBALT 23 300 13 52.3

COPPER 3100 41000 28 192

CYANIDE 22 140 0.9 NC

LEAD 400 800 11 34.2

MERCURY 10 43 0.013 0.131

NICKEL 1500 20000 38 28

SELENIUM 390 5100 0.52 1.07

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 NC

TIN 47000 610000 7.62 4.25

VANADIUM 390 5100 7.8 286

ZINC 23000 310000 46 132

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

PESTICIDES  (µg/kg)

4,4'-DDD 2000 7200 93 NC

4,4'-DDE 1400 5100 93 NC

4,4'-DDT 1700 7000 93 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS  (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

0.85 U 0.7 U 0.73 U 0.67 U

1.8 1.2 1.4 2.4

88.9 J 98.1 J 200 J 42.2 J

0.27 J 0.27 J 0.32 J 0.07 J

1.4 1.3 1.1 0.76

27.7 19.2 24.9 11

29.4 24.9 64.8 8.2

86.7 85.1 80.9 35.8

NA NA NA NA

46.4 J 60.6 33.7 30.5

0.45 J 0.037 J 0.058 0.018 U

14.8 J 15 15.4 4.9

0.93 J 0.21 U 0.22 U 0.21 U

0.13 U 0.11 U 0.15 J 0.11 U

7.1 7.6 7.7 3.1

2.2 J 1.5 J 1.5 J 1.8 J

150 118 141 44.4

143 96.9 79.7 49.4

610 39 J 38 U 46

NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

2.3 J 1.9 J 1 J 2 J

2.4 J 1.8 J 10 U 0.82 J

14 J 1.7 J 10 UJ 0.86 J

7.9 J 2.7 J 0.67 J 3.8 J

30 J 17 2.9 J 1.3 J

12 UJ 10 UJ 10 U 9.5 UJ

12 UJ 10 UJ 10 U 9.5 UJ

12 UJ 10 UJ 10 UJ 9.5 UJ

12 UJ 10 UJ 10 U 9.5 UJ

27 J 26 3.4 J 1.4 J

12 UJ 10 UJ 10 U 9.5 UJ

41 J 47 10 U 9.5 U

1.8 J 1.3 J 10 UJ 0.8 J

12 UJ 10 UJ 10 U 9.5 UJ

12 U 10 UJ 10 UJ 9.5 U

9.4 J 34 3 J 2.5 J

63 J 69 10 U 9.5 U

57SS09 57SS10 57SS11 57SS12

57SS09-D 57SS10 57SS11 57SS12

20100129 20100129 20100129 20100129

DUP NORMAL NORMAL NORMAL

SO SO SO SO

0 0

1

0 0

1 1 1
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

SEMIVOLATILES ORGANICS  (µg/kg)

ACETOPHENONE 7800000 100000000 NC NC

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

2-BUTANONE 28000000 200000000 89600 NC

2-HEXANONE 210000 1400000 360 NC

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROBENZENE 290000 1400000 40000 NC

CHLOROFORM 290 1500 8000 NC

ETHYLBENZENE 5400 27000 5160 NC

TETRACHLOROETHENE 22000 110000 360 NC

TOTAL XYLENES 630000 2700000 10000 NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

57SS09 57SS10 57SS11 57SS12

57SS09-D 57SS10 57SS11 57SS12

20100129 20100129 20100129 20100129

DUP NORMAL NORMAL NORMAL

SO SO SO SO

0 0

1

0 0

1 1 1

240 U 200 U 210 U 200 U

240 U 70 J 50 J 1800

13 R 14 U 12 U 11 U

13 R 14 U 12 U 11 U

21 R 23 U 21 U 18 U

5 R 5.5 U 4.9 U 4.3 U

5 R 5.5 U 4.9 U 4.3 U

5 R 5.5 U 4.9 U 4.3 U

5 R 5.5 U 4.9 U 4.3 U

5 R 5.5 U 4.9 U 4.3 U

5 R 5.5 U 4.9 U 4.3 U

5 R 5.5 U 4.9 U 4.3 U

5 R 5.5 U 4.9 U 4.3 U

37 J 28 25 13

37.68 J 28.57 25.62 13.56
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7

ARSENIC 0.61 2.4 17 2.75

BARIUM 15000 190000 330 322

BERYLLIUM 160 2000 10 0.676

CADMIUM 70 800 0.77 0.765

CHROMIUM 
(1) 120000 1500000 0.4 55

COBALT 23 300 13 52.3

COPPER 3100 41000 28 192

CYANIDE 22 140 0.9 NC

LEAD 400 800 11 34.2

MERCURY 10 43 0.013 0.131

NICKEL 1500 20000 38 28

SELENIUM 390 5100 0.52 1.07

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 NC

TIN 47000 610000 7.62 4.25

VANADIUM 390 5100 7.8 286

ZINC 23000 310000 46 132

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

PESTICIDES  (µg/kg)

4,4'-DDD 2000 7200 93 NC

4,4'-DDE 1400 5100 93 NC

4,4'-DDT 1700 7000 93 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS  (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

2.6 UN 2.8 UN 2.3 UN 2.4 UN

1.1 B 1.2 B 3.7 1.2 U

110 70 81 55

0.35 B 0.34 B 0.2 B 0.17 B

0.8 0.79 1.4 1.4

30 31 21 36

38 26 14 25

77 N 84 N 160 N 86 N

0.67 U 0.73 U 0.59 U 0.66 U

20 21 32 2.8

0.049 N 0.05 N 0.0086 BN 0.0098 BSN

16 19 13 28

1.3 U 1.4 U 1.1 U 1.2 U

1.3 U 1.4 U 1.1 U 1.2 U

1.3 U 1.4 U 1.1 U 1.2 U

2.2 B 2.7 B 3.9 B 3.4 B

180 160 86 140

87 90 130 70

46 U 50 U 55 44 U

4.6 U 5 U 3.9 U 4.4 U

4.6 U 5 U 3.9 U 4.4 U

4.6 U 5 U 3.9 U 4.4 U

1.5 J 12 U 9.8 U 11 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

97 J 500 U 390 U 440 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

77 J 500 U 390 U 440 U

460 U 500 U 390 U 440 U

460 U 500 U 390 U 440 U

35 J 500 U 390 U 440 U

3E-01 3E-02 3E-03

3E-SS01 3E-SS01-D 3E-SS02 3E-SS03

20040505

ORIG

20040505 20040505 20040505

DUP NORMAL NORMAL

SO SO SO SO

0 0 00

1 1 1 1
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SUMMARY OF POSITIVE DETECTIONS IN SURFACE SOIL
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SWMU 57 - POL DRUM STORAGE AREA
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CEIBA, PUERTO RICO
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

SEMIVOLATILES ORGANICS  (µg/kg)

ACETOPHENONE 7800000 100000000 NC NC

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

2-BUTANONE 28000000 200000000 89600 NC

2-HEXANONE 210000 1400000 360 NC

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROBENZENE 290000 1400000 40000 NC

CHLOROFORM 290 1500 8000 NC

ETHYLBENZENE 5400 27000 5160 NC

TETRACHLOROETHENE 22000 110000 360 NC

TOTAL XYLENES 630000 2700000 10000 NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

3E-01 3E-02 3E-03

3E-SS01 3E-SS01-D 3E-SS02 3E-SS03

20040505

ORIG

20040505 20040505 20040505

DUP NORMAL NORMAL

SO SO SO SO

0 0 00

1 1 1 1

460 U 500 U 390 U 440 U

460 U 500 U 52 J 440 U

29 U 35 U 28 U 30 U

29 U 35 U 28 U 30 U

59 U 70 U 55 U 59 U

5.9 U 7 U 5.5 U 5.9 U

5.9 U 7 U 5.5 U 5.9 U

4 J 8.8 2.4 J 5.7 J

5.9 U 4.3 J 5.5 U 4.5 J

1.9 J 4.3 J 5.5 U 2.9 J

5.9 U 2.3 J 5.5 U 2.4 J

5.9 U 5.7 J 5.5 U 6

12 U 12 J 11 U 12

NA NA NA NA

NA NA NA NA
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 2.7

ARSENIC 0.61 2.4 17 2.75

BARIUM 15000 190000 330 322

BERYLLIUM 160 2000 10 0.676

CADMIUM 70 800 0.77 0.765

CHROMIUM 
(1) 120000 1500000 0.4 55

COBALT 23 300 13 52.3

COPPER 3100 41000 28 192

CYANIDE 22 140 0.9 NC

LEAD 400 800 11 34.2

MERCURY 10 43 0.013 0.131

NICKEL 1500 20000 38 28

SELENIUM 390 5100 0.52 1.07

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 NC

TIN 47000 610000 7.62 4.25

VANADIUM 390 5100 7.8 286

ZINC 23000 310000 46 132

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

PESTICIDES  (µg/kg)

4,4'-DDD 2000 7200 93 NC

4,4'-DDE 1400 5100 93 NC

4,4'-DDT 1700 7000 93 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS  (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

1 BN 2.5 UN 3.2 UN 3.2 UN

1.5 1.2 B 3.5 3.6

83 36 62 74

0.22 B 0.088 B 0.13 B 0.26 B

1.2 0.38 B 0.63 B 2.9

34 8.1 17 31

24 5.6 10 18

97 N 23 N 40 N 100 N

0.46 B 0.71 U 0.8 U 0.53 B

48 16 32 120

0.16 SN 0.15 N 0.049 N 0.054 N

20 5.2 9.6 14

1.4 U 1.3 U 1.6 U 1.6 U

1.4 U 1.3 U 1.6 U 1.6 U

1.4 U 1.3 U 1.6 U 1.6 U

3.7 B 3 B 3.3 B 4.1 B

150 35 67 110

120 34 63 210

18 J 48 U 55 U 330

4.8 U 4.8 U 5.5 U 9.4 JP

1.4 J 4.8 U 5.5 U 11

2.3 J 1.1 J 1.1 J 33

12 U 12 U 14 U 14 U

480 U 480 U 550 U 540 U

480 U 480 U 550 U 540 U

480 U 480 U 550 U 540 U

480 U 480 U 550 U 540 U

480 U 480 U 550 U 79 J

480 U 480 U 550 U 77 J

480 U 480 U 550 U 95 J

480 U 480 U 550 U 67 J

480 U 480 U 550 U 76 J

480 U 480 U 550 U 110 J

480 U 480 U 550 U 540 U

480 U 480 U 550 U 120 J

480 U 480 U 550 U 540 U

480 U 480 U 550 U 51 J

480 U 480 U 550 U 540 U

480 U 480 U 550 U 70 J

480 U 480 U 550 U 160 J

3E-05 3E-063E-04

3E-SS05 3E-SS05-D 3E-SS063E-SS04

20040505 20040505 20040505

ORIG

20040505

DUP NORMALNORMAL

SO SO SOSO

00 0 0

11 1 1



TABLE 4-4

SUMMARY OF POSITIVE DETECTIONS IN SURFACE SOIL
COMPARISON TO HUMAN HEALTH AND ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 20 OF 20

LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL NAPR Facility

SAMPLE DATE RSL RSL SCREENING Surface Soil

SAMPLE CODE CRITERIA BTVs

MATRIX

TOP DEPTH (feet)

BOTTOM DEPTH (feet)

SEMIVOLATILES ORGANICS  (µg/kg)

ACETOPHENONE 7800000 100000000 NC NC

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

2-BUTANONE 28000000 200000000 89600 NC

2-HEXANONE 210000 1400000 360 NC

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROBENZENE 290000 1400000 40000 NC

CHLOROFORM 290 1500 8000 NC

ETHYLBENZENE 5400 27000 5160 NC

TETRACHLOROETHENE 22000 110000 360 NC

TOTAL XYLENES 630000 2700000 10000 NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

3E-05 3E-063E-04

3E-SS05 3E-SS05-D 3E-SS063E-SS04

20040505 20040505 20040505

ORIG

20040505

DUP NORMALNORMAL

SO SO SOSO

00 0 0

11 1 1

480 U 480 U 550 U 540 U

480 U 480 U 550 U 130 J

32 U 36 U 36 U 36 U

32 U 36 U 36 U 36 U

65 U 72 U 73 U 73 U

6.5 U 7.2 U 7.3 U 7.3 U

6.5 U 7.2 U 7.3 U 7.3 U

6.5 U 3 J 7.3 U 7.3 U

6.5 U 7.2 U 7.3 U 7.3 U

6.5 U 7.2 U 7.3 U 7.3 U

6.5 U 7.2 U 7.3 U 7.3 U

6.5 U 4.2 J 7.3 U 7.3 U

13 U 14 U 15 U 15 U

NA NA NA NA

NA NA NA NA
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FREQUENCY OF DETECTIONS IN SUBSURFACE SOIL, 1 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE 1 OF 2

Parameter Frequency of 
Detection

Location of 
Maximum 
Detection

Sample with Maximum 
Concentration

Range of Non-
Detects

Inorganics  (mg/kg
ANTIMONY 16/23 0.03 J 2.1 J 57SB02 57SB02-01 0.79 - 3.6
ARSENIC 19/23 0.54 2.5 J 57SB13 57SB13-0103 0.98 - 1.8
BARIUM 23/23 25 290 57SB02 57SB02-01  - 
BERYLLIUM 18/23 0.08 J 0.61 57SB02 57SB02-01 0.39 - 0.61
CADMIUM 17/23 0.03 J 4.7 J 57SB34 57SB34-0103 0.12 - 0.91
CHROMIUM 23/23 6.4 110 3E-03 3E-SB03-01  - 
COBALT 23/23 3.1 J 97 57SB02 57SB02-01  - 
COPPER 23/23 17.9 J 120 N 3E-04, 3E-03 3E-SB04-01, 3E-SB03-01  - 
LEAD 23/23 1.5 238 J 57SB18 57SB18-0103  - 
MERCURY 14/23 0.007 J 0.11 J 57SB05 57SB05-01 0.015 - 0.033
NICKEL 23/23 2.5 J 37 3E-03 3E-SB03-01  - 
SELENIUM 11/17 0.23 J 1.5 57SB16 57SB16-0103 1 - 2
SILVER 17/23 0.01 J 0.43 J 57SB05 57SB05-01-D 0.12 - 1.8
THALLIUM 17/23 0.01 J 10.2 57SB01 57SB01-01 0.98 - 1.8
TIN 13/23 0.91 J 17.6 57SB18 57SB18-0103 0.62 - 3
VANADIUM 23/23 30.5 237 57SB02 57SB02-01  - 
ZINC 23/23 14.5 162 57SB34 57SB34-0103  - 
PCB  (µg/kg)
AROCLOR-1260 2/23 30 J 34 J 57SB07 57SB07-01 8.2 - 61
Herbicides  (µg/kg)
2,4,5-TP (SILVEX) 1/6 4.1 J 4.1 J 3E-04 3E-SB04-01 9.3 - 15
Polynuclear Aromatic Hydrocarbons  (µg/kg)
2-METHYLNAPHTHALENE 3/23 1.1 J 3.4 J 57SB04 57SB04-01 9.4 - 610
ACENAPHTHENE 1/23 1.3 J 1.3 J 57SB04 57SB04-01 9.4 - 610
ACENAPHTHYLENE 2/23 0.98 J 6.8 J 57SB04 57SB04-01 9.4 - 610
ANTHRACENE 3/23 0.68 J 4.2 J 57SB04 57SB04-01 9.4 - 610
BENZO(A)ANTHRACENE 4/23 1.5 J 20 57SB04 57SB04-01 9.4 - 610
BENZO(A)PYRENE 2/23 0.74 J 17 57SB04 57SB04-01 9.4 - 610
BENZO(B)FLUORANTHENE 4/23 0.74 J 9.6 J 57SB04 57SB04-01 9.4 - 610
BENZO(G,H,I)PERYLENE 2/23 4 J 5.7 J 57SB04 57SB04-01 9.4 - 610
BENZO(K)FLUORANTHENE 2/23 0.8 J 11 57SB04 57SB04-01 9.4 - 610
CHRYSENE 3/23 1.6 J 20 57SB04 57SB04-01 9.4 - 610
DIBENZO(A,H)ANTHRACENE 1/23 1.8 J 1.8 J 57SB04 57SB04-01 9.4 - 610
FLUORANTHENE 4/23 1.9 J 18 57SB04 57SB04-01 9.8 - 610
FLUORENE 1/23 1.6 J 1.6 J 57SB04 57SB04-01 9.4 - 610
INDENO(1,2,3-CD)PYRENE 3/23 0.5 J 7 J 57SB04 57SB04-01 9.4 - 610
NAPHTHALENE 2/23 0.9 J 1.1 J 57SB02 57SB02-01 9.4 - 610
PHENANTHRENE 5/23 2.2 J 9.2 J 57SB04 57SB04-01 9.4 - 610
PYRENE 4/23 1.1 J 28 J 3E-06, 57SB04 3E-SB06-01, 57SB04-01 9.4 - 460
Semivolatile Organics (µg/kg)
BIS(2-ETHYLHEXYL)PHTHALATE 6/23 56 J 140 J 57SB03 57SB03-01 200 - 610

Minimum 
Detection

Maximum 
Detection



TABLE 4-5

FREQUENCY OF DETECTIONS IN SUBSURFACE SOIL, 1 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE 2 OF 2

Parameter Frequency of 
Detection

Location of 
Maximum 
Detection

Sample with Maximum 
Concentration

Range of Non-
Detects

Minimum 
Detection

Maximum 
Detection

Volatile Organics  (µg/kg)
ACETONE 6/23 240 J 610 J 57SB19 57SB19-0103 17 - 2100
BENZENE 1/23 2 J 2 J 57SB20 57SB20-0103 2.3 - 210
BROMOMETHANE 2/23 1.1 J 1.9 J 57SB15 57SB15-0103 4.6 - 210
CARBON DISULFIDE 2/23 1 J 2.5 J 57SB19 57SB19-0103 2.3 - 210
CARBON TETRACHLORIDE 1/23 2.8 J 2.8 J 3E-02 3E-SB02-01 2.3 - 210
CHLOROFORM 1/23 1.8 J 1.8 J 3E-02 3E-SB02-01 2.3 - 210
METHYL IODIDE 1/23 2.8 J 2.8 J 57SB18 57SB18-0103 2.4 - 210
Petroleum Hydrocarbons  (mg/kg)
DIESEL RANGE ORGANICS 6/7 3.5 J 11 J 57SB07 57SB07-01 10 - 10
TOTAL PETROLEUM HYDROCARBONS 6/7 4.13 J 11.66 J 57SB07 57SB07-01 10.64 - 10.64

µg/kg = Micrograms per kilogram.
mg/kg = Milligrams per kilogram.
J = Value is estimated.
N = The matrix spike recovery is not within control limtis.



TABLE 4-6

SUMMARY OF POSITIVE DETECTIONS IN SUBSURFACE SOIL, 1 TO 3 FEET BGS
COMPARISON TO HUMAN HEALTH AND ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 NC 0.15 J 0.08 J 0.03 J 0.1 J

ARSENIC 0.61 2.4 17 3.15 2.5 J 0.54 0.94 1.2

BARIUM 15000 190000 330 347 39.9 J 195 148 103

BERYLLIUM 160 2000 10 0.672 0.14 J 0.48 J 0.47 J 0.45 J

CADMIUM 70 800 0.77 0.603 0.29 J 0.03 J 0.06 J 0.47

CHROMIUM 
(1) 12000 1500000 0.4 167 13.8 29.5 J 28.8 J 37.6 J

COBALT 23 300 13 49.8 5.7 J 26.5 20.8 60

COPPER 3100 41000 28 280 40.1 J 76.8 91.1 70.8

LEAD 400 800 11 6.97 15.9 J 6.8 J 26.9 J 31.5 J

MERCURY 10 43 0.013 0.119 0.02 U 0.015 U 0.07 0.08

NICKEL 1500 20000 38 34.1 6.5 J 18.2 J 10.4 J 16.3 J

SELENIUM 390 5100 0.52 2.57 0.47 J 0.95 0.78 1.5

SILVER 390 5100 4.2 NC 0.03 J 0.02 J 0.18 0.22

THALLIUM 0.78 10 0.0569 0.27 0.03 J 0.02 J 0.02 J 0.05 J

TIN 47000 610000 7.62 3.48 1.9 U 3 U 3 U 3 U

VANADIUM 390 5100 7.8 482 47.6 183 190 209

ZINC 23000 310000 46 111 37.5 87.8 J 65.2 J 70.1 J

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC 8.2 UJ 10 U 11 UJ 9.1 U

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC NA NA NA NA

POLYNUCLEAR AROMATIC HYDROCARBONS (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC 10 U 11 U 12 U 12 U

ACENAPHTHENE 3400000 33000000 20000 NC 10 U 11 U 12 U 12 U

ACENAPHTHYLENE 3400000 33000000 20000 NC 10 U 11 U 12 U 12 U

ANTHRACENE 17000000 170000000 2500 NC 10 U 11 U 12 U 12 U

BENZO(A)ANTHRACENE 150 2100 800 NC 10 UJ 11 UJ 12 UJ 12 U

BENZO(A)PYRENE 15 210 18000 NC 10 UJ 11 U 12 U 12 U

BENZO(B)FLUORANTHENE 150 2100 18000 NC 10 U 11 U 12 U 12 U

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC 10 U 11 U 12 U 12 U

BENZO(K)FLUORANTHENE 1500 21000 18000 NC 10 U 11 U 12 U 12 U

CHRYSENE 15000 210000 18000 NC 10 U 11 U 12 U 12 U

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC 10 U 11 U 12 U 12 U

FLUORANTHENE 2300000 22000000 29000 NC 10 U 11 U 12 U 12 U

FLUORENE 2300000 22000000 29000 NC 10 U 11 U 12 U 12 U

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC 10 U 11 U 12 U 12 U

NAPHTHALENE 3600 18000 1000 NC 10 U 11 U 12 U 12 U

PHENANTHRENE 1700000 17000000 29000 NC 10 U 11 U 12 U 12 U

PYRENE 1700000 17000000 18000 NC 10 U 11 UJ 12 UJ 12 U

SEMIVOLATILES ORGANICS (µg/kg)

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC 250 U 270 U 300 U 290 U

VOLATILES ORGANICS (µg/kg)

ACETONE 61000000 630000000 2500 NC 85 U 31 U 130 U 250 J

BENZENE 1100 5400 255 NC 2.4 UJ 2.5 UJ 2.5 UJ 2.4 UJ

57SB13 57SB14 57SB15 57SB16

20120607 20120607 20120607 20120606

57SB15-0103 57SB16-010357SB13-0103 57SB14-0103

NORMAL NORMALNORMAL NORMAL

SO SO SO SO

1 1 1 1

3 3 3 3
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NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 2 OF 12

LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

57SB13 57SB14 57SB15 57SB16

20120607 20120607 20120607 20120606

57SB15-0103 57SB16-010357SB13-0103 57SB14-0103

NORMAL NORMALNORMAL NORMAL

SO SO SO SO

1 1 1 1

3 3 3 3

BROMOMETHANE 7300 32000 NC NC 4.8 UJ 5 UJ 1.9 J 1.1 J

CARBON DISULFIDE 820000 3700000 94.1 NC 2.4 UJ 2.5 UJ 2.5 UJ 2.4 UJ

CARBON TETRACHLORIDE 610 3000 1000000 NC 2.4 UJ 2.5 UJ 2.5 UJ 2.4 UJ

CHLOROFORM 290 1500 8000 NC 2.4 UJ 2.5 UJ 2.5 UJ 2.4 UJ

METHYL IODIDE NC NC NC NC 2.4 UJ 2.5 UJ 2.5 UJ 2.4 UJ

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC NA NA NA NA

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC NA NA NA NA

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 NC

ARSENIC 0.61 2.4 17 3.15

BARIUM 15000 190000 330 347

BERYLLIUM 160 2000 10 0.672

CADMIUM 70 800 0.77 0.603

CHROMIUM 
(1) 12000 1500000 0.4 167

COBALT 23 300 13 49.8

COPPER 3100 41000 28 280

LEAD 400 800 11 6.97

MERCURY 10 43 0.013 0.119

NICKEL 1500 20000 38 34.1

SELENIUM 390 5100 0.52 2.57

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 0.27

TIN 47000 610000 7.62 3.48

VANADIUM 390 5100 7.8 482

ZINC 23000 310000 46 111

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

SEMIVOLATILES ORGANICS (µg/kg)

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

0.1 J 0.96 J 0.05 J 0.05 J

0.7 2.4 J 0.71 J 2.1

197 165 J 31 J 39.2 J

0.43 J 0.16 J 0.22 J 0.08 J

0.2 0.67 J 1.4 J 0.05 J

27.3 J 46.5 28.3 6.4

14.6 12.3 J 15.1 J 3.1 J

119 55.5 J 70.6 J 17.9 J

58.2 J 238 J 2.4 J 1.7 J

0.02 U 0.05 0.04 0.007 J

13.8 J 9.3 J 18.7 J 2.5 J

0.68 0.46 J 0.23 J 0.27 J

0.08 0.04 J 0.01 J 0.01 J

0.03 J 0.03 J 0.02 J 0.01 J

2.2 U 17.6 1.6 U 2 U

191 91.4 132 30.5

115 J 154 113 14.5

9.3 UJ 9.2 UJ 9 UJ 8.5 UJ

NA NA NA NA

11 U 11 U 11 U 9.4 U

11 U 11 U 11 U 9.4 U

11 U 11 U 11 U 9.4 U

11 U 11 U 11 U 9.4 U

11 UJ 11 UJ 11 U 9.4 U

11 U 11 UJ 11 UJ 9.4 UJ

11 U 11 U 11 U 9.4 U

11 U 11 UJ 11 U 9.4 UJ

11 U 11 U 11 U 9.4 U

11 U 11 U 11 U 9.4 U

11 U 11 U 11 U 9.4 UJ

11 U 11 U 11 U 2.8 J

11 U 11 U 11 U 9.4 U

11 U 11 U 11 U 9.4 U

11 U 11 U 11 U 9.4 U

11 U 11 U 11 U 9.4 U

11 UJ 11 UJ 11 U 9.4 U

280 U 270 U 270 U 230 U

33 U 390 J 610 J 240 J

3 UJ 2.3 UJ 3 UJ 2 J

57SB17 57SB18 57SB19 57SB20

20120607

57SB17-0103 57SB18-0103 57SB19-0103 57SB20-0103

20120607 20120607 20120607

NORMAL NORMAL NORMAL NORMAL

SO SO SOSO

1 1 1 1

3 3 3 3
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

BROMOMETHANE 7300 32000 NC NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROFORM 290 1500 8000 NC

METHYL IODIDE NC NC NC NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

57SB17 57SB18 57SB19 57SB20

20120607

57SB17-0103 57SB18-0103 57SB19-0103 57SB20-0103

20120607 20120607 20120607

NORMAL NORMAL NORMAL NORMAL

SO SO SOSO

1 1 1 1

3 3 3 3

6 UJ 4.6 UJ 6 UJ 5.5 UJ

3 UJ 2.3 UJ 2.5 J 2.8 UJ

3 UJ 2.3 UJ 3 UJ 2.8 UJ

3 UJ 2.3 UJ 3 UJ 2.8 UJ

3 UJ 2.8 J 3 UJ 2.8 UJ

NA NA NA NA

NA NA NA NA
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 NC

ARSENIC 0.61 2.4 17 3.15

BARIUM 15000 190000 330 347

BERYLLIUM 160 2000 10 0.672

CADMIUM 70 800 0.77 0.603

CHROMIUM 
(1) 12000 1500000 0.4 167

COBALT 23 300 13 49.8

COPPER 3100 41000 28 280

LEAD 400 800 11 6.97

MERCURY 10 43 0.013 0.119

NICKEL 1500 20000 38 34.1

SELENIUM 390 5100 0.52 2.57

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 0.27

TIN 47000 610000 7.62 3.48

VANADIUM 390 5100 7.8 482

ZINC 23000 310000 46 111

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

SEMIVOLATILES ORGANICS (µg/kg)

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

0.07 J 0.2 J 0.79 U 2.1 J

0.81 J 1.8 1.2 J 2.4

63.6 J 125 J 79.3 J 290

0.45 J 0.26 J 0.44 J 0.61

0.2 J 4.7 J 0.71 0.17 U

30 32.6 33.4 30.3

49.6 J 25.1 J 37.5 97

61.6 J 73.7 J 81.3 95.3 J

76 J 63.6 J 27.7 44.1 J

0.03 J 0.04 0.067 0.021 U

11.6 J 16.2 J 14.3 25.9

1 J 0.78 0.44 J 0.44 R

0.12 0.09 0.12 U 0.33 J

0.04 J 0.04 J 10.2 8.6

2.3 U 2.9 U 2 J 0.62 U

170 136 217 237

58.5 162 58 96.2

8.8 UJ 30 J 38 U 38 U

NA NA NA NA

11 U 10 U 1.2 J 10 U

11 U 10 U 11 U 10 U

11 U 10 U 11 UJ 10 U

11 U 10 U 0.68 J 10 U

11 U 2 J 1.5 J 10 U

11 UJ 10 UJ 0.74 J 10 U

11 U 7.3 J 0.89 J 0.74 J

11 U 4 J 11 UJ 10 U

11 U 10 U 0.8 J 10 U

11 U 10 U 1.6 J 10 U

11 U 10 U 11 U 10 U

11 U 4.5 J 11 U 1.9 J

11 U 10 U 11 UJ 10 U

11 U 2.6 J 0.5 J 10 U

11 U 10 U 11 UJ 1.1 J

11 U 3.1 J 2.2 J 2.9 J

11 U 5.6 J 11 U 1.1 J

270 U 130 J 58 J 60 J

280 J 310 J 19 U 22 U

3 UJ 3 UJ 4.4 U 5.3 U

57SB01 57SB0257SB21 57SB34

57SB21-0103 57SB34-0103

20100128 20100126

57SB01-01 57SB02-01

20120607 20120608

NORMAL NORMAL NORMAL NORMAL

SO SOSO SO

1 1 1 1

3 333
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

BROMOMETHANE 7300 32000 NC NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROFORM 290 1500 8000 NC

METHYL IODIDE NC NC NC NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

57SB01 57SB0257SB21 57SB34

57SB21-0103 57SB34-0103

20100128 20100126

57SB01-01 57SB02-01

20120607 20120608

NORMAL NORMAL NORMAL NORMAL

SO SOSO SO

1 1 1 1

3 333

6 UJ 6 UJ 6.5 U 7.7 U

3 UJ 1 J 4.4 U 5.3 U

3 UJ 3 UJ 4.4 U 5.3 U

3 UJ 3 UJ 4.4 U 5.3 U

3 UJ 3 UJ 4.4 U 5.3 U

NA NA 10 U 3.5 J

NA NA 10.64 U 4.13 J
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 NC

ARSENIC 0.61 2.4 17 3.15

BARIUM 15000 190000 330 347

BERYLLIUM 160 2000 10 0.672

CADMIUM 70 800 0.77 0.603

CHROMIUM 
(1) 12000 1500000 0.4 167

COBALT 23 300 13 49.8

COPPER 3100 41000 28 280

LEAD 400 800 11 6.97

MERCURY 10 43 0.013 0.119

NICKEL 1500 20000 38 34.1

SELENIUM 390 5100 0.52 2.57

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 0.27

TIN 47000 610000 7.62 3.48

VANADIUM 390 5100 7.8 482

ZINC 23000 310000 46 111

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

SEMIVOLATILES ORGANICS (µg/kg)

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

1.4 J 1.2 J 1 J 1.7 J

1.5 1 J 0.97 J 1.7 J

97.2 36.7 131 J 228 J

0.53 U 0.41 U 0.4 U 0.61 U

0.19 U 0.12 U 0.7 0.81

30.6 23.1 24.9 30

33.6 12.9 43.2 73.9

76.6 J 56.2 J 52.9 J 68.7 J

21.2 J 16.5 J 39.6 J 56 J

0.021 U 0.019 U 0.11 J 0.061 J

13.6 10.8 17.9 14.2

0.47 R 0.41 R 0.4 R 0.46 R

0.24 J 0.19 J 0.37 J 0.43 J

2 2 3.5 5

1.9 J 1.7 J 0.91 J 1.6 J

225 155 172 220

55.4 35.1 59.3 77

39 U 37 U 35 U 39 U

NA NA NA NA

11 U 3.4 J 9.8 U 11 U

11 U 1.3 J 9.8 U 11 U

11 U 6.8 J 9.8 U 11 U

11 U 4.2 J 9.8 U 11 U

11 U 20 9.8 U 11 U

11 U 17 9.8 U 11 U

11 U 9.6 J 9.8 U 11 U

11 U 5.7 J 9.8 U 11 U

11 U 11 9.8 U 11 U

11 U 20 9.8 U 11 U

11 U 1.8 J 9.8 U 11 U

11 U 18 9.8 U 11 U

11 U 1.6 J 9.8 U 11 U

11 U 7 J 9.8 U 11 U

11 U 10 UJ 0.9 J 11 U

11 U 9.2 J 9.8 U 11 U

11 U 28 9.8 U 11 U

140 J 56 J 200 U 220 U

21 U 17 U 18 U 22 U

5.1 U 4 U 4.3 U 5.2 U

57SB03 57SB04 57SB05

NORMAL NORMAL ORIG

20100126 20100128 20100127

57SB05-01-D57SB03-01 57SB04-01 57SB05-01

20100127

DUP

SOSO SO SO

1 1 1 1

3 3 33
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

BROMOMETHANE 7300 32000 NC NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROFORM 290 1500 8000 NC

METHYL IODIDE NC NC NC NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

57SB03 57SB04 57SB05

NORMAL NORMAL ORIG

20100126 20100128 20100127

57SB05-01-D57SB03-01 57SB04-01 57SB05-01

20100127

DUP

SOSO SO SO

1 1 1 1

3 3 33

7.4 U 5.8 U 6.2 U 7.5 U

5.1 U 4 U 4.3 U 5.2 U

5.1 U 4 U 4.3 U 5.2 U

5.1 U 4 U 4.3 U 5.2 U

5.1 U 4 U 4.3 U 5.2 U

6.7 J 4.2 J 7.9 J 6.5 J

7.36 J 4.81 J 8.49 J 7.16 J
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LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 NC

ARSENIC 0.61 2.4 17 3.15

BARIUM 15000 190000 330 347

BERYLLIUM 160 2000 10 0.672

CADMIUM 70 800 0.77 0.603

CHROMIUM 
(1) 12000 1500000 0.4 167

COBALT 23 300 13 49.8

COPPER 3100 41000 28 280

LEAD 400 800 11 6.97

MERCURY 10 43 0.013 0.119

NICKEL 1500 20000 38 34.1

SELENIUM 390 5100 0.52 2.57

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 0.27

TIN 47000 610000 7.62 3.48

VANADIUM 390 5100 7.8 482

ZINC 23000 310000 46 111

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

SEMIVOLATILES ORGANICS (µg/kg)

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

0.97 J 1.4 J 2.5 UN 2.7 UN

0.77 J 1.1 J 2 1.1 B

47.2 115 120 93

0.39 U 0.57 U 0.43 B 0.48 B

0.44 U 0.22 U 0.48 B 0.4 B

21.9 29.3 24 29

34.4 38 12 28

67.5 J 74.6 J 94 N 84 N

17.4 J 20.3 J 71 18

0.043 0.05 0.052 SN 0.029 BSN

16.2 13.5 6.9 12

0.43 R 0.47 R 1.3 U 1.3 U

0.42 J 0.18 J 1.3 U 1.3 U

2 2.3 1.3 U 1.3 U

1.1 J 1.7 J 2.2 B 2.8 B

149 184 190 220

69.3 70.1 78 62

37 U 34 J 44 U 46 U

NA NA 11 U 12 U

1.1 J 11 U 440 U 460 U

10 U 11 U 440 U 460 U

0.98 J 11 U 440 U 460 U

1.3 J 11 U 440 U 460 U

3 J 11 U 440 U 460 U

10 U 11 U 440 U 460 U

10 U 11 U 440 U 460 U

10 UJ 11 U 440 U 460 U

10 U 11 U 440 U 460 U

2.9 J 11 U 440 U 460 U

10 U 11 U 440 U 460 U

10 U 11 U 440 U 460 U

10 UJ 11 U 440 U 460 U

10 U 11 U 440 U 460 U

10 UJ 11 U 440 U 460 U

3.1 J 11 U 440 U 460 U

10 U 11 U 440 U 460 U

58 J 220 U 440 U 460 U

19 U 20 U 61 U 61 U

4.5 U 4.6 U 6.1 U 6.1 U

3E-SB01-01

57SB06 3E-0157SB07 3E-02

3E-SB02-0157SB06-01 57SB07-01

20040505

NORMAL

20100128 20100127 20040505

SO

NORMAL NORMAL

SOSO

NORMAL

SO

1 1

3 3

1 1

33
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SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 10 OF 12

LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

BROMOMETHANE 7300 32000 NC NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROFORM 290 1500 8000 NC

METHYL IODIDE NC NC NC NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

3E-SB01-01

57SB06 3E-0157SB07 3E-02

3E-SB02-0157SB06-01 57SB07-01

20040505

NORMAL

20100128 20100127 20040505

SO

NORMAL NORMAL

SOSO

NORMAL

SO

1 1

3 3

1 1

33

6.6 U 6.7 U 6.1 U 6.1 U

4.5 U 4.6 U 6.1 U 6.1 U

4.5 U 4.6 U 6.1 U 2.8 J

4.5 U 4.6 U 6.1 U 1.8 J

4.5 U 4.6 U 6.1 U 6.1 U

4.7 J 11 J NA NA

5.32 J 11.66 J NA NA



TABLE 4-6

SUMMARY OF POSITIVE DETECTIONS IN SUBSURFACE SOIL, 1 TO 3 FEET BGS
COMPARISON TO HUMAN HEALTH AND ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 11 OF 12

LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 NC

ARSENIC 0.61 2.4 17 3.15

BARIUM 15000 190000 330 347

BERYLLIUM 160 2000 10 0.672

CADMIUM 70 800 0.77 0.603

CHROMIUM 
(1) 12000 1500000 0.4 167

COBALT 23 300 13 49.8

COPPER 3100 41000 28 280

LEAD 400 800 11 6.97

MERCURY 10 43 0.013 0.119

NICKEL 1500 20000 38 34.1

SELENIUM 390 5100 0.52 2.57

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 0.27

TIN 47000 610000 7.62 3.48

VANADIUM 390 5100 7.8 482

ZINC 23000 310000 46 111

PCBS (µg/kg)

AROCLOR-1260 220 740 0.332 NC

HERBICIDES (µg/kg)

2,4,5-TP (SILVEX) 490000 4900000 109 NC

POLYNUCLEAR AROMATIC HYDROCARBONS (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORANTHENE 2300000 22000000 29000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

PYRENE 1700000 17000000 18000 NC

SEMIVOLATILES ORGANICS (µg/kg)

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

VOLATILES ORGANICS (µg/kg)

ACETONE 61000000 630000000 2500 NC

BENZENE 1100 5400 255 NC

2.1 UN 2 UN 2 UN 3.6 UN

1 U 0.98 U 1 U 1.8 U

29 25 42 150

0.21 B 0.29 B 0.23 B 0.41 B

0.69 1.9 0.96 0.91 U

110 28 14 21

32 29 22 33

120 N 120 N 95 N 60 N

1.5 20 7.3 19

0.034 SN 0.02 UN 0.021 UN 0.033 UN

37 25 18 11

1 U 2 U 1 U 1.8 U

1 U 0.12 B 1 U 1.8 U

1 U 0.98 U 1 U 1.8 U

2.7 B 2.1 B 2.9 B 2 B

140 180 140 140

60 150 75 57

39 U 38 U 37 U 61 U

9.8 U 4.1 J 9.3 U 15 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 610 U

390 U 380 U 370 U 28 J

390 U 380 U 370 U 610 U

53 U 2100 U 55 U 91 U

5.3 U 210 U 5.5 U 9.1 U

3E-06

3E-SB05-01

3E-03

20040505

3E-SB06-013E-SB03-01

3E-04

20040505

3E-SB04-01

3E-05

20040505 20040505

SO SO

NORMAL

SO SO

NORMALNORMAL NORMAL

11 1

33 3

1

3



TABLE 4-6

SUMMARY OF POSITIVE DETECTIONS IN SUBSURFACE SOIL, 1 TO 3 FEET BGS
COMPARISON TO HUMAN HEALTH AND ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 12 OF 12

LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

BROMOMETHANE 7300 32000 NC NC

CARBON DISULFIDE 820000 3700000 94.1 NC

CARBON TETRACHLORIDE 610 3000 1000000 NC

CHLOROFORM 290 1500 8000 NC

METHYL IODIDE NC NC NC NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
UN = Analyte not detected at the reported detection limit; matrix
spike recovery is not within control limits.
J = Value is estimated.
N = The matrix spike recovery is not within control limits.
B = The reported result is an estimated concentration (inorganics only).
S = The result was determined by Method of Standard Addition.
P = The gas chromatography or high performance liquid chromatography 
confirmation criterion was exceeded.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

3E-06

3E-SB05-01

3E-03

20040505

3E-SB06-013E-SB03-01

3E-04

20040505

3E-SB04-01

3E-05

20040505 20040505

SO SO

NORMAL

SO SO

NORMALNORMAL NORMAL

11 1

33 3

1

3

5.3 U 210 U 5.5 U 9.1 U

5.3 U 210 U 5.5 U 9.1 U

5.3 U 210 U 5.5 U 9.1 U

5.3 U 210 U 5.5 U 9.1 U

5.3 U 210 U 5.5 U 9.1 U

NA NA NA NA

NA NA NA NA



TABLE 4-7

FREQUENCY OF DETECTIONS IN SUBSURFACE SOIL, GREATER THAN 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

Parameter Frequency 
of Detection

Location of 
Maximum 
Detection

Sample with Maximum 
Concentration

Range of 
Non-Detects

Inorganics  (mg/kg)
ANTIMONY 11/12 0.03 J 1.7 J 57SB02 57SB02-05 0.78 - 0.78
ARSENIC 11/12 0.35 J 1.4 57SB04 57SB04-05 0.77 - 0.77
BARIUM 12/12 10.4 J 1240 57SB04 57SB04-05  - 
BERYLLIUM 8/12 0.18 J 2.5 J 57SB16 57SB16-0911 0.02 - 0.24
CADMIUM 7/12 0.03 J 1.8 57SB17 57SB17-1315 0.11 - 0.35
CHROMIUM 12/12 10.1 50.4 57SB02 57SB02-05  - 
COBALT 12/12 13.8 301 57SB16 57SB16-0911  - 
COPPER 12/12 38.4 J 207 57SB16 57SB16-0911  - 
LEAD 12/12 0.92 J 15.2 57SB01 57SB01-05  - 
NICKEL 12/12 8.2 41.4 57SB04 57SB04-05  - 
SELENIUM 6/6 0.06 J 0.54 J 57SB18 57SB18-1012  - 
SILVER 11/12 0.02 J 0.4 J 57SB04 57SB04-05 0.12 - 0.12
THALLIUM 10/12 0.01 J 7.3 57SB04 57SB04-05 0.036 - 0.045
TIN 7/12 0.72 J 1.7 J 57SB04 57SB04-05 2 - 3.3
VANADIUM 12/12 121 263 57SB04 57SB04-05  - 
ZINC 12/12 70.6 414 J 57SB16 57SB16-0911  - 
Polynuclear Aromatic Hydrocarbons  (µg/kg)
2-METHYLNAPHTHALENE 2/12 0.94 J 2.8 J 57SB01 57SB01-05 9.3 - 13
ACENAPHTHENE 1/12 0.79 J 0.79 J 57SB01 57SB01-05 9.3 - 13
ACENAPHTHYLENE 2/12 0.7 J 1.4 J 57SB01 57SB01-05 9.3 - 13
ANTHRACENE 2/12 0.8 J 2.1 J 57SB01 57SB01-05 9.3 - 13
BENZO(A)ANTHRACENE 4/12 0.96 J 4.2 J 57SB01 57SB01-05 9.3 - 13
BENZO(A)PYRENE 3/12 0.59 J 3.1 J 57SB01 57SB01-05 9.3 - 13
BENZO(B)FLUORANTHENE 3/12 1 J 7.6 J 57SB14 57SB14-0911 9.3 - 13
BENZO(G,H,I)PERYLENE 2/12 1 J 5.1 J 57SB14 57SB14-0911 9.3 - 13
BENZO(K)FLUORANTHENE 3/12 0.65 J 2.3 J 57SB01 57SB01-05 9.3 - 13
CHRYSENE 3/12 1.1 J 4.2 J 57SB01 57SB01-05 9.3 - 13
DIBENZO(A,H)ANTHRACENE 1/12 2.8 J 2.8 J 57SB14 57SB14-0911 9.3 - 13
FLUORENE 1/12 0.93 J 0.93 J 57SB01 57SB01-05 9.3 - 13
INDENO(1,2,3-CD)PYRENE 2/12 1.3 J 4.8 J 57SB14 57SB14-0911 9.3 - 13
NAPHTHALENE 2/12 0.92 J 0.96 J 57SB05 57SB05-05 9.7 - 13
PHENANTHRENE 2/12 2.3 J 5 J 57SB01 57SB01-05 9.3 - 13
Semivolatile Organics  (µg/kg)
BIS(2-ETHYLHEXYL)PHTHALATE 3/12 60 J 270 57SB06 57SB06-05 190 - 330
Petroleum Hydrocarbons  (mg/kgG)
DIESEL RANGE ORGANICS 5/7 3.7 J 10 J 57SB07 57SB07-05 10 - 11
TOTAL PETROLEUM HYDROCARBONS 5/7 4.37 J 10.61 J 57SB07 57SB07-05 10.64 - 11.56

µg/kg = Micrograms per kilogram.
mg/kg = Milligrams per kilogram.
J = Value is estimated.

Minimum 
Detection

Maximum 
Detection



TABLE 4-8

SUMMARY OF POSITIVE DETECTIONS IN SUBSURFACE SOIL, GREATER THAN 3 FEET BGS
COMPARISON TO HUMAN HEALTH SAND ECOLOGICAL CREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 1 OF 2

LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 NC 0.04 J 0.05 J 0.03 J 0.05 J 0.05 J 0.78 U 1.7 J

ARSENIC 0.61 2.4 17 3.15 0.4 J 0.57 0.62 0.35 J 0.38 J 0.77 U 0.4 J

BARIUM 15000 190000 330 347 38.2 121 310 27.2 274 J 10.4 J 21.8

BERYLLIUM 160 2000 10 0.672 0.18 J 0.86 J 2.5 J 0.24 J 0.59 J 0.44 J 0.02 U

CADMIUM 70 800 0.77 0.603 0.06 J 0.15 0.44 1.8 0.03 J 0.3 J 0.11 U

CHROMIUM 
(1) 120000 1500000 0.4 167 26.2 J 13.4 J 16.3 J 34.7 J 29.4 10.1 50.4

COBALT 23 300 13 49.8 27 14.6 301 21.3 61 J 18.2 28.8

COPPER 3100 41000 28 280 72.7 134 207 79.8 38.4 J 83.4 81.6 J

LEAD 400 800 11 6.97 1.5 J 0.92 J 3.1 J 2.4 J 2.1 J 15.2 3.3 J

NICKEL 1500 20000 38 34.1 21.6 J 11.9 J 32.7 J 22.9 J 21 J 8.2 30.5

SELENIUM 390 5100 0.52 2.57 0.06 J 0.16 J 0.47 J 0.28 J 0.54 J 0.36 J 0.37 R

SILVER 390 5100 4.2 NC 0.02 J 0.04 J 0.04 J 0.02 J 0.03 J 0.12 U 0.25 J

THALLIUM 0.78 10 0.0569 0.27 0.045 U 0.01 J 0.02 J 0.01 J 0.036 U 6.1 4.6

TIN 47000 610000 7.62 3.48 3.3 U 2.7 U 3.1 U 2 U 3 U 1.4 J 1.3 J

VANADIUM 390 5100 7.8 482 175 190 257 146 195 129 193

ZINC 23000 310000 46 111 83.9 J 203 J 414 J 124 J 100 223 78.9

POLYNUCLEAR AROMATIC HYDROCARBONS (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC 12 U 12 U 13 U 11 U 12 U 2.8 J 9.3 U

ACENAPHTHENE 3400000 33000000 20000 NC 12 U 12 U 13 U 11 U 12 U 0.79 J 9.3 U

ACENAPHTHYLENE 3400000 33000000 20000 NC 12 U 12 U 13 U 11 U 12 U 1.4 J 9.3 U

ANTHRACENE 17000000 170000000 2500 NC 12 U 12 U 13 U 11 U 12 U 2.1 J 9.3 U

BENZO(A)ANTHRACENE 150 2100 800 NC 2.8 J 12 UJ 13 U 11 UJ 12 UJ 4.2 J 9.3 U

BENZO(A)PYRENE 15 210 18000 NC 12 U 12 U 13 U 11 U 12 UJ 3.1 J 9.3 U

BENZO(B)FLUORANTHENE 150 2100 18000 NC 7.6 J 12 U 13 U 11 U 12 U 1.9 J 9.3 U

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC 5.1 J 12 U 13 U 11 U 12 UJ 1 J 9.3 U

BENZO(K)FLUORANTHENE 1500 21000 18000 NC 12 U 12 U 13 U 11 U 12 U 2.3 J 9.3 U

CHRYSENE 15000 210000 18000 NC 12 U 12 U 13 U 11 U 12 U 4.2 J 9.3 U

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC 2.8 J 12 U 13 U 11 U 12 U 11 U 9.3 U

FLUORENE 2300000 22000000 29000 NC 12 U 12 U 13 U 11 U 12 U 0.93 J 9.3 U

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC 4.8 J 12 U 13 U 11 U 12 U 1.3 J 9.3 U

NAPHTHALENE 3600 18000 1000 NC 12 U 12 U 13 U 11 U 12 U 11 UJ 0.92 J

PHENANTHRENE 1700000 17000000 29000 NC 12 U 12 U 13 U 11 U 12 U 5 J 9.3 U

SEMIVOLATILES ORGANICS (µg/kg)

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC 330 U 300 U 320 U 270 U 300 U 100 J 190 U

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC NA NA NA NA NA 10 U 11 U

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC NA NA NA NA NA 10.64 U 11.56 U

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
J = Value is estimated.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

11 15 11 15 12 11 11

9 13 9 13 10 9 9

SO SO SO SO SO SO SO

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL

20120607 20120607 20120606 20120607 20120607 20100128 20100126

57SB14-0911 57SB15-1315 57SB16-0911 57SB17-1315 57SB18-1012 57SB01-05 57SB02-05

57SB14 57SB15 57SB16 57SB17 57SB18 57SB01 57SB02



TABLE 4-8

SUMMARY OF POSITIVE DETECTIONS IN SUBSURFACE SOIL, GREATER THAN 3 FEET BGS
COMPARISON TO HUMAN HEALTH SAND ECOLOGICAL CREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 2 OF 2

LOCATION

SAMPLE ID RESIDENTIAL INDUSTRIAL ECOLOGICAL

SAMPLE DATE RSL RSL SCREENING NAPR Facility

SAMPLE CODE CRITERIA Subsurface Soil

MATRIX Clay

TOP DEPTH (feet) BTVs

BOTTOM DEPTH (feet)

INORGANICS (mg/kg)

ANTIMONY 31 410 5 NC

ARSENIC 0.61 2.4 17 3.15

BARIUM 15000 190000 330 347

BERYLLIUM 160 2000 10 0.672

CADMIUM 70 800 0.77 0.603

CHROMIUM 
(1) 120000 1500000 0.4 167

COBALT 23 300 13 49.8

COPPER 3100 41000 28 280

LEAD 400 800 11 6.97

NICKEL 1500 20000 38 34.1

SELENIUM 390 5100 0.52 2.57

SILVER 390 5100 4.2 NC

THALLIUM 0.78 10 0.0569 0.27

TIN 47000 610000 7.62 3.48

VANADIUM 390 5100 7.8 482

ZINC 23000 310000 46 111

POLYNUCLEAR AROMATIC HYDROCARBONS (µg/kg)

2-METHYLNAPHTHALENE 230000 2200000 29000 NC

ACENAPHTHENE 3400000 33000000 20000 NC

ACENAPHTHYLENE 3400000 33000000 20000 NC

ANTHRACENE 17000000 170000000 2500 NC

BENZO(A)ANTHRACENE 150 2100 800 NC

BENZO(A)PYRENE 15 210 18000 NC

BENZO(B)FLUORANTHENE 150 2100 18000 NC

BENZO(G,H,I)PERYLENE 1700000 17000000 18000 NC

BENZO(K)FLUORANTHENE 1500 21000 18000 NC

CHRYSENE 15000 210000 18000 NC

DIBENZO(A,H)ANTHRACENE 15 210 18000 NC

FLUORENE 2300000 22000000 29000 NC

INDENO(1,2,3-CD)PYRENE 150 2100 18000 NC

NAPHTHALENE 3600 18000 1000 NC

PHENANTHRENE 1700000 17000000 29000 NC

SEMIVOLATILES ORGANICS (µg/kg)

BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 20 NC

PETROLEUM HYDROCARBONS (mg/kg)

DIESEL RANGE ORGANICS 
(2) NC NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(2) NC NC NC NC

mg/kg = Milligrams per kilogram.
µg/kg = Micrograms per kilogram.
NA = Not analyzed.
NC = No criterion.
U = Analyte not detected at the reported detection limit.
UJ =  Numerical detection limit for the undetected result is estimated.
J = Value is estimated.
R = Rejected.
BTV = Background threshold value.

(1) The value is for trivalent chromium.
(2)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Residential RSL.
Italics indicated exceedanc of Industrial RSL.
Orange shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

1.2 J 1.3 J 1.2 J 1.5 J 1.4 J

0.52 J 1.4 0.42 J 1.1 J 0.55 J

72.8 1240 81.3 302 10.7 J

0.23 U 0.92 0.24 U 1.2 0.21 U

0.15 U 0.35 U 0.2 U 0.63 0.27 U

15.4 44.9 22.3 10.8 21.4

23.7 149 33 104 13.8

87.3 J 104 J 72.8 J 147 J 58.7 J

5.7 J 5.3 J 4.5 J 7.4 J 5.7 J

15.5 41.4 25.8 17 18.7

0.45 R 0.47 R 0.45 R 0.41 R 0.42 R

0.26 J 0.4 J 0.14 J 0.22 J 0.12 J

2.8 7.3 3.4 4.1 1.9

1.3 J 1.7 J 1.6 J 0.72 J 0.92 J

198 263 136 215 121

70.6 92 98.9 246 103

11 U 11 U 10 U 0.94 J 10 U

11 U 11 U 10 U 9.7 U 10 U

11 U 11 UJ 10 U 0.7 J 10 U

11 U 11 UJ 10 U 0.8 J 10 U

11 U 0.96 J 10 U 1.6 J 10 U

11 U 0.59 J 10 U 0.93 J 10 U

11 U 11 U 10 U 1 J 10 U

11 U 11 UJ 10 U 9.7 UJ 10 U

11 U 0.65 J 10 U 0.82 J 10 U

11 U 1.1 J 10 U 1.7 J 10 U

11 U 11 U 10 U 9.7 U 10 U

11 U 11 UJ 10 U 9.7 UJ 10 U

11 U 11 U 10 U 9.7 U 10 U

11 U 11 UJ 0.96 J 9.7 UJ 10 U

11 U 11 U 10 U 2.3 J 10 U

60 J 230 U 210 U 270 210 U

3.8 J 3.7 J 5.1 J 4.1 J 10 J

4.44 J 4.37 J 5.72 J 4.68 J 10.61 J

1111 11 11 11

99 9 9 9

SOSO SO SO SO

NORMALNORMAL NORMAL NORMAL NORMAL

2010012720100126 20100128 20100127 20100128

57SB07-0557SB03-05 57SB04-05 57SB05-05 57SB06-05

57SB0757SB03 57SB04 57SB05 57SB06



TABLE 4-9

FREQUENCY OF DETECTIONS IN GROUNDWATER, FULL RFI
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

Parameter Frequency of 
Detection

Location of 
Maximum 
Detection

Sample with 
Maximum 

Concentration

Range of 
Non-

Detects
Total Inorganics  (µg/L)
ARSENIC 8/8 3.3 J 6.2 57GW01 57GW01-061012  - 
BARIUM 8/8 5.9 62.5 57GW02 57GW02-060912  - 
CADMIUM 8/8 0.07 J 1.8 57GW08 57GW08-061112  - 
COBALT 8/8 1.2 4.5 57GW02 57GW02-060912  - 
COPPER 7/8 1.5 5.8 57GW09 57GW09-061012 2 - 2
LEAD 2/8 1 1.4 57GW07 57GW07-060912 0.5 - 0.5
MERCURY 5/8 0.03 J 0.92 57GW07 57GW07-060912 0.1 - 0.1
NICKEL 4/8 4.6 16.3 57GW02 57GW02-060912 2.3 - 3.8
SELENIUM 4/8 2 J 3.4 J 57GW01 57GW01-061012 3 - 3
SILVER 6/8 0.06 J 1 57GW07 57GW07-060912 0.4 - 0.4
THALLIUM 2/8 0.06 J 0.18 J 57GW02 57GW02-060912 0.4 - 0.4
VANADIUM 8/8 4.8 J 28.2 57GW04 57GW04-060912  - 
ZINC 8/8 14.7 30.2 57GW09 57GW09-061012  - 
Polynuclear Aromatic Hydrocarbons  (µg/L)
ANTHRACENE 1/4 0.13 J 0.17 J 57GW05 57GW05-060912-D 0.095 - 0.1
BENZO(A)ANTHRACENE 1/4 0.13 J 0.15 J 57GW05 57GW05-060912-D 0.095 - 0.1
FLUORANTHENE 1/4 0.93 J 1.3 J 57GW05 57GW05-060912-D 0.095 - 0.1
PYRENE 1/4 0.72 J 1.2 J 57GW05 57GW05-060912-D 0.095 - 0.1

µg/L = Micrograms per liter.

J = Value is estimated.

Minimum Detection Maximum 
Detection



TABLE 4-10

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, FULL RFI
COMPARISON TO HUMAN HEALTH SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 1 OF 2

LOCATION

SAMPLE ID NAPR Facility

SAMPLE DATE Tapwater Puerto Rico Groundwater

SAMPLE CODE RSLs Water Quality BTVs

MATRIX Standards
TOTAL INORGANICS (UG/L)

ARSENIC 0.045 36 23.2 4 J 6.2 4.3 J 4.9 J 4.4 J 3.4 J

BARIUM 2900 NC 865 33.7 31.2 62.5 16.2 35.6 35.3

CADMIUM 6.9 8.85 46.7 0.44 J 0.44 J 1.7 0.11 J 0.08 J 0.07 J

COBALT 4.7 NC 778 2.3 2.5 4.5 1.2 1.4 1.4

COPPER 620 3.73 413 2.9 J 2 U 3.2 2.9 J 2 J 2 U

LEAD NC 8.52 96.9 0.5 U 0.5 U 0.5 U 0.5 U 1.1 1

MERCURY 0.63 0.051 0.191 0.78 0.58 0.08 J 0.1 U 0.1 U 0.1 U

NICKEL 300 8.28 128 3.8 U 5.2 16.3 3.4 U 2.3 U 2.3 U

SELENIUM 78 71.14 41.6 3 U 3.4 J 3 U 3 U 3 U 3 U

SILVER 71 2.24 23.9 0.41 J 0.51 J 0.12 J 0.06 J 0.4 U 0.4 U

THALLIUM 0.16 0.47 NC 0.4 U 0.4 U 0.18 J 0.06 J 0.4 U 0.4 U

VANADIUM 63 NC 696 24.2 9.2 12.9 28.2 4.8 J 4.9 J

ZINC 4700 85.62 1540 17.4 18 27.1 19 16 14.7

POLYCYCLIC AROMATIC HYDROCARBONS (UG/L)

ANTHRACENE 1300 40000 NC NA NA 0.1 U NA 0.13 J 0.17 J

BENZO(A)ANTHRACENE 0.029 0.18 NC NA NA 0.1 U NA 0.13 J 0.15 J

FLUORANTHENE 630 140 NC NA NA 0.1 UJ NA 0.93 J 1.3 J

PYRENE 87 4000 NC NA NA 0.1 U NA 0.72 J 1.2 J

µg/L = Micrograms per liter.
NA = Not analyzed.
NC = No criterion.
J = Value is estimated.
U = Analyte not detected at the reported detection limit.
UJ = Numerical detection limit fo rthe undetected result is estimated.
BTV = Background threshold value.

Bold indicates exceedance of Tapwater RSL.
Italics indicated exceedanc of PRWQS.
Underline indicates exceedance of BTV.

GWGW GW GW GW GW

DUPNORMAL NORMAL NORMAL NORMAL ORIG

20120609 20120610 20120609 20120609 20120609 20120609

13GW07-060912 57GW01-061012 57GW02-060912 57GW04-060912 57GW05-060912 57GW05-060912-D

13GW07 57GW01 57GW02 57GW04 57GW05



TABLE 4-10

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, FULL RFI
COMPARISON TO HUMAN HEALTH SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 2 OF 2

LOCATION

SAMPLE ID NAPR Facility

SAMPLE DATE Tapwater Puerto Rico Groundwater

SAMPLE CODE RSLs Water Quality BTVs

MATRIX Standards
TOTAL INORGANICS (UG/L)

ARSENIC 0.045 36 23.2

BARIUM 2900 NC 865

CADMIUM 6.9 8.85 46.7

COBALT 4.7 NC 778

COPPER 620 3.73 413

LEAD NC 8.52 96.9

MERCURY 0.63 0.051 0.191

NICKEL 300 8.28 128

SELENIUM 78 71.14 41.6

SILVER 71 2.24 23.9

THALLIUM 0.16 0.47 NC

VANADIUM 63 NC 696

ZINC 4700 85.62 1540

POLYCYCLIC AROMATIC HYDROCARBONS (UG/L)

ANTHRACENE 1300 40000 NC

BENZO(A)ANTHRACENE 0.029 0.18 NC

FLUORANTHENE 630 140 NC

PYRENE 87 4000 NC

µg/L = Micrograms per liter.
NA = Not analyzed.
NC = No criterion.
J = Value is estimated.
U = Analyte not detected at the reported detection limit.
UJ = Numerical detection limit fo rthe undetected result is estimated.
BTV = Background threshold value.

Bold indicates exceedance of Tapwater RSL.
Italics indicated exceedanc of PRWQS.
Underline indicates exceedance of BTV.

3.4 J 3.4 J 3.3 J

5.9 11.3 31.7

1.1 1.8 0.12 J

1.7 4.2 3.2

4.6 3.5 5.8

1.4 0.5 U 0.5 U

0.92 0.03 J 0.1 U

4.6 11 2.6 U

2.1 J 2.1 J 2 J

1 0.14 J 0.4 U

0.4 U 0.4 U 0.4 U

13.7 22.5 16.7

21 22.8 30.2

NA 0.095 U 0.095 U

NA 0.095 U 0.095 U

NA 0.095 UJ 0.095 U

NA 0.095 U 0.095 U

GW GW GW

NORMAL NORMAL NORMAL

57GW08-061112 57GW09-061012

20120609 20120611 20120610

57GW08 57GW09

57GW07-060912

57GW07



TABLE 4-11

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, FULL RFI
COMPARISON TO ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 1 OF 2

LOCATION NAPR Facility
SAMPLE ID Surface Water Estuarine
SAMPLE DATE Ecological Surface Water
SAMPLE CODE Screening BTVs
MATRIX Criteria
TOTAL INORGANICS (UG/L)
ARSENIC 36 6.69 4 J 6.2 4.3 J 4.9 J 4.4 J 3.4 J

BARIUM 200 41.8 33.7 31.2 62.5 16.2 35.6 35.3

CADMIUM 8.85 NC 0.44 J 0.44 J 1.7 0.11 J 0.08 J 0.07 J

COBALT 1 6.44 2.3 2.5 4.5 1.2 1.4 1.4

COPPER 3.73 21.6 2.9 J 2 U 3.2 2.9 J 2 J 2 U

LEAD 8.52 2.76 0.5 U 0.5 U 0.5 U 0.5 U 1.1 1

MERCURY 0.94 0.0945 0.78 0.58 0.08 J 0.1 U 0.1 U 0.1 U

NICKEL 8.28 2.82 3.8 U 5.2 16.3 3.4 U 2.3 U 2.3 U

SELENIUM 71.74 8.67 3 U 3.4 J 3 U 3 U 3 U 3 U

SILVER 2.24 NC 0.41 J 0.51 J 0.12 J 0.06 J 0.4 U 0.4 U

THALLIUM 21.3 NC 0.4 U 0.4 U 0.18 J 0.06 J 0.4 U 0.4 U

VANADIUM 50 32.7 24.2 9.2 12.9 28.2 4.8 J 4.9 J

ZINC 85.62 30.6 17.4 18 27.1 19 16 14.7

POLYCYCLIC AROMATIC HYDROCARBONS (UG/L)
ANTHRACENE 0.18 NC NA NA 0.1 U NA 0.13 J 0.17 J

BENZO(A)ANTHRACENE 3 NC NA NA 0.1 U NA 0.13 J 0.15 J

FLUORANTHENE 1.6 NC NA NA 0.1 UJ NA 0.93 J 1.3 J

PYRENE 0.24 NC NA NA 0.1 U NA 0.72 J 1.2 J

µg/L = Micrograms per liter.
NA = Not analyzed.
NC = No criterion.
J = Value is estimated.
U = Analyte not detected at the reported detection limit.
UJ = Numerical detection limit fo rthe undetected result is estimated.
BTV = Background threshold value.

Shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

13GW07-060912 57GW01-061012 57GW02-060912 57GW04-060912 57GW05-060912 57GW05-060912-D
13GW07 57GW01 57GW02 57GW04 57GW05

20120609 20120610 20120609 20120609 20120609 20120609
NORMAL NORMAL NORMAL NORMAL ORIG DUP

GW GW GW GW GW GW



TABLE 4-11

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, FULL RFI
COMPARISON TO ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 2 OF 2

LOCATION NAPR Facility
SAMPLE ID Surface Water Estuarine
SAMPLE DATE Ecological Surface Water
SAMPLE CODE Screening BTVs
MATRIX Criteria
TOTAL INORGANICS (UG/L)
ARSENIC 36 6.69

BARIUM 200 41.8

CADMIUM 8.85 NC

COBALT 1 6.44

COPPER 3.73 21.6

LEAD 8.52 2.76

MERCURY 0.94 0.0945

NICKEL 8.28 2.82

SELENIUM 71.74 8.67

SILVER 2.24 NC

THALLIUM 21.3 NC

VANADIUM 50 32.7

ZINC 85.62 30.6

POLYCYCLIC AROMATIC HYDROCARBONS (UG/L)
ANTHRACENE 0.18 NC
BENZO(A)ANTHRACENE 3 NC
FLUORANTHENE 1.6 NC
PYRENE 0.24 NC

µg/L = Micrograms per liter.
NA = Not analyzed.
NC = No criterion.
J = Value is estimated.
U = Analyte not detected at the reported detection limit.
UJ = Numerical detection limit fo rthe undetected result is estimated.
BTV = Background threshold value.

Shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

3.4 J 3.4 J 3.3 J

5.9 11.3 31.7

1.1 1.8 0.12 J

1.7 4.2 3.2

4.6 3.5 5.8

1.4 0.5 U 0.5 U

0.92 0.03 J 0.1 U

4.6 11 2.6 U

2.1 J 2.1 J 2 J

1 0.14 J 0.4 U

0.4 U 0.4 U 0.4 U

13.7 22.5 16.7

21 22.8 30.2

NA 0.095 U 0.095 U
NA 0.095 U 0.095 U
NA 0.095 UJ 0.095 U
NA 0.095 U 0.095 U

57GW08 57GW09
57GW07-060912

57GW07
57GW08-061112 57GW09-061012

20120609 20120611 20120610
NORMAL NORMAL NORMAL

GW GW GW



TABLE 4-12

FREQUENCY OF DETECTIONS IN GROUNDWATER, PHASE I RFI AND ECP
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE1 OF 2

Parameter
Frequency of 

Detection

Location of 
Maximum 
Detection

Sample with 
Maximum 

Concentration
Range of 

Non-Detects
Total Inorganics  (UG/L)
ANTIMONY 1/6 3.7 J 3.7 J 57GW04 57GW04 2.9 - 2.9

BARIUM 5/5 17.9 J 83.8 J 57GW02 57GW02  - 

CADMIUM 2/6 0.4 J 0.91 J 57GW07 57GW07 0.34 - 0.34

COBALT 6/6 0.83 J 9.5 J 57GW02 57GW02  - 

COPPER 5/6 2.5 J 6.5 57GW02 57GW02 1.5 - 1.5

LEAD 1/6 17.7 17.7 57GW05 57GW05 1.8 - 2.7

MERCURY 4/6 0.13 J 1.4 57GW01 57GW01 0.1 - 0.1

SELENIUM 2/6 3.15 4.5 J 57GW07 57GW07-D 3.6 - 3.6

SILVER 2/6 1 J 1.3 J 57GW01 57GW01 0.96 - 1.2

THALLIUM 1/6 5.6 J 5.6 J 57GW02 57GW02 5.3 - 5.3

TIN 6/6 5.5 J 8.8 J 57GW07 57GW07 5.1 - 5.1

VANADIUM 6/6 6.5 J 37.5 57GW02 57GW02  - 

ZINC 1/6 28 28 57GW02 57GW02 5.7 - 11

Dissolved Inorganics  (UG/L)
BARIUM 7/7 8.8 B 93.1 J 57GW02 57GW02  - 

CHROMIUM 3/8 1.2 J 3.6 J 57GW07 57GW07-D 0.95 - 10

COBALT 6/8 1.6 J 12.8 J 57GW02 57GW02 10 - 10

COPPER 5/8 1.175 3.2 B 3E-04 3E-GW01 1.5 - 20

LEAD 1/8 14.9 14.9 57GW05 57GW05 1.8 - 5

MERCURY 6/8 0.11 1.2 57GW01 57GW01 0.1 - 0.1

NICKEL 5/8 1.3 J 17.4 J 57GW02 57GW02 2.2 - 40

SILVER 2/8 0.94 1.4 J 57GW07 57GW07-D 0.96 - 5

TIN 4/8 3.875 9.5 J 13GW07 13GW07 5.1 - 50

VANADIUM 8/8 8.6 J 28.3 57GW02 57GW02  - 

ZINC 3/8 2.3 B 23.3 57GW02 57GW02 5.3 - 12.5

Semivolatile Organics  (UG/L)
DIETHYL PHTHALATE 1/8 0.6 J 0.6 J 57GW05 57GW05 5 - 10

Minimum 
Detection

Maximum 
Detection



TABLE 4-12

FREQUENCY OF DETECTIONS IN GROUNDWATER, PHASE I RFI AND ECP
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE2 OF 2

Parameter
Frequency of 

Detection

Location of 
Maximum 
Detection

Sample with 
Maximum 

Concentration
Range of 

Non-Detects
Minimum 
Detection

Maximum 
Detection

Volatile Organics  (UG/L)
2-BUTANONE 2/2 1.5 J 2.6 J 3E-04 3E-GW01  - 

ACETONE 2/2 11 J 12 J 3E-02 3E-GW02  - 

CARBON DISULFIDE 3/7 0.16 J 1.8 57GW02 57GW02 0.5 - 1

CHLOROFORM 1/7 5 5 57GW02 57GW02 0.5 - 3.2

CHLOROMETHANE 1/7 0.41 J 0.41 J 3E-04 3E-GW01 0.5 - 1

METHYL IODIDE 3/7 0.2 J 0.69 J 3E-04 3E-GW01 0.5 - 0.5

Polycyclic Aromatic Hydrocarbons  (UG/L)
ACENAPHTHENE 1/8 0.41 0.41 57GW05 57GW05 0.2 - 10

ACENAPHTHYLENE 2/8 0.011 J 0.03 J 57GW02 57GW02 0.2 - 10

ANTHRACENE 1/8 0.55 0.55 57GW05 57GW05 0.2 - 10

BENZO(A)ANTHRACENE 1/8 0.18 J 0.18 J 57GW05 57GW05 0.2 - 10

BENZO(A)PYRENE 1/8 0.023 J 0.023 J 57GW05 57GW05 0.2 - 10

BENZO(B)FLUORANTHENE 1/8 0.031 J 0.031 J 57GW05 57GW05 0.2 - 10

BENZO(G,H,I)PERYLENE 2/8 0.011 J 0.012 J 57GW05 57GW05 0.2 - 10

BENZO(K)FLUORANTHENE 1/8 0.025 J 0.025 J 57GW05 57GW05 0.2 - 10

CHRYSENE 3/8 0.017 J 0.19 J 57GW05 57GW05 0.2 - 10

FLUORANTHENE 1/8 2.4 2.4 57GW05 57GW05 0.2 - 10

PHENANTHRENE 3/8 0.049 J 0.078 J 57GW07 57GW07-D 0.2 - 10

PHENANTHRENE 3/8 0.049 J 0.078 J 57GW07 57GW07-AVG 0.2 - 10

PYRENE 1/8 1.9 1.9 57GW05 57GW05 0.2 - 10

Petroleum Hydrocarbons  (MG/L)
GASOLINE RANGE ORGANICS 1/6 2.1 2.1 57GW05 57GW05 0.5 - 0.5

TOTAL PETROLEUM HYDROCARBONS 1/6 2.6 2.6 57GW05 57GW05 1 - 1.06

µg/L = Micrograms per liter.

mg/L = Milligrams per liter.

J = Value is estimated.

B = Value is estimated (inorganics).



TABLE 4-13

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, PHASE I RFI AND ECP
COMPARISON TO HUMAN HEALTH SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 1 OF 4

LOCATION

SAMPLE ID NAPR Facility

SAMPLE DATE Tapwater Puerto Rico Groundwater

SAMPLE CODE RSLs Water Quality BTVs

MATRIX Standards
DISSOLVED INORGANICS (UG/L)

BARIUM 2900 NC 289 8.8 B 18 25.7 J 28 R 93.1 J

CHROMIUM 16000 NC 4.86 10 U 10 U 0.95 U 1.2 J 0.95 U

COBALT 4.7 NC 1300 10 U 10 U 3.6 J 3.5 J 12.8 J

COPPER 620 3.73 323 20 U 3.2 B 1.6 J 1.6 U 2.8 J

LEAD NA 8.52 1.58 5 U 5 U 2.7 U 1.8 U 2 U

MERCURY 0.63 0.051 0.126 0.41 B 0.44 B 1.1 1.2 0.1 U

NICKEL 300 8.28 103 40 U 40 U 1.3 J 5.4 J 17.4 J

SILVER 71 2.24 1.91 5 U 5 U 1 J 1.1 U 0.96 U

TIN 9300 NC NC 50 U 50 U 9.5 J 5.1 J 6.2 J

VANADIUM 63 NC 72.9 22 15 23.8 8.6 J 28.3

ZINC 4700 85.62 421 3.9 B 2.3 B 5.3 U 12.5 U 23.3

TOTAL INORGANICS (UG/L)

ANTIMONY 6 640 18.2 NA NA 2.9 U 2.9 U 2.9 U

BARIUM 2900 NC 865 NA NA 30 J 17.3 R 83.8 J

CADMIUM 6.9 8.85 46.7 NA NA 0.34 U 0.34 U 0.85 J

COBALT 4.7 NC 778 NA NA 3.2 J 1.5 J 9.5 J

COPPER 620 3.73 413 NA NA 2.8 J 1.5 U 6.5

LEAD NC 8.52 96.9 NA NA 1.8 U 2 U 2.7 U

MERCURY 0.63 0.051 0.191 NA NA 0.97 1.4 0.1 U

SELENIUM 78 71.14 41.6 NA NA 3.6 UJ 3.9 J 3.6 UJ

SILVER 71 2.24 23.9 NA NA 1 J 1.3 J 1.2 U

THALLIUM 0.16 0.47 NC NA NA 5.3 U 5.3 U 5.6 J

TIN 9300 NC 17.2 NA NA 7.9 J 5.5 J 8 J

VANADIUM 63 NC 696 NA NA 24.4 6.5 J 37.5

ZINC 4700 85.62 1540 NA NA 5.7 U 9.4 U 28

PETROLEUM HYDROCARBONS (MG/L)

GASOLINE RANGE ORGANICS 
(1) NC NC NC NA NA 0.5 U 0.5 UJ 0.5 U

TOTAL PETROLEUM HYDROCARBONS 
(1) NC NC NC NA NA 1.03 U 1.01 UJ 1 U

POLYCYCLIC AROMATIC HYDROCARBONS (UG/L)

ACENAPHTHENE 400 990 NC 10 U 10 U 0.21 U 0.21 U 0.2 U

ACENAPHTHYLENE 400 NC NC 10 U 10 U 0.21 U 0.21 U 0.03 J

ANTHRACENE 1300 40000 NC 10 U 10 U 0.21 U 0.21 U 0.2 U

BENZO(A)ANTHRACENE 0.029 0.18 NC 10 U 10 U 0.21 U 0.21 U 0.2 U

BENZO(A)PYRENE 0.0029 0.18 NC 10 U 10 U 0.21 U 0.21 U 0.2 U

BENZO(B)FLUORANTHENE 0.029 0.18 NC 10 U 10 U 0.21 U 0.21 U 0.2 U

BENZO(G,H,I)PERYLENE 87 NC NC 10 U 10 U 0.011 J 0.21 U 0.2 U

BENZO(K)FLUORANTHENE 0.29 0.18 NC 10 U 10 U 0.21 UJ 0.21 UJ 0.2 UJ

CHRYSENE 2.9 0.18 NC 10 U 10 U 0.018 J 0.21 U 0.2 U

FLUORANTHENE 630 140 NC 10 U 10 U 0.21 U 0.21 U 0.2 U

PHENANTHRENE 87 NC NC 10 U 10 U 0.06 J 0.21 U 0.2 U

PYRENE 87 4000 NC 10 U 10 U 0.21 U 0.21 U 0.2 U

GW GW GW GW

NORMAL NORMAL NORMAL NORMAL

20040510 20040510 20100201 20100131

3E-GW02 3E-GW01 57GW01 57GW02

3E-02 3E-04 57GW01 57GW0213GW07

13GW07

20100131

NORMAL

GW



TABLE 4-13

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, PHASE I RFI AND ECP
COMPARISON TO HUMAN HEALTH SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 2 OF 4

LOCATION

SAMPLE ID NAPR Facility

SAMPLE DATE Tapwater Puerto Rico Groundwater

SAMPLE CODE RSLs Water Quality BTVs

MATRIX Standards GW GW GW GW

NORMAL NORMAL NORMAL NORMAL

20040510 20040510 20100201 20100131

3E-GW02 3E-GW01 57GW01 57GW02

3E-02 3E-04 57GW01 57GW0213GW07

13GW07

20100131

NORMAL

GW

SEMIVOLATILE ORGANICS (UG/L)

DIETHYL PHTHALATE 11000 44000 NC 10 U 10 U 5.1 U 5.3 U 5 U

VOLATILE ORGANICS (UG/L)

2-BUTANONE 4900 NC NC 1.5 J 2.6 J 2.5 R 2.5 R 2.5 R

ACETONE 12000 NC NC 12 J 11 J 3.5 R 3.5 R 4.4 R

CARBON DISULFIDE 720 NC NC 1 U 1 U 0.5 U 0.5 U 1.8

CHLOROFORM 0.19 4700 NC 1 U 1 U 0.5 U 0.5 U 5

CHLOROMETHANE 190 NC NC 1 U 0.41 J 0.5 U 0.5 U 0.5 U

METHYL IODIDE NC NC NC 0.29 J 0.69 J 0.5 U 0.5 U 0.2 J

µg/L = Micrograms per liter.

mg/L = Milligrams per liter.

NA = Not analyzed.

NC = No criteriaon

B = Value is estimated (inorganics).

J = Value is estimated.

U = Analyte not detected at the reported detection limit.

UJ = Numerical detection limit for the undetected result is estimated.

R = Rejected.

BTV = Background threshold value.

(1)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Tapwater RSL.
Italics indicated exceedanc of PRWQS.
Underline indicates exceedance of BTV.



TABLE 4-13

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, PHASE I RFI AND ECP
COMPARISON TO HUMAN HEALTH SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 3 OF 4

LOCATION

SAMPLE ID NAPR Facility

SAMPLE DATE Tapwater Puerto Rico Groundwater

SAMPLE CODE RSLs Water Quality BTVs

MATRIX Standards
DISSOLVED INORGANICS (UG/L)

BARIUM 2900 NC 289

CHROMIUM 16000 NC 4.86

COBALT 4.7 NC 1300

COPPER 620 3.73 323

LEAD NA 8.52 1.58

MERCURY 0.63 0.051 0.126

NICKEL 300 8.28 103

SILVER 71 2.24 1.91

TIN 9300 NC NC

VANADIUM 63 NC 72.9

ZINC 4700 85.62 421

TOTAL INORGANICS (UG/L)

ANTIMONY 6 640 18.2

BARIUM 2900 NC 865

CADMIUM 6.9 8.85 46.7

COBALT 4.7 NC 778

COPPER 620 3.73 413

LEAD NC 8.52 96.9

MERCURY 0.63 0.051 0.191

SELENIUM 78 71.14 41.6

SILVER 71 2.24 23.9

THALLIUM 0.16 0.47 NC

TIN 9300 NC 17.2

VANADIUM 63 NC 696

ZINC 4700 85.62 1540

PETROLEUM HYDROCARBONS (MG/L)

GASOLINE RANGE ORGANICS 
(1) NC NC NC

TOTAL PETROLEUM HYDROCARBONS 
(1) NC NC NC

POLYCYCLIC AROMATIC HYDROCARBONS (UG/L)

ACENAPHTHENE 400 990 NC

ACENAPHTHYLENE 400 NC NC

ANTHRACENE 1300 40000 NC

BENZO(A)ANTHRACENE 0.029 0.18 NC

BENZO(A)PYRENE 0.0029 0.18 NC

BENZO(B)FLUORANTHENE 0.029 0.18 NC

BENZO(G,H,I)PERYLENE 87 NC NC

BENZO(K)FLUORANTHENE 0.29 0.18 NC

CHRYSENE 2.9 0.18 NC

FLUORANTHENE 630 140 NC

PHENANTHRENE 87 NC NC

PYRENE 87 4000 NC

25.7 J 22.5 J 16.3 J 16.3 J

2.9 J 0.95 U 3 J 3.6 J

2.2 J 3.7 J 1.6 J 3.3 J

1.9 J 1.5 U 1.5 U 1.6 J

2.1 U 14.9 1.8 U 1.8 U

0.28 0.1 U 0.1 U 0.17 J

4.3 J 2.2 U 5.7 J 6.5 J

0.96 U 0.96 U 0.96 U 1.4 J

5.1 U 5.1 U 5.2 J 5.1 U

28.1 9.2 J 10.7 J 11.5 J

11.1 U 5.5 U 5.7 U 7.8 U

3.7 J 2.9 U 2.9 U 2.9 U

26.9 J 24.8 J 17.9 J 18.2 J

0.34 U 0.34 U 0.91 J 0.4 J

1.3 J 3 J 2.1 J 0.83 J

2.5 J 5 J 2.9 J 3 J

1.8 U 17.7 2.2 U 2.3 U

0.19 J 0.1 U 0.13 J 0.22

3.6 UJ 3.6 UJ 3.6 UJ 4.5 J

0.96 U 0.96 U 0.96 U 0.96 U

5.3 U 5.3 U 5.3 U 5.3 U

6.2 J 6.3 J 8.8 J 5.1 U

29.6 15.5 J 13.6 J 11.8 J

10.1 U 9.5 U 11 U 10.6 U

0.5 U 2.1 0.5 U 0.5 U

1.06 U 2.6 1 U 1.06 U

0.2 U 0.41 0.2 U 0.21 U

0.2 U 0.011 J 0.2 U 0.21 U

0.2 U 0.55 0.2 U 0.21 U

0.2 U 0.18 J 0.2 U 0.21 U

0.2 U 0.023 J 0.2 U 0.21 U

0.2 U 0.031 J 0.2 U 0.21 U

0.2 U 0.012 J 0.2 U 0.21 U

0.2 UJ 0.025 J 0.2 UJ 0.21 UJ

0.2 U 0.19 J 0.2 U 0.017 J

0.2 U 2.4 0.2 U 0.21 U

0.2 U 0.049 J 0.2 U 0.078 J

0.2 U 1.9 0.2 U 0.21 U

GWGW

20100201 20100131

GW GW

20100131

NORMAL NORMAL ORIG DUP

20100131

57GW05 57GW07

57GW04 57GW05 57GW07

57GW04

57GW07-D



TABLE 4-13

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, PHASE I RFI AND ECP
COMPARISON TO HUMAN HEALTH SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 4 OF 4

LOCATION

SAMPLE ID NAPR Facility

SAMPLE DATE Tapwater Puerto Rico Groundwater

SAMPLE CODE RSLs Water Quality BTVs

MATRIX Standards
SEMIVOLATILE ORGANICS (UG/L)

DIETHYL PHTHALATE 11000 44000 NC

VOLATILE ORGANICS (UG/L)

2-BUTANONE 4900 NC NC

ACETONE 12000 NC NC

CARBON DISULFIDE 720 NC NC

CHLOROFORM 0.19 4700 NC

CHLOROMETHANE 190 NC NC

METHYL IODIDE NC NC NC

µg/L = Micrograms per liter.

mg/L = Milligrams per liter.

NA = Not analyzed.

NC = No criteriaon

B = Value is estimated (inorganics).

J = Value is estimated.

U = Analyte not detected at the reported detection limit.

UJ = Numerical detection limit for the undetected result is estimated.

R = Rejected.

BTV = Background threshold value.

(1)  TPH RSLs not applicable for these results.

Bold indicates exceedance of Tapwater RSL.
Italics indicated exceedanc of PRWQS.
Underline indicates exceedance of BTV.

GWGW

20100201 20100131

GW GW

20100131

NORMAL NORMAL ORIG DUP

20100131

57GW05 57GW07

57GW04 57GW05 57GW07

57GW04

57GW07-D

5 U 0.6 J 5 U 5.3 U

2.5 R 6.3 R 2.5 R 2.5 R

3.5 R 8.6 R 3.5 R 3.5 R

0.25 J 1.3 R 0.16 J 0.19 J

3.2 U 1.4 R 0.5 U 0.5 U

0.5 U 1.3 R 0.5 U 0.5 U

0.5 U 1.3 R 0.5 UJ 0.5 UJ



TABLE 4-14

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, PHASE I RFI AND ECP
COMPARISON TO ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 1 OF 4

LOCATION NAPR Facility
SAMPLE ID Surface Water Estuarine
SAMPLE DATE Ecological Surface Water
SAMPLE CODE Screening BTVs
MATRIX Criteria
DISSOLVED INORGANICS (UG/L)
BARIUM 200 39.8 8.8 B 18 25.7 J 28 R 93.1 J 25.7 J

CHROMIUM 56 3.21 10 U 10 U 0.95 U 1.2 J 0.95 U 2.9 J

COBALT 1 2.86 10 U 10 U 3.6 J 3.5 J 12.8 J 2.2 J

COPPER 3.73 11 20 U 3.2 B 1.6 J 1.6 U 2.8 J 1.9 J

LEAD 8.52 0.215 5 U 5 U 2.7 U 1.8 U 2 U 2.1 U

MERCURY 0.94 0.129 0.41 B 0.44 B 1.1 1.2 0.1 U 0.28

NICKEL 8.28 1.01 40 U 40 U 1.3 J 5.4 J 17.4 J 4.3 J

SILVER 2.24 NC 5 U 5 U 1 J 1.1 U 0.96 U 0.96 U

TIN NC 0.527 50 U 50 U 9.5 J 5.1 J 6.2 J 5.1 U

VANADIUM 50 15.9 22 15 23.8 8.6 J 28.3 28.1

ZINC 85.62 27.5 3.9 B 2.3 B 5.3 U 12.5 U 23.3 11.1 U

TOTAL INORGANICS (UG/L)
ANTIMONY 500 4.99 NA NA 2.9 U 2.9 U 2.9 U 3.7 J

BARIUM 200 41.8 NA NA 30 J 17.3 R 83.8 J 26.9 J

CADMIUM 8.85 NC NA NA 0.34 U 0.34 U 0.85 J 0.34 U

COBALT 1 6.44 NA NA 3.2 J 1.5 J 9.5 J 1.3 J

COPPER 3.73 21.6 NA NA 2.8 J 1.5 U 6.5 2.5 J

LEAD 8.52 2.76 NA NA 1.8 U 2 U 2.7 U 1.8 U

MERCURY 0.94 0.0945 NA NA 0.97 1.4 0.1 U 0.19 J

SELENIUM 71.74 8.67 NA NA 3.6 UJ 3.9 J 3.6 UJ 3.6 UJ

SILVER 2.24 NC NA NA 1 J 1.3 J 1.2 U 0.96 U

THALLIUM 21.3 NC NA NA 5.3 U 5.3 U 5.6 J 5.3 U

TIN NC 2.37 NA NA 7.9 J 5.5 J 8 J 6.2 J

VANADIUM 50 32.7 NA NA 24.4 6.5 J 37.5 29.6

ZINC 85.62 30.6 NA NA 5.7 U 9.4 U 28 10.1 U

PETROLEUM HYDROCARBONS (MG/L)

GASOLINE RANGE ORGANICS 
(1) NC NC NA NA 0.5 U 0.5 UJ 0.5 U 0.5 U

TOTAL PETROLEUM HYDROCARBONS 
(1) NC NC NA NA 1.03 U 1.01 UJ 1 U 1.06 U

POLYCYCLIC AROMATIC HYDROCARBONS (UG/L)
ACENAPHTHENE 6.6 NC 10 U 10 U 0.21 U 0.21 U 0.2 U 0.2 U
ACENAPHTHYLENE 6.6 NC 10 U 10 U 0.21 U 0.21 U 0.03 J 0.2 U
ANTHRACENE 0.18 NC 10 U 10 U 0.21 U 0.21 U 0.2 U 0.2 U
BENZO(A)ANTHRACENE 3 NC 10 U 10 U 0.21 U 0.21 U 0.2 U 0.2 U
BENZO(A)PYRENE 3 NC 10 U 10 U 0.21 U 0.21 U 0.2 U 0.2 U
BENZO(B)FLUORANTHENE 3 NC 10 U 10 U 0.21 U 0.21 U 0.2 U 0.2 U
BENZO(G,H,I)PERYLENE 3 NC 10 U 10 U 0.011 J 0.21 U 0.2 U 0.2 U
BENZO(K)FLUORANTHENE 3 NC 10 U 10 U 0.21 UJ 0.21 UJ 0.2 UJ 0.2 UJ
CHRYSENE 3 NC 10 U 10 U 0.018 J 0.21 U 0.2 U 0.2 U
FLUORANTHENE 1.6 NC 10 U 10 U 0.21 U 0.21 U 0.2 U 0.2 U
PHENANTHRENE 1.5 NC 10 U 10 U 0.06 J 0.21 U 0.2 U 0.2 U
PYRENE 0.24 NC 10 U 10 U 0.21 U 0.21 U 0.2 U 0.2 U

GW GW GW GW GW
NORMAL NORMAL NORMAL NORMAL NORMAL

20040510 20040510 20100201 20100131 20100131
3E-GW02 3E-GW01 57GW01 57GW02 57GW04

3E-02 3E-04 57GW01 57GW02 57GW0413GW07
13GW07

20100131
NORMAL

GW



TABLE 4-14

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, PHASE I RFI AND ECP
COMPARISON TO ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 2 OF 4

LOCATION NAPR Facility
SAMPLE ID Surface Water Estuarine
SAMPLE DATE Ecological Surface Water
SAMPLE CODE Screening BTVs
MATRIX Criteria GW GW GW GW GW

NORMAL NORMAL NORMAL NORMAL NORMAL
20040510 20040510 20100201 20100131 20100131
3E-GW02 3E-GW01 57GW01 57GW02 57GW04

3E-02 3E-04 57GW01 57GW02 57GW0413GW07
13GW07

20100131
NORMAL

GW
SEMIVOLATILE ORGANICS (UG/L)
DIETHYL PHTHALATE 75.9 NC 10 U 10 U 5.1 U 5.3 U 5 U 5 U
VOLATILE ORGANICS (UG/L)
2-BUTANONE NC NC 1.5 J 2.6 J 2.5 R 2.5 R 2.5 R 2.5 R
ACETONE 564000 NC 12 J 11 J 3.5 R 3.5 R 4.4 R 3.5 R
CARBON DISULFIDE NC NC 1 U 1 U 0.5 U 0.5 U 1.8 0.25 J
CHLOROFORM 815 NC 1 U 1 U 0.5 U 0.5 U 5 3.2 U
CHLOROMETHANE 2700 NC 1 U 0.41 J 0.5 U 0.5 U 0.5 U 0.5 U
METHYL IODIDE NC NC 0.29 J 0.69 J 0.5 U 0.5 U 0.2 J 0.5 U

µg/L = Micrograms per liter.
mg/L = Milligrams per liter.
NA = Not analyzed.
NC = No criteriaon
B = Value is estimated (inorganics).
J = Value is estimated.
U = Analyte not detected at the reported detection limit.
UJ = Numerical detection limit for the undetected result is estimated.
R = Rejected.
BTVs = Background threshold values.

(1)  TPH RSLs not applicable for these results.

Shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.



TABLE 4-14

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, PHASE I RFI AND ECP
COMPARISON TO ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 3 OF 4

LOCATION NAPR Facility
SAMPLE ID Surface Water Estuarine
SAMPLE DATE Ecological Surface Water
SAMPLE CODE Screening BTVs
MATRIX Criteria
DISSOLVED INORGANICS (UG/L)
BARIUM 200 39.8

CHROMIUM 56 3.21

COBALT 1 2.86

COPPER 3.73 11

LEAD 8.52 0.215

MERCURY 0.94 0.129

NICKEL 8.28 1.01

SILVER 2.24 NC

TIN NC 0.527

VANADIUM 50 15.9

ZINC 85.62 27.5

TOTAL INORGANICS (UG/L)
ANTIMONY 500 4.99

BARIUM 200 41.8

CADMIUM 8.85 NC

COBALT 1 6.44

COPPER 3.73 21.6

LEAD 8.52 2.76

MERCURY 0.94 0.0945

SELENIUM 71.74 8.67

SILVER 2.24 NC

THALLIUM 21.3 NC

TIN NC 2.37

VANADIUM 50 32.7

ZINC 85.62 30.6

PETROLEUM HYDROCARBONS (MG/L)

GASOLINE RANGE ORGANICS 
(1) NC NC

TOTAL PETROLEUM HYDROCARBONS 
(1) NC NC

POLYCYCLIC AROMATIC HYDROCARBONS (UG/L)
ACENAPHTHENE 6.6 NC
ACENAPHTHYLENE 6.6 NC
ANTHRACENE 0.18 NC
BENZO(A)ANTHRACENE 3 NC
BENZO(A)PYRENE 3 NC
BENZO(B)FLUORANTHENE 3 NC
BENZO(G,H,I)PERYLENE 3 NC
BENZO(K)FLUORANTHENE 3 NC
CHRYSENE 3 NC
FLUORANTHENE 1.6 NC
PHENANTHRENE 1.5 NC
PYRENE 0.24 NC

22.5 J 16.3 J 16.3 J

0.95 U 3 J 3.6 J

3.7 J 1.6 J 3.3 J

1.5 U 1.5 U 1.6 J

14.9 1.8 U 1.8 U

0.1 U 0.1 U 0.17 J

2.2 U 5.7 J 6.5 J

0.96 U 0.96 U 1.4 J

5.1 U 5.2 J 5.1 U

9.2 J 10.7 J 11.5 J

5.5 U 5.7 U 7.8 U

2.9 U 2.9 U 2.9 U

24.8 J 17.9 J 18.2 J

0.34 U 0.91 J 0.4 J

3 J 2.1 J 0.83 J

5 J 2.9 J 3 J

17.7 2.2 U 2.3 U

0.1 U 0.13 J 0.22

3.6 UJ 3.6 UJ 4.5 J

0.96 U 0.96 U 0.96 U

5.3 U 5.3 U 5.3 U

6.3 J 8.8 J 5.1 U

15.5 J 13.6 J 11.8 J

9.5 U 11 U 10.6 U

2.1 0.5 U 0.5 U

2.6 1 U 1.06 U

0.41 0.2 U 0.21 U
0.011 J 0.2 U 0.21 U
0.55 0.2 U 0.21 U
0.18 J 0.2 U 0.21 U

0.023 J 0.2 U 0.21 U
0.031 J 0.2 U 0.21 U
0.012 J 0.2 U 0.21 U
0.025 J 0.2 UJ 0.21 UJ
0.19 J 0.2 U 0.017 J
2.4 0.2 U 0.21 U

0.049 J 0.2 U 0.078 J
1.9 0.2 U 0.21 U

GW

20100201 20100131

GW GW

20100131
NORMAL ORIG DUP

57GW05 57GW07
57GW05 57GW07 57GW07-D



TABLE 4-14

SUMMARY OF POSITIVE DETECTIONS IN GROUNDWATER, PHASE I RFI AND ECP
COMPARISON TO ECOLOGICAL SCREENING CRITERIA

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
PAGE 4 OF 4

LOCATION NAPR Facility
SAMPLE ID Surface Water Estuarine
SAMPLE DATE Ecological Surface Water
SAMPLE CODE Screening BTVs
MATRIX Criteria
SEMIVOLATILE ORGANICS (UG/L)
DIETHYL PHTHALATE 75.9 NC
VOLATILE ORGANICS (UG/L)
2-BUTANONE NC NC
ACETONE 564000 NC
CARBON DISULFIDE NC NC
CHLOROFORM 815 NC
CHLOROMETHANE 2700 NC
METHYL IODIDE NC NC

µg/L = Micrograms per liter.
mg/L = Milligrams per liter.
NA = Not analyzed.
NC = No criteriaon
B = Value is estimated (inorganics).
J = Value is estimated.
U = Analyte not detected at the reported detection limit.
UJ = Numerical detection limit for the undetected result is estimated.
R = Rejected.
BTVs = Background threshold values.

(1)  TPH RSLs not applicable for these results.

Shading indicated exceedance of Ecological Screening Criteria.
Underline indicates exceedance of BTV.

GW

20100201 20100131

GW GW

20100131
NORMAL ORIG DUP

57GW05 57GW07
57GW05 57GW07 57GW07-D

0.6 J 5 U 5.3 U

6.3 R 2.5 R 2.5 R
8.6 R 3.5 R 3.5 R
1.3 R 0.16 J 0.19 J
1.4 R 0.5 U 0.5 U
1.3 R 0.5 U 0.5 U
1.3 R 0.5 UJ 0.5 UJ



TABLE 4-15

CONCRETE CHIP AND CONCRETE WIPE SAMPLES
RANGE OF THEORETICAL LEACHATE CONCENTRATIONS COMPARED TO TCLP REGULATORY LEVELS

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO

Concrete Chip Samples Concrete Wipe Samples

Range of TCLP Range of TCLP 

Theoretical Regulatory Theoretical Regulatory

Leachate Level Leachate Level

Concentrations (mg/L) Concentrations (mg/L)

Semivolatiles (ug/kg) Semivolatiles (ug/wipe)

Bis(2-ethylhexyl)phthalate 70 Not Regulated 4-Chloro-3-methylphenol 1.4 Not Regulated

Isophorone 60 - 2400 Not Regulated Acenaphthene 0.05 - 0.105 Not Regulated

TPH (mg/kg) Acenaphthylene 0.0445 Not Regulated

Diesel Range Organics 1 - 10 Not Regulated Fluorene 0.037 - 0.07 Not Regulated

Inorganics (mg/kg) Phenanthrene 0.085 - 0.185 Not Regulated

Arsenic 0.07 - 0.155 5 TPH (mg/wipe)

Barium 4.055 - 9.2 100 Diesel Range Organics 0.09 - 0.11 Not Regulated

Beryllium 0.011 - 0.028 Not Regulated Inorganics (ug/wipe)

Cadmium 0.01 - 0.145 1 Antimony 0.015 - 0.024 Not Regulated

Chromium 0.35 - 0.955 5 Chromium 0.025 - 0.07 5

Cobalt 0.07 - 0.125 Not Regulated Cobalt 0.007 Not Regulated

Copper 0.605 - 1.56 Not Regulated Copper 0.025 - 1 Not Regulated

Lead 0.225 - 0.67 5 Lead 0.04 - 0.075 5

Nickel 0.18 - 0.64 Not Regulated Nickel 0.005 - 1.155 Not Regulated

Vanadium 0.825 - 0.93 Not Regulated Selenium 0.024 - 0.025 Not Regulated

Zinc 0.835 - 1.37 Not Regulated Tin 0.065 - 0.09 Not Regulated

Zinc 0.245 - 0.53 Not Regulated
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Suspected Sludge 
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Scattered
Debris Area

Former Man-Made

Earthen Drainage Feature
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Grassy Slope

Lo
ading Dock

Down Ramp
Drive-Through

13GW07

57SB04/57GW04

57SB03

57SB13

3E-03

3E-04

57CC03

57CC01

57CC02

3E-02

57SB14
57SS12

3E-05

57SB33
57SB36

57SB20

57SB21

57CC04

57SB22

57SB35
57SB18

57SS11

57SB06 57SB05/57GW05

3E-01

57SB16/57GW08

57SB34

57SS10

57SB07/57GW07

57SB23/57GW09

57SB01/57GW01

57SB15

57SB17

57SS09

57SB37

57SB19

3E-06

57SS08
57SB32

Batteries 
(since removed)

57SB24    (0.00 - 1.00)
INORGANICS (MG/KG)
SELENIUM                    1.1
ZINC                        132  J

57SB25    (0.00 - 1.00)
No Exceedances

57SB26    (0.00 - 1.00)
INORGANICS (MG/KG)
SELENIUM                    1.2

57SB27    (0.00 - 1.00)
No Exceedances

57SB28    (0.00 - 1.00)
No Exceedances

57SB29    (0.00 - 1.00)
No Exceedances

57SB30    (0.00 - 1.00)
No Exceedances

57SB31    (0.00 - 1.00)
No Exceedances

SELENIUM                    1.1
ZINC                        132  J

SELENIUM                    1.2

57SB02/57GW02

57WS01
57WS02

57WS03

57WS04
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PGH  P:\GIS\NA_PUERTORICO\MAPDOCS\MXD\SWMU57_BACKGROUND_EXCEEDANCE_SOIL_TAGS.MXD 06/19/15  KM

40 400
Feet

Legend
") Debris

!H Background Sample Location

!>
Groundwater Sampling Location
(Soil Boring for Lithology Only)

!<
Groundwater and 
Deep Soil Boring Location

!(
Surface/Shallow Subsurface 
Soil Boring Location

!( Previous Soil Boring Location

!< Deep Soil Boring Location

") Previous Concrete Chip Sample Location

!<
Existing Permanent Monitoring Well
and Soil Boring Location

!>
Temporary Well and
Soil Boring Location

!( Previous Surface Soil Sampling Location

#* Previous Wipe Sample Location

Fuel Line

Electrical Line

Approximate Topographic Contour

Concrete Pad (elevated)

Pad

Unpaved Road

Tree Cover
        Exceeds Ecological
        Soil Screening Values
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1. For scattered debris area, a metal detector was
used to refine the boundary before collecting samples
inside and outside the boundary (see default pattern on map).
2. Approximate 5 foot elevation contour interval based on
SWMU 9 CMS Investigation Report Figure 2-5 (Baker, 2011).
3. Inorganic concentrations compared to facility surface soil BTVs.
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Suspected Sludge 
Disposal Pit

Scattered
Debris Area

Former Man-Made

Earthen Drainage Feature
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Lo
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Down Ramp
Drive-Through

57SB28 57SB29

13GW07

57SB27

57CC03

57CC01

57CC02

57SB30

57SB31

57CC04

57SB25

57SB24

57SB23
57GW09

57SB26

Batteries (since removed)

3E-01    (0.00 - 1.00)
METALS (MG/KG)
CADMIUM                     0.8
3E-01-DUP    (0.00 - 1.00)
METALS (MG/KG)
CADMIUM                     0.79

3E-02    (0.00 - 1.00)
METALS (MG/KG)
ARSENIC                     3.7
CADMIUM                     1.4
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  52  J
PCBS (UG/KG)
AROCLOR-1260                55

3E-03    (0.00 - 1.00)
METALS (MG/KG)
CADMIUM                     1.4

3E-04    (0.00 - 1.00)
METALS (MG/KG)
CADMIUM                     1.2
LEAD                        48
MERCURY                     0.16  SN
PCBS (UG/KG)
AROCLOR-1260                18  J

3E-05    (0.00 - 1.00)
METALS (MG/KG)
MERCURY                     0.15  N
3E-05-DUP    (0.00 - 1.00)
METALS (MG/KG)
ARSENIC                     3.5

3E-06    (0.00 - 1.00)
METALS (MG/KG)
ARSENIC                     3.6
CADMIUM                     2.9
LEAD                        120
ZINC                        210
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  130  J
POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)
BENZO(A)PYRENE              77  J
PCBS (UG/KG)
AROCLOR-1260                330

57SB01    (0.00 - 1.00)
METALS (MG/KG)
LEAD                        52.5
THALLIUM                    8.3
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  160  J

57SB02    (0.00 - 1.00)
METALS (MG/KG)
COBALT                      52.7
THALLIUM                    3.6
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  110  J

57SB03    (0.00 - 1.00)
METALS (MG/KG)
THALLIUM                    1.1  J
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  97  J

57SB04    (0.00 - 1.00)
METALS (MG/KG)
CHROMIUM                    108
NICKEL                      39.2
THALLIUM                    4

57SB05    (0.00 - 1.00)
METALS (MG/KG)
THALLIUM                    1.4  J
ZINC                        155

57SB06    (0.00 - 1.00)
METALS (MG/KG)
THALLIUM                    2.1
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  110  J

57SB07    (0.00 - 1.00)
METALS (MG/KG)
THALLIUM                    1.5  J
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  71  J
PCBS (UG/KG)
AROCLOR-1260                310  J
57SB07-DUP    (0.00 - 1.00)
METALS (MG/KG)
THALLIUM                    3.2  J
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  54  J
PCBS (UG/KG)
AROCLOR-1260                130  J

57SB13    (0.00 - 1.00)
METALS (MG/KG)
THALLIUM                    0.1
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  450
PCBS (UG/KG)
AROCLOR-1260                68  J
57SB13-DUP    (0.00 - 1.00)
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  150  J
PCBS (UG/KG)
AROCLOR-1260                57  J

57SB14    (0.00 - 1.00)
METALS (MG/KG)
SELENIUM                    1.1

57SB15    (0.00 - 1.00)
METALS (MG/KG)
BARIUM                      374
COBALT                      65.3
SELENIUM                    1.6

57SB16    (0.00 - 1.00)
METALS (MG/KG)
SELENIUM                    1.2

57SB17    (0.00 - 1.00)
METALS (MG/KG)
LEAD                        53.4  J

57SB18    (0.00 - 1.00)
NO EXCEEDANCES

57SB19    (0.00 - 1.00)
METALS (MG/KG)
SELENIUM                    1.1 J

57SB20    (0.00 - 1.00)
NO EXCEEDANCES
57SB20-DUP    (0.00 - 1.00)
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  110  J 57SB21    (0.00 - 1.00)

NO EXCEEDANCES
57SB22    (0.00 - 1.00)
METALS (MG/KG)
ZINC                        201

57SB32    (0.00 - 1.00)
METALS (MG/KG)
CADMIUM                     1.1  J
LEAD                        56.5  J
MERCURY                     0.27
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  370
PCBS (UG/KG)
AROCLOR-1260                37  J

57SB33    (0.00 - 1.00)
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  510

57SB34    (0.00 - 1.00)
METALS (MG/KG)
CADMIUM                     4.3  J
CHROMIUM                    62.8
LEAD                        159  J
SELENIUM                    1.1  J
ZINC                        174
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  260  J
PCBS (UG/KG)
AROCLOR-1260                41  J

57SB35    (0.00 - 1.00)
METALS (MG/KG)
LEAD                        120  J

57SB36    (0.00 - 1.00)
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  160  J

57SB37    (0.00 - 1.00)
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  120  J

57SS08    (0.00 - 1.00)
METALS (MG/KG)
ARSENIC                     5.2
CADMIUM                     5.3
LEAD                        116
THALLIUM                    8.5
ZINC                        183
PCBS (UG/KG)
AROCLOR-1260                550

57SS09    (0.00 - 1.00)
METALS (MG/KG)
CADMIUM                     1.1
MERCURY                     0.15  J
THALLIUM                    8.8
ZINC                        136
PCBS (UG/KG)
AROCLOR-1260                760
57SS09-DUP    (0.00 - 1.00)
METALS (MG/KG)
CADMIUM                     1.4
LEAD                        46.4  J
MERCURY                     0.45  J
THALLIUM                    7.1
ZINC                        143
PCBS (UG/KG)
AROCLOR-1260                610

57SS10    (0.00 - 1.00)
METALS (MG/KG)
CADMIUM                     1.3
LEAD                        60.6
THALLIUM                    7.6
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  70  J
PCBS (UG/KG)
AROCLOR-1260                39  J

57SS11    (0.00 - 1.00)
METALS (MG/KG)
CADMIUM                     1.1
COBALT                      64.8
THALLIUM                    7.7
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  50  J

57SS12    (0.00 - 1.00)
METALS (MG/KG)
THALLIUM                    3.1
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  1800
PCBS (UG/KG)
AROCLOR-1260                46

THALLIUM                    2.1

BIS(2-ETHYLHEXYL)PHTHALATE  110  J

LEAD                        52.5
THALLIUM                    8.3

BIS(2-ETHYLHEXYL)PHTHALATE  160  J

CADMIUM                     4.3  J
CHROMIUM                    62.8
LEAD                        159  J
SELENIUM                    1.1  J
ZINC                        174

BIS(2-ETHYLHEXYL)PHTHALATE  260  J

AROCLOR-1260                41  J

CADMIUM                     1.1
COBALT                      64.8
THALLIUM                    7.7
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  50  J

SELENIUM                    1.2

LEAD                        53.4  J

CADMIUM                     1.1
MERCURY                     0.15  J
THALLIUM                    8.8
ZINC                        136

AROCLOR-1260                760

CADMIUM                     1.4
LEAD                        46.4  J
MERCURY                     0.45  J
THALLIUM                    7.1
ZINC                        143

AROCLOR-1260                610

THALLIUM                    1.5  J

BIS(2-ETHYLHEXYL)PHTHALATE  71  J

AROCLOR-1260                310  J

THALLIUM                    3.2  J

BIS(2-ETHYLHEXYL)PHTHALATE  54  J

AROCLOR-1260                130  J

SELENIUM                    1.1 J

BIS(2-ETHYLHEXYL)PHTHALATE  110  J
ZINC                        201

CADMIUM                     5.3
LEAD                        116
THALLIUM                    8.5
ZINC                        183

AROCLOR-1260                550

CADMIUM                     2.9
LEAD                        120
ZINC                        210

BIS(2-ETHYLHEXYL)PHTHALATE  130  J

PCBS (UG/KG)
AROCLOR-1260                330

BIS(2-ETHYLHEXYL)PHTHALATE  160  J

BIS(2-ETHYLHEXYL)PHTHALATE  510

CADMIUM                     1.1  J
LEAD                        56.5  J
MERCURY                     0.27

BIS(2-ETHYLHEXYL)PHTHALATE  370

AROCLOR-1260                37  J

MERCURY                     0.15  N

CADMIUM                     1.2
LEAD                        48
MERCURY                     0.16  SN

AROCLOR-1260                18  J

CADMIUM                     1.4

THALLIUM                    0.1

BIS(2-ETHYLHEXYL)PHTHALATE  450

AROCLOR-1260                68  J

BIS(2-ETHYLHEXYL)PHTHALATE  150  J

AROCLOR-1260                57  J

COBALT                      52.7
THALLIUM                    3.6

BIS(2-ETHYLHEXYL)PHTHALATE  110  J

CADMIUM                     1.4

BIS(2-ETHYLHEXYL)PHTHALATE  52  J

AROCLOR-1260                55

SELENIUM                    1.1

THALLIUM                    3.1

BIS(2-ETHYLHEXYL)PHTHALATE  1800

AROCLOR-1260                46

THALLIUM                    1.1  J

BIS(2-ETHYLHEXYL)PHTHALATE  97  J

CADMIUM                     0.8

CADMIUM                     0.79

CHROMIUM                    108
NICKEL                      39.2
THALLIUM                    4THALLIUM                    1.4  J

ZINC                        155

CADMIUM                     1.3
LEAD                        60.6
THALLIUM                    7.6

BIS(2-ETHYLHEXYL)PHTHALATE  70  J

AROCLOR-1260                39  J

BARIUM                      374
COBALT                      65.3
SELENIUM                    1.6

BIS(2-ETHYLHEXYL)PHTHALATE  120  J

LEAD                        120  J
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Legend
") Debris

!H Background Sample Location

!>
Groundwater Sampling Location
(Soil Boring for Lithology Only)

!<
Groundwater and 
Deep Soil Boring Location

!(
Surface/Shallow Subsurface 
Soil Boring Location

!( Previous Soil Boring Location

!< Deep Soil Boring Location

") Previous Concrete Chip Sample Location

!<
Existing Permanent Monitoring Well
and Soil Boring Location

!>
Temporary Well and
Soil Boring Location

!( Previous Surface Soil Sampling Location
#* Previous Wipe Sample Location

Fuel Line

Electrical Line

Approximate Topographic Contour

Concrete Pad (elevated)

Exceedance

Pad

Unpaved Road

Tree Cover
        Exceeds Ecological
        Soil Screening Values
        Exceeds Regional Screening
        Levels, Residential Soil
        Exceeds Regional Screening
        Levels, Industrial Soil

        Exceeds Facility BTV
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Notes:
1. For scattered debris area, a metal detector was
used to refine the boundary before collecting samples
inside and outside the boundary (see default pattern on map).
2. Approximate 5 foot elevation contour interval based on
SWMU 9 CMS Investigation Report Figure 2-5 (Baker, 2011).
3. Inorganic concentrations compared to facility surface soil BTVs.

SHADE

BOLD

ITALIC

LINE

Human Health Ecological
Chromium x
Lead x
Mercury x
Thallium x x *
Aroclor-1260 x
BEHP x
* Not Shown

Significant exceedances > facility background and 10x human health 
residential RSLs or 10x ecological screening criteria as shown:
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Suspected Sludge 
Disposal Pit

Scattered
Debris Area

Former Man-Made

Earthen Drainage Feature

Mound
Grassy Slope

Lo
ading Dock

Down Ramp
Drive-Through

57SB28

57SB29

13GW07

57SB27

57CC03

57CC01

57CC02

57SB30

57SB31

57CC04

57SB25

57SB24

57SB23
57GW09

57SB26

Batteries (since removed)

57SS12

57SB36
57SB33

57SB22

57SB35

57SB37

57SS09

57SS10

57SS11

57SS08

3E-01    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        71

3E-02    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        18

3E-03    (1.00 - 3.00)
NO EXCEEDANCES

3E-04    (1.00 - 3.00)
METALS (MG/KG)
CADMIUM                     1.9
LEAD                        20
ZINC                        150

3E-05    (1.00 - 3.00)
METALS (MG/KG)
CADMIUM                     0.96

3E-06    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        19

57SB01    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        27.7
THALLIUM                    10.2
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  58  J

57SB02    (1.00 - 3.00)
METALS (MG/KG)
COBALT                      97
LEAD                        44.1  J
THALLIUM                    8.6
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  60  J57SB03    (1.00 - 3.00)

METALS (MG/KG)
LEAD                        21.2  J
THALLIUM                    2
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  140  J

57SB04    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        16.5  J
THALLIUM                    2
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  56  J
POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)
BENZO(A)PYRENE              17

57SB05    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        39.6  J
THALLIUM                    3.5
57SB05-DUP    (1.00 - 3.00)
METALS (MG/KG)
CADMIUM                     0.81
COBALT                      73.9
LEAD                        56  J
THALLIUM                    5

57SB06    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        17.4  J
THALLIUM                    2
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  58  J

57SB07    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        20.3  J
THALLIUM                    2.3
PCBS (UG/KG)
AROCLOR-1260                34  J

57SB13    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        15.9  J57SB14    (1.00 - 3.00)

NO EXCEEDANCES

57SB15    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        26.9  J

57SB16    (1.00 - 3.00)
METALS (MG/KG)
COBALT                      60
LEAD                        31.5  J

57SB17    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        58.2  J
ZINC                        115  J

57SB18    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        238  J
TIN                         17.6
ZINC                        154

57SB19    (1.00 - 3.00)
METALS (MG/KG)
CADMIUM                     1.4  J
ZINC                        113

57SB20    (1.00 - 3.00)
NO EXCEEDANCES

57SB21    (1.00 - 3.00)
METALS (MG/KG)
LEAD                        76  J

57SB34    (1.00 - 3.00)
METALS (MG/KG)
CADMIUM                     4.7  J
LEAD                        63.6  J
ZINC                        162
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  130  J
PCBS (UG/KG)
AROCLOR-1260                30  J

LEAD                        39.6  J
THALLIUM                    3.5

CADMIUM                     0.81
COBALT                      73.9
LEAD                        56  J
THALLIUM                    5

LEAD                        27.7
THALLIUM                    10.2

BIS(2-ETHYLHEXYL)PHTHALATE  58  J

LEAD                        17.4  J
THALLIUM                    2

BIS(2-ETHYLHEXYL)PHTHALATE  58  J

LEAD                        71

LEAD                        26.9  J

LEAD                        58.2  J
ZINC                        115  J

COBALT                      60
LEAD                        31.5  J

LEAD                        238  J
TIN                         17.6
ZINC                        154

CADMIUM                     4.7  J
LEAD                        63.6  J
ZINC                        162

BIS(2-ETHYLHEXYL)PHTHALATE  130  J

AROCLOR-1260                30  J

CADMIUM                     1.4  J
ZINC                        113

LEAD                        76  J

LEAD                        19

LEAD                        20.3  J
THALLIUM                    2.3

AROCLOR-1260                34  J

CADMIUM                     0.96

CADMIUM                     1.9
LEAD                        20
ZINC                        150

LEAD                        15.9  J

COBALT                      97
LEAD                        44.1  J
THALLIUM                    8.6

BIS(2-ETHYLHEXYL)PHTHALATE  60  J

LEAD                        16.5  J
THALLIUM                    2

BIS(2-ETHYLHEXYL)PHTHALATE  56  J

LEAD                        21.2  J
THALLIUM                    2

BIS(2-ETHYLHEXYL)PHTHALATE  140  J

LEAD                        18

57SB32
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Legend
") Debris

!H Background Sample Location

!>
Groundwater Sampling Location
(Soil Boring for Lithology Only)

!<
Groundwater and 
Deep Soil Boring Location

!(
Surface/Shallow Subsurface 
Soil Boring Location

!( Previous Soil Boring Location

!< Deep Soil Boring Location

") Previous Concrete Chip Sample Location

!<
Existing Permanent Monitoring Well
and Soil Boring Location

!>
Temporary Well and
Soil Boring Location

!( Previous Surface Soil Sampling Location
#* Previous Wipe Sample Location

Fuel Line

Electrical Line

Approximate Topographic Contour

Exceedance

Concrete Pad (elevated)

Pad

Unpaved Road

Tree Cover
        Exceeds Ecological
        Soil Screening Values
        Exceeds Regional Screening
        Levels, Residential Soil
        Exceeds Regional Screening
        Levels, Industrial Soil

        Exceeds Facility BTV
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Notes:
1. For scattered debris area, a metal detector was
used to refine the boundary before collecting samples
inside and outside the boundary (see default pattern on map).
2. Approximate 5 foot elevation contour interval based on
SWMU 9 CMS Investigation Report Figure 2-5 (Baker, 2011).
3. Inorganic concentrations compared to facility subsurface soil
clay BTVs.

SHADE

BOLD

ITALIC

LINE

Human Health Ecological
Lead x
Thallium x x *
Aroclor-1260 x
* Not Shown

Significant exceedances > facility background and 10x human health 
residential RSLs or 10x ecological screening criteria as shown:
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Suspected Sludge 
Disposal Pit

Scattered
Debris Area

Former Man-Made

Earthen Drainage Feature

Mound
Grassy Slope

Lo
ading Dock

Down Ramp
Drive-Through

57SB28 57SB29

13GW07

57SB27

57CC03

57CC01

57CC02

57SB30

57SB31

57CC04

57SB25

57SB24

57SB23
57GW09

57SB26

Batteries (since removed)

57SS12

57SB36
57SB33

57SB22

57SB35

57SB37

57SS09

57SS10

57SS11

57SB34

57SB19

57SB20

57SB21

3E-06

57SS08

3E-05

3E-04

3E-02

3E-01

57SB13

3E-03

57SB01    (9.00 - 11.00)
METALS (MG/KG)
LEAD                        15.2
THALLIUM                    6.1
ZINC                        223
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  100  J

57SB02    (9.00 - 11.00)
METALS (MG/KG)
THALLIUM                    4.6

57SB03    (9.00 - 11.00)
METALS (MG/KG)
THALLIUM                    2.8
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  60  J

57SB04    (9.00 - 11.00)
METALS (MG/KG)
BARIUM                      1240
COBALT                      149
NICKEL                      41.4
THALLIUM                    7.3

57SB05    (9.00 - 11.00)
METALS (MG/KG)
THALLIUM                    3.4

57SB06    (9.00 - 11.00)
METALS (MG/KG)
COBALT                      104
THALLIUM                    4.1
ZINC                        246
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE  270

57SB07    (9.00 - 11.00)
METALS (MG/KG)
THALLIUM                    1.9

57SB14    (9.00 - 11.00)
NO EXCEEDANCES

57SB15    (13.00 - 15.00)
METALS (MG/KG)
ZINC                        203  J

57SB16    (9.00 - 11.00)
METALS (MG/KG)
COBALT                      301
ZINC                        414  J

57SB17    (13.00 - 15.00)
METALS (MG/KG)
CADMIUM                     1.8
ZINC                        124  J

57SB18    (10.00 - 12.00)
METALS (MG/KG)
COBALT                      61  J

ZINC                        203  J

CADMIUM                     1.8
ZINC                        124  J

COBALT                      61  J

COBALT                      301
ZINC                        414  J

THALLIUM                    1.9

COBALT                      104
THALLIUM                    4.1
ZINC                        246

BIS(2-ETHYLHEXYL)PHTHALATE  270

LEAD                        15.2
THALLIUM                    6.1
ZINC                        223

BIS(2-ETHYLHEXYL)PHTHALATE  100  J

BARIUM                      1240
COBALT                      149
NICKEL                      41.4
THALLIUM                    7.3

THALLIUM                    3.4
THALLIUM                    2.8

BIS(2-ETHYLHEXYL)PHTHALATE  60  J

THALLIUM                    4.6

57SB32

Cobalt
(Human Health and Eco)

Cobalt
(Eco only)

BEHP
57WS01

57WS02

57WS0357WS04

13
5

13
0

12
5

120

11
5

15
0

15
5

110

14
5

16
0

140

16
5

0

140

14
5

14
5

15
0

³
PGH  P:\GIS\NA_PUERTORICO\MAPDOCS\MXD\SWMU57_SUBSURFACEGT3_SOIL_TAGS.MXD 06/22/15  KM

40 400
Feet

Legend
") Debris

!H Background Sample Location

!>
Groundwater Sampling Location
(Soil Boring for Lithology Only)

!<
Groundwater and 
Deep Soil Boring Location

!(
Surface/Shallow Subsurface 
Soil Boring Location

!( Previous Soil Boring Location

!< Deep Soil Boring Location

") Previous Concrete Chip Sample Location

!<
Existing Permanent Monitoring Well
and Soil Boring Location

!>
Temporary Well and
Soil Boring Location

!( Previous Surface Soil Sampling Location
#* Previous Wipe Sample Location

Fuel Line

Electrical Line

Approximate Topographic Contour

Exceedance

Concrete Pad (elevated)

Pad

Unpaved Road

Tree Cover
        Exceeds Ecological
        Soil Screening Values
        Exceeds Regional Screening
        Levels, Residential Soil
        Exceeds Regional Screening
        Levels, Industrial Soil

        Exceeds Facilty BVT

D
ET

E
C

TI
O

N
S

 IN
 E

X
C

E
S

S 
O

F 
H

U
M

A
N

 H
E

A
LT

H
 A

N
D

/O
R

 E
C

O
LO

G
IC

AL
SC

R
EE

N
IN

G
 C

R
IT

E
R

IA
 A

N
D

 B
A

C
KG

R
O

U
N

D
 IN

 S
U

B
S

U
R

FA
C

E 
S

O
IL

, >
 3

 F
EE

T 
B

G
S

SW
M

U
 5

7 
- P

O
L 

D
R

U
M

 S
TO

R
A

G
E 

A
R

E
A

N
AV

A
L 

A
C

TI
V

IT
Y 

P
U

R
TO

 R
IC

O
C

EI
B

A
, P

U
E

R
TO

 R
IC

O

D
A

TE

AS
 N

O
TE

D
S

C
A

LE

D
A

TE
C

H
E

C
K

E
D

 B
Y

D
R

A
W

N
 B

Y

D
. C

O
U

C
H

07
/2

5/
13

M
. C

O
FF

M
AN

06
/2

2/
15

D
A

TE
R

E
V

IS
E

D
 B

Y

K.
 M

O
O

R
E

06
/2

2/
15

C
O

N
TR

A
C

T 
N

U
M

B
E

R

0

A
P

P
R

O
V

E
D

 B
Y

R
E

V
FI

G
U

R
E

 N
O

.

A
P

P
R

O
V

E
D

 B
Y

D
A

TE

D
A

TE

__

__
__

C
TO

 N
U

M
B

E
R

JM
02

4-
4

__
__

Notes:
1. For scattered debris area, a metal detector was
used to refine the boundary before collecting samples
inside and outside the boundary (see default pattern on map).
2. Approximate 5 foot elevation contour interval based on
SWMU 9 CMS Investigation Report Figure 2-5 (Baker, 2011).
3. Inorganic concentrations compared to facility subsurface soil
clay BTVs.
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Significant exceedances > facility background and 10x human health 
residential RSLs or 10x ecological screening criteria as shown:
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Notes:
1. Approximate 5 foot elevation contour interval based on
SWMU 9 CMS Investigation Report Figure 2-5 (Baker, 2011).
2. Inorganic concentrations compared to facility groundwater BTVs.
3. No significant exceedances. All concentrations < facility 
groundwater background or 10x human health tapwater RSLs.
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Notes:
1. Approximate 5 foot elevation contour interval based on
SWMU 9 CMS Investigation Report Figure 2-5 (Baker, 2011).
2. Inorganic concentrations compared to facility groundwater BTVs.
3. No significant exceedances, all concentrations < facility 
estuarine surface water background or 10x ecological screening
criteria.
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Notes:
1. Approximate 5 foot elevation contour interval based on
SWMU 9 CMS Investigation Report Figure 2-5 (Baker, 2011).
2. Inorganic concentrations compared to facility groundwater BTVs.
3.Significant exceedance, thallium concentrations > facility 
groundwater background or 10x human health tapwater RSLs
and chloroform > 10x human health tapwater RSLs as shown.
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5.0  CONTAMINANT FATE AND TRANSPORT ANALYSIS 

This section discusses the evaluation of contaminant fate and transport at SWMU 57 to provide an 

understanding of potential contaminant migration.  To support the evaluation, a discussion of the physical 

and chemical properties of the contaminants associated with SWMU 57 sources and their potential 

persistence, migration, dispersion, and degradation pathways and the CSM for contaminant migration are 

provided.  Also, see Appendix I (Supporting Information for Ecological Risk Assessment) for additional 

discussion of the different chemical classes detected at the site, including toxicity information, potential 

food chain and trophic transfer, and bioaccumulation potential. 

 
5.1 PHYSICAL AND CHEMICAL PROPERTIES 

The persistence of various classes of contaminants and their chemical and physical properties in soil-

water environments are discussed in this section.  Several chemical transformation mechanisms affect 

contaminant persistence, including hydrolysis, biodegradation, photolysis, and oxidation/reduction 

reactions.  The following general classes of contaminants were detected at SWMU 57:  

 

• PAHs 

• PCBs 

• Pesticides 

• Metals 

• VOCs 

 
5.1.1 PAHs 

The class of SVOCs identified as PAHs that were detected at SWMU 57 are generally considered to be 

fairly immobile chemicals in the environment.  PAHs are large molecules that have low solubilities, vapor 

pressures, and Henry's Law constants and high partitioning coefficients.  The low-molecular-weight PAHs 

(e.g., acenaphthene, anthracene, fluorene, and phenanthrene) may volatilize from surface waters, 

whereas higher-molecular-weight PAHs [e.g., benzo(a)pyrene, benzo(a)anthracene, chrysene, etc.] are 

less likely to volatilize.  PAHs in soil are much more likely to bind to soil and be transported via mass 

transport mechanisms than through dissolution.  These compounds, when found in surface soil, generally 

do not migrate vertically to a great extent.  Instead, they are more likely to adhere to soil particles and be 

removed from the site via surface water runoff and erosional processes, especially when no pavement is 

present or if erosion controls are not present or functioning properly. 
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Bioconcentration of PAHs in aquatic organisms is greater for the higher-molecular-weight compounds 

than the lower-molecular-weight compounds.  PAHs can be bioaccumulated from water, sediments, or 

lower organisms in the food chain.  Bioaccumulation from water through biological membranes requires 

the chemical in the surrounding water to be available in a dissolved form.  Environmental factors that 

reduce the amount of a chemical in true solution will also reduce the rate of uptake of the chemical.  

Among the most important processes that reduce bioavailability are adsorption to suspended solids, 

adsorption to sediments, adsorption to humic acids and other macromolecules, formation of colloidal 

suspensions, chelation, complexation, and ionization. Some of the bound chemicals may be available to 

benthic organisms through ingestion or direct uptake from pore water (Rand and Petrocelli, 1985). 

 

PAHs are highly amenable to microbial degradation in soil and sediment.  The rate of degradation is 

influenced by temperature, pH, oxygen concentrations, initial chemical concentrations, and moisture.  

Photolysis, hydrolysis, and oxidation are not important fate processes for the degradation of PAHs in soil 

(ATSDR, 1989). 

 

The most important fate processes for PAHs in water are photo-oxidation, chemical oxidation, and 

biodegradation.  PAHs do not contain functional groups that are susceptible to hydrolytic reactions, and 

hydrolysis is considered an insignificant degradation mechanism.  The rate of photodegradation is 

influenced by water depth, turbidity, and temperature.  Benzo(a)pyrene, chrysene, fluorene, and pyrene 

are reported to be resistant to photodegradation.  PAHs may also be oxidized by chlorination and 

ozonation, and they may be metabolized by microbes under oxygenated conditions (ATSDR, 1989).  The 

mobility of PAHs via the groundwater pathway at SMWU 57 is not considered significant because PAHs 

were detected infrequently in groundwater.   

 
5.1.2 PCBs 

PCBs are generally inert and are relatively insoluble in water.  PCBs are unlikely to migrate from soil to 

groundwater due to their affinity to adsorb to soil and sediment (ATSDR, 2000).  

 

PCBs are considered to be environmentally persistent organic chemicals.  Biodegradation is the major 

process known to transform PCBs under environmental conditions, and only the lighter isomers are 

measurably biodegraded (ATSDR, 2000).  Although some microorganisms (e.g., the fungi 

Phanaerochaete chrysosporium) may biodegrade PCBs, such fungi may not exist in local soil.  No abiotic 

processes are known to significantly degrade PCBs in soil and sediment (ATSDR, 2000).  Base-, acid-, 

and neutral-promoted hydrolysis are considered to be inconsequential degradation mechanisms for PCBs 

(USEPA, 1982). 



  NAPR SWMU 57 
Full RFI 

Revision:  1 
Date:  July 2015 

Section:  5 
 

111204/P 5-3 CTO JM02 

 

5.1.3  Pesticides 

Three pesticides, 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT, were detected in SWMU 57 surface soil.  Whether 

pesticides are sprayed, dusted, or applied directly to the soil, soil is generally the ultimate sink for these 

chemicals.  These compounds will remain in the soil and do not leach significantly.  Surface soil runoff 

may carry pesticides to adjacent surface water bodies where they are likely to settle in the sediment.  In 

water, they would not be expected to biodegrade or hydrolyze to any significant extent and would likely 

bioconcentrate in aquatic organisms. 

 

5.1.4 Metals 

The fate and transport of metals are controlled mainly by the mobility of soil particles, dissolution into 

water present in the immediate environment, and geochemical reactions in soil.  Metals do not undergo 

degradation reactions that most organic chemicals do; therefore, they are considered to be persistent.  

The major fate mechanisms for metals are adsorption to the soil matrix and bioaccumulation.  The 

mobility of metals is influenced primarily by their physical and chemical properties, in combination with the 

physical and chemical characteristics of the soil matrix.  Factors that assist in predicting the mobility of 

inorganic species are the soil/pore water pH, soil/pore water Eh, and cation exchange capacity.  The 

mobility of metals generally increases with decreasing soil pH and cation exchange capacity. 

 

There are some instances where metals are found at such concentrations or in such forms 

(e.g., oxidation states) that they may migrate in solution.  It is possible that industrial activities could 

saturate all available exchange sites in soil and result in a metal being mobilized.  Metals may also more 

mobile under acidic conditions or basic conditions.  In these cases, it is possible for metals to migrate 

vertically through the soil column and reach the groundwater.  Therefore, the metals detected in 

groundwater samples may represent the total of dissolved metals and metals adhering to any suspended 

soil material that may be present in the samples. 

 

The following discussion of physical and chemical properties and general fate and transport of metals in 

the environment was summarized from information provided in chemical-specific Agency for Toxic 

Substances and Disease Registry (ATSDR) toxicological profiles (September 2008).  The information 

available on physical and chemical properties within ATSDR toxicological profiles on metals indicates that 

metals have low solubilities (milligrams per liter range) under controlled laboratory conditions in distilled 

water.  However, solubilities can be significantly altered by environmental conditions (such as pH, 

oxidizing or reducing conditions, presence of various naturally occurring organic or inorganic chemical 
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species, water salinity, etc.), which can result in attenuating mechanisms such as precipitation, cation 

exchange, adsorption, etc.  Often whether any metal is in a dissolved phase or solid phase depends on a 

combination of several chemical mechanisms that vary by metal and by oxidation state or valence.  

Acidity or alkalinity as measured by pH can directly influence the mobility of metals because metal 

solubilities generally increase with increasing hydrogen ion content (i.e., decreasing pH levels) and 

because pH may influence the intensity of reduction-oxidation reactions.  Many studies have found that 

the predominant adsorbates of metal ions are iron and manganese oxides and organic matter such as 

detrial plant material and humic coatings on mineral surfaces.  Metal hydroxides of iron, aluminum, and 

manganese are important reductive surfaces in subsurface materials with respect to interactions with 

charged species such as hydrogen, aluminum, cadmium, zinc, lead, and copper and with negatively 

charged species such as phosphate, sulfate, bicarbonate, and fluoride.  The adsorption of species on 

oxides is strongly dependent on pH due to the variable pH-dependent surface charge and potential of 

metal hydroxides and due to a pH-dependent speciation of the adsorbate.   

 

Metals are found naturally in varying concentrations in mineral ores, and consequently, anthropogenic 

activities (e.g., mining) or natural forces (e.g., surface water erosion, wind, etc.) tend to disperse them 

over large land areas.  However, metals are also co-occurring constituents within the inorganic (non-

combustible) fractions of fossil fuels (mainly coal and sometimes fuel oil) at various concentrations.  

Therefore, the combustion of fossil fuels, which has been a primary source of heat and energy, has 

resulted in the inadvertent concentration of these metals in the non-combustible portion of fuels 

(e.g., bottom ash or fly ash) at elevated levels in residential and industrial areas.  Metals are also present 

at varying concentrations in commercial chemical products of daily industrial use.  Therefore, at industrial 

sites, not only do operations involving combustion of fossil fuels lead to a release of metals, but 

operations involving plumbing (copper pipes, galvanized steel pipes, lead/tin solder, etc.), 

pesticide/insecticide application, paint, and preservation of wood timbers (especially in older buildings), 

etc., may also lead to their release. 

 
5.1.5 VOCs 

VOCs are generally more soluble in water than other chemicals and have a low capacity for retention by 

soil organic carbon.  Therefore, VOCs are typically the most frequently detected organic chemicals in 

groundwater.  These types of chemicals may migrate through the soil column after they are released by a 

spill event or by subsurface waste burial as infiltrating precipitation solubilizes them.  Some fraction of 

these chemicals is retained by the soil, but most will continue migrating downward to the water table.  At 

that time, migration occurs primarily laterally with the hydraulic gradient.  Again, some portion of the 

chemical may be retained by the saturated soil. 
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5.2  CONCEPTUAL SITE MODEL OF CONTAMINANT MIGRATION 

The CSM for SWMU 57 contaminant migration was developed based on site history and uses, site 

characterization (e.g., geology and hydrogeology information), and site contaminant fate and transport 

pathways and processes.   

 

SWMU 57 was used for the storage of POL and other potentially hazardous materials, and numerous 

small spills and releases occurred throughout the usage period (1950s through 1990s).  The historical 

drum storage and drum pad maintenance practices, such as the disposal of empty drums and other 

scattered debris on the hummocky, wooded, ground surface adjacent to the southwestern side of the pad 

led to contaminated surface soil, subsurface soil, and groundwater at SWMU 57.  Contaminants released 

at SWMU 57 can migrate via several pathways, as discussed in Section 5.2.1.  Potential exposure routes 

and receptors are discussed in Section 5.2.2. 

 

5.2.1 Potential Contaminant Migration Pathways 

Potential contaminant migration pathways include numerous known historical spills onto the concrete pad 

and possible historic spills onto the ground surface.   

 

It is not expected that spills on the pad migrated to the ground surface because a 7-inch-high berm is 

present around the perimeter of the pad.  However, debris from the pad may have been scraped off onto 

the ground surface and, if any associated contaminants were present, they may have migrated from 

relocated debris to surface soil via erosion or surface water runoff.  Subsequently, surface soil 

contamination, if any, may have migrated to underlying subsurface soil, then to groundwater via 

infiltration.   

 

Possible historical spills onto the ground surface, particularly spills near the loading dock that may have 

occurred during loading or unloading of drums, may have migrated to subsurface soil/ groundwater.   

 

Possible residual releases from drums in the scattered debris area, if not empty at time of placement onto 

the ground surface, may have migrated to subsurface soils and/or groundwater. 

 

5.2.2  Potential Exposure Routes and Receptors 

Current human receptors (industrial workers, construction workers, and adolescent trespassers), pending 

future human receptors (industrial workers, construction workers, adolescent trespassers, adolescent and 
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adult recreational users, and child and adult residents) and ecological receptors may come into direct 

contact with surface and shallow subsurface soil and groundwater (future receptors only) at SWMU 57.  

Although recreational users and residents are not current receptors based on current site conditions, they 

are evaluated in the HHRA presented in Section 6.0 based on planned pending land use, which includes 

construction of the Marsh Vista Country Club including a proposed 18-hole golf course with clubhouse 

and 50 residential units (Navy, 2011).  Ecological receptors may be exposed to contaminants that are in 

soil while digging for food or constructing burrows or that have been incorporated into the food chain 

(bioaccumulated in plants and animals).  Groundwater is located approximately 13 to 20 feet bgs at 

SWMU 57 and groundwater is not used as a potable source of water at NAPR.  Moreover, groundwater 

contamination detected to date is low in concentration, sporadic at the site, and limited to the area 

immediately adjacent to the SWMU 57 concrete pad.  Based on this information, adverse human health 

or ecological impacts from groundwater discharge to the downgradient mangrove forest are not expected 

but are further evaluated in the human health and ecological risk assessments presented in Sections 6.0 

and 7.0, respectively.  
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6.0  HUMAN HEALTH RISK ASSESSMENT 

The HHRA was performed to characterize and quantify potential risks at SWMU 57 to select receptors 

based on current and future land use scenarios.    

 

SWMU 57 is approximately 1.3 acres.  The site consists of a large concrete pad and loading dock that is 

surrounded by a densely wooded area on all sides except the northern side, which is a gravel access 

road and turn-around that is currently overgrown with long grass.  Potential receptors at SWMU 57 were 

identified as current/future construction workers, current/future industrial workers, current/future 

trespassers, future recreational users (child, adolescent, and adult), and future residents (child and adult).  

Risk Assessment Guidance for Superfund (RAGS)-Part D Table 1 in Appendix H-1 shows the selection of 

receptors and exposure pathways for evaluation in the HHRA.   

 

Figure 6-1 shows the CSM that was developed for the SWMU 57 HHRA.  The CSM indicates all of the 

receptors and potential pathways by which exposure could occur at SWMU 57.  All receptors were 

evaluated for exposure to surface soil, which was defined as soil from 0 to 1 feet bgs, and subsurface soil 

from 1 to 3 feet bgs.  All receptors were also evaluated for exposure to combined surface and subsurface 

soil 0 to 3 feet bgs.  This was done because receptors would likely be exposed to chemicals in surface 

soil (0 to 1 foot bgs) if they are exposed to subsurface soil 1 to 3 feet bgs.  Construction workers and 

future residents were also evaluated for exposure to total soil (0 to 10 feet bgs) because soil at depth may 

be brought to the surface.  In addition, construction workers were evaluated for exposures to subsurface 

soil greater than 3 feet bgs, which was collected from depths ranging from 9 to 15 feet bgs, to be 

conservative.  This was done because although it is unlikely that human receptors would be exposed to 

soil greater than 10 feet bgs, groundwater at SWMU 57 ranges from 13 to 20 feet bgs, and it is possible 

that construction could take place in the deeper unsaturated soil zone.  Construction workers were also 

evaluated for exposures to groundwater that could be encountered during excavation activities.  

Residents were additionally evaluated for exposures to overburden groundwater used for domestic 

purposes; however, this is very conservative because overburden groundwater is not currently used for 

potable purposes at NAPR.  Nevertheless, groundwater in Puerto Rico is classified as potable and future 

potable groundwater use is possible at SWMU 57, unless site-specific data demonstrates that 

groundwater is not potable.  Future industrial receptor risks to groundwater used as a potable water 

supply were also evaluated.  No evaluation of vapor intrusion is necessary because no sufficiently volatile 

and toxic chemicals were detected in groundwater at SWMU 57. 
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During the Full RFI sampling event, three decision units associated with soils at SWMU 57 were 

investigated: the loading dock area, the suspected sludge disposal pit, and the scattered debris area.  

The range of concentrations for the chemicals detected above residential screening levels (Aroclor-1260, 

benzo(a)pyrene, arsenic, cobalt, thallium, and vanadium) were compared in order to determine if the data 

should be evaluated as three separate decision units or as one exposure unit (EU) for SWMU 57 risk 

analysis.  Based on the evaluation of the range of concentrations for those chemicals detected above 

residential screening levels, the analytical results of soil data collected from these three decision units 

were determined to be similar; therefore, soil samples from the three decision units were combined to 

represent one EU for SWMU 57 for risk analysis.  Groundwater was also evaluated as one EU.  The 

potential risks to human health at SWMU 57 are estimated based on the assumption that no actions are 

taken to control contaminant releases.  

 

6.1 RISK ASSESSMENT PROCEDURES 

Three major aspects of chemical contamination and exposure must be considered to assess potential 

public health risks:  (1) contaminants with toxic characteristics must be identified in environmental media 

and be released by either natural processes or human action; (2) pathways by which actual or potential 

exposure occurs must be present; and (3) human receptors must be present at the point of exposure to 

complete the exposure route.  Risk is a function of both toxicity and exposure; without one of the factors 

listed above, there is no risk.  Once the three major aspects of chemical contamination and exposure 

identified above are considered, then the human health risk assessment process can begin.  

 

The human risk assessment for SWMU 57 consists of the following four major components: 

 

• Data evaluation 

• Exposure assessment 

• Toxicity assessment 

• Risk characterization (including uncertainty analysis) 

 

Data evaluation is primarily concerned with data usability and the selection of chemicals of potential 

concern (COPCs), which are those contaminants that pose the greatest potential for causing adverse 

human health effects.  A discussion of data usability as related to the HHRA is provided in Section 6.2.1.  

Methods for selection of COPCs are described further in Section 6.2.2, and COPC selection tables are 

presented in Appendix H-1. 
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Exposure assessment is the process of identifying potential receptor populations and exposure pathways 

by which receptors may come in contact with contaminants at the site.  Potential exposure routes under 

current and future land uses are developed from information gathered about the source area, 

contaminant concentrations, contaminant release mechanisms, patterns of human activity, and other 

pertinent information.  The exposure assessment includes the methodologies used to calculate 

quantitative estimates of contaminant intake for each identified receptor, pathway, and route of exposure 

under reasonable maximum exposure (RME) and central tendency exposure (CTE) scenarios.  Relevant 

exposure input parameters and equations used to estimate contaminant intakes are presented in 

Appendix H-1.  The SWMU 57 exposure assessment is discussed further in Section 6.3 and 

Appendix H-2. 

 

The toxicity assessment presents contaminant-specific toxicity criteria for all identified COPCs at 

SWMU 57.  Toxicity criteria provide the basis for quantifying potential human health risks when integrated 

with estimated intakes developed in the exposure assessment.  Toxicity assessment is further detailed in 

Section 6.4.  

 

Risk characterization methodologies used to characterize risks associated with non-carcinogenic and 

carcinogenic effects to select receptors from exposure to COPCs are provided in Section 6.5.  Various 

uncertainties are associated with risk characterization because the quantitative risk estimates developed 

are based on a number of assumptions (concerning exposure, land use, toxicity, etc.).  An uncertainty 

analysis is provided in Section 6.6 that reviews general uncertainties associated with the risk evaluation 

for SWMU 57. 

  

The HHRA for SWMU 57 was conducted with reference to current Navy, USEPA, and Puerto Rico human 

health risk assessment guidelines including: 

 

• Department of Navy, December 2008.  Navy Human Health Risk Assessment Guidance.  

 

• USEPA, December 1989.  Risk Assessment Guidance for Superfund - Volume I - Human Health 

Evaluation Manual (Part A) - Interim Final.  EPA/540/1-89/002.  Office of Emergency and Remedial 

Response. 

 

• USEPA, February 1992.  Guidance on Risk Characterization for Risk Managers and Risk Assessors.  

Office of the Administrator, Washington, D.C.  
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• USEPA, May 1993a.  Distribution of Preliminary Review Draft: Superfund’s Standard Default 

Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.  Office of Solid 

Waste and Emergency Response (OSWER), Washington, D.C. 

 

• USEPA, July 1993b.  Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic 

Hydrocarbons.  EPA/600/R-93/089.  Environmental Criteria and Assessment Office. 

 

• USEPA, July 1994a.  Revised Interim Guidance on Establishing Soil Lead Guidance for CERCLA 

Sites and RCRA Corrective Action Facilities.  OSWER Directive 9355.4-12.  

 

• USEPA, August 1997a.  Exposure Factors Handbook.  EPA/600/8-89/043.  Office of Health and 

Environmental Assessment, Exposure Assessment Group.  Washington, D.C. 

 

• USEPA, April 1999.  Use of the TRW Interim Adult Lead Methodology in Risk Assessment.  

Memorandum from Pat Van Leewven and Paul White to Mark Maddaloni. 

 

• USEPA, April 2002a.  Role of Background in the CERCLA Cleanup Program. OSWER 9285.6-07P.  
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Deviations from the HHRA work plan are noted in Section 6.6.5 related to streamlining the process based 

on site conditions and nature and extent of contamination. 

 

Analytical data for soil (surface, subsurface 1-3 feet bgs, and subsurface greater than 3 feet bgs) and 

groundwater used in the HHRA for SWMU 57 are expected to adequately characterize potential risks for 

direct and inadvertent exposure to contaminated site media. The list of COPCs was determined from data 

presented in Appendix E.  

 

6.2 DATA EVALUATION 

A site-specific data evaluation was performed to determine which of the detected contaminants at the site 

are most likely to present a risk to potential human receptors.  The end result of this quantitative selection 

process is a list of COPCs for each environmental medium considered.  Data from the following 

investigations were used in the HHRA for SWMU 57: 

 

• For soil: 

- Phase I/II ECP Report (NAVFAC-LANT, 2005). 

- Final Phase I RFI Report for SWMU 57 (Baker, 2010). 

- Full RFI (Tetra Tech, 2012). 

 

• For groundwater: 

- Full RFI (Tetra Tech, 2012). 

 

Only the most recent groundwater data were used because these data are considered to be 

representative of current site conditions.   Refer to Section 4.3 for a comparison of historical groundwater 

results with 2012 Full RFI results; a trend of lower concentrations and fewer impacted wells over time is 

evident. 

 

Section 6.2.1 provides a summary of data usability for SWMU 57 as it pertains to the HHRA.  The 

selection process used to identify COPCs is described in Section 6.2.2.  



  NAPR SWMU 57 
Full RFI 

Revision:  1 
Date:  July 2015 

Section:  6 
 

112014/P 6-7 CTO JM02 

 

6.2.1 Data Usability 

For the purposes of this risk assessment, overall data quality is sufficient to estimate site risks.  The most 

notable anomalies were the rejection of all results for several VOC and SVOC compound results collected 

during the 2012 investigation (Tetra Tech 2012), and that the 2004 data (NAVFAC-LANT, 2005) was not 

validated in accordance with data validation guidelines used to validate other site data.  The 2012 VOC 

and SVOC rejected compound results are additional Appendix IX compounds [i.e., not Target Compound 

List (TCL) analytes] that often have poor recoveries due to the chemical nature of the compounds.  The 

majority of the VOC and SVOC analytical data used for this project has concentrations less than detection 

limits indicating that those fractions are not present at the site and therefore that those compounds listed 

above (all of which are VOC and SVOCs) with rejected data are not likely present on-site.  So even 

though no data for several VOC and SVOC compounds was considered usable for human health risk 

assessment due to laboratory QC noncompliances; site data indicate that those compounds are not 

present on-site.  For the 2004 data the laboratory did apply qualifiers to the ECP data which are different 

than those that were applied to the Full RFI and Phase I RFI data during validation.  These laboratory 

qualifiers are defined on the Section 4 tables in which ECP data are presented.  This is important to note 

because data verification was completed by the laboratory; however, it was not a rigorous as the data 

validation performed according to USEPA Region II data validation protocol used on the remaining data 

included in this risk assessment.  

 

Data qualified during the data validation process are not expected to compromise the results of the 

HHRA.  Analytical data qualified as rejected (“UR” or “R”) were not used in the risk assessment.  

Analytical data qualified as estimated (“J”) were used for the SWMU 57 HHRA.  The use of estimated 

data adds to the uncertainty associated with the risk assessment; however, the associated uncertainty is 

expected to be negligible compared with the other uncertainties inherent in the risk evaluation process 

(e.g., uncertainties associated with land uses, exposure scenarios, toxicological criteria, etc.).  When 

determining exposure concentrations via statistical procedures, the sample detection limit was used as a 

surrogate concentration for non-detected results (qualified “U”), as described in Section 6.3.4. 

 

6.2.2 Selection of COPCs 

The overall goal of the HHRA is to quantify risks associated with those contaminants that represent a 

potentially significant human health hazard on the basis of toxicity, environmental concentration, and 

mobility.  USEPA guidance recommends focusing the risk assessment by quantifying risk only for a select 

list of COPCs at a site.  COPCs, which are a subset of all detected contaminants in a given medium, are 

defined as those contaminants likely to dominate the overall potential risks for a site. 
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General selection criteria for inorganic and organic COPCs are discussed below: 

 

Toxicity Screen.  Current USEPA guidance recommends using the USEPA Regional Screening Level 

(RSL) table (USEPA, 2013) for a source of general screening criteria to be used in COPC selection.  A 

discussion and comparison of the November 2013 RSLs to more recent RSLs published in 2015 is 

presented in Section 6.6.  The USEPA RSL table provides soil and tap water screening levels.  The 

USEPA RSLs for residential soil were used as the screening criteria for all receptors for soil data sets 

(i.e., combined surface and subsurface soil 0 to 3 feet bgs and 0 to 10 feet bgs, surface, subsurface 1-3 

feet bgs, and subsurface greater than 3 feet bgs) at the site.  The USEPA RSLs for tap water, which are 

based on daily, residential exposure assumptions, were used to select COPCs for groundwater direct 

contact exposures.  These residential criteria represent the most conservative land use scenario, and 

thus screening against residential criteria should be conservative for all potential future land uses.  A 

carcinogenic contaminant detected at a maximum concentration equal to or less than the relevant USEPA 

RSL level was not selected as a COPC.  A non-carcinogenic contaminant detected at a maximum 

concentration equal to or less than one-tenth of the relevant USEPA RSL value [based on a hazard 

quotient (HQ) of 1] was not selected as a COPC.  One-tenth of the non-carcinogenic screening level 

(based on an HQ of 1) was used to account for potential cumulative effects of multiple compounds 

affecting the same target organ or producing the same target effect.  Contaminants with maximum 

concentrations greater than the RSLs for carcinogens or one-tenth the RSLs (based on an HQ of 1) for 

non-carcinogens were selected as COPCs and carried through the quantitative risk assessment.  TPHs 

were added to the RSL tables in November 2013 as six different categories:  aliphatic low, aliphatic 

medium, aliphatic high, aromatic low, aromatic medium, and aromatic high.  Soil (and groundwater 

samples) collected in 2010 were analyzed for petroleum hydrocarbons and results are reported as GRO, 

DRO, and TPH.  GRO, DRO, and TPH results are not directly comparable to TPH RSLs because the 

method of reporting used for the 2010 results does not provide the same hydrocarbon ranges as those 

used for developing the RSLs; therefore, GRO, DRO, and TPH results were not compared to the various 

TPH fraction RSLs.  Petroleum hydrocarbon detections are discussed in Section 4 and presented on the 

Section 4 tables.  Facility background concentrations were used to screen site-specific COPCs; however, 

the site-specific background values were not used to screen COPCs but were used in the risk 

characterization to evaluate site background risks, as per agreements in the SAP worksheets.  COPC 

selection tables are included in the RAGS-Part D tables presented in Appendix H-1. 

 

Groundwater data were also compared to Federal Safe Drinking Water Act (SDWA) Maximum 

Contaminant Levels (MCLs) for Public Drinking Water Supplies (USEPA, 2012c) for informational 

purposes (i.e., MCLs were not used as screening criteria to select COPCs).  Primary MCLs are 
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enforceable standards promulgated under the federal SDWA and are designed to be protective of human 

health.  Primary MCLs are based on laboratory or epidemiological studies and apply to public water 

systems.  A public water supply is defined as a system that provides water to the public for human 

consumption and that has at least 15 service connections or regularly serves an average of 25 individuals 

daily at least 60 days per year.  Primary MCLs are designed for the prevention of adverse human health 

effects but also reflect the technical feasibility of removing a contaminant.  Primary (i.e., health-based) 

and secondary (aesthetic-based) MCLs are promulgated under the SDWA.  Primary MCLs are presented 

in the COPC selection table for groundwater. 

 

Puerto Rico Water Quality Standards (PRWQS) were also used for groundwater COPC selection.  

PRWQS for Class SB and SC waters are presented on the COPC selection table in Appendix H-1.  Class 

SB includes the coastal and estuarine waters not classified as Class SA or SC.  Class SB also includes 

lagoons not classified under any other class.  Class SC includes the segments of coastal and estuarine 

waters identified in the guidance (PREQB, 2010). 

   

USEPA SSLs for migration of chemicals from soil to groundwater are presented on the USEPA RSL 

table.  Chemicals with concentrations exceeding the SSLs may potentially migrate from the soil to 

groundwater in sufficient quantities to pose concerns regarding groundwater quality.  The groundwater 

protection SSLs were not used to select COPCs for quantitative risk evaluation but were used to select 

COPCs to provide a qualitative evaluation of the potential for chemical migration from soil to groundwater.  

If chemicals were selected as COPCs for the migration to groundwater pathway, additional lines of 

evidence were considered to determine if those COPCs have impacted groundwater quality.  These lines 

of evidence include 1) whether the COPC was detected in groundwater; 2) whether the COPC is also a 

groundwater COPC; and 3) whether the COPC exceeded groundwater protection risk-based SSLs and 

MCL-based SSLs based on a revised dilution attenuation factor (DAF). 

 

Guidance from the Office of Prevention, Pesticides, and Toxic Substances (OPPTS) and OSWER 

recommends 400 mg/kg as the lowest screening level for lead-contaminated soil in a residential setting 

where children are frequently present (USEPA, 1994a, 1994b, 2002b, 2005c).  Conservatively, 400 mg/kg 

was used as the lead screening level for COPC selection for soil.  However, guidance from the USEPA 

Technical Review Workgroup for lead indicates that “a reasonable screening level for soil lead at 

commercial/industrial (i.e., non-residential) sites is approximately 800 mg/kg for a typical non-contact 

intensive worker” (USEPA, 2009c).  The USEPA RSL table lists 800 mg/kg as the RSL for lead in soil 

assuming an industrial land use scenario.  This value, calculated using USEPA’s Adult Lead Model, is 

protective of a fetus carried by a pregnant female worker, and it is assumed that this value is also 



  NAPR SWMU 57 
Full RFI 

Revision:  1 
Date:  July 2015 

Section:  6 
 

112014/P 6-10 CTO JM02 

protective of adult male and female workers.  The SDWA Action Level for lead (15 µg/L) will be used as 

the screening level for lead in groundwater. 

 

Chromium speciation data are not available in the data sets used in this HHRA.  Toxicity criteria for 

trivalent chromium were used to evaluate total chromium in the toxicity screen.  This was done because 

available site history does not indicate that hexavalent chromium would be the dominant species of 

chromium present at the site and evaluating chromium data as such would bias site risks unrealistically 

high as hexavalent chromium is far more toxic than trivalent chromium.  In most soils, chromium will be 

present predominantly in the chromium(III) state (ATSDR, 2012).  Organic matter in soil is expected to 

convert soluble chromate, chromium(VI), to insoluble chromium(III) oxide, Cr2O3 (ATSDR, 2012).  This 

form of chromium has very low solubility and low reactivity resulting in low mobility in the environment and 

low toxicity in living organisms (ATSDR, 2012).  The soils at SWMU 57 are sandy or clayey and contain 

organic materials from decaying trees and are underlain by coral, shells, and marl at varying depths; 

therefore, organic matter is present to convert soluble Cr(VI) to Cr(III).  Additionally, chromium was not 

detected in groundwater.  Section 6.4 contains a discussion of the toxicity criteria used for chromium in 

the quantitative HHRA.  Uncertainty associated with the toxicity criteria for chromium is discussed in the 

uncertainty analysis (Section 6.6). 

 

Facility BTVs for metals are available for some of the data sets evaluated.  When applicable, facility BTVs 

are presented on the COPC selection tables for informational purposes; however, facility BTVs were not 

used to eliminate chemicals from COPC selection.  Chemicals detected at concentrations exceeding 

COPC screening levels but less than facility BTVs are discussed in the site-specific risk assessment 

presented in Section 6.5.9.  

 

Soil exposures for SWMU 57 were evaluated using five data sets: 1) a combined surface and subsurface 

soil 0 to 3 feet bgs data set, 2) a combined surface and subsurface soil 0 to 10 feet bgs data set, 3) a 

surface soil (0 to 1 foot bgs) data set, 4) a subsurface 1-3 feet bgs data set, and 5) a subsurface soil 

greater than 3 feet bgs data set.  However, it should be noted that the depths of the samples included in 

the greater than 3 feet bgs subsurface soil data set range from 9 to 15 feet bgs.  One data set was used 

for evaluating exposures to groundwater at SWMU 57.  

 

The selection of COPCs for each environmental medium is summarized in the remainder of this section. 
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6.2.2.1 Soil 

Direct Contact COPCs for Combined Surface and Subsurface Soil 0 to 3 feet bgs 

RAGS-Part D Table 2.1, presented in Appendix H-1, shows the results of the comparison of maximum 

detected concentrations in combined surface and subsurface soil 0 to 3 feet bgs at SWMU 57 to 

screening levels based on USEPA RSLs for residential soil.  The following chemicals were selected as 

surface soil COPCs because their maximum concentrations in combined surface and subsurface soil 0 to 

3 feet bgs exceeded screening criteria based on USEPA RSLs for residential soil: 

 

• Metals: arsenic, cobalt, thallium, and vanadium. 

• PCBs: Aroclor-1260. 

• PAHs: benzo(a)pyrene.   

 

Groundwater Protection COPCs for Combined Surface and Subsurface Soil 0 to 3 feet bgs 

RAGS-Part D Table 2.2, presented in Appendix H-1, shows the results of the comparison of maximum 

detected concentrations in combined surface and subsurface soil 0 to 3 feet bgs at SWMU 57 to USEPA 

SSLs for migration of chemicals from soil to groundwater.  The following chemicals were selected as 

surface soil COPCs because their maximum concentrations in surface soil exceeded USEPA SSLs for 

migration from soil to groundwater: 

 

• Metals: antimony, arsenic, barium, cadmium, cobalt, copper, cyanide, lead, mercury, nickel, 

selenium, thallium, and vanadium. 

 

• PCBs: Aroclor-1260. 

 

• Pesticides: 4,4’-DDD. 

 

• PAHs: benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and naphthalene. 

 

• SVOCs: bis(2-ethyhexyl)phthalate. 

 

• Volatiles: 2-hexanone, benzene, bromomethane, carbon tetrachloride, chloroform, ethylbenzene, 

and tetrachloroethene.   
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Direct Contact COPCs for Surface Soil 

RAGS-Part D Table 2.3, presented in Appendix H-1, shows the results of the comparison of maximum 

detected surface soil concentrations at SWMU 57 to screening levels based on USEPA RSLs for 

residential soil.  The following chemicals were selected as surface soil COPCs because their maximum 

concentrations in surface soil exceeded screening criteria based on USEPA RSLs for residential soil: 

 

• Metals: arsenic, cobalt, thallium, and vanadium. 

• PCBs: Aroclor-1260. 

• PAHs: benzo(a)pyrene.   

 

Groundwater Protection COPCs for Surface Soil 

RAGS-Part D Table 2.4, presented in Appendix H-1, shows the results of the comparison of maximum 

detected surface soil concentrations at SWMU 57 to USEPA SSLs for migration of chemicals from soil to 

groundwater.  The following chemicals were selected as surface soil COPCs because their maximum 

concentrations in surface soil exceeded USEPA SSLs for migration from soil to groundwater: 

 

• Metals: antimony, arsenic, barium, cadmium, cobalt, copper, cyanide, lead, mercury, nickel, 

selenium, thallium, and vanadium. 

 

• PCBs: Aroclor-1260. 

 

• Pesticides: 4,4’-DDD. 

 

• PAHs: benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and naphthalene. 

 

• SVOCs: bis(2-ethyhexyl)phthalate. 

 

• Volatiles: 2-hexanone, benzene, carbon tetrachloride, chloroform, ethylbenzene, and 

tetrachloroethene.   

 

Direct Contact COPCs for Subsurface Soil 1 to 3 feet bgs 

RAGS-Part D Table 2.5, presented in Appendix H-1, shows the comparison of maximum detected 

subsurface soil concentrations at SWMU 57 to screening levels based on USEPA RSLs for residential 
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soil.  The following chemicals were selected as COPCs for subsurface soil 1 to 3 feet bgs because their 

maximum concentrations exceeded screening criteria based on USEPA RSLs for residential soil: 

 

• Metals: arsenic, cobalt, thallium, and vanadium. 

• PAHs: benzo(a)pyrene. 

 

Groundwater Protection COPCs for Subsurface Soil 1 to 3 feet bgs 

RAGS-Part D Table 2.6, presented in Appendix H-1, shows the comparison of maximum concentrations 

detected in subsurface soil from 1 to 3 feet bgs at SWMU 57 to SSLs for migration of chemicals from soil 

to groundwater.  The following chemicals were selected as groundwater protection COPCs for subsurface 

soil 1 to 3 feet bgs because their maximum concentrations exceeded USEPA SSLs for migration from soil 

to groundwater: 

 

• Metals: antimony, arsenic, barium, cadmium, cobalt, copper, lead, mercury, nickel, selenium, 

thallium, and vanadium. 

• PCBs: Aroclor-1260. 

• PAHs: benzo(a)anthracene, benzo(a)pyrene, and naphthalene. 

• VOCs: benzene, bromomethane, carbon tetrachloride, and chloroform. 

 

Direct Contact COPCs for Subsurface Soil Greater than 3 feet bgs 

RAGS-Part D Table 2.7, presented in Appendix H-1, shows the comparison of maximum detected 

subsurface soil concentrations at SWMU 57 to screening levels based on USEPA RSLs for residential 

soil.  The following chemicals were selected as COPCs for subsurface soil greater than 3 feet bgs 

because their maximum concentrations exceeded screening criteria based on USEPA RSLs for 

residential soil: 

 

• Metals: arsenic, cobalt, thallium, and vanadium. 

 

Groundwater Protection COPCs for Subsurface Soil Greater than 3 feet bgs 

RAGS-Part D Table 2.8, presented in Appendix H-1, shows the comparison of maximum concentrations 

detected in subsurface soil greater than 3 feet bgs at SWMU 57 to USEPA SSLs for residential soil.  The 

following chemicals were selected as COPCs for subsurface soil greater than 3 feet bgs because their 

maximum concentrations exceeded USEPA SSLs for migration from soil to groundwater: 
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• Metals: antimony, arsenic, barium, cadmium, cobalt, copper, lead, nickel, selenium, thallium, 

vanadium, and zinc. 

 

Direct Contact COPCs for Combined Surface and Subsurface Soil 0 to 10 feet bgs 

RAGS-Part D Table 2.9, presented in Appendix H-1, shows the results of the comparison of maximum 

detected concentrations in combined surface and subsurface soil 0 to 10 feet bgs at SWMU 57 to 

screening levels based on USEPA RSLs for residential soil.  The following chemicals were selected as 

surface soil COPCs because their maximum concentrations in combined surface and subsurface soil 0 to 

10 feet bgs exceeded screening criteria based on USEPA RSLs for residential soil: 

 

• Metals: arsenic, cobalt, thallium, and vanadium. 

• PCBs: Aroclor-1260. 

• PAHs: benzo(a)pyrene.   

  

Groundwater Protection COPCs for Combined Surface and Subsurface Soil 0 to 10 feet bgs 

RAGS-Part D Table 2.10, presented in Appendix H-1, shows the results of the comparison of maximum 

detected concentrations in combined surface and subsurface soil 0 to 10 feet bgs at SWMU 57 to USEPA 

SSLs for migration of chemicals from soil to groundwater.  The following chemicals were selected as 

surface soil COPCs because their maximum concentrations in surface soil exceeded USEPA SSLs for 

migration from soil to groundwater: 

 

• Metals: antimony, arsenic, barium, cadmium, cobalt, copper, cyanide, lead, mercury, nickel, 

selenium, thallium, vanadium, and zinc. 

 

• PCBs: Aroclor-1260. 

 

• Pesticides: 4,4’-DDD. 

 

• PAHs: benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and naphthalene. 

 

• SVOCs: bis(2-ethyhexyl)phthalate. 

 

• Volatiles: 2-hexanone, benzene, bromomethane, carbon tetrachloride, chloroform, ethylbenzene, 

and tetrachloroethene.   
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6.2.2.2 Direct Contact COPCs for Groundwater 

Groundwater COPC selection, presented in Appendix H-1 RAGS-Part D Table 2.11, was based upon the 

maximum concentration of a chemical detected in groundwater exceeding any one of the groundwater 

screening criteria (USEPA RSLs for tap water and PRWQS) and facility background.  Unfiltered 

groundwater data were evaluated during the groundwater COPC selection process.  The following 

chemicals were selected as COPCs for groundwater because their maximum concentrations exceeded 

one or more screening criteria: 

 

• Metals: arsenic, cadmium, cobalt, copper, mercury, nickel, thallium, and vanadium. 

• PAHs: benzo(a)anthracene. 

 

6.3 EXPOSURE ASSESSMENT 

The exposure assessment defines and evaluates the exposures experienced by likely receptor 

populations at a site.  The exposure assessment consists of several subsections that characterize the 

physical site setting and potential receptors of concern.  Additionally, the exposure assessment identifies 

the potential contaminant migration and exposure pathways, defines the contaminant concentrations at 

the point of exposure, and presents the exposure assumptions used to quantify exposure in terms of 

contaminant intake (dose).  Appendix H-2 of this report includes the intake equations and sample 

calculations for the quantification of contaminant intakes.  Spreadsheets presented in Appendix H-1 

include the contaminant-specific intakes for each receptor and medium evaluated for SWMU 57.  A 

summary of potential exposure pathways is provided in RAGS-Part D Table 1 in Appendix H-1.  RAGS-

Part D Table 3s in Appendix H-1 present the exposure point concentrations (EPCs) calculated for the 

COPCs.  RAGS-Part D Table 4s in Appendix H-1 provide the exposure parameters used to calculate the 

contaminant-specific intakes.   
 

6.3.1 Exposure Setting 

Site background and history, and a description of sources of environmental contamination, contaminant 

release mechanisms, and transport/migration pathways are provided in Sections 1.0 and 5.0, 

respectively, of this report.  Background data sets (facility and site-specific) are discussed in Section 4.0.  

A description of SWMU 57 is presented in Section 3.0. 
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6.3.1.1 Potential Exposure Routes 

Potential receptors can come into contact with contaminants in many ways, which are generally the result 

of interactions between a receptor's behavior or lifestyle and an exposure medium.  For the purposes of 

this assessment an exposure route is defined as a description of the behavior that brings a receptor into 

contact with a contaminated medium.  The CSM for SWMU 57 that displays the HHRA potential exposure 

routes is presented on Figure 6-1. 

 

6.3.1.1.1 Air 

The air pathway is based on the scenario that a receptor inhales air that contains suspended particulates 

and/or volatile organic vapors originating from the source area.  However, exposures to volatile organic 

vapors were not evaluated for SWMU 57 because there were no volatile chemicals selected as COPCs in 

soil.   

 

The release of contaminants from subsurface soil via fugitive dust is not expected at SWMU 57 under 

current land use conditions.  The release of subsurface soil contaminants to the atmosphere can only 

occur as a result of ground-intrusive activities.  Subsurface soil risk due to fugitive dust was evaluated for 

current/future construction worker exposed to subsurface soil from 1 to 3 feet bgs and subsurface soil 

greater than 3 feet bgs.  Risk due to fugitive dust for current/future industrial workers, current/future 

trespassers, future recreational users, and future residents exposed to COPCs in subsurface soil 1 to 3 

feet bgs was evaluated to be conservative.  Risk due to fugitive dust for all receptors exposed to surface 

soil or to combined surface and subsurface soil 0 to 3 feet bgs was also evaluated.  In addition, risk due 

to fugitive dust for construction workers and future residents exposed to combined surface and 

subsurface soil 0 to 10 feet bgs was also evaluated. 

 

6.3.1.1.2 Ingestion of and Dermal Contact with Soil  

Potential receptors may come into direct contact with soil affected by the release of contaminants from 

the source area.  During the receptor's period of contact, the individual may be exposed via inadvertent 

ingestion of a small amount of soil or via dermal absorption of contaminants from the soil. 

 

Dermal contact with contaminants detected in the soil may or may not result in a significant exposure.  

For contaminants to be percutaneously absorbed, they must first desorb from soil and diffuse through the 

skin.  Various factors affect the rate of dermal absorption, including the amount of soil on the skin surface, 

soil characteristics (moisture, pH, organic carbon content, etc.), skin characteristics (thickness, 
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temperature, hydration, etc.), volatilization losses, and contaminant-specific properties.  Dermal and 

ingestion exposures to contaminants in soil were evaluated quantitatively for this risk assessment. 

 

6.3.1.1.3 Ingestion, Dermal Contact, and Inhalation of Volatiles from Groundwater 

Groundwater is currently not used as a potable water supply at NAPR due to a combination of low yield 

and concentrations of total dissolved solids (TDS) that are greater than EPA’s secondary drinking water 

standard for TDS (CH2MHill, 2012).  However, treatment technologies do exist for TDS; therefore, future 

potable use of groundwater is possible.  Nevertheless, groundwater in Puerto Rico is classified as potable 

and future potable groundwater use is possible at SWMU 57, unless site-specific data demonstrates that 

groundwater is not potable.  Consequently, residential exposure to groundwater is very unlikely; however, 

risks due to residential exposure to groundwater were estimated in this HHRA to be conservative.  Future 

industrial receptor risks to groundwater used as a potable water supply were also evaluated as part of the 

uncertainty analysis (Section 6.6).  Incidental ingestion that may occur for construction workers 

encountering groundwater in an excavation trench was also evaluated.   

 

Dermal contact with groundwater was evaluated for residents using groundwater as a domestic water 

source; however, this is very conservative because groundwater is not used as a potable water source at 

NAPR.  Future industrial receptor risks to groundwater used as a potable water supply were also 

evaluated as part of the uncertainty analysis (Section 6.6).  It was also assumed that construction workers 

may come into contact with groundwater during excavation activities or repair of utility lines; therefore, 

dermal contact exposure to groundwater was evaluated for current and future construction workers.   

 

Volatile chemicals were not detected in site groundwater; therefore, quantitative risk evaluation of 

inhalation of volatiles in groundwater for residents (e.g., during showering/bathing) and for construction 

workers (e.g., in an excavation trench) was not necessary for SWMU 57. 

 

6.3.2 Potential Receptors 

Potential receptors were identified for both current and future land use conditions by analyzing current 

land use practices, possible future land use, and identified sources of contamination.  Construction 

workers, industrial workers, and adolescent trespassers are considered to be potential human receptors 

for SWMU 57 under current and future land use.  

 

Construction workers, industrial workers, adolescent trespassers, recreational users (child, adolescent, 

and adult), and future residents (child and adult) may be potential receptors under future land use.  

Although current land use does not include residential land use, pending future land use consists of 



  NAPR SWMU 57 
Full RFI 

Revision:  1 
Date:  July 2015 

Section:  6 
 

112014/P 6-18 CTO JM02 

construction of the Marsh Vista Country Club with a proposed 18-hole golf course with clubhouse as well 

as 50 residential units (Navy, 2011) and so recreational users and future residents were evaluated to aid 

in risk management decisions.   

 

6.3.3 Exposure Pathways 

The basic exposure assessment assumptions for SWMU 57 are as follows: 

 

• The receptors evaluated include child, adolescent, adult, and lifelong recreational users; child, adult, 

and lifelong residents; industrial workers (e.g., the typical industrial/commercial workers performing 

routine activities), adolescent trespassers, and construction workers (e.g., remediation and 

excavation).  

 

• The exposure routes include ingestion, dermal contact, and inhalation of air/dust particulates for soil, 

and ingestion of and dermal contact with groundwater.  The potentially complete exposure pathways 

are summarized in the following table and discussed in Appendix H-2. 

 

Potentially Complete Exposure Pathways 
Receptors Exposure Routes(1)(2)(3)(4) 

Construction Workers (current/future)  Soil Ingestion – (surface, subsurface 1-3 feet bgs, 
     and subsurface greater than 3 feet bgs) 

Soil Dermal Contact (surface, subsurface 1-3 feet 
     bgs, and subsurface greater than 3 feet bgs) 

Inhalation of Air/Dust Particulates  
     (surface, subsurface 1-3 feet bgs, and subsurface 
     greater than 3 feet bgs) 

Ingestion of Groundwater 
Dermal Contact with Groundwater  

Industrial Worker (current/future) Soil Ingestion – (surface and subsurface 1-3 feet bgs) 
Soil Dermal Contact (surface and subsurface 1-3 feet 
     bgs) 

Inhalation of Air/Dust Particulates  (surface and 
     subsurface 1-3 feet bgs) 
Ingestion of Groundwater (future scenario)(5) 
Dermal Contact with Groundwater (future scenario)(5) 
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Potentially Complete Exposure Pathways 
Receptors Exposure Routes(1)(2)(3)(4) 

Adolescent Trespasser (current/future) Soil Ingestion – (surface and subsurface 1-3 feet bgs) 
Soil Dermal Contact (surface and subsurface 1-3 feet 
     bgs) 

Inhalation of Air/Dust Particulates (surface and 
     subsurface 1-3 feet bgs) 

Recreational Users (future) Soil Ingestion – (surface and subsurface 1-3 feet bgs) 
Soil Dermal Contact (surface and subsurface 1-3 feet 
     bgs) 

Inhalation of Air/Dust Particulates (surface and 
     subsurface 1-3 feet bgs) 

Residents (future) 

 
Soil Ingestion – (surface and subsurface 1-3 feet bgs) 
Soil Dermal Contact (surface and subsurface 1-3 feet 
     bgs) 

Inhalation of Air/Dust Particulates (surface and 
     subsurface 1-3 feet bgs) 
Ingestion of Groundwater 
Dermal Contact with Groundwater 

 
1 A combined surface and subsurface soil 0 to 3 feet bgs data set was also evaluated for all 

receptors.  Additionally, a combined 0 to 10 feet bgs data set was evaluated for construction 
workers and residents. 

2 Receptors were not evaluated for inhalation exposures to vapors in soil because no volatile 
chemicals were selected as direct-contact COPCs. 

3 Construction workers were not evaluated for inhalation of volatiles in a trench and residents were 
not evaluated for inhalation of volatiles while showering because no sufficiently volatile and toxic 
chemicals were detected in groundwater. 

4 Industrial workers and residents were not evaluated for exposures to vapors entering a building 
via vapor intrusion because no sufficiently volatile and toxic chemicals were detected in 
groundwater. 

5 The evaluation of industrial workers exposed to groundwater is included in Section 6.6 
(uncertainty analysis). 

 

6.3.4 Exposure Point Concentrations 

The following items summarize the protocol used in calculating EPCs for SWMU 57 media. 

 

For soil EPCs, if the data set contained 5 or more analytical results, the 95-percent Upper Confidence 

Limit (UCL) on the mean was calculated and used as the EPC, unless the 95-percent UCL value 

exceeded the maximum detected concentration.  In this case, the maximum detected concentration was 

used as the EPC for the RME and CTE scenarios.  Use of the maximum value is recommended for small 

data sets because it is often difficult to define the distribution of a data set when fewer than five samples 

are available.  The maximum concentration was also used as the EPC if there were few (i.e., less than 
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four) positive detections in a data set, in accordance with USEPA guidance (USEPA, 2010a).  The EPCs 

for evaluating exposure to fugitive dust are presented on the RAGS Part D Table 7s in Appendix H-1.   

 

For groundwater, the maximum detected concentration was used as the EPC.  This was done to be 

conservative, as using the maximum concentration as the EPC assumes that receptors are exposed to 

the greatest concentration at the site for the entire exposure duration, which is unlikely.      

 

The 95-percent UCLs on the mean for all COPCs were calculated following USEPAs Calculating UCLs for 

EPCs at Hazardous Waste Sites (USEPA, 2002d) and using USEPA’s ProUCL (Version 4.1.01) software 

(USEPA, 2010a).  The sample detection limit was used as an input for non-detected results in the EPC 

calculations.  Averages of original and duplicate samples were not used in the calculation of EPCs for site 

media.  Instead, the greater of the result from the original and duplicate sample was used as an input to 

ProUCL.  Non-detected results were evaluated using the procedures in ProUCL.  Appendix H-3 contains 

ProUCL output files. 

 

EPCs for direct-contact COPCs selected for SWMU 57 are summarized in RAGS-Part D Tables 3.1 through 

3.6 presented in Appendix H-1.  

 

6.3.5 Quantification of Exposure 

Exposure intakes for the identified potential receptor groups were calculated using current USEPA risk 

assessment guidance (USEPA, 1993a, 1997a, 2004, and 2009a).  Site-specific values and details on the 

rationale for the selection of these values are included in Appendix H-2.  Estimates of exposure are based 

on contaminant concentrations at exposure points and on scenario-specific assumptions and intake 

parameters.  In general, standard default parameters that combine mid-range and upper-end exposure 

factors were used to assess the RME.  CTE was assessed primarily by the use of mid-range exposure 

factors presented in current risk assessment guidance (USEPA, 1993b).  The same EPCs and equations 

were used to estimate intakes under the CTE scenario, but exposure input parameters (e.g., exposure 

frequencies) were modified to reflect average case exposure.  The exposure parameters used for the 

CTE calculations reflect the latest USEPA guidance (see RAGS-Part D Table 4s in 

Appendix H-1).  Therefore, the exposure factors for the CTE differed from those used for the RME, but in 

accordance with current USEPA guidance, the EPCs were the same for the RME and CTE scenarios. 

 

The most recent USEPA guidance was used to estimate intakes.  USEPA guidance used for this risk 

assessment includes USEPA Soil Screening Guidance (USEPA, 2002c), USEPA Exposure Factors 
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Handbook (USEPA, 1997a), USEPA Child-Specific Exposure Factors Handbook (USEPA, 2008a), and 

the July 2004 Final USEPA Dermal Guidance (USEPA, 2004). 

 

Exposure intake parameters were used in the equations presented in Appendix H-2 along with the EPCs 

previously defined to estimate contaminant intakes.  Individual contaminant intakes for each 

receptor/exposure route combination at SWMU 57 are presented in the risk assessment spreadsheets in 

Appendix H-1.  Example calculations are provided in Appendix H-2. 

 

6.4 TOXICITY ASSESSMENT 

The objective of the toxicity assessment is to identify the potential adverse health effects in exposed 

populations.  Quantitative estimates of the relationship between the magnitude and type of exposures and 

the severity or probability of human health effects are defined for the identified COPCs.  Quantitative 

toxicity values determined during this component of the risk assessment are integrated with outputs of the 

exposure assessment to characterize the potential for the occurrence of adverse health effects for each 

receptor group. 

 

The toxicity value used to evaluate non-carcinogenic health effects for ingestion and dermal exposures is 

the reference dose (RfD).  The reference concentration (RfC) is used to evaluate non-carcinogenic health 

effects for inhalation exposures.  RfDs and RfCs are estimates of the daily exposure level for the human 

population that are likely to be without appreciable risk during a portion or all of a lifetime.  They are 

based on a review of available animal and/or human toxicity data, with adjustments for various 

uncertainties associated with the data.  Carcinogenic effects are quantified using the cancer slope factor 

(CSF) for ingestion and dermal exposures and inhalation unit risk (IUR) for inhalation exposures, which is 

a plausible upper-bound estimate of the probability of development of cancer per unit intake of 

contaminant over a lifetime.  It is based on available dose-response data from human and/or animal 

studies. 

 

6.4.1 Toxicity Criteria for Oral and Inhalation Exposures 

Oral RfDs and CSFs and inhalation RfCs and IURs used in this risk assessment were obtained from the 

following primary USEPA literature sources (USEPA, 2003c): 

 

• Integrated Risk Information System (IRIS). 

 

• USEPA Provisional Peer Reviewed Toxicity Values (PPRTVs) – The Office of Research and 

Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk 
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Technical Support Center develops PPRTVs on a contaminant-specific basis when requested by 

USEPA’s Superfund program. 

 

• Other toxicity values – These sources include but are not limited to California Environmental 

Protection Agency toxicity values, Agency for Toxic Substances and Disease Registry (ATSDR) 

values, and the Annual Health Effects Assessment Summary Tables (HEAST) (USEPA, 1997b). 

 

Although toxicity criteria can be found in several toxicological sources, USEPA’s IRIS online database is 

the preferred source of toxicity values.  This database is continuously updated, and the presented values 

have been verified by USEPA.  The USEPA RSL table may also be used as a source of toxicity criteria.  

This table is updated several times a year and reflects recent changes in IRIS.  A discussion and 

comparison of the November 2013 RSLs which were used in this risk assessment to more recent RSLs 

published in 2015 is presented in Section 6.6.  The toxicity criteria for the constituents selected as 

COPCs are presented in RAGs Part D Tables 5 and 6 presented in Appendix H-1.  

 

6.4.2 Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in the literature are frequently expressed as administered doses; therefore, these 

values are considered inappropriate for estimating risks associated with dermal routes of exposure.  Oral 

dose-response parameters based on administered doses must be adjusted to absorbed doses before 

comparisons to estimated dermal exposure intakes are made.  

 

When oral absorption is essentially complete (i.e., 100 percent), the absorbed dose is equivalent to the 

administered dose, and no toxicity adjustment is necessary.  Conversely, when the gastrointestinal 

absorption of a contaminant is poor (e.g., 1 percent), the absorbed dose is smaller than the administered 

dose; thus, toxicity factors based on absorbed dose should be adjusted to account for the difference in 

the absorbed dose relative to the administered dose.  USEPA (2004) recommends a cutoff of 50 percent 

absorption to reflect the intrinsic variability in the analysis of absorption studies.  Therefore, the 

adjustment from administered to absorbed dose was only performed when the contaminant-specific 

gastrointestinal absorption efficiency was less than 50 percent.  The adjustment from administered to 

absorbed dose was made using contaminant-specific gastrointestinal absorption efficiencies published in 

available guidance [i.e., USEPA, 2004 (the primary reference); USEPA, 1989, 2008a, 2009a] and the 

following equations: 

 

))(ABS(RfD  =  RfD GIoraldermal  

CSF   =   (CSF ) / (ABS )dermal oral GI  
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 where: ABSGI    =   absorption efficiency in the gastrointestinal tract 

  RfDdermal   =  RfD for the dermal route of exposure 

  RfDoral   =  RfD for the oral route of exposure 

  CSFdermal  =   CSF for the dermal route of exposure 

  CSForal    =   CSF of the oral route of exposure 

 

If contaminant-specific gastrointestinal absorption efficiencies were not available, then complete oral 

absorption was assumed and the oral toxicity values were not adjusted for dermal absorbed doses.  The 

contaminant-specific absorption efficiencies used in this HHRA are presented in RAGS-Part D Tables 5.1 

and 6.1 in Appendix H-1.  

 

6.4.3 Toxicity Criteria for Carcinogenic Effects of PAHs 

Risk estimates for PAHs have, in the past, assumed that all PAHs have a potency equal to that for 

benzo(a)pyrene.  Whereas benzo(a)pyrene was well studied, other Class B2 PAHs had insufficient data 

with which to calculate a CSF.  USEPA has since published provisional guidance to assess PAHs 

(USEPA, 1993b).  Estimated orders of potential potency Toxicity Equivalence Factors (TEFs) were 

developed and are rounded to one significant figure (based on an order of magnitude).  The values are 

based on a comparable endpoint (complete carcinogenesis after repeated exposure to mouse skin).   

 

USEPA’s Guidelines for Carcinogen Risk Assessment (USEPA, 2005a) and Supplemental Guidance of 

Assessing Susceptibility from Early-Life Exposure to Carcinogens (USEPA, 2005b) specify the use of age 

dependent adjustment factors (ADAFs) for carcinogens that act via a mutagenic mode of action.  

Carcinogenic PAHs are included in the group of contaminants that have been determined to act via the 

mutagenic mode of action.  No contaminant-specific ADAFs have been derived for carcinogenic PAHs; 

therefore, the following default ADAFs were used: 10 for ages 0 to 2, 3 for ages 2 to 16, and 1 (no 

adjustment) for ages 16 to 70. 

 

6.5 RISK CHARACTERIZATION  

This section provides the methodologies used for the characterization of potential human health risks 

associated with exposure to SWMU 57 COPCs.  Potential human health risks resulting from exposure to 

COPCs are estimated using algorithms established by USEPA (USEPA, 1989).  The methods described 

by USEPA are protective of human health and are likely to overestimate (rather than underestimate) risk.  

The methodology uses specific algorithms to calculate risk as a function of contaminant concentration, 

human exposure parameters, and toxicity.  Quantitative risks were first calculated including all chemicals 
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that exceeded screening criteria (i.e., without considering facility background screening).  Quantitative 

risks were then calculated excluding chemicals that were selected as COPCs but were less than facility 

background screening in order to provide estimates of site-specific risks; a discussion of site-specific risks 

is also presented in this section.  This is because chemicals with concentrations exceeding screening 

levels but that do not exceed facility background are likely representative of regional contamination and 

not site conditions.  Therefore, this section provides also provides estimates for site-related contaminants 

at SWMU 57.  However, as noted previously, no facility background values were used for COPC selection 

for the combined surface and subsurface soil data sets 0 to 3 feet bgs and 0 to 10 feet bgs because no 

combined surface and subsurface soil facility background values are available.  Uncertainty associated 

with the lack of facility background values for the combined surface and subsurface soil 0 to 3 feet bgs 

and 0 to 10 feet bgs data sets is discussed in Section 6.6. 

 

Risks from hazardous contaminants are calculated for carcinogenic and non-carcinogenic effects.  For 

carcinogenic contaminants that exhibit non-carcinogenic effects, potential impacts were characterized for 

both types of health effects.  Section 6.5.1 defines the characterization methodology for carcinogenic 

effects.  The methodology for non-carcinogenic effects is described in Section 6.5.2.  

 

6.5.1 Carcinogenic Effects 

Quantitative estimates of risk for contaminants other than lead were calculated according to risk 

assessment methods outlined in USEPA guidance (USEPA, 1989).  Lifetime cancer risks are expressed 

in the form of dimensionless probabilities, referred to as incremental lifetime cancer risks (ILCRs), based 

on CSFs and IURs.   

 

ILCR estimates for ingestion and dermal exposures were generated for each COPC using estimated 

exposure intakes and published CSFs, as follows: 

 

ILCR = (Estimated Exposure Intake)(CSF) 

 

If the above equation resulted in an ILCR greater than 0.01, the following equation was used: 

 

ILCR = 1-[exp(-Estimated Exposure Intake)(CSF)] 

 

This is consistent with the linear low-dose model. 
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ILCR estimates for inhalation exposures were generated for each COPC using estimated exposure 

concentrations and published IURs, as follows: 

 

ILCR = (IUR)(Exposure Concentration)(1,000 µg/mg) 

 

Estimated ILCRs are compared with the USEPA target risk range, 10-6 to 10-4.  Risks less than 10-6 (a 

risk less than 1 in 1 million) are generally considered to be “acceptable” by USEPA, whereas risks greater 

than 10-4 (1 in 10,000) are generally considered to be “unacceptable” by the agency.  Depending on the 

risk management goals for the site, risks within 10-6 to 10-4 are also typically regarded as “acceptable.” 

 

6.5.2 Non-Carcinogenic Effects 

Non-carcinogenic risks were assessed using the concept of hazard quotients (HQs) and hazard indices 

(HIs).  The HQ for a COPC is the ratio of the estimated intake to the RfD and is calculated for ingestion 

and dermal exposures as follows: 

 

HQ = (Estimated Exposure Intake)/(RfD) 

 

For inhalation exposures, HQ is calculated as follows: 

 

HQ = (Exposure Concentration)/(RfC) 

 

An HI is generated by summing the individual HQs for all the COPCs.  If the HI exceeds 1, a potential 

exists for non-carcinogenic (toxic) effects to occur.  When the HI exceeds 1, it is necessary to segregate 

the HQs by target-organ effects because the HQs for all non-carcinogens are not considered to be truly 

additive unless similar target organs are affected.  If the HI for an individual target organ exceeds 1, a 

potential exists for adverse non-carcinogenic health effects. 

 

The estimation of non-carcinogenic effects (i.e., the calculation of HQs/HIs) should not be construed as a 

probability in the manner of the ILCR, but rather a numerical indicator of the extent to which a predicted 

intake exceeds, or is less than, an RfD. 

 

6.5.3 Quantitative Risk Estimates – RME Evaluation – Combined Surface and Subsurface Soil 0 
to 3 feet bgs 

Quantitative risk estimates for potential human receptors were developed for those contaminants 

identified as direct contact COPCs.  Potential non-carcinogenic and carcinogenic risks for construction 
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workers, industrial workers, adolescent trespassers, child, adolescent, and adult recreational users, and 

child and adult residents under the RME scenario using the combined surface and subsurface soil 0 to 3 

feet bgs data set are summarized in Table 6-1.  Risks for each receptor are summed across all applicable 

exposure routes.  Risk spreadsheets containing the detailed contaminant-specific risks calculated for 

SWMU 57 are included in Appendix H-1.  A discussion of the estimated non-carcinogenic and 

carcinogenic risks is provided in the remainder of this section.   

 

Non-Carcinogenic Risks – RME Evaluation – Combined Surface and Subsurface Soil 0 to 3 feet 
bgs 

The cumulative HIs calculated for construction worker, industrial worker, adolescent trespasser, child, 

adolescent, and adult recreational users, and adult residents exposure to combined surface and 

subsurface soil 0 to 3 feet bgs, subsurface soil greater than 3 feet bgs (for construction workers only), and 

groundwater (for construction workers and residents) are less than or equal to 1, indicating that adverse 

non-carcinogenic effects are not anticipated for these receptors under the defined exposure scenario.  

The cumulative HI calculated for child residents exposure to combined surface and subsurface soil 0 to 3 

feet bgs and groundwater exceeds 1 (HI = 3).  The medium-specific HI for groundwater (HI = 3) exceeds 

1; however, target organ HIs are less than or equal to 1.  Therefore, adverse non-carcinogenic effects are 

not anticipated for child residents under the defined exposure scenario.      

 

Carcinogenic Risks – RME Evaluation – Combined Surface and Subsurface Soil 0 to 3 feet bgs 

Carcinogenic risks estimated for construction workers, industrial workers, adolescent trespassers, 

recreational users (child, adolescent, adult, and lifelong), and residents (child, adult, and lifelong) are less 

than or within the USEPA target risk range of 1x10-6 to 1x10-4.  Therefore, the likelihood of cancer from 

site-related chemicals at SWMU 57 for any receptor exposed under RME conditions is below or within 

USEPA’s acceptable range. 

 

6.5.4 Quantitative Risk Estimates - CTE Evaluation – Combined Surface and Subsurface Soil 0 
to 3 feet bgs 

An evaluation of the potential risks associated with the CTE scenario is included to provide a measure of 

the central or average case exposure.  Summaries of the estimated risks for the CTE scenario using the 

combined surface and subsurface soil 0 to 3 feet bgs data set are presented in Table 6-2.   
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Non-Carcinogenic Risks – CTE Evaluation – Combined Surface and Subsurface Soil 0 to 3 feet 
bgs 

Cumulative HIs estimated for construction workers, industrial workers, adolescent trespassers, child, 

adolescent, and adult recreational users, and child and adult residents exposed to combined surface and 

subsurface soil 0 to 3 feet bgs, subsurface soil greater than 3 feet bgs (for construction workers only), and 

groundwater (for construction workers and residents) under the CTE scenario are less than or equal to 1.  

Therefore, no adverse non-carcinogenic effects are anticipated for these receptors under the defined 

exposure conditions.   

 

Carcinogenic Risks – CTE Evaluation – Combined Surface and Subsurface Soil 0 to 3 feet bgs 

For the CTE, the cumulative ILCRs for construction workers, industrial workers, adolescent trespassers, 

recreational users (adolescent, adult, and lifelong), and residents (child, adult, and lifelong) are less than 

or within USEPA’s target cancer risk range of 1x10-6 to 1x10-4.  Therefore, the likelihood of cancer from 

site-related chemicals at SWMU 57 for any receptor exposed under CTE conditions are below or within 

USEPA’s acceptable range.  

 

6.5.5 Quantitative Risk Estimates – RME Evaluation – Separate Surface Soil (0 to 1 foot bgs) and 
Subsurface Soil (1 to 3 feet bgs) 

Quantitative risk estimates for potential human receptors were developed for those contaminants 

identified as direct contact COPCs.  Potential non-carcinogenic and carcinogenic risks for construction 

workers, industrial workers, adolescent trespassers, child, adolescent, and adult recreational users, and 

child and adult residents under the RME scenario using the separate surface soil (0 to 1 foot bgs) and 

subsurface soil (1 to 3 feet bgs) data sets are summarized in Table 6-3.  Risks for each receptor are 

summed across all applicable exposure routes.  Risk spreadsheets containing the detailed contaminant-

specific risks calculated for SWMU 57 are included in Appendix H-1.  A discussion of the estimated non-

carcinogenic and carcinogenic risks is provided in the remainder of this section.   

 

Non-Carcinogenic Risks – RME Evaluation - Separate Surface Soil (0 to 1 foot bgs) and 
Subsurface Soil (1 to 3 feet bgs) 

The cumulative HIs calculated for construction worker, industrial worker, adolescent trespasser, child, 

adolescent, and adult recreational users, and adult resident exposure to soil and/or groundwater are less 

than or equal to 1, indicating that adverse non-carcinogenic effects are not anticipated for these receptors 

under the defined exposure scenario.  The cumulative HIs for child residents exposed to surface soil from 
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0 to 1 foot bgs and groundwater (HI = 5) and subsurface soil from 1 to 3 feet bgs and groundwater (HI = 

5) are greater than 1.  However, only the medium-specific HI for subsurface soil from 1 to 3 feet bgs 

exceeds 1 (HI = 2).  The HI for the thyroid target organ exceeds 1 (HI = 2).  Cobalt is the primary risk 

contributor via the ingestion exposure route, and the individual HQ for cobalt is 2.   

 

Carcinogenic Risks – RME Evaluation - Separate Surface Soil (0 to 1 foot bgs) and Subsurface Soil 
(1 to 3 feet bgs) 

Carcinogenic risks estimated for construction workers, industrial workers, adolescent trespassers, 

recreational users (child, adolescent, adult, and lifelong), and residents (child, adult, and lifelong) are less 

than or within the USEPA target risk range of 1x10-6 to 1x10-4.  Therefore, the likelihood of cancer from 

site-related chemicals at SWMU 57 for any receptor exposed under RME conditions is below or within 

USEPA’s acceptable range. 

 

6.5.6 Quantitative Risk Estimates - CTE Evaluation - Separate Surface Soil (0 to 1 foot bgs) and 
Subsurface Soil (1 to 3 feet bgs) 

An evaluation of the potential risks associated with the CTE scenario is included to provide a measure of 

the central or average case exposure.  Summaries of the estimated risks for the CTE scenario are 

presented in Table 6-4.   

 

Non-Carcinogenic Risks – CTE Evaluation - Separate Surface Soil (0 to 1 foot bgs) and Subsurface 
Soil (1 to 3 feet bgs) 

Cumulative HIs estimated for construction workers, industrial workers, adolescent trespassers, child, 

adolescent, and adult recreational users, and adult residents exposed to surface soil (0 to 1 foot bgs), 

subsurface soil (1 to 3 feet bgs), subsurface soil greater than 3 feet bgs (for construction workers only), 

and groundwater (for construction workers and residents) under the CTE scenario are less than or equal 

to 1, indicating that adverse non-carcinogenic effects are not anticipated for these receptors under the 

defined exposure scenario.  The cumulative HIs for child residents exposed to surface soil from 0 to 1 foot 

bgs and groundwater (HI = 2) and subsurface soil from 1 to 3 feet bgs and groundwater (HI = 2) are 

greater than 1.  However, medium-specific HIs do not exceed 1.  Therefore, no adverse non-carcinogenic 

effects are anticipated for these receptors under the defined exposure conditions.   
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Carcinogenic Risks – CTE Evaluation - Separate Surface Soil (0 to 1 foot bgs) and Subsurface Soil 
(1 to 3 feet bgs) 

For the CTE, the cumulative ILCRs for construction workers, industrial workers, adolescent trespassers, 

recreational users (child, adolescent, adult, and lifelong), and residents (child, adult, and lifelong) are less 

than or within USEPA’s target cancer risk range of 1x10-6 to 1x10-4.  Therefore, the likelihood of cancer 

from site-related chemicals at SWMU 57 for any receptor exposed under CTE conditions is below or 

within USEPA’s acceptable range.  

 

6.5.7 Quantitative Risk Estimates – RME Evaluation – Combined Surface and Subsurface Soil 0 
to 10 feet bgs 

Quantitative risk estimates for potential human receptors were developed for those contaminants 

identified as direct contact COPCs.  Potential non-carcinogenic and carcinogenic risks for construction 

workers and child and adult residents under the RME scenario using the combined surface and 

subsurface soil 0 to 10 feet bgs data set and groundwater are summarized in Table 6-5.  Risks for each 

receptor are summed across all applicable exposure routes.  Risk spreadsheets containing the detailed 

contaminant-specific risks calculated for SWMU 57 are included in Appendix H-1.  A discussion of the 

estimated non-carcinogenic and carcinogenic risks is provided in the remainder of this section.   

 

Non-Carcinogenic Risks – RME Evaluation – Combined Surface and Subsurface Soil 0 to 10 feet 
bgs 

The cumulative HI calculated for construction worker exposure to soil and groundwater are less than 1, 

indicating that adverse non-carcinogenic effects are not anticipated for this receptor under the defined 

exposure scenario.  The cumulative HIs for child and adult residents exposed to surface soil from 0 to 10 

feet bgs and groundwater (HIs = 3 and 2, respectively) are greater than 1.  However, only the medium-

specific HI for combined soil from 0 to 10 feet for the child resident exceeds 1 (HI = 3).  The HI for the 

thyroid target organ exceeds 1 (HI = 2).  Cobalt is the primary risk contributor via the ingestion exposure 

route, and the individual HQ for cobalt is 2. 

   

Carcinogenic Risks – RME Evaluation – Combined Surface and Subsurface Soil 0 to 10 feet bgs 

Carcinogenic risks estimated for construction workers and residents (child, adult, and lifelong) are less 

than or within the USEPA target risk range of 1x10-6 to 1x10-4.  Therefore, the likelihood of cancer from 

site-related chemicals at SWMU 57 for any receptor exposed under RME conditions is below or within 

USEPA’s acceptable range. 
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6.5.8 Quantitative Risk Estimates - CTE Evaluation – Combined Surface and Subsurface Soil 0 
to 10 feet bgs 

An evaluation of the potential risks associated with the CTE scenario is included to provide a measure of 

the central or average case exposure.  Summaries of the estimated risks for the CTE scenario using the 

combined surface and subsurface soil 0 to 10 feet bgs data set are presented in Table 6-6.   

 

Non-Carcinogenic Risks – CTE Evaluation – Combined Surface and Subsurface Soil 0 to 10 feet 
bgs 

Cumulative HIs estimated for construction workers and adult residents exposed to combined surface and 

subsurface soil 0 to 10 feet bgs and groundwater under the CTE scenario are less than or equal to 1.  

Therefore, no adverse non-carcinogenic effects are anticipated for these receptors under the defined 

exposure conditions.  The cumulative HI for child residents exposed to surface soil from 0 to 10 feet bgs 

and groundwater (HI = 2) is greater than 1.  However, no medium-specific HIs for the child resident 

exceed 1.  Therefore, no adverse non-carcinogenic effects are anticipated for child residents under the 

defined exposure conditions.    

 

Carcinogenic Risks – CTE Evaluation – Combined Surface and Subsurface Soil 0 to 10 feet bgs 

For the CTE, the cumulative ILCRs for construction workers and residents (child, adult, and lifelong) are 

less than or within USEPA’s target cancer risk range of 1x10-6 to 1x10-4.  Therefore, the likelihood of 

cancer from site-related chemicals at SWMU 57 for any receptor exposed under CTE conditions is below 

or within USEPA’s acceptable range. 

 

6.5.9 Chemicals within Facility Background Concentrations 

A background screen (i.e., a comparison of maximum site concentrations to established facility 

background concentrations) was not considered for COPC selection for chemicals detected at 

concentrations exceeding screening criteria in soil and groundwater at SWMU 57.  In order to provide an 

estimate of site-specific risks, COPCs for metals were additionally compared to concentrations detected 

in facility background samples.  If the maximum concentration of a COPC was less than the 

representative facility background concentration for soil and groundwater, that COPC is not included in 

the site-specific evaluation.  The BTV presented in the Background Threshold Value Evaluation and 

Recommendations for Naval Activity Puerto Rico (CH2MHill, 2013) was used to represent facility 

background.  The facility background values used for COPC selection are presented in the COPC 
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selection tables in Appendix H-1 for informational purposes only, because COPCs were not selected 

using facility background; additional COPC selection tables that do consider background are presented in 

Appendix H-4.  In both cases, facility background values were not used for COPC selection for the 

combined surface and subsurface soil 0 to 3 feet bgs and 0 to 10 feet bgs data sets, because facility 

background values are only available for either surface soil or subsurface soil.  Therefore, facility 

background values were not used, to be conservative, and these data sets are not discussed in the site-

specific risks presented in this section because site-specific risks are the same as total risks presented in 

Sections 6.5.3, 6.5.4, 6.5.7, and 6.5.8.  Uncertainty associated with the lack of facility background values 

for the combined surface and subsurface soil 0 to 3 feet bgs and 0 to 10 feet bgs data sets is discussed in 

this Section 6.6. 

 

The following concentrations of the following chemicals are within facility background concentrations 

(Appendix H-4): 

 

• Surface soil: vanadium. 

• Subsurface soil, 1 to 3 feet bgs: arsenic and vanadium. 

• Subsurface soil, greater than 3 feet bgs: arsenic and vanadium. 

• Groundwater: arsenic, cadmium, cobalt, copper, nickel, and vanadium. 

 

A chemical name is presented in bold font if the maximum concentration of the chemical exceeds the 

RSL based on an ILCR of 1x10-6 or an HQ of 1; the additional chemicals listed above, with the exception 

of copper and nickel in groundwater, exceed the RSL based on an HQ of 0.1 but do not exceed the RSL 

based on an HQ of 1.  In groundwater, copper and nickel do not exceed the RSL-based screening criteria 

based on an HQ of 0.1 but exceed the PRWQS screening value. 

 

Site-specific risks, excluding those chemicals eliminated as COPCs based on facility background 

comparisons, were calculated for the RME and CTE scenarios and are presented in Appendix H-4.  The 

95-percent UCLs on the mean were used as the EPCs for surface and subsurface soil data sets where 

applicable.  Maximum concentrations were used as the EPCs for groundwater.  A comparison of total 

risks and site-specific risks [calculated using separate surface soil (0 to 1 foot bgs) and subsurface soil (1 

to 3 feet bgs) data sets] is presented below for the RME scenario.   
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ANALYSIS OF RISKS FOR CHEMICALS OMITTED FROM THE QUANTITATIVE RISK 
ASSESSMENT ON THE BASIS OF FACILITY BACKGROUND – RME SCENARIO – SWMU 57 

Receptor ILCR(1) HI(1) 
Surface Soil, 0 to 1 foot bgs 
Construction Worker 6E-07 (6E-07)  0.4 (0.2)  
Industrial Worker 1E-06 (1E-06)  0.1 (0.1)  
Adolescent Trespasser 2E-07 (2E-07)  0.05 (0.04)  
Child Recreational User 1E-06 (1E-06)  0.5 (0.4)  
Adolescent Recreational User 4E-07 (4E-07)  0.09 (0.07)  
Adult Recreational User 3E-07 (3E-07)  0.06 (0.05)  
Lifelong Recreational User 7E-07 (2E-06) NA 
Child Resident 5E-06 (5E-06)  2 (1)  
Adult Resident 2E-06 (2E-06)  0.2 (0.2)  
Lifelong Resident 6E-06 (6E-06)  NA 
Subsurface Soil, 1 to 3 feet bgs 
Construction Worker 6E-07 (5E-07)  0.5 (0.2)  
Industrial Worker 1E-06 (1E-07)  0.2 (0.1)  
Adolescent Trespasser 2E-07 (4E-08)  0.06 (0.04)  
Child Recreational User 1E-06 (3E-07)  0.7 (0.5)  
Adolescent Recreational User 3E-07 (8E-08)  0.1 (0.08)  
Adult Recreational User 2E-07 (2E-08)  0.07 (0.05)  
Lifelong Recreational User 6E-07 (4E-07)  NA 
Child Resident 4E-06 (1E-06) 2 (2)  
Adult Resident 1E-06 (3E-07)  0.3 (0.2)  
Lifelong Resident 5E-06 (1E-06)  NA 
Subsurface Soil, greater than 3 feet bgs 
Construction Worker 2E-06 (2E-06)  1 (0.9)  
Groundwater 
Construction Worker 4E-09 (2E-11)  0.002 (0.0001)  
Child Resident 5E-05 (3E-06)  3 (0.2)  
Adult Resident 9E-05 (2E-06)  1 (0.09)  
Lifelong Resident 1E-04 (5E-06)  NA 

 
1 – Risk and HI values in parentheses are site-specific risks calculated in the risk assessment for COPCs only using 

separate surface soil and subsurface soil 1 to 3 feet bgs data sets.  Risk and HI values not in parentheses include all 
COPCs.   

NA – Not applicable. 
 

Estimated ILCRs for total (i.e., including chemicals within facility background levels) site-specific risks 

(i.e., excluding chemicals within facility background levels) are less than or within the USEPA target risk 

range of 1x10-6 to 1x10-4.  Both total and site-specific HIs are less than or equal to 1 for all receptors 

except the child resident.  For the child resident, total HIs exceed 1 but site-specific HIs are less than or 
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equal to 1 for both surface soil and groundwater; however, target organ HIs are less than or equal to 1 for 

these media.  Also, both the total and site-specific HIs are equal to 2 for the child resident exposed to 

subsurface soil from 1-3 feet bgs, with the target organ HIs exceeding 1 due to cobalt.  Based on this 

comparison, overall conclusions do not change if site-specific risks are evaluated instead of total risks.  

 

6.5.10 Refined Evaluation of Chemical Migration from Soil to Groundwater 

COPCs for groundwater protection were selected in Section 6.2.2.  This section presents a more refined 

evaluation of the potential for chemical migration from soil to groundwater based on multiple lines of 

evidence including 1) whether the COPC is within facility background concentrations for soil, if applicable; 

2) whether the COPC was detected in groundwater; 3) whether the COPC is also a groundwater COPC; 

4) whether concentrations of the COPC in groundwater are within facility background concentrations; and 

5) whether the COPC exceeded groundwater protection risk-based SSLs and MCL-based SSLs based on 

a revised DAF. 

 

Groundwater Protection COPCs — Combined Surface and Subsurface Soil 0 to 3 feet bgs — The 

following chemicals in combined surface and subsurface soil 0 to 3 feet bgs soil were selected as COPCs 

for migration from soil to groundwater: 

 

• Metals: antimony, arsenic, barium, cadmium, cobalt, copper, cyanide, lead, mercury, nickel, 

selenium, thallium, and vanadium. 

 

• PCBs: Aroclor-1260. 

 

• PAHs: benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and naphthalene. 

 

• SVOCs: bis(2-ethyhexyl)phthalate. 

 

• Volatiles: 2-hexanone, benzene, bromomethane, carbon tetrachloride, chloroform, ethylbenzene, 

and tetrachloroethene.   

 

The chemicals presented in the list above were detected at concentrations exceeding groundwater 

protection SSLs and were subsequently selected as COPCs for the migration to groundwater evaluation.  

(Facility background values were not used in COPC selection; however, no facility background values are 

available for combined surface and subsurface soil.)  None of the VOC, SVOC, or PCB COPCs were 

detected in groundwater.  The only PAH COPC detected in groundwater was benzo(a)anthracene.  



  NAPR SWMU 57 
Full RFI 

Revision:  1 
Date:  July 2015 

Section:  6 
 

112014/P 6-34 CTO JM02 

Benzo(a)anthracene was also selected as a groundwater COPC.  One of 4 benzo(a)anthracene results in 

groundwater exceed the tap water RSL, and the PRWQS is not exceeded.  The maximum concentration 

of benzo(a)anthracene in groundwater is within one order of magnitude of the tap water RSL.  

Additionally, only 4 of 57 benzo(a)anthracene results (approximately 7 percent) in the combined surface 

and subsurface soil 0 to 3 feet bgs data set exceed the migration to groundwater criterion, and 

subsurface soil data greater than 3 feet bgs do not indicate that migration from shallower soils has 

occurred [benzo(a)antrhacene was not selected as a groundwater protection COPC for subsurface soil 

greater than 3 feet bgs].  Therefore, benzo(a)anthracene detected in the combined surface and 

subsurface soil 0 to 3 feet bgs data set is not expected to cause unacceptable risks in groundwater.    

 

Of the metals COPCs listed above, arsenic, cadmium, cobalt, copper, mercury, nickel, and thallium were 

selected as COPCs in groundwater.  However, arsenic, cadmium, cobalt, copper, and nickel 

concentrations in groundwater were within facility background concentrations.  Additionally, 

concentrations of thallium in groundwater are less than the MCL, and concentrations of mercury in 

groundwater do not exceed the tap water RSL based on an HQ of 1.  Therefore, the available 

groundwater data do not indicate that concentrations of COPCs in surface soil have negatively impacted 

groundwater quality.   

 

No facility background values for combined surface and subsurface soil are available; therefore, facility 

background values were not used in the refined migration to groundwater evaluation for combined 

surface and subsurface soil 0 to 3 feet bgs.  Uncertainty associated with the lack of facility background 

values for combined surface and subsurface soil 0 to 3 feet bgs is discussed in Section 6.6.   

 

Groundwater Protection COPCs — Surface Soil — The following chemicals in surface soil were 

selected as COPCs for migration from soil to groundwater: 

 

• Metals: antimony, arsenic, barium, cadmium, cobalt, copper, cyanide, lead, mercury, nickel, 

selenium, thallium, and vanadium. 

 

• PCBs: Aroclor-1260. 

 

• PAHs: benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and naphthalene. 
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• SVOCs: bis(2-ethyhexyl)phthalate. 

 

• Volatiles: 2-hexanone, benzene, carbon tetrachloride, chloroform, ethylbenzene, and 

tetrachloroethene.   

 

The chemicals presented in the list above were detected at concentrations exceeding groundwater 

protection SSLs and were subsequently selected as COPCs for the migration to groundwater evaluation.  

However, none of the VOC, SVOC, or PCB COPCs were detected in groundwater.  Benzo(a)anthracene 

was the only PAH COPC detected in groundwater.  Benzo(a)anthracene was also selected as a 

groundwater COPC.  One of 4 benzo(a)anthracene results in groundwater exceed the tap water RSL, and 

the PRWQS is not exceeded.  The maximum concentration of benzo(a)anthracene in groundwater is 

within one order of magnitude of the tap water RSL.  Additionally, only 3 of 34 benzo(a)anthracene results 

(approximately 9 percent) in the surface soil data set exceed the migration to groundwater criterion, and 

subsurface soil data greater than 3 feet bgs do not indicate that migration from shallower soils has 

occurred [benzo(a)anthracene was not selected as a groundwater protection COPC for subsurface soil 

greater than 3 feet bgs].  Therefore, benzo(a)anthracene detected in the surface soil data set is not 

expected to cause unacceptable risks in groundwater.      

 

Of the metals COPCs listed above, antimony, arsenic, cadmium, cobalt, copper, mercury, nickel, thallium, 

and vanadium were selected as COPCs in groundwater.  However, concentrations of antimony, copper, 

and vanadium in surface soil are within facility background concentrations, and concentrations of arsenic, 

cadmium, cobalt, copper, and nickel in groundwater are within facility background concentrations.  

Additionally, concentrations of thallium in groundwater are less than the MCL, and concentrations of 

mercury in groundwater do not exceed the tap water RSL based on an HQ of 1.  Therefore, the available 

groundwater data do not indicate that concentrations of COPCs in surface soil have negatively impacted 

groundwater quality.   

 

Groundwater Protection COPCs — Subsurface Soil, 1 to 3 feet bgs — The following chemicals in 

subsurface soil 1 to 3 feet bgs were selected as COPCs for migration from soil to groundwater: 

 

• Metals: antimony, arsenic, barium, cadmium, cobalt, copper, lead, mercury, nickel, selenium, 

thallium, and vanadium. 

• PCBs: Aroclor-1260. 

• PAHs: benzo(a)anthracene, benzo(a)pyrene, and naphthalene. 

• SVOCs: bis(2-ethylhexyl)phthalate. 

• VOCs: benzene, bromomethane, carbon tetrachloride, and chloroform. 
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The chemicals presented in the list above were detected at concentrations exceeding groundwater 

protection SSLs and were subsequently selected as COPCs for the migration to groundwater evaluation.  

However, none of the VOC, SVOC, or PCB COPCs were detected in groundwater.  Benzo(a)anthracene 

was the only PAH COPC detected in groundwater.  Benzo(a)anthracene was also selected as a 

groundwater COPC.  One of 4 benzo(a)anthracene results in groundwater exceed the tap water RSL, and 

the PRWQS is not exceeded.  The maximum concentration of benzo(a)anthracene in groundwater is 

within one order of magnitude of the tap water RSL.  Additionally, only 1 of 23 benzo(a)anthracene results 

(less than 5 percent) in the subsurface soil 1 to 3 feet bgs data set exceed the migration to groundwater 

criterion, and chemicals are unlikely to pose risks to water quality through leaching from soil to 

groundwater if they are detected infrequently (i.e., less than 5%) in soil.  Furthermore, subsurface soil 

data greater than 3 feet bgs do not indicate that migration from shallower soils has occurred, as 

benzo(a)anthracene was not selected as a groundwater protection COPC for subsurface soil greater than 

3 feet bgs.  Therefore, benzo(a)anthracene detected in the surface soil data set is not expected to cause 

unacceptable risks in groundwater.      

 

Of the metals COPCs listed above, only arsenic, cadmium, cobalt, copper, mercury, nickel, selenium, 

thallium, and vanadium were selected as COPCs in groundwater.  However, concentrations of copper, 

selenium, and vanadium in subsurface soil 1 to 3 feet bgs were within facility background concentrations, 

and concentrations of arsenic, cadmium, cobalt, copper, and nickel in groundwater were within facility 

background concentrations.  Additionally, concentrations of thallium in groundwater are less than the 

MCL, and concentrations of mercury in groundwater do not exceed the tap water RSL based on an HQ of 

1.  Therefore, the available groundwater data do not indicate that concentrations of COPCs in subsurface 

soil 1 to 3 feet have negatively impacted groundwater quality. 

 

Groundwater Protection COPCs — Subsurface Soil, greater than 3 feet bgs — The following 

chemicals in subsurface soil greater than 3 feet bgs were selected as COPCs for migration from soil to 

groundwater: 

 

• Metals: arsenic, antimony, barium, cadmium, cobalt, copper, lead, nickel, selenium, thallium, 

vanadium, and zinc. 

• SVOCs: bis(2-ethylhexyl)phthalate. 

 

The chemicals presented in the list above were detected at concentrations exceeding groundwater 

protection SSLs and facility background levels, if available, and were subsequently selected as COPCs 

for the migration to groundwater evaluation.  However, none of the SVOC COPCs were detected in 
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groundwater.  Of the metals COPCs listed above, only arsenic, cadmium, cobalt, copper, nickel, and 

thallium were selected as COPCs in groundwater.  However, concentrations of arsenic, copper, selenium, 

and vanadium in subsurface soil greater than 3 feet bgs were within facility background concentrations, 

and concentrations of arsenic, cadmium, cobalt, copper, and nickel in groundwater were within facility 

background concentrations.  Additionally, concentrations of thallium in groundwater are less than the 

MCL.  Therefore, the available groundwater data do not indicate that concentrations of COPCs in 

subsurface soil greater than 3 feet bgs have negatively impacted groundwater quality.   

 

Groundwater Protection COPCs — Combined Surface and Subsurface Soil 0 to 10 feet bgs — The 

following chemicals in combined surface and subsurface soil 0 to 10 feet bgs soil were selected as 

COPCs for migration from soil to groundwater: 

 

• Metals: antimony, arsenic, barium, cadmium, cobalt, copper, cyanide, lead, mercury, nickel, 

selenium, thallium, vanadium, and zinc. 

 

• PCBs: Aroclor-1260. 

 

• Pesticides: 4,4’-DDD. 

 

• PAHs: benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and naphthalene. 

 

• SVOCs: bis(2-ethyhexyl)phthalate. 

 

• Volatiles: 2-hexanone, benzene, bromomethane, carbon tetrachloride, chloroform, ethylbenzene, 

and tetrachloroethene.   

 

The chemicals presented in the list above were detected at concentrations exceeding groundwater 

protection SSLs and were subsequently selected as COPCs for the migration to groundwater evaluation.  

Comparing the combining surface and subsurface soil data sets of 0 to 3 feet bgs and 0 to 10 feet bgs, 

only zinc and 4,4’-DDD are additional chemicals selected as COPCs in the 0 to 10 feet bgs data set that 

were not selected as COPCs in the 0 to 3 feet bgs data set.   

 

None of the VOC, SVOC, PCB, or pesticide COPCs were detected in groundwater.  The only PAH COPC 

detected in groundwater was benzo(a)anthracene.  Benzo(a)anthracene was also selected as a 

groundwater COPC.  One of 4 benzo(a)anthracene results in groundwater exceed the tap water RSL, and 

the PRWQS is not exceeded.  The maximum concentration of benzo(a)anthracene in groundwater is 
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within one order of magnitude of the tap water RSL.  Additionally, only 5 of 66 benzo(a)anthracene results 

(approximately 8 percent) in the combined surface and subsurface soil 0 to 10 feet bgs data set exceed 

the migration to groundwater criterion, and subsurface soil data greater than 3 feet bgs do not indicate 

that migration from shallower soils has occurred [benzo(a)anthracene was not selected as a groundwater 

protection COPC for subsurface soil greater than 3 feet bgs].  Therefore, benzo(a)anthracene detected in 

the combined surface and subsurface soil 0 to 10 feet bgs data set is not expected to cause unacceptable 

risks in groundwater.    

 

Of the metals COPCs listed above, only arsenic, cadmium, cobalt, copper, mercury, nickel, thallium, and 

vanadium were selected as COPCs in groundwater.  However, concentrations of arsenic, cadmium, 

cobalt, copper, nickel, and vanadium were within facility background concentrations.  (Facility background 

values were not available for combined surface and subsurface soil.)  Additionally, concentrations of 

thallium in groundwater are less than the MCL, and concentrations of mercury in groundwater do not 

exceed the tap water RSL based on an HQ of 1.  Therefore, the available groundwater data do not 

indicate that concentrations of COPCs in surface soil have negatively impacted groundwater quality.   

 

6.6 UNCERTAINTY ANALYSIS  

The uncertainties associated with the SWMU 57 HHRA are presented in this section.  Deviations from the 

HHRA work plan (Tetra Tech, 2012) are also discussed in this section.  Uncertainty in the selection of 

COPCs is related to the current status of the predictive databases, the grouping of samples, and the 

procedures used to include or exclude constituents as COPCs.  Uncertainty associated with the exposure 

assessment includes the values used as input variables for a given intake route/scenario, the 

assumptions made to determine EPCs, and the predictions regarding future land use and population 

characteristics.  Uncertainty in the toxicity assessment includes the quality of the existing toxicity data 

needed to support dose response relationships and the weight of evidence used for determining the 

carcinogenicity of COPCs.  Uncertainty in risk characterization includes that associated with exposure to 

multiple contaminants and the cumulative uncertainty from combining health protective assumptions 

developed following USEPA guidance made in earlier steps of the risk assessment process. 

 

Whereas there are various sources of uncertainty, as listed above, the direction of uncertainty can be 

influenced by the assumptions made throughout the risk assessment, including selection of COPCs and 

selection of values for dose response relationships.  Throughout the entire risk assessment, assumptions 

that consider safety factors are made so that the final calculated risks are overestimated. 
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Generally, risk assessments carry two types of uncertainty, measurement and informational uncertainty.  

Measurement uncertainty refers to the usual variance that accompanies scientific measurements.  For 

example, this type of uncertainty is associated with analytical data collected for each site.  The risk 

assessment reflects the accumulated variances of the individual values used.  Informational uncertainty 

stems from inadequate availability of information needed to complete the toxicity and exposure 

assessments.  Often, this gap is significant, such as the absence of information on the effects of human 

exposure to low doses of a contaminant, on the biological mechanism of action on a contaminant, or on 

the behavior of a contaminant in soil.  

 

After the risk assessment is complete, the results must be reviewed and evaluated to identify the type and 

magnitude of uncertainty involved.  Reliance on results from a risk assessment without consideration of 

uncertainties, limitations, and assumptions inherent in the process can be misleading.  For example, to 

account for uncertainties in the development of exposure assumptions, conservative estimates must be 

made to ensure that the particular assumptions used are protective of sensitive subpopulations or the 

maximum exposed individuals.  If a number of health protective assumptions are combined in an 

exposure model, the resulting calculations can propagate the uncertainties associated with those 

assumptions, thereby producing a much larger uncertainty for the final results.  The assumptions 

developed following USEPA guidance are intended to avoid under-predicting risk and to be health 

protective.  Thus, both the results of the risk assessment and the uncertainties associated with those 

results must be considered when making risk management decisions. 

 

This interpretation is especially relevant when the risks exceed the point of-departure for defining 

"acceptable" risk.  For example, when risks calculated using a high degree of uncertainty are less than an 

acceptable" risk level (i.e., 1x10-6), the interpretation of no significant risk is typically straightforward.  

However, when risks calculated using a high degree of uncertainty exceed an "acceptable" risk level 

(i.e., 1x10-4), a conclusion can be difficult unless uncertainty is considered. 

 

6.6.1 Uncertainty in Selection of COPCs 

A minor amount of uncertainty is associated with the selection of COPCs that may affect the numerical 

risk estimates presented in the risk assessments.  The most significant issues related to uncertainty in 

COPC selection are: the existing database (i.e., the quality of the analytical data), the screening levels 

used, and the absence of screening levels for a few contaminants detected in the site media.  A brief 

discussion of each of these issues is provided in the remainder of this section. 
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Existing Database 

Groundwater and soil analytical data extracted from samples collected on site during the Full RFI 

sampling event were used to evaluate potential risks to human receptors.  For soil, data collected during 

the Phase I RFI and Phase I/II ECP sampling events were also included in the data sets evaluated in the 

HHRA.  All of the data collected during the Full RFI and Phase I RFI sampling events were validated 

according to USEPA Region II data validation protocol.  The 2004 data collected were verified according 

to laboratory protocol only, not USEPA Region II data validation protocol that was used for all other site 

data used in the risk assessment; however, the 2004 soil data was used in the human health risk 

assessment in accordance with the SAP.  The 2004 data are further discussed in the DQR presented in 

Appendix G.  

 

Chemicals Potentially Attributable to Background 

As noted in Section 6.2.2, no background criteria were used in selecting COPCs.  However, facility 

background concentrations are available for metals for certain data sets evaluated and were considered 

in the site-specific risk evaluation presented in Section 6.5.9.  However, facility background values were 

not used for COPC selection for the combined surface and subsurface soil 0 to 3 feet bgs and 0 to 10 feet 

bgs data sets because facility background values are only available for either surface soil or subsurface 

soil.  Therefore, facility background values were not used for these data sets to be conservative.  

Uncertainty associated with the lack of facility background values for the combined surface and 

subsurface soil 0 to 3 feet bgs and 0 to 10 feet bgs data sets is also discussed in this section. 

 

The facility background concentrations were available for metals only.  The absence of facility background 

data for organic chemicals detected in site media adds some uncertainty.  However, no organic chemicals 

were determined to be risk drivers in the risk characterization.  Therefore, no significant uncertainty is 

associated with the absence of facility background values for organic chemicals.  Although no facility 

background values were available for the combined surface and subsurface soil 0 to 3 feet bgs data set, no 

risk drivers were identified for this data set in the risk characterization.  Therefore, no significant uncertainty 

is associated with the absence of facility background values for the combined surface and subsurface soil 0 

to 3 feet bgs data set.  Cobalt was a risk driver for noncancer risk in combined surface and subsurface soil 0 

to 10 feet bgs.  Therefore, there is some uncertainty associated with the absence of facility background 

values for cobalt.  However, the maximum concentration of cobalt was greater than available separate 

facility background data sets for surface soil and subsurface soil. 

 

Site-specific surface soil background data for SVOCs and metals were also collected during the Full RFI.  In 

spite of the presence of anthropogenic PAHs present in site-specific background data, PAHs were not risk 
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drivers in the HHRA.  Concerning metals, cobalt was identified as a risk driver in subsurface soil 1 to 3 feet 

bgs for the future child resident; site-specific background data were collected only for surface soil and so are 

inconclusive as site-specific background data for the 1 to 3 feet depth interval is unavailable.  Both the 

maximum and 95-percent UCL concentrations of cobalt in subsurface soil 1 to 3 feet bgs (97 mg/kg and 

40.7 mg/kg, respectively) exceed the maximum surface soil concentration of cobalt in pristine and 

anthropogenic background data sets (31.8 mg/kg and 31 mg/kg, respectively).  Therefore, cobalt exceeds 

facility background concentrations and, tentatively, the site-specific background data set also supports the 

conclusion that cobalt concentrations in subsurface soil 1 to 3 feet bgs exceed background.  However, it is 

very unlikely that a future child resident would be exposed to subsurface soil from 1 to 3 feet bgs only.  The 

more likely scenario is that a receptor would be exposed from 0 to 3 feet bgs and no unacceptable risks 

were calculated for the 0 to 3 feet bgs exposure scenario.        

 

COPC Screening Levels 

The use of screening values based on conservative land use scenarios (i.e., residential land use for soil 

and tap water for groundwater) corresponding to ILCRs of 1x10-6 and HQs of 0.1 should ensure that the 

significant risk-contributing chemicals from SWMU 57 were evaluated.  The elimination of chemicals that 

are present at concentrations that correspond to ILCRs less than 1x10-6 and HQs less than 0.1 should not 

affect the final conclusions of the risk assessment because these chemicals are not expected to cause a 

potential health concern for the receptors identified at the concentrations detected.  

 

The November 2013 RSLs were used to select COPCs in this HHRA.  After this HHRA was prepared, 

USEPA released the June 2015 RSLs.  Tables 6-7 and 6-8 present comparisons of the November 2013 

and June 2015 RSLs for chemicals detected in soil and groundwater, respectively, at SWMU 57.  For the 

chemicals detected in groundwater, all of the June 2015 RSLs are greater than or equal to the November 

2013 RSLs except for benzo(a)anthracene, which was previously selected as a groundwater COPC.  

Therefore, no new COPCs would be selected for groundwater if the June 2015 RSLs were used for 

COPC selection, and overall risk assessment conclusions should not be impacted by using the November 

2013 RSLs.  For the chemicals detected in soil, the June 2015 RSLs are either the same as or higher 

than the November 2013 RSLs for most chemicals; exceptions are some of the VOCs and cyanide.  

However, site concentrations of COPCs are still less than the June 2015 RSLs, in most cases by several 

orders of magnitude.  Site concentrations of cyanide in several data sets exceed the June 2015 RSL 

based on an HQ of 0.1; however, site concentrations do not exceed the RSL at an HQ of 1.  Pesticides 

(4,4’-DDE and 4,4’-DDT) would also be selected as COPCs for migration to groundwater; however, these 

pesticides were not detected in groundwater and therefore would not be retained as COPCs for migration 

to groundwater.  Even though one new direct contact COPC for soil and several new direct contact 
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COPCs for migration to groundwater would be selected if using the June 2015 RSLs, overall risk 

assessment conclusions are not likely to change even if using the June 2015 RSLs for COPC selection.  

Consequently, the use of the November 2013 RSLs does not introduce any uncertainty into this HHRA.  

 

Absence of COPC Screening Levels 

Several contaminants had no available screening levels or toxicity information: diesel range organics and 

total petroleum hydrocarbons in combined surface and subsurface soil 0 to 3 feet bgs and 0 to 10 feet 

bgs, surface soil, subsurface soil 1 to 3 feet bgs, and subsurface soil greater than 3 feet bgs; and methyl 

iodide in combined surface and subsurface soil 0 to 3 feet bgs and 0 to 10 feet bgs and subsurface soil 1 

to 3 feet bgs.  Therefore, these chemicals were not included as COPCs in the risk assessment.  Exclusion 

of these chemicals from the COPC selection adds some uncertainty to the risk assessment in that risks 

may be underestimated if any of those chemicals excluded would have passed the COPC screening 

process if toxicity criteria existed for those chemicals.  In addition, because risk assessments are 

generally designed to be health protective and are intended to avoid under-predicting risk, it is unlikely 

that the exclusion of these chemicals from the quantitative risk analysis will result in a significant 

underestimation of risk. 

 

Surrogate Screening Levels 

During COPC screening, the following surrogates were used for some chemicals lacking screening levels: 

acenaphthene was used as a surrogate for acenaphthylene, and pyrene was used for 

benzo(g,h,i)perylene and phenanthrene.  Applying toxicity values for one compound to another adds to 

the uncertainty in the risk assessment, both in regard to the selection of COPCs and subsequently 

calculated risks.  The direction of the bias is unknown. 

 

Non-Detected Results Exceeding Screening Levels 

Nondetected results greater than COPC screening levels used in the HHRA were not considered COPCs 

and were not retained for the quantitative risk assessment.  However, such “non-detected results” are 

further evaluated (qualitatively) in this section to determine if risk management decisions would be 

impacted by the non-detected results exceed the screening levels.  The DQR (Appendix G) provides 

further information about non-detected results exceeding project screening levels.  Nondetected results 

exceeding screening levels are a potential source of underestimating risk; however, there is no evidence 

that a source exists for many of the chemicals that were not detected.   
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For this project it was anticipated that the laboratory would not be able to achieve PSLs for many of the 

parameters analyzed.  An evaluation of those non-detected results for which PSLs were not met follows 

in accordance with the SAP.  Tables 3, 4, and 5 of Appendix G list the percent of non-detected results per 

matrix that exceed ecological and human health PSLs.  The potential impact of a chemical’s non-detected 

result exceeding a PSL for 100% of samples analyzed is that the chemical may be present at a 

concentration greater than the PSL; however, due to the detection limit being greater than the PSL it is 

unknown whether or not that chemical is present at a concentration greater than the PSL.  Therefore, a 

chemical may not be selected as a COPC when it potentially should have been (e.g., actual concentration 

is greater than PSL but that cannot be determined because the detection limit is greater than the PSL).  

Such a situation would bias estimated site risks low.   

 

However, for those analytical fractions where many analytes have detection limits that do not meet PSLs 

(e.g., VOC, SVOCs), site data indicate that those fractions are not a contamination source at SWMU 57.  

For example, the Nature and Extent Section of this RFI (Section 4 main text) explains that VOCs were 

detected infrequently in surface and subsurface soil (not at all at soil depths greater than 3 feet) and were 

not detected at all in 2012 groundwater samples.  None of the VOCs that were detected were selected as 

direct contact COPCs because the maximum concentrations of those VOCs detected were not greater 

than PSLs.  Those VOCs that were selected as migration to groundwater from soil COPCs were not 

detected in groundwater indicating that the concentrations detected in soil are not a source for 

groundwater contamination.  This data supports that the VOC fraction is not a contamination source at 

SWMU 57.  Similar conditions were observed for the SVOC fraction (see Section 4 of main text for further 

detail).  In conclusion, the main effect of detection limits exceeding PSLs for non-detected results is that 

chemicals may not be selected as COPCs when those chemicals potentially should be selected.  If that 

did occur then site risks would be biased low.  However, site data indicate that the fractions with the vast 

majority of detection limits exceeding PSLs (i.e., VOCs and SVOCs) are not contamination sources at 

SWMU 57 and therefore not expected to contribute significantly to human health and ecological site risks.     

 

The laboratory concentrated PCB samples collected in 2012 to 10 mL instead of 2 mL as identified in the 

SAP, which would have helped to lower the uncertainty associated with the results, but would not have 

eliminated uncertainty considering that the PALs specified were not achievable.  The concentrations of 

Aroclor-1260, the only PCB isomer detected in soil, did not result in unacceptable human health risks.   

 

All surface soil and subsurface soil sensitivity exceedances were anticipated in the work plan except 

benzo(a)anthracene and dibenzo(a,h)anthracene.  All groundwater sensitivity exceedances were 

anticipated except for dibenzofuran.  In surface soil and subsurface soil benzo(a)anthracene and 

dibenzo(a,h)anthracene non-detected results unexpectedly exceeded corresponding PSLs.  The 
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laboratory scope of work (SOW) for this project specified that all non-detected results must be reported to 

LODs; however, it also specified that results detected above the detection limit (DL), which has a lower 

value than a corresponding LOD, must be reported and qualified as estimated “J”.  The DLs for 

benzo(a)anthracene and dibenzo(a,h)anthracene in surface and subsurface soil were less than 

corresponding PSLs; therefore, even though a portion of results for those compounds are reported as 

non-detected (using the LOD) at values greater than PSLs if there were positive detections greater than 

the DLs the results reported would have been sensitive enough to meet PSL goals.  Project data usability 

was not adversely affected by the portion of benzo(a)anthracene and dibenzo(a,h)anthracene non-

detected results reported at concentrations above the respective PSLs.  Since the DQR determined that 

project data usability was not adversely affected by the portion of benzo(a)anthracene and 

dibenzo(a,h)anthracene non-detected results reported at concentrations above the respective PSLs (as 

discussed above), risk management decisions are not expected to be impacted by non-detected results 

for these PAHs exceeding screening levels.  The DQR stated that laboratory sensitivity was insufficient to 

determine whether dibenzofuran is present is groundwater at the project screening level.  Although non-

detected results for dibenzofuran (1.6 µg/L, qualified “U”) were greater than the USEPA tap water 

screening level (0.58 µg/L based on an HQ of 0.1), the non-detected results do not exceed the tap water 

RSL based on an HQ of 1.  Therefore, it is unlikely that overall risk assessment conclusions and risk 

management decisions would be impacted by non-detected dibenzofuran results exceeding screening 

levels in groundwater.   

 

6.6.2 Uncertainty in the Exposure Assessment 

Uncertainty in the exposure assessment arises because of the methods used to calculate EPCs, the 

determination of land use conditions, the selection of receptors and scenarios, and the selection of 

exposure parameters.  Each of these is discussed below.  

 

Land Use 

The past and current land use patterns at the site are well established, thereby reducing the uncertainty 

associated with land use assumptions.  Currently, SWMU 57 is inactive.  Future land use for SWMU 57 

may include recreational and residential land uses, as SWMU 57 will be located in Zone 4, the Marsh 

Vista Country Club, with a proposed 18-hole golf course with clubhouse as well as 50 residential units 

according to the Supplemental Environmental Assessment (Navy, 2011).  Additionally, the Lease in 

Furtherance of Conveyance (LIFOC) between the United States of America and Local Redevelopment 

Authority for Naval Station Roosevelt Roads at the Former Naval Station Roosevelt Roads, Ceiba, Puerto 

Rico, #N4769212RP12P31, Execution Version January 25, 2012, identifies the future land use for SWMU 
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57 as commercial/recreational.  The SWMU 57 HHRA included an evaluation of future residential 

receptors to be protective of all potential future land uses. 

 

Exposure Point Concentrations  

Uncertainty is associated with the use of 95-percent UCLs on the mean as the EPCs.  As a result of using 

95-percent UCLs, the potential risk for the RME scenario are most likely overestimated because this is a 

representation of the upper limit to which potential receptors would be exposed to over the entire 

exposure period.  Uncertainty is introduced when the non-detected results are incorporated into the UCL 

calculation by using detection limits for non-detects as input values when using ProUCL software.  

Uncertainty in the non-detected results may either overstate or understate the risks to the receptors.  

However, this methodology is in accordance with USEPA guidance (USEPA, 2010a).  The use of the 

maximum concentration as the EPC also tends to overestimate risks because it assumes that receptors 

are exposed to the greatest concentration at the site for the entire exposure duration, which is unlikely.  

The maximum concentration was used as the EPC when evaluating groundwater COPCs. 

 

Exposure Routes and Receptor Identification 

An attempt was made to simplify the various receptor groups and exposure routes of potential concern in 

this report.  The uncertainty associated with this approach is minimal because exposure routes and 

potential receptors are considered to be well defined based on the potential future land use of the site.  

The health protective exposure assumptions used in the risk assessment should be protective of receptor 

use of the site.   

 

All receptors were evaluated for exposures to COPCs for the combined surface and subsurface soil 0 to 3 

feet bgs, surface soil, and subsurface soil 1 to 3 feet bgs data sets.  Construction workers and future 

residents were evaluated for exposures to COPCs for the combined surface soil 0 to 10 feet bgs.  

Construction workers were additionally evaluated for exposures to subsurface soil greater than 3 feet bgs.  

The subsurface soil greater than 3 feet bgs data set consisted of soil data collected from mostly 10 feet 

bgs or greater.  Construction workers generally work to a maximum depth of 10 feet bgs; however, the 

evaluation of subsurface soil greater than 3 feet bgs was included for completeness.  Exposure of other 

receptors to subsurface soil greater than 10 feet bgs is unlikely.  Only cobalt and thallium were selected 

as COPCs in the subsurface soil greater than 3 feet bgs data set.  The maximum concentration of 

thallium in subsurface soil greater than 3 feet bgs is less than the maximum concentrations of thallium in 

the surface soil and subsurface soil 1 to 3 feet bgs data sets.  However, the maximum concentration of 

cobalt in the subsurface soil greater than 3 feet bgs data set (301 mg/kg) is greater than the maximum 

concentrations of cobalt in surface soil (65.3 mg/kg) and subsurface soil 1 to 3 feet bgs (97 mg/kg).  
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Cobalt was identified as a primary risk driver for child residents exposed to chemicals in subsurface soil 1 

to 3 feet bgs and combined surface and subsurface soil 0 to 10 feet bgs.  The 95-percent UCL for cobalt 

in subsurface soil greater than 3 feet bgs is 150 mg/kg.  Based on this, evaluating all receptors for 

exposures to subsurface soil greater than 3 feet bgs would result in cobalt being identified as a primary 

risk driver for child residents.  

 

Exposure Parameters 

Each exposure factor (for RME and CTE scenarios) selected for use in the risk assessment has some 

associated uncertainty.  Generally, exposure factors are based on surveys of physiological and lifestyle 

profiles across the United States.  The attributes and activities studied in these surveys generally have a 

broad distribution.  To avoid underestimation of exposure, in most cases, USEPA guidelines (USEPA, 

1993a) on the RME receptor were used, which generally specify the use of the 95th percentile for most 

parameters; therefore, the selected values for the RME receptor represent the upper bound of the 

observed or expected habits of the majority of the population. 

 

Generally, uncertainty can be assessed quantitatively for many assumptions made in determining factors 

for calculating exposures and intakes.  Many of these parameters were determined from statistical 

analyses on human population characteristics.  Often the database used to summarize a particular 

exposure parameter (i.e., body weight) is quite large.  Consequently, the values chosen for such variables 

in the RME scenario have low uncertainty.  For many parameters for which limited information exists 

(i.e., dermal absorption of organic contaminants from soil), greater uncertainty exists.  

 

Many of the exposure parameters used to calculate exposures and risks in this report are selected from a 

distribution of possible values including USEPA guidance (USEPA, 1993a, 1997a, 2004).  For the RME 

scenario, the value representing the 95th percentile is generally selected for each parameter to ensure 

that the assessment bounds the actual risks from a postulated exposure.  This risk number is used in risk 

management decisions but does not indicate what a more average or typical exposure might be, or what 

risk range might be expected for individuals in the exposed population.   

 

To address these issues, USEPA (USEPA, 1992) has suggested the use of the CTE receptor, whose 

intake variables are often set at approximately the 50th percentile of the distribution.  The risks for this 

receptor seek to incorporate the range of uncertainty associated with various intake assumptions.  Some 

of the parameters presented in this risk assessment were estimated using professional judgment, 

although USEPA does provide limited guidance for the CTE evaluation (USEPA, 1993a). 
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6.6.3 Uncertainty in the Toxicological Evaluation 

Uncertainties associated with the toxicity assessment (determination of RfDs and CSFs and use of 

available criteria) are presented in this section. 

 

Derivation of Toxicity Criteria 

Toxicity assessment uncertainty is associated with hazard assessment and dose-response evaluations 

for the COPCs.  The hazard assessment deals with characterizing the nature and strength of the 

evidence of causation, or the likelihood that a contaminant that induces adverse effects in animals will 

also induce adverse effects in humans.  Hazard assessment of carcinogenicity is evaluated as a weight-

of-evidence determination using USEPA methods.  Positive animal cancer test data suggest that humans 

contain tissue(s) that may manifest a carcinogenic response; however, the animal data cannot 

necessarily be used to predict the target tissue in humans.  In the hazard assessment of non-cancer 

effects, however, positive animal data often suggest the nature of the effects (i.e., the target tissues and 

type of effects) anticipated in humans. 

 

Uncertainty in hazard assessment arises from the nature and quality of the animal and human data. 

Uncertainty is reduced when similar effects are observed across species, strain, gender, and exposure 

route; when the magnitude of the response is clearly dose-related; when pharmacokinetic data indicate a 

similar fate in humans and animals; when postulated mechanisms of toxicity are similar for humans and 

animals; and when the contaminant of concern is structurally similar to other contaminants for which the 

toxicity is more completely characterized.  Because of the great variability in factors affecting the 

uncertainty arising from the nature and quality of animal and human data, the direction of bias (i.e., more 

or less conservative) is generally not known.   

 

Uncertainty in the dose-response evaluation includes the determination of a CSF for the carcinogenic 

assessment and derivation of an RfD or RfC for the non-carcinogenic assessment.  Uncertainty is 

introduced from interspecies (animal to human) extrapolation, which, in the absence of quantitative 

pharmacokinetic or mechanistic data, is usually based on consideration of interspecies differences in 

basal metabolic rate.  Uncertainty also results from intraspecies variation.  Most toxicity experiments are 

performed with animals that are very similar in age and genotype, so that intragroup biological variation is 

minimal, but the human population of concern may reflect a great deal of heterogeneity including unusual 

sensitivity or tolerance to the COPC.  Even toxicity data from human occupational exposure reflect a bias 

because only those individuals sufficiently healthy to attend work regularly (the "healthy worker effect") 

and those not unusually sensitive to the contaminant are likely to be occupationally exposed.  Finally, 

uncertainty arises from the quality of the key study from which the quantitative estimate is derived and the 
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database used.  For cancer effects, the uncertainty associated with dose-response factors is mitigated by 

assuming the 95-percent upper bound for the slope factor.  Another source of uncertainty in carcinogenic 

assessment is the method by which data from high doses in animal studies are extrapolated to the dose 

range expected for environmentally exposed humans.  The linearized multistage model, which is used in 

nearly all quantitative estimations of human risk from animal data, is based on a non-threshold 

assumption of carcinogenesis.  Evidence suggests, however, that epigenetic carcinogens, as well as 

many genotoxic carcinogens, have a threshold below which they are non-carcinogenic (Williams and 

Weisburger, 1991); therefore, the use of the linearized multistage model is conservative for contaminants 

that exhibit a threshold for carcinogenicity. 

 

For non-cancer effects, additional uncertainty factors may be applied in the derivation of the RfD or RfC to 

mitigate poor quality of the key study or gaps in the database.  Uncertainty for non-cancer effects arises 

from the use of an effect level in the estimation of an RfD or RfC because this estimation is predicated on 

the assumption of a threshold below which adverse effects are not expected.  Therefore, an uncertainty 

factor is usually applied to estimate a no-effect level.  Additional uncertainty arises in estimation of an RfD 

or RfC for chronic exposure from subchronic data.  Unless empirical data indicate that effects do not 

worsen with increasing duration of exposure, an additional uncertainty factor is applied to the no-effect 

level in the subchronic study.  Uncertainty in the derivation of RfDs is mitigated by the use of uncertainty 

and modifying factors that normally range between 3 and 10.  The resulting combination of uncertainty 

and modifying factors may reach 1,000 or more.  The use of uncertainly and modifying factors tends to 

increase the conservatism in the risk assessment. 

 

The derivation of dermal RfDs and CSFs from oral values may cause uncertainty, when no 

gastrointestinal absorption rates are available in the literature or when only qualitative statements 

regarding absorption are available.  If adjustments for gastrointestinal absorption are not made, risks from 

dermal exposure may be underestimated by the use of oral RfDs. 

 

Uncertainty Associated with Evaluation of the Dermal Exposure Pathway  

Uncertainty is associated with evaluation of the dermal pathway.  RAGS Part E only includes dermal 

absorption from soil (ABS) values for several contaminants.  The contaminants with ABS values in RAGS-

Part E evaluated in this assessment are arsenic, cadmium, PAHs, and PCBs.  Therefore, the dermal 

route of exposure has been evaluated quantitatively for these contaminants only.  Risks from dermal 

exposure to several metals identified as COPCs at SWMU 57 were not quantified in the risk assessment.  

Consequently, potential risks may be underestimated by excluding these constituents from the dermal 

risk assessment calculations.  
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Quantitation of the dermal pathway for PAHs may add additional uncertainty to the risk assessment 

because it may not be appropriate to use the oral slope factor to evaluate risks from dermal exposure to 

PAHs (USEPA, 1989).  This is because PAHs are known to cause skin cancer at the point of contact 

rather than from systemic action.  

 

Use of Chronic Toxicity Values for Construction Workers 

Under the guidelines established by the Superfund program, exposures to construction workers of 1 year 

or less are classified as subchronic exposures.  HIs for noncarcinogenic effects associated with 

subchronic exposures should incorporate toxicity values for subchronic and not chronic effects.  

Subchronic toxicity values used in this HHRA were obtained from USEPA’s PPRTV internet site.  Also, 

ATSDR Minimal Risk Levels (MRLs) were used as subchronic toxicity values when PPRTV values were 

not available.  Unfortunately, subchronic toxicity values are not as widely available as chronic values.  

Therefore, chronic toxicity values were used when subchronic toxicity values were not available.  

However, because no unacceptable HIs were identified for receptors anticipated to have limited exposure 

durations (i.e., construction workers), the lack of subchronic toxicity values is not a significant source of 

uncertainty in this HHRA.  

 

Use of Chromium Toxicity Criteria 

Some uncertainty was associated with the evaluation of chromium.  Toxicity criteria are available for 

different forms of chromium, which is considered to be more toxic in the hexavalent state.  Criteria for 

trivalent chromium were used to evaluate total chromium concentrations in the risk assessment based the 

known SWMU 57 site history, which does not indicate that hexavalent chromium would be expected as 

the dominant species of chromium in soil.  The following table compares the maximum total chromium 

concentrations reported for SWMU 57 samples to available USEPA RSLs.  

 

COMPARISON OF SWMU 57 CHROMIUM RESULTS TO FACILITY BACKGROUND AND REGIONAL 
SCREENING LEVELS FOR HEXAVALENT AND TRIVALENT CHROMIUM 

Maximum Site Chromium 
Concentration 

Facility 
BTVs 

USEPA (2013) 
Residential RSL -  

Hexavalent 
Chromium 

USEPA (2013) 
Residential RSL -  

Trivalent Chromium 
Surface soil: 108 mg/kg 49.8 mg/kg 

0.29 mg/kg 120,000 mg/kg Subsurface soil 1-3’ bgs: 110 mg/kg 
114.5 mg/kg 

Subsurface soil >3’ bgs: 50.4 mg/kg 
Groundwater: Not Detected 162.41 µg/L 0.031 µg/L 16,000 µg/L 
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Although the maximum site concentrations detected in surface and subsurface soil exceed the USEPA 

RSL for hexavalent chromium, the maximum site subsurface soil concentrations in both the 1 to 3 feet 

bgs and greater than 3 feet bgs data sets are less than the facility background value.  Additionally, only 

two surface soil concentrations exceed the facility background value (i.e., 108 mg/kg detected at location 

57SB04 and 62.8 mg/kg detected at location 57SB34).  Therefore, it is likely that most of the chromium 

detected in soil at SWMU 57 is attributable to background. 

 

Uncertainty Associated with Thallium Toxicity Criteria 

Thallium was identified as a COPC in all data sets evaluated in this HHRA.  However, the maximum 

concentration of thallium in groundwater was less than the MCL.  Toxicity criteria for thallium were not 

used to quantify risks because toxicity criteria used to derive the RSLs for thallium are only suitable for 

screening.  Although there are human studies assessing the effects of exposure to thallium, the majority 

are case reports of poisonings, suicide attempts or accidental ingestion of rodenticides.  Occupational 

exposure studies provide inconclusive associations between thallium exposure and any specific health 

effects.  Generally, available human studies do not support oral RfD derivation (USEPA, 2010c).  Animal 

studies assessing thallium exposure are also generally of poor quality (USEPA, 2012a).  The study that 

was used to generate the USEPA RSL-based screening value suffers from severe study limitations and 

difficulties regarding the selection of appropriate toxicity endpoints.  Therefore, an RfD was not derived 

and published by USEPA in IRIS.  Hence, any evaluation of thallium suffers from severe limitations and 

fails to provide a basis for identifying it as a contaminant of concern.  

 

6.6.4 Uncertainty in the Risk Characterization 

Uncertainty in risk characterization results primarily from assumptions made regarding additivity of effects 

from exposure to multiple COPCs from various exposure routes.  High uncertainty exists when summing 

cancer risks for several substances across different exposure pathways.  This assumes that each 

substance has a similar effect and/or mode of action.  Often chemicals affect different organs, have 

different mechanisms of action, and differ in their fate in the body, so additivity may not be an appropriate 

assumption.  However, the assumption of additivity is made to provide a health protective estimate of risk. 

 

Finally, the risk characterization does not consider antagonistic or synergistic effects.  Little or no 

information is available to determine the potential for antagonism or synergism for the COPCs.  

Therefore, this uncertainty cannot be discussed for its impact on the risk assessment because it may 

either underestimate or overestimate potential human health risk. 
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6.6.5 Deviations from the HHRA Work Plan 

The methodology presented in the HHRA work plan (Tetra Tech, 2012) was followed in the HHRA 

evaluation of SWMU 57 except as noted in this section. 

 

Calculation of a Site-Specific DAF 

The work plan stated that site-specific DAFs would be calculated as part of the evaluation of the fate and 

transport of COPCs.  This is because a DAF of 1 is the lowest DAF value possible and assumes that no 

reduction in concentration occurs as the contaminant moves from the source to groundwater, or in other 

words, that the concentrations at the source and in groundwater are the same (i.e., a receptor is exposed 

to the leachate concentration).  Although appropriate DAF values are highly variable depending on 

individual site characteristics, USEPA generally recommends a DAF of 20 as appropriate for 

contaminated soil sites up to 0.5 acre in size (USEPA, 1996).  For COPC selection for the migration to 

groundwater pathway, chemical concentrations detected in soil were compared to risk-based 

groundwater protection SSLs based on a DAF of 1.  However, a site-specific DAF was not calculated for 

the refined migration to groundwater evaluation because site groundwater results and soil results using 

the conservative DAF of 1 did not indicate that groundwater quality had been negatively impacted by 

chemical concentrations detected in site soil. 

 

Evaluation of Groundwater Discharge to Surface Water 

The work plan stated that “human health or ecological adverse impacts from groundwater discharge to 

the mangrove forest are not expected but possible and so will be evaluated following the Full RFI in both 

human health and ecological risk assessments.”  However, groundwater discharge to the mangrove 

forest did not warrant evaluation in the HHRA because all groundwater risk estimates were within 

acceptable limits for the scenarios evaluated, which included use of groundwater as a domestic water 

supply for residents.  Because estimated risks were within acceptable limits for these evaluations, it is 

assumed that risks for groundwater mixing with surface water would not pose unacceptable risks to 

human receptors. 

 

6.6.6 Additional Evaluations for Construction Workers 

In order to be consistent with other HHRAs conducted for NAPR, a set of risk tables using an exposure 

frequency of 250 days per year for construction worker exposures to soil under an RME scenario is 

included in Appendix H-5.  Additionally, an exposure frequency of 250 days per year was used for 

construction worker exposures to groundwater in the risk tables presented in Appendix H-5.  In contrast, 



  NAPR SWMU 57 
Full RFI 

Revision:  1 
Date:  July 2015 

Section:  6 
 

112014/P 6-52 CTO JM02 

exposure frequencies of 150 days per year and 30 days per year were used for soil and groundwater, 

respectively, in the risk tables presented in Appendix H-1.  Remaining exposure assumptions other than 

the exposure frequency were not changed from those presented in Appendix H-1.  The construction 

worker risk tables in Appendix H-5 show that medium-specific HIs are less than or equal to 1 on a target 

organ basis and medium-specific cancer risks are less than or within the USEPA target risk range of 

1x10-6 to 1x10-4 for construction workers when assuming an exposure frequency of 250 days per year.  

Therefore, overall conclusions of the HHRA are not impacted by the use of the more conservative 250 

day exposure frequency.   

 

The cumulative HI estimate for construction workers exposed to soil from 0 to 3 feet bgs, soil greater than 

3 feet bgs, and groundwater is approximately equal to 2, and the target organ for the respiratory system is 

also approximately equal to 2 primarily due to cobalt exposures via inhalation for the greater than 3 feet 

bgs subsurface soil depth interval.  Similarly, the cumulative HI estimate for construction workers exposed 

to soil from 0 to 1 foot bgs, 1 to 3 feet bgs, and greater than 3 feet bgs and groundwater is approximately 

equal to 2, and the target organ for the respiratory system is approximately equal to 2 primarily due to 

cobalt via inhalation in the greater than 3 feet bgs subsurface soil depth interval.  These cumulative HI 

estimates are very conservative because they assume that construction workers are exposed to the 

greater than 3 feet bgs depth interval for 250 days per year.  Cumulative cancer risk estimates for soil 

plus groundwater exposures did not exceed the USEPA target cancer risk range.  

 

6.6.7 Additional Evaluations for Industrial Workers 

In order to be consistent with other HHRAs conducted for NAPR, a set of risk tables including an 

evaluation of groundwater exposures for industrial workers under an RME scenario are included in 

Appendix H-6.  Industrial worker exposure to groundwater was not evaluated in the risk assessment 

tables presented in Appendix H-1.  An ingestion rate of 1 L/day was used in the groundwater exposure 

evaluations to be consistent with other HHRAs conducted at NAPR.  A duration-of-event value of 0.58 

hours/event, which is the default value for the hypothetical adult resident exposed to groundwater, was 

conservatively used for the industrial worker.  Remaining exposure assumptions were the same as those 

used for industrial worker exposures to soil.  The industrial worker risk tables in Appendix H-6 show that 

medium-specific HIs are less than or equal to 1 and medium-specific cancer risks are less than or within 

the USEPA target risk range of 1x10-6 to 1x10-4 for industrial workers exposed to groundwater.  

Additionally, cumulative (i.e., soil plus groundwater) HIs are less than or equal to 1, and cumulative 

cancer risks are within the USEPA target risk range.  Therefore, overall conclusions of the HHRA are not 

impacted by including an evaluation of groundwater exposures for industrial workers.   
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6.7 SUMMARY AND CONCLUSIONS 

This section and Tables 6-9 and 6-10 present a summary of the major risk assessment findings for 

SWMU 57.  Tables 6-9 and 6-10 present risk summaries for evaluations including the combined surface 

and subsurface soil 0 to 3 feet bgs data set, separate surface soil and subsurface soil 1 to 3 feet bgs data 

sets, and combined surface and subsurface soil 0 to 10 feet bgs data set, respectively.  Five potential 

receptor groups were evaluated: current and future construction workers, current and future industrial 

workers, current and future adolescent trespassers, future child, adolescent and adult recreational users, 

and future child and adult residents.  The risk characterization section of the HHRA evaluated risks to all 

receptors across the entire site as one EU.  All receptors were evaluated for exposures to COPCs in 

combined surface and subsurface soil 0 to 3 feet bgs, surface soil, and subsurface soil 1 to 3 feet bgs.  

Construction workers and future residents were evaluated for exposures to COPCs in combined surface 

and subsurface soil 0 to 10 feet bgs.  Construction workers were additionally evaluated for exposures to 

COPCs in subsurface soil greater than 3 feet bgs, which consists of data from samples collected at 

depths mostly greater than 10 feet bgs.  Construction workers and residents were additionally evaluated 

for exposures to COPCs in groundwater.  The results of these evaluations are summarized below.  

Although the surface soil and subsurface soil 1 to 3 feet bgs data sets were evaluated separately, the 

combined surface and subsurface soil 0 to 3 feet bgs data set is expected to be the most realistic 

exposure scenario because receptors exposed to chemicals in subsurface soil 1 to 3 feet bgs would likely 

have to contact surface soil (0 to 1 foot bgs) first.   

 

6.7.1   Summary of Risks 

6.7.1.1   Non-Carcinogenic Risks – Combined Surface and Subsurface Soil 0 to 3 feet bgs 

RME and CTE HIs are less than or equal to 1 for construction workers, industrial workers, adolescent 

trespassers, child, adolescent, and adult recreational users, and child and adult residents exposed to 

COPCs surface soil and subsurface soil 0 to 3 feet bgs.  RME and CTE HIs are also less than or equal to 

1 for construction workers exposed to COPCs in subsurface soil greater than 3 feet bgs and for 

construction workers and child and adult residents exposed to COPCs in groundwater.  Therefore, no 

adverse non-carcinogenic effects are anticipated for any receptors under the defined exposure scenarios.  

 

6.7.1.2   Non-Carcinogenic Risks – Separate Surface Soil and Subsurface Soil 1 to 3 feet bgs 

RME and CTE HIs are less than or equal to 1 for construction workers, industrial workers, adolescent 

trespassers, child, adolescent, and adult recreational users, and adult residents exposed to COPCs 

surface soil and subsurface soil 1 to 3 feet bgs.  RME and CTE HIs are also less than or equal to 1 for 
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construction workers exposed to COPCs in subsurface soil greater than 3 feet bgs and for construction 

workers and child and adult residents exposed to COPCs in groundwater.  

 

The RME HI for child residents exposed to COPCs in subsurface soil 1 to 3 feet bgs was greater than 1; 

the target organ-specific HI for the thyroid exceeded 1 due to cobalt.  RME HIs for child residents 

exposed to COPCs in surface soil and groundwater and all CTE HIs were less than or equal to 1. 

 

6.7.1.3   Non-Carcinogenic Risks – Combined Surface and Subsurface Soil 0 to 10 feet bgs 

RME and CTE HIs are less than or equal to 1 for construction workers and adult residents exposed to 

COPCs in combined surface soil and subsurface soil 0 to 10 feet bgs.  RME and CTE HIs are also less 

than or equal to 1 for construction workers and child and adult residents exposed to COPCs in 

groundwater.  

 

The RME HI for child residents exposed to COPCs in combined surface and subsurface soil 0 to 10 feet 

bgs was greater than 1; the target organ-specific HI for the thyroid exceeded 1 due to cobalt.  RME HIs 

for child residents exposed to COPCs in surface soil and groundwater and all CTE HIs were less than or 

equal to 1. 

 

6.7.1.4   Carcinogenic Risks – Combined Surface and Subsurface Soil 0 to 3 feet bgs 

Carcinogenic risks estimated for construction workers, industrial workers, adolescent trespassers, 

recreational users (child, adolescent, adult, and lifelong), and residents (child, adult, and lifelong) are less 

than or within the USEPA target risk range of 1x10-6 to 1x10-4 under both the RME and CTE scenarios.  

Therefore, the likelihood of cancer from site-related chemicals at SWMU 57 for any receptor exposed 

under RME or CTE conditions is below or within USEPA’s acceptable range. 

 

6.7.1.5   Carcinogenic Risks – Separate Surface Soil and Subsurface Soil 1 to 3 feet bgs 

Carcinogenic risks estimated for construction workers, industrial workers, adolescent trespassers, 

recreational users (child, adolescent, adult, and lifelong), and residents (child, adult, and lifelong) are less 

than or within the USEPA target risk range of 1x10-6 to 1x10-4 under both the RME and CTE scenarios.  

Therefore, the likelihood of cancer from site-related chemicals at SWMU 57 for any receptor exposed 

under RME or CTE conditions is below or within USEPA’s acceptable range. 
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6.7.1.6   Carcinogenic Risks – Combined Surface and Subsurface Soil 0 to 10 feet bgs 

Carcinogenic risks estimated for construction workers and residents (child, adult, and lifelong) are less 

than or within the USEPA target risk range of 1x10-6 to 1x10-4 under both the RME and CTE scenarios.  

Therefore, the likelihood of cancer from site-related chemicals at SWMU 57 for any receptor exposed 

under RME or CTE conditions is below or within USEPA’s acceptable range. 

 

6.7.2  Human Health Risk Assessment Risk Drivers 

Risk Drivers – Risk Characterization 

Based on the non-cancer and cancer evaluations, the following USEPA risk drivers (i.e., contaminants 

with non-cancer HQs greater than 1 or with cancer risks greater than 1x10-6 in a scenario and medium 

with total cancer risks greater than 1x10-4) were identified in the risk characterization: cobalt in subsurface 

soil 1 to 3 feet bgs and in combined surface and subsurface soil 0 to 10 feet bgs based on child resident 

exposures.  

 

No risk drivers were identified for any receptors when the combined surface and subsurface soil 0 to 

3 feet bgs data set was evaluated.  This is important to note because a 0 to 3 feet bgs exposure scenario 

is a more likely exposure scenario for a child resident than 1 to 3 feet bgs. To access the 1 to 3 feet bgs 

soil depth interval that child would very likely have to dig through the 0 to 1 foot depth interval to get there.  

If the 1 to 3 feet bgs depth interval were somehow brought to the surface (e.g., construction) then that soil 

would be mixed with soil from the 0 to 1 foot depth interval and site data shows that there is no risk when 

to the future child resident when exposed to the 0 to 3 feet bgs depth interval.  In conclusion, even though 

there is a potentially unacceptable risk for the child resident exposed to soil in the 1 to 3 feet depth 

interval that exposure scenario is extremely unlikely and the more realistic exposure scenario (0 to 3 feet 

bgs) does not yield unacceptable risks for the child resident.  There is a potentially unacceptable risk for 

the child resident exposed to soil for the 0 to 10 feet depth interval risk evaluation.  However, the risk 

estimates for the 0 to 3 feet bgs evaluation did not result in unacceptable risks for the child resident.  

Therefore, the results of the risk evaluations indicate the chemical concentrations driving the 

unacceptable risks are in subsurface soil, not in surface soil, which is the depth interval to which child 

residents would more likely be exposed.    

 

In order to determine if any “hotspot” locations exist, an evaluation of sample locations that drive 

unacceptable risks was conducted.  This evaluation focuses on COCs causing potentially unacceptable 

risks.  For example, under the RME scenario there is a potentially unacceptable risk to the hypothetical 

future child resident exposed to subsurface soil from 1-3 feet bgs due to the COC cobalt.  The following 
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procedure has been developed to determine which sample or samples are driving unacceptable risk for 

this scenario:  

 

1 – Cobalt soil concentrations in the 1-3 feet bgs depth range are sorted from highest to lowest. 

 

2 – The highest cobalt concentration in that range is replaced with the cobalt USEPA residential 

screening level concentration (23 mg/kg; HI=1) to simulate site conditions without that location, and 

the EPC for cobalt in the 1-3 feet bgs depth range is then recalculated.  

 

3 – The EPC calculated in Step 2 is used to recalculate hypothetical future child resident risks 

when exposed to soil in the 1-3 feet bgs depth range.  

 

4 – If the risk calculated using the EPC in Step 3 is acceptable then it is concluded that the location 

for which the concentration was reduced (i.e., location with the highest cobalt soil concentration in 

the 1-3 feet bgs depth range) is the location driving unacceptable risks for this scenario.  If not, 

then Steps 2 to 4 are repeated with the two highest cobalt concentrations being replaced with the 

cobalt USEPA residential screening level concentration.  This process continues until an 

acceptable risk is calculated, resulting in a list of samples driving unacceptable risk.   

 

Supporting information (i.e., ProUCL output files and Tables 7s and 9s for the child resident) for the last 

iteration of the scenarios described above is presented in Appendix H-7. 

 

After determining the sample locations driving unacceptable risks, the spatial distributions of those 

locations are considered to determine if a “hotspot” exists.  For example, if all the locations driving 

unacceptable risk are adjacent to one another then a “hotspot” would exist; however, if the locations 

driving unacceptable risk are sporadically located throughout the site, then a “hotspot” would not exist 

and/or would be small in size. 

 

For the example scenario presented above, it was determined that location 57SB02, with a cobalt 

concentration of 97 mg/kg, is driving unacceptable risks for the hypothetical child resident exposed to soil 

in the 1 to 3 feet bgs depth range.   

 

The only other scenario for which there was an unacceptable risk was for the hypothetical future child 

resident exposed to soil from 0 to 10 feet bgs due to the COC cobalt.  Using the methodology described 

above it was determined that locations 57SB16; [Co] = 301 mg/kg (at 9 to 11 feet bgs) and 57SB04; 

[Co] = 149 mg/kg (at 9 to 11 feet bgs) were driving the potentially unacceptable risks. 
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The locations driving the potentially unacceptable risks (i.e., locations 57SB02, 57SB04, and 57SB16) are 

not located adjacent to one another based on a review of the sampling location figures.  Therefore, a 

“hotspot” is not considered to exist for cobalt in site soils. 

 

Uncertainty Associated with Cobalt Toxicity Criteria 

Cobalt was identified as a COC for the hypothetical future child resident exposed to groundwater via 

ingestion (HI = 3); however, a risk management decision should be made to decide whether cobalt in 

groundwater should remain a COC moving forward due to the uncertainty associated with the RfD used 

to calculate the cobalt ingestion HI.  Overall there is low confidence in the provisional chronic RfD used to 

calculate noncancer risks associated with cobalt due to low to medium confidence in the principal study 

used to derive the RfD and in the database researched to locate a principal study (USEPA, 2008).  The 

principal study used to derive the RfD is a subchronic study based on twelve individuals examined over a 

two week period and only a single dose level was evaluated so a no observed adverse effect level 

(NOAEL) was not identified.  Noncancer risks are calculated based on chronic exposures and the fact 

that a NOAEL was not observed means that it is unknown which level of cobalt ingestion does not cause 

health problems.  Other studies with longer exposure durations were found in the databases searched; 

however, critical details of those studies are not available for assessment (USEPA, 2008).  EPA states 

that a temporal relationship between prolonged oral cobalt exposure and adverse effects (in this case 

thyroid effects) is not clear, based upon the available data; therefore, confidence in the provisional cobalt 

RfD is low and it is considered a Tier II toxicity value by the EPA (USEPA, 2008).  
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TABLE 6-1

RME SUMMARY OF CANCER RISKS AND HAZARD INDICES - COMBINED SURFACE AND SUBSURFACE SOIL 0 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

Construction Worker Combined Surface/Subsurface Soil Incidental Ingestion 8E-08 -- -- -- 0.10 --

(0- 3 feet bgs) Dermal Contact 9E-09 -- -- -- 0.001 --

Inhalation 5E-07 -- -- -- 0.2 --

Total 5E-07 -- -- -- 0.3 --

Subsurface Soil Incidental Ingestion 0E+00 -- -- -- 0.1 --

(>3 feet bgs) Dermal Contact 0E+00 -- -- -- 0 --

Inhalation 2E-06 -- --  Cobalt 0.8 --

Total 2E-06 -- --  Cobalt 0.9 --

Groundwater Incidental Ingestion 2E-09 -- -- -- 0.0004 --

Dermal Contact 2E-09 -- -- -- 0.003 --

Total 4E-09 -- -- -- 0.004 --

6E-07 0.3

2E-06 0.9

Industrial Worker Combined Surface/Subsurface Soil Incidental Ingestion 1E-06 -- -- -- 0.1 --

(0- 3 feet bgs) Dermal Contact 3E-07 -- -- -- 0.001 --

Inhalation 2E-08 -- -- -- 0.0010 --

Total 1E-06 -- -- -- 0.1 --

Adolescent Trespasser Combined Surface/Subsurface Soil Incidental Ingestion 8E-08 -- -- -- 0.03 --

(0- 3 feet bgs) Dermal Contact 4E-08 -- -- -- 0.0003 --

Inhalation 4E-10 -- -- -- 0.00006 --

Total 1E-07 -- -- -- 0.03 --

Child Recreational User Combined Surface/Subsurface Soil Incidental Ingestion 1E-06 -- -- -- 0.5 --
(0- 3 feet bgs) Dermal Contact 1E-07 -- -- -- 0.002 --

Inhalation 9E-10 -- -- -- 0.0002 --

Total 1E-06 -- -- -- 0.5 --

Adolescent Recreational User Combined Surface/Subsurface Soil Incidental Ingestion 3E-07 -- -- -- 0.09 --

(0- 3 feet bgs) Dermal Contact 9E-08 -- -- -- 0.0008 --

Inhalation 1E-09 -- -- -- 0.0002 --

Total 3E-07 -- -- -- 0.09 --

Adult Recreational User Combined Surface/Subsurface Soil Incidental Ingestion 2E-07 -- -- -- 0.06 --

(0- 3 feet bgs) Dermal Contact 4E-08 -- -- -- 0.0003 --

Inhalation 2E-09 -- -- -- 0.0002 --

Total 3E-07 -- -- -- 0.06 --

NAVAL ACTIVITY PUERTO RICO

Combined Surface/Subsurface Soil (0-3 feet bgs) and 
Groundwater

Subsurface Soil (>3 ft bgs) and Groundwater
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TABLE 6-1

RME SUMMARY OF CANCER RISKS AND HAZARD INDICES - COMBINED SURFACE AND SUBSURFACE SOIL 0 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

NAVAL ACTIVITY PUERTO RICO

Combined Surface/Subsurface Soil Incidental Ingestion 1E-06 -- -- -- NA --
(0- 3 feet bgs) Dermal Contact 3E-07 -- -- -- NA --

Inhalation 4E-09 -- -- -- NA --

Total 2E-06 -- -- -- NA --

Child Resident Combined Surface/Subsurface Soil Incidental Ingestion 3E-06 -- --  Arsenic 1 --

(0- 3 feet bgs) Dermal Contact 5E-07 -- -- -- 0.006 --

Inhalation 2E-08 -- -- -- 0.004 --

Total 4E-06 -- --  Arsenic 1 --

Groundwater Incidental Ingestion 5E-05 -- Arsenic  Benzo(a)anthracene 3 Target Organs HI < 1

Dermal Contact 3E-07 -- -- -- 0.2 --
Total 5E-05 -- Arsenic  Benzo(a)anthracene 3 Target Organs HI < 1

6E-05 4

Adult Resident Combined Surface/Subsurface Soil Incidental Ingestion 1E-06 -- -- -- 0.2 --

(0- 3 feet bgs) Dermal Contact 2E-07 -- -- -- 0.0009 --

Inhalation 7E-08 -- -- -- 0.004 --

Total 2E-06 -- -- -- 0.2 --

Groundwater Incidental Ingestion 9E-05 -- Arsenic  Benzo(a)anthracene 1 --

Dermal Contact 5E-07 -- -- -- 0.02 --
Total 9E-05 -- Arsenic  Benzo(a)anthracene 1 --

9E-05 1

Combined Surface/Subsurface Soil Incidental Ingestion 5E-06 -- --  Arsenic NA --

(0- 3 feet bgs) Dermal Contact 7E-07 -- -- -- NA --

Inhalation 9E-08 -- -- -- NA --

Total 6E-06 -- --  Arsenic NA --

Groundwater Incidental Ingestion 1E-04 -- Arsenic  Benzo(a)anthracene NA --

Dermal Contact 8E-07 -- -- -- NA --
Total 1E-04 -- Arsenic  Benzo(a)anthracene NA --

1E-04 NA

Notes:
NA - Not applicable.

Combined Surface/Subsurface Soil (0-3 feet bgs) and 
Groundwater

Combined Surface/Subsurface Soil (0-3 feet bgs) and 
Groundwater

Lifelong Resident                        
(child, adult)

Lifelong Recreational User 
(child, adolescent, adult)

Combined Surface/Subsurface Soil (0-3 feet bgs) and 
Groundwater
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TABLE 6-2

CTE SUMMARY OF CANCER RISKS AND HAZARD INDICES - COMBINED SURFACE AND SUBSURFACE SOIL 0 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

Construction Worker Combined Surface/Subsurface Soil Incidental Ingestion 2E-08 -- -- -- 0.02 --

(0- 3 feet bgs) Dermal Contact 2E-09 -- -- -- 0.0002 --

Inhalation 2E-07 -- -- -- 0.09 --

Total 3E-07 -- -- -- 0.1 --

Subsurface Soil Incidental Ingestion 0E+00 -- -- -- 0.02 --

(>3 feet bgs) Dermal Contact 0E+00 -- -- -- -- --

Inhalation 1E-06 -- -- -- 0.4 --

Total 1E-06 -- -- -- 0.4 --

Groundwater Incidental Ingestion 8E-10 -- -- -- 0.0002 --

Dermal Contact 5E-10 -- -- -- 0.0008 --

Total 1E-09 -- -- -- 0.001 --

3E-07 0.1

1E-06 0.4

Industrial Worker Combined Surface/Subsurface Soil Incidental Ingestion 2E-07 -- -- -- 0.06 --

(0- 3 feet bgs) Dermal Contact 8E-09 -- -- -- 0.0001 --

Inhalation 6E-09 -- -- -- 0.0008 --

Total 2E-07 -- -- -- 0.07 --

Adolescent Trespasser Combined Surface/Subsurface Soil Incidental Ingestion 2E-08 -- -- -- 0.007 --

(0- 3 feet bgs) Dermal Contact 4E-09 -- -- -- 0.00003 --

Inhalation 1E-10 -- -- -- 0.00001 --

Total 2E-08 -- -- -- 0.007 --

Child Recreational User Combined Surface/Subsurface Soil Incidental Ingestion 2E-07 -- -- -- 0.1 --

(0- 3 feet bgs) Dermal Contact 1E-08 -- -- -- 0.0002 --

Inhalation 2E-10 -- -- -- 0.00006 --

Total 3E-07 -- -- -- 0.1 --

Adolescent Recreational User Combined Surface/Subsurface Soil Incidental Ingestion 3E-08 -- -- -- 0.02 --

(0- 3 feet bgs) Dermal Contact 5E-09 -- -- -- 0.00008 --

Inhalation 2E-10 -- -- -- 0.00005 --

Total 4E-08 -- -- -- 0.02 --

Adult Recreational User Combined Surface/Subsurface Soil Incidental Ingestion 3E-08 -- -- -- 0.01 --

(0- 3 feet bgs) Dermal Contact 1E-09 -- -- -- 0.00002 --

Inhalation 3E-10 -- -- -- 0.00005 --

Total 3E-08 -- -- -- 0.01 --

NAVAL ACTIVITY PUERTO RICO

Combined Surface/Subsurface Soil (0-3 feet bgs) and 
Groundwater

Subsurface Soil (>3 ft bgs) and Groundwater
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TABLE 6-2

CTE SUMMARY OF CANCER RISKS AND HAZARD INDICES - COMBINED SURFACE AND SUBSURFACE SOIL 0 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

NAVAL ACTIVITY PUERTO RICO

Combined Surface/Subsurface Soil Incidental Ingestion 3E-07 -- -- -- NA --
(0- 3 feet bgs) Dermal Contact 2E-08 -- -- -- NA --

Inhalation 7E-10 -- -- -- NA --

Total 3E-07 -- -- -- NA --

Child Resident Combined Surface/Subsurface Soil Incidental Ingestion 4E-07 -- -- -- 0.6 --

(0- 3 feet bgs) Dermal Contact 2E-08 -- -- -- 0.0008 --

Inhalation 4E-09 -- -- -- 0.003 --

Total 4E-07 -- -- -- 0.6 --

Groundwater Incidental Ingestion 8E-06 -- -- Arsenic 1 --

Dermal Contact 2E-08 -- -- -- 0.03 --
Total 8E-06 -- -- Arsenic 1 --

9E-06 2

Adult Resident Combined Surface/Subsurface Soil Incidental Ingestion 1E-07 -- -- -- 0.07 --

(0- 3 feet bgs) Dermal Contact 6E-09 -- -- -- 0.00009 --

Inhalation 1E-08 -- -- -- 0.003 --

Total 2E-07 -- -- -- 0.07 --

Groundwater Incidental Ingestion 1E-05 -- -- Arsenic 0.6 --

Dermal Contact 4E-08 -- -- -- 0.004 --
Total 1E-05 -- -- Arsenic 0.6 --

1E-05 0.6

Combined Surface/Subsurface Soil Incidental Ingestion 5E-07 -- -- -- NA --

(0- 3 feet bgs) Dermal Contact 3E-08 -- -- -- NA --

Inhalation 2E-08 -- -- -- NA --

Total 6E-07 -- -- -- NA --

Groundwater Incidental Ingestion 2E-05 -- Arsenic -- NA --

Dermal Contact 6E-08 -- -- -- NA --
Total 2E-05 -- Arsenic -- NA --

2E-05 NA

Notes:
NA - Not applicable.

Combined Surface/Subsurface Soil (0-3 feet bgs) and 
Groundwater

Lifelong Resident                        
(child, adult)

Combined Surface/Subsurface Soil (0-3 feet bgs) and 
Groundwater

Lifelong Recreational User 
(child, adolescent, adult)

Combined Surface/Subsurface Soil (0-3 feet bgs) and 
Groundwater
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TABLE 6-3

RME SUMMARY OF CANCER RISKS AND HAZARD INDICES - SEPARATE SURFACE SOIL AND SUBSURFACE SOIL 1 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

Construction Worker Surface Soil Incidental Ingestion 9E-08 -- -- -- 0.06 --

Dermal Contact 1E-08 -- -- -- 0.001 --

Inhalation 5E-07 -- -- -- 0.3 --

Total 6E-07 -- -- -- 0.4 --

Subsurface Soil Incidental Ingestion 7E-08 -- -- -- 0.07 --

(1- 3 feet bgs) Dermal Contact 7E-09 -- -- -- 0.0009 --

Inhalation 6E-07 -- -- -- 0.4 --

Total 6E-07 -- -- -- 0.5 --

Subsurface Soil Incidental Ingestion 3E-08 -- -- -- 0.1 --

(>3 feet bgs) Dermal Contact 3E-09 -- -- -- 0.0004 --

Inhalation 2E-06 -- --  Cobalt 1 --

Total 2E-06 -- --  Cobalt 1 --

Groundwater Incidental Ingestion 2E-09 -- -- -- 0.0004 --

Dermal Contact 2E-09 -- -- -- 0.002 --

Total 4E-09 -- -- -- 0.002 --

6.E-07 0.4

6.E-07 0.5

2.E-06 1

Industrial Worker Surface Soil Incidental Ingestion 1E-06 -- -- -- 0.1 --

Dermal Contact 3E-07 -- -- -- 0.001 --

Inhalation 2E-08 -- -- -- 0.001 --

Total 1E-06 -- -- -- 0.1 --

Subsurface Soil Incidental Ingestion 8E-07 -- -- -- 0.2 --

(1- 3 feet bgs) Dermal Contact 2E-07 -- -- -- 0.0010 --

Inhalation 2E-08 -- -- -- 0.001 --

Total 1E-06 -- -- -- 0.2 --

Adolescent Trespasser Surface Soil Incidental Ingestion 2E-07 -- -- -- 0.05 --

Dermal Contact 8E-08 -- -- -- 0.0006 --

Inhalation 8E-10 -- -- -- 0.0001 --

Total 2E-07 -- -- -- 0.05 --

Subsurface Soil Incidental Ingestion 1E-07 -- -- -- 0.06 --

(1- 3 feet bgs) Dermal Contact 6E-08 -- -- -- 0.0005 --

Inhalation 9E-10 -- -- -- 0.0002 --

Total 2E-07 -- -- -- 0.06 --

Child Recreational User Surface Soil Incidental Ingestion 1E-06 -- -- -- 0.5 --

Dermal Contact 2E-07 -- -- -- 0.002 --

Inhalation 9E-10 -- -- -- 0.0002 --

Total 1E-06 -- -- -- 0.5 --

Subsurface Soil Incidental Ingestion 9E-07 -- -- -- 0.6 --

(1- 3 feet bgs) Dermal Contact 1E-07 -- -- -- 0.002 --

Inhalation 1E-09 -- -- -- 0.0003 --

Total 1E-06 -- -- -- 0.7 --

Adolescent Recreational User Surface Soil Incidental Ingestion 3E-07 -- -- -- 0.09 --

Dermal Contact 1E-07 -- -- -- 0.0012 --

Inhalation 1E-09 -- -- -- 0.0002 --

Total 4E-07 -- -- -- 0.09 --

Subsurface Soil Incidental Ingestion 2E-07 -- -- -- 0.1 --

(1- 3 feet bgs) Dermal Contact 1E-07 -- -- -- 0.0010 --

Inhalation 2E-09 -- -- -- 0.0003 --

Total 3E-07 -- -- -- 0.1 --

NAVAL ACTIVITY PUERTO RICO

Surface Soil and Groundwater

Subsurface Soil (1-3 ft bgs) and Groundwater

Subsurface Soil (>3 ft bgs) and Groundwater
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TABLE 6-3

RME SUMMARY OF CANCER RISKS AND HAZARD INDICES - SEPARATE SURFACE SOIL AND SUBSURFACE SOIL 1 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

NAVAL ACTIVITY PUERTO RICO

Adult Recreational User Surface Soil Incidental Ingestion 3E-07 -- -- -- 0.06 --

Dermal Contact 4E-08 -- -- -- 0.0003 --

Inhalation 2E-09 -- -- -- 0.0002 --

Total 3E-07 -- -- -- 0.06 --

Subsurface Soil Incidental Ingestion 2E-07 -- -- -- 0.07 --

(1- 3 feet bgs) Dermal Contact 3E-08 -- -- -- 0.0002 --

Inhalation 3E-09 -- -- -- 0.0003 --

Total 2E-07 -- -- -- 0.07 --

Surface Soil Incidental Ingestion 5E-07 -- -- -- NA --

Dermal Contact 2E-07 -- -- -- NA --

Inhalation 4E-09 -- -- -- NA --

Total 7E-07 -- -- -- NA --
Subsurface Soil Incidental Ingestion 4E-07 -- -- -- NA --
(1- 3 feet bgs) Dermal Contact 1E-07 -- -- -- NA --

Inhalation 4E-09 -- -- -- NA --

Total 6E-07 -- -- -- NA --

Child Resident Surface Soil Incidental Ingestion 4E-06 -- --  Arsenic 2 Target Organs HI < 1

Dermal Contact 6E-07 -- -- -- 0.007 --

Inhalation 2E-08 -- -- -- 0.005 --

Total 5E-06 -- --  Arsenic 2 Target Organs HI < 1

Subsurface Soil Incidental Ingestion 3E-06 -- --  Arsenic 2 Cobalt

(1- 3 feet bgs) Dermal Contact 5E-07 -- -- -- 0.005 --

Inhalation 2E-08 -- -- -- 0.006 --

Total 4E-06 -- --  Arsenic 2 Cobalt

Groundwater Incidental Ingestion 5E-05 -- Arsenic  Benzo(a)anthracene 3 Target Organs HI < 1

Dermal Contact 3E-07 -- -- -- 0.06 --
Total 5E-05 -- Arsenic  Benzo(a)anthracene 3 Target Organs HI < 1

6.E-05 5

6.E-05 5

Adult Resident Surface Soil Incidental Ingestion 2E-06 -- -- -- 0.2 --

Dermal Contact 3E-07 -- -- -- 0.001 --

Inhalation 7E-08 -- -- -- 0.005 --

Total 2E-06 -- --  Arsenic 0.2 --

Subsurface Soil Incidental Ingestion 1E-06 -- -- -- 0.2 --

(1- 3 feet bgs) Dermal Contact 2E-07 -- -- -- 0.0008 --

Inhalation 9E-08 -- -- -- 0.006 --

Total 1E-06 -- -- -- 0.3 --

Groundwater Incidental Ingestion 9E-05 -- Arsenic  Benzo(a)anthracene 1 --

Dermal Contact 5E-07 -- -- -- 0.020 --
Total 9E-05 -- Arsenic  Benzo(a)anthracene 1 --

9.E-05 1

9.E-05 1

Surface Soil and Groundwater

Subsurface Soil (1-3 ft bgs) and Groundwater

Subsurface Soil (1-3 ft bgs) and Groundwater

Lifelong Recreational User 
(child, adolescent, adult)

Surface Soil and Groundwater
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TABLE 6-3

RME SUMMARY OF CANCER RISKS AND HAZARD INDICES - SEPARATE SURFACE SOIL AND SUBSURFACE SOIL 1 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

NAVAL ACTIVITY PUERTO RICO

Surface Soil Incidental Ingestion 5E-06 -- --  Arsenic NA --

Dermal Contact 8E-07 -- -- -- NA --

Inhalation 9E-08 -- -- -- NA --

Total 6E-06 -- --  Arsenic NA --

Subsurface Soil Incidental Ingestion 4E-06 -- --  Arsenic NA --

(1- 3 feet bgs) Dermal Contact 7E-07 -- -- -- NA --

Inhalation 1E-07 -- -- -- NA --

Total 5E-06 -- --  Arsenic NA --

Groundwater Incidental Ingestion 1E-04 --  Arsenic  Benzo(a)anthracene NA --

Dermal Contact 8E-07 -- -- -- NA --
Total 1E-04 --  Arsenic  Benzo(a)anthracene NA --

2.E-04 NA

1.E-04 NA

Notes:
NA - Not applicable.

Surface Soil and Groundwater

Subsurface Soil (1-3 ft bgs) and Groundwater

Lifelong Resident                        
(child, adult)
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TABLE 6-4

CTE SUMMARY OF CANCER RISKS AND HAZARD INDICES - SEPARATE SURFACE SOIL AND SUBSURFACE SOIL 1 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

Construction Worker Surface Soil Incidental Ingestion 2E-08 -- -- -- 0.02 --

Dermal Contact 2E-09 -- -- -- 0.0002 --

Inhalation 2E-07 -- -- -- 0.2 --

Total 2E-07 -- -- -- 0.2 --

Subsurface Soil Incidental Ingestion 2E-08 -- -- -- 0.02 --

(1- 3 feet bgs) Dermal Contact 1E-09 -- -- -- 0.0001 --

Inhalation 3E-07 -- -- -- 0.2 --

Total 3E-07 -- -- -- 0.2 --

Subsurface Soil Incidental Ingestion 8E-09 -- -- -- 0.04 --

(>3 feet bgs) Dermal Contact 5E-10 -- -- -- 0.00007 --

Inhalation 1E-06 -- -- -- 0.5 --

Total 1E-06 -- -- -- 0.5 --

Groundwater Incidental Ingestion 8E-10 -- -- -- 0.0002 --

Dermal Contact 5E-10 -- -- -- 0.0004 --

Total 0E+00 -- -- -- -- --

1E-09 -- -- -- 0.0006 --

3.E-07 0.2

1.E-06 0.5

Industrial Worker Surface Soil Incidental Ingestion 2E-07 -- -- -- 0.06 --

Dermal Contact 1E-08 -- -- -- 0.0001 --

Inhalation 6E-09 -- -- -- 0.001 --

Total 2E-07 -- -- -- 0.06 --

Subsurface Soil Incidental Ingestion 1E-07 -- -- -- 0.08 --

(1- 3 feet bgs) Dermal Contact 6E-09 -- -- -- 0.00008 --

Inhalation 7E-09 -- -- -- 0.001 --

Total 1E-07 -- -- -- 0.08 --

Adolescent Trespasser Surface Soil Incidental Ingestion 4E-08 -- -- -- 0.01 --

Dermal Contact 8E-09 -- -- -- 0.00006 --

Inhalation 2E-10 -- -- -- 0.00003 --

Total 5E-08 -- -- -- 0.01 --

Subsurface Soil Incidental Ingestion 3E-08 -- -- -- 0.01 --

(1- 3 feet bgs) Dermal Contact 6E-09 -- -- -- 0.00005 --

Inhalation 2E-10 -- -- -- 0.00004 --

Total 4E-08 -- -- -- 0.01 --

Child Recreational User Surface Soil Incidental Ingestion 3E-07 -- -- -- 0.1 --

Dermal Contact 2E-08 -- -- -- 0.0002 --

Inhalation 2E-10 -- -- -- 0.00006 --

Total 3E-07 -- -- -- 0.1 --
Subsurface Soil Incidental Ingestion 2E-07 -- -- -- 0.2 --
(1- 3 feet bgs) Dermal Contact 1E-08 -- -- -- 0.0002 --

Inhalation 3E-10 -- -- -- 0.00007 --

Total 2E-07 -- -- -- 0.2 --

Adolescent Recreational User Surface Soil Incidental Ingestion 4E-08 -- -- -- 0.02 --

Dermal Contact 7E-09 -- -- -- 0.00012 --

Inhalation 2E-10 -- -- -- 0.00006 --

Total 4E-08 -- -- -- 0.02 --

Subsurface Soil Incidental Ingestion 3E-08 -- -- -- 0.03 --

(1- 3 feet bgs) Dermal Contact 5E-09 -- -- -- 0.00010 --

Inhalation 2E-10 -- -- -- 0.00007 --

Total 3E-08 -- -- -- 0.03 --

Surface Soil and Groundwater

Subsurface Soil (1-3 ft bgs) and Groundwater

Subsurface Soil (>3 ft bgs) and Groundwater

NAVAL ACTIVITY PUERTO RICO
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TABLE 6-4

CTE SUMMARY OF CANCER RISKS AND HAZARD INDICES - SEPARATE SURFACE SOIL AND SUBSURFACE SOIL 1 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

NAVAL ACTIVITY PUERTO RICO

Adult Recreational User Surface Soil Incidental Ingestion 3E-08 -- -- -- 0.01 --

Dermal Contact 2E-09 -- -- -- 0.00002 --

Inhalation 3E-10 -- -- -- 0.00006 --

Total 3E-08 -- -- -- 0.01 --

Subsurface Soil Incidental Ingestion 2E-08 -- -- -- 0.02 --

(1- 3 feet bgs) Dermal Contact 9E-10 -- -- -- 0.00002 --

Inhalation 3E-10 -- -- -- 0.00007 --

Total 2E-08 -- -- -- 0.02 --

Surface Soil Incidental Ingestion 7E-08 -- -- -- NA --

Dermal Contact 9E-09 -- -- -- NA --

Inhalation 4E-10 -- -- -- NA --

Total 8E-08 -- -- -- NA --
Subsurface Soil Incidental Ingestion 5E-08 -- -- -- NA --
(1- 3 feet bgs) Dermal Contact 6E-09 -- -- -- NA --

Inhalation 5E-10 -- -- -- NA --

Total 6E-08 -- -- -- NA --

Child Resident Surface Soil Incidental Ingestion 5E-07 -- -- -- 0.6 --

Dermal Contact 3E-08 -- -- -- 0.0009 --

Inhalation 4E-09 -- -- -- 0.003 --

Total 5E-07 -- -- -- 0.6 --

Subsurface Soil Incidental Ingestion 4E-07 -- -- -- 0.8 --

(1- 3 feet bgs) Dermal Contact 2E-08 -- -- -- 0.0007 --

Inhalation 5E-09 -- -- -- 0.004 --

Total 4E-07 -- -- -- 0.8 --

Groundwater Incidental Ingestion 8E-06 -- -- Arsenic 1 --

Dermal Contact 2E-08 -- -- -- 0.010 --
Total 8E-06 -- -- Arsenic 1 --

9.E-06 2

8.E-06 2

Adult Resident Surface Soil Incidental Ingestion 1E-07 -- -- -- 0.07 --

Dermal Contact 7E-09 -- -- -- 0.00010 --

Inhalation 1E-08 -- -- -- 0.003 --

Total 2E-07 -- -- -- 0.07 --

Subsurface Soil Incidental Ingestion 1E-07 -- -- -- 0.08 --

(1- 3 feet bgs) Dermal Contact 5E-09 -- -- -- 0.00008 --

Inhalation 2E-08 -- -- -- 0.004 --

Total 1E-07 -- -- -- 0.09 --

Groundwater Incidental Ingestion 1E-05 -- -- Arsenic 0.6 --

Dermal Contact 4E-08 -- -- -- 0.006 --
Total 1E-05 -- -- Arsenic 0.6 --

1.E-05 0.7

1.E-05 0.7

Subsurface Soil (1-3 ft bgs) and Groundwater

Surface Soil and Groundwater

Surface Soil and Groundwater

Subsurface Soil (1-3 ft bgs) and Groundwater

Lifelong Recreational User 
(child, adolescent, adult)
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TABLE 6-4

CTE SUMMARY OF CANCER RISKS AND HAZARD INDICES - SEPARATE SURFACE SOIL AND SUBSURFACE SOIL 1 TO 3 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

NAVAL ACTIVITY PUERTO RICO

Surface Soil Incidental Ingestion 6E-07 -- -- -- NA --

Dermal Contact 3E-08 -- -- -- NA --

Inhalation 2E-08 -- -- -- NA --

Total 7E-07 -- -- -- NA --

Subsurface Soil Incidental Ingestion 5E-07 -- -- -- NA --

(1- 3 feet bgs) Dermal Contact 3E-08 -- -- -- NA --

Inhalation 2E-08 -- -- -- NA --

Total 5E-07 -- -- -- NA --

Groundwater Incidental Ingestion 2E-05 --  Arsenic -- NA --

Dermal Contact 6E-08 -- -- -- NA --
Total 2E-05 --  Arsenic -- NA --

2.E-05 NA

2.E-05 NA

Notes:
NA - Not applicable.

Subsurface Soil (1-3 ft bgs) and Groundwater

Lifelong Resident                        
(child, adult)

Surface Soil and Groundwater



TABLE 6-5

RME SUMMARY OF CANCER RISKS AND HAZARD INDICES - COMBINED SURFACE AND SUBSURFACE SOIL 0 TO 10 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

Construction Worker Combined Surface/Subsurface Soil Incidental Ingestion 8E-08 -- -- -- 0.08 --

(0-10 feet bgs) Dermal Contact 9E-09 -- -- -- 0.0010 --

Inhalation 7E-07 -- -- -- 0.3 --

Total 8E-07 -- -- -- 0.4 --

Groundwater Incidental Ingestion 2E-09 -- -- -- 0.0003 --

Dermal Contact 2E-09 -- -- -- 0.002 --

Total 4E-09 -- -- -- 0.002 --

8E-07 0.4

Child Resident Combined Surface/Subsurface Soil Incidental Ingestion 3E-06 -- --  Arsenic 3 Cobalt

(0-10 feet bgs) Dermal Contact 4E-07 -- -- -- 0.006 --

Inhalation 3E-08 -- -- -- 0.008 --

Total 4E-06 -- --  Arsenic 3 Cobalt

Groundwater Incidental Ingestion 5E-05 --  Arsenic  Benzo(a)anthracene 3 Target Organs HI < 1

Dermal Contact 3E-07 -- -- -- 0.05 --
Total 5E-05 --  Arsenic  Benzo(a)anthracene 3 Target Organs HI < 1

6E-05 6

Adult Resident Combined Surface/Subsurface Soil Incidental Ingestion 1E-06 -- -- -- 0.3 --

(0-10 feet bgs) Dermal Contact 2E-07 -- -- -- 0.0009 --

Inhalation 1E-07 -- -- -- 0.008 --

Total 2E-06 -- -- -- 0.3 --

Groundwater Incidental Ingestion 9E-05 --  Arsenic  Benzo(a)anthracene 1 --

Dermal Contact 5E-07 -- -- -- 0.02 --
Total 9E-05 --  Arsenic  Benzo(a)anthracene 1 --

9E-05 2

Combined Surface/Subsurface Soil Incidental Ingestion 5E-06 -- --  Arsenic NA --

(0-10 feet bgs) Dermal Contact 7E-07 -- -- -- NA --

Inhalation 2E-07 -- -- -- NA --

Total 5E-06 -- --  Arsenic NA --

Groundwater Incidental Ingestion 1E-04 -- --  Benzo(a)anthracene NA --

Dermal Contact 8E-07 -- -- -- NA --
Total 1E-04 -- --  Benzo(a)anthracene NA --

1E-04 NA

Notes:
NA - Not applicable.

NAVAL ACTIVITY PUERTO RICO

Combined Surface/Subsurface Soil (0-10 feet bgs) and 
Groundwater

Combined Surface/Subsurface Soil (0-10 feet bgs) and 
Groundwater

Lifelong Resident                        
(child, adult)

Combined Surface/Subsurface Soil (0-10 feet bgs) and 
Groundwater

Combined Surface/Subsurface Soil (0-10 feet bgs) and 
Groundwater



TABLE 6-6

CTE SUMMARY OF CANCER RISKS AND HAZARD INDICES - COMBINED SURFACE AND SUBSURFACE SOIL 0 TO 10 FEET BGS
SWMU 57 - POL DRUM STORAGE AREA

CEIBA, PUERTO RICO

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4 > 10-6 and  10-5 Target Organ HI > 1

Construction Worker Combined Surface/Subsurface Soil Incidental Ingestion 2E-08 -- -- -- 0.02 --

(0-10 feet bgs) Dermal Contact 2E-09 -- -- -- 0.0002 --

Inhalation 4E-07 -- -- -- 0.1 --

Total 4E-07 -- -- -- 0.2 --

Groundwater Incidental Ingestion 8E-10 -- -- -- 0.0002 --

Dermal Contact 5E-10 -- -- -- 0.0004 --

Total 1E-09 -- -- -- 0.0006 --

4E-07 0.2

Child Resident Combined Surface/Subsurface Soil Incidental Ingestion 4E-07 -- -- -- 1.0 --
(0-10 feet bgs) Dermal Contact 2E-08 -- -- -- 0.0008 --

Inhalation 7E-09 -- -- -- 0.005 --

Total 4E-07 -- -- -- 1.0 --
Groundwater Incidental Ingestion 8E-06 -- --  Arsenic 1 --

Dermal Contact 2E-08 -- -- -- 0.01 --
0E+00 -- -- -- -- --

Total 8E-06 -- --  Arsenic 1 --

9E-06 2

Adult Resident Combined Surface/Subsurface Soil Incidental Ingestion 1E-07 -- -- -- 0.1 --

(0-10 feet bgs) Dermal Contact 6E-09 -- -- -- 0.00009 --

Inhalation 2E-08 -- -- -- 0.005 --

Total 2E-07 -- -- -- 0.1 --

Groundwater Incidental Ingestion 1E-05 -- --  Arsenic 0.6 --

Dermal Contact 4E-08 -- -- -- 0.004 --
0E+00 -- -- -- -- --

Total 1E-05 -- --  Arsenic 0.6 --

1E-05 NA

Combined Surface/Subsurface Soil Incidental Ingestion 5E-07 -- -- -- NA --

(0- 3 feet bgs) Dermal Contact 3E-08 -- -- -- NA --

Inhalation 3E-08 -- -- -- NA --

Total 6E-07 -- -- -- NA --

Groundwater Incidental Ingestion 2E-05 -- -- -- NA --

Dermal Contact 6E-08 -- -- -- NA --
Total 2E-05 -- -- -- NA --

2E-05 NA --

Notes:
NA - Not applicable.

NAVAL ACTIVITY PUERTO RICO

Combined Surface/Subsurface Soil (0-10 feet bgs) and 
Groundwater

Lifelong Resident                        
(child, adult)

Combined Surface/Subsurface Soil (0-10 feet bgs) and 
Groundwater

Combined Surface/Subsurface Soil (0-10 feet bgs) and 
Groundwater

Combined Surface/Subsurface Soil (0-10 feet bgs) and 
Groundwater



TABLE 6-7

COMPARISON OF NOVEMBER 2013 AND JUNE 2015 REGIONAL SCREENING LEVELS FOR RESIDENTIAL SOIL
SWMU 57 –  POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE 1 OF 2

CAS
No. Parameter

METALS

7440-36-0 ANTIMONY 3.1 N 3.1 N 0.27 0.35

7440-38-2 ARSENIC 0.61 C 0.68 C 0.0013 0.0015

7440-39-3 BARIUM 1500 N 1500 N 120 160

7440-41-7 BERYLLIUM 16 N 16 N 13 19

7440-43-9 CADMIUM 7 N 7.1 N 0.52 0.69

7440-47-3 CHROMIUM 12000 N(3)
12000 N(3)

28000000 (3) 40000000 (3)

7440-48-4 COBALT 2.3 N 2.3 N 0.21 0.27

7440-50-8 COPPER 310 N 310 N 22 28

57-12-5 CYANIDE 2.2 N 0.27 N 0.094 0.015

7439-92-1 LEAD 400 400 14 (4) 14 (4)

7439-97-6 MERCURY 2.3 N(5)
2.3 N(5)

0.033 0.033

7440-02-0 NICKEL 150 N 150 N 20 26

7782-49-2 SELENIUM 39 N 39 N 0.4 0.52

7440-22-4 SILVER 39 N 39 N 0.6 0.8

7440-28-0 THALLIUM 0.078 N 0.078 N 0.011 0.014

7440-31-5 TIN 4700 N 4700 N 2300 3000

7440-62-2 VANADIUM 39 N 39 N 78 86

7440-66-6 ZINC 2300 N 2300 N 290 370

PCBS

11096-82-5 AROCLOR-1260 0.22 C 0.24 C 0.024 0.0055

PESTICIDES

72-54-8 4,4'-DDD 2 C 2.3 C 0.0064 0.0072

72-55-9 4,4'-DDE 1.4 C 2 C 0.046 0.011

50-29-3 4,4'-DDT 1.7 C 1.9 C 0.067 0.077

HERBICIDES

93-72-1 2,4,5-TP (SILVEX) 49 N 51 N 0.046 0.061

POLYCYCLIC AROMATIC HYDROCARBONS

91-57-6 2-METHYLNAPHTHALENE 23 N 24 N 0.14 0.19

83-32-9 ACENAPHTHENE 340 N 360 N 4.1 5.5

208-96-8 ACENAPHTHYLENE 340 N(6)
360 N(6)

4.1 (6) 5.5 (6)

120-12-7 ANTHRACENE 1700 N 1800 N 42 58

56-55-3 BENZO(A)ANTHRACENE 0.15 C 0.16 C 0.01 0.00425

50-32-8 BENZO(A)PYRENE 0.015 C 0.016 C 0.0035 0.004

205-99-2 BENZO(B)FLUORANTHENE 0.15 C 0.16 C 0.035 0.041

191-24-2 BENZO(G,H,I)PERYLENE 170 N(7)
180 N(7)

9.5 (7) 13 (7)

207-08-9 BENZO(K)FLUORANTHENE 1.5 C 1.6 C 0.35 0.4

218-01-9 CHRYSENE 15 C 16 C 1.1 1.2

53-70-3 DIBENZO(A,H)ANTHRACENE 0.015 C 0.016 C 0.011 0.013

206-44-0 FLUORANTHENE 230 N 240 N 70 89

86-73-7 FLUORENE 230 N 240 N 4 5.4

193-39-5 INDENO(1,2,3-CD)PYRENE 0.15 C 0.16 C 0.2 0.13

91-20-3 NAPHTHALENE 3.6 C 3.8 C 0.00047 0.00054

85-01-8 PHENANTHRENE 170 N(7)
180 N(7)

9.5 (7) 13 (7)

129-00-0 PYRENE 170 N 180 N 9.5 13

SEMIVOLATILES

98-86-2 ACETOPHENONE 780 N 780 N 0.45 0.58

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 35 C 39 C 1.1 1.3

VOLATILES

78-93-3 2-BUTANONE 2800 N 2700 N 1 1.2

591-78-6 2-HEXANONE 21 N 20 N 0.0079 0.0088

67-64-1 ACETONE 6100 N 6100 N 2.4 2.9

71-43-2 BENZENE 1.1 C 1.2 C 0.0002 0.00023

74-83-9 BROMOMETHANE 0.73 N 0.68 N 0.0018 0.0019

75-15-0 CARBON DISULFIDE 82 N 77 N 0.21 0.24

56-23-5 CARBON TETRACHLORIDE 0.61 C 0.65 C 0.00015 0.00018

108-90-7 CHLOROBENZENE 29 N 28 N 0.049 0.053

67-66-3 CHLOROFORM 0.29 C 0.32 C 0.000053 0.000061

USEPA Regional Screening Levels

November 2013

Adjusted Direct Contact
Residential (mg/kg)(1)

Protection of
Groundwater (mg/kg)(2)

November 2013June 2015 June 2015



TABLE 6-7

COMPARISON OF NOVEMBER 2013 AND JUNE 2015 REGIONAL SCREENING LEVELS FOR RESIDENTIAL SOIL
SWMU 57 –  POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE 2 OF 2

CAS
No. Parameter

USEPA Regional Screening Levels

November 2013

Adjusted Direct Contact
Residential (mg/kg)(1)

Protection of
Groundwater (mg/kg)(2)

November 2013June 2015 June 2015
100-41-4 ETHYLBENZENE 5.4 C 5.8 C 0.0015 0.0017

74-88-4 METHYL IODIDE NA NA NA NA

127-18-4 TETRACHLOROETHENE 8.6 N(8)
8.1 N(8)

0.0044 0.0051

1330-20-7 TOTAL XYLENES 63 N 65 N 0.19 0.19

PETROLEUM HYDROCARBONS

-- DIESEL RANGE ORGANICS NA NA NA NA

-- TOTAL PETROLEUM HYDROCARBONS NA NA NA NA

Notes:

1 - United States Environmental Protection Agency (USEPA) Regional Screening Levels (RSLs) for 

  Chemical Contaminants at Superfund Sites. Values correspond to a cancer risk level of 1E-06 

  or an adjusted hazard quotient (HQ) of 0.1.

2 - USEPA RSLs for Chemical Contaminants at Superfund Sites. Risk-based soil screening levels 

  (SSLs) for groundwater protection.  Values are based on a dilution attenuation factor (DAF) of 1. 

3 - Value is for trivalent chromium.

4 - The Maximum Contaminant Level (MCL)-based SSL is presented.

5 - The value is for mercuric chloride (and other mercury salts).

6 - The value is for acenaphthene.

7 - Value is for pyrene.

8 - Ten percent of noncarcinogenic screening level is less then the carcinogenic screening level;

 therefore, the noncarcinogenic value is presented.

C - Carcinogenic

MCL - Maximum Contaminant Level

N - Noncarcinogenic

NA - Not Applicable/Not Available

SSL - Soil screening level

Bolded values indicate the November 2013 RSLs are less than the June 2015 RSLs.
Shading indicates the June 2015 RSLs are less than the November 2013 RSLs.



TABLE 6-8

COMPARISON OF NOVEMBER 2013 AND JUNE 2015 REGIONAL SCREENING LEVELS FOR TAP WATER
SWMU 57 –  POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

CAS No. Parameter

METALS

7440-38-2 ARSENIC 0.045 C 0.052 C

7440-39-3 BARIUM 290 N 380 N

7440-43-9 CADMIUM 0.69 N 0.92 N

7440-48-4 COBALT 0.47 N 0.6 N

7440-50-8 COPPER 62 N 80 N

7439-92-1 LEAD 15 15

7439-97-6 MERCURY 0.43 N(2)
0.57 N(2)

7440-02-0 NICKEL 30 N 39 N

7782-49-2 SELENIUM 7.8 N 10 N

7440-22-4 SILVER 7.1 N 9.4 N

7440-28-0 THALLIUM 0.016 N 0.02 N

7440-62-2 VANADIUM 6.3 N 8.6 N

7440-66-6 ZINC 470 N 600 N

POLYCYCLIC AROMATIC HYDROCARBONS

120-12-7 ANTHRACENE 130 N 180 N

56-55-3 BENZO(A)ANTHRACENE 0.029 C 0.012 C

206-44-0 FLUORANTHENE 63 N 80 N

129-00-0 PYRENE 8.7 N 12 N

1 - USEPA Regional Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites. RSLs for

     carcinogens correspond to a integrated lifetime cancer risk of 1E-06; adjusted RSLs for noncarcinogens

     correspond to a hazard quotient (HQ) of 0.1.  

2 - The value is for mercuric chloride (and other mercury salts).

C - Carcinogenic

N - Noncarcinogenic

Bolded values indicate the November 2013 RSLs are less than the June 2015 RSLs.
Shading indicates the June 2015 RSLs are less than the November 2013 RSLs.

November 2013 June 2015

Adjusted USEPA Regional Screening Levels - Tap 
Water 

(ug/L)(1)



TABLE 6-9

RISK SUMMARY TABLE - COMBINED SURFACE AND SUBSURFACE SOIL 0 TO 3 FEET BGS
SWMU 57 –  POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

Receptor Medium ILCR Chemical of Concern(1) EPC (mg/kg or µg/L) HI Chemical of Concern(1) Target System EPC (mg/kg or ug/L)

Combined SS/SB 0-3' bgs 5E-07 - - - - 0.3 - - - - - -

SB > 3' bgs 2E-06 - - - - 0.9 - - - - - -

GW 4E-09 - - - - 0.004 - - - - - -

Current/Future 
Industrial Worker

Combined SS/SB 0-3' bgs 1E-06 - - - - 0.1 - - - - - -

Current/Future 
Adolescent 

Combined SS/SB 0-3' bgs 1E-07 - - - - 0.03 - - - - - -

Future Child 
Recreational User

Combined SS/SB 0-3' bgs 1E-06 - - - - 0.5 - - - - - -

Future Adolescent 
Recreational User

Combined SS/SB 0-3' bgs 3E-07 - - - - 0.09 - - - - - -

Future Adult 
Recreational User

Combined SS/SB 0-3' bgs 3E-07 - - - - 0.06 - - - - - -

Future Lifelong 
Recreational User

Combined SS/SB 0-3' bgs 2E-06 - - - - NA(2) - - - - - -

Combined SS/SB 0-3' bgs 4E-06 - - - - 1 - - - - - -

GW 5E-05 - - - - 3(3) - - - - - -

Combined SS/SB 0-3' bgs 2E-06 - - - - 0.2 - - - - - -

GW 9E-05 - - - - 1 - - - - - -

Combined SS/SB 0-3' bgs 6E-06 - - - - NA(2) - - - - - -

GW 1E-04 - - - - NA(2) - - - - - -

All ILCRs and HIs are values for the RME scenario. 

Footnotes

1 - For receptors with a total RME ILCR greater than 1x10-4 or target organ HI greater than 1, any carcinogenic chemical with an ILCR greater than 1x10-6 or a non-carcinogenic

    chemical contributing to target organ HI greater than 1.
2 - HIs are not calculated for lifelong receptors because noncancer HIs are not additive.  

3 - Target organ HIs are less than or equal to 1.  

Acronyms
bgs = below ground surface ILCR = Incremental Lifetime Cancer Risk SS = Surface Soil
EPC = Exposure Point Concentration mg/kg = milligram per kilogram
GW = Groundwater NA = Not Applicable
HI = Hazard Index SB = Subsurface Soil 

Current/Future 
Construction 
Worker

Future Adult 
Resident

Future Lifelong 
Resident

Future Child 
Resident



TABLE 6-10

RISK SUMMARY TABLE - SEPARATE SURFACE AND SUBSURFACE SOIL 1 TO 3 FEET BGS
SWMU 57 –  POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

Receptor Medium ILCR Chemical of Concern(1) EPC (mg/kg or µg/L) HI Chemical of Concern(1) Target System EPC (mg/kg or ug/L)

SS 6.E-07 - - - - 0.2 - - - - - -

SB 1-3' bgs 6.E-07 - - - - 0.3 - - - - - -

SB > 3' bgs 2.E-06 - - - - 0.9 - - - - - -

GW 4.E-09 - - - - 0.002 - - - - - -

SS 1.E-06 - - - - 0.1 - - - - - -

SB 1-3' bgs 1.E-06 - - - - 0.1 - - - - - -

SS 1E-07 - - - - 0.02 - - - - - -

SB 1-3' bgs 1E-07 - - - - 0.03 - - - - - -

SS 1E-06 - - - - 0.40 - - - - - -

SB 1-3' bgs 1E-06 - - - - 0.50 - - - - - -

SS 4E-07 - - - - 0.07 - - - - - -

SB 1-3' bgs 3E-07 - - - - 0.09 - - - - - -

SS 3E-07 - - - - 0.05 - - - - - -

SB 1-3' bgs 2E-07 - - - - 0.06 - - - - - -

SS 2E-06 - - - - NA(2) - - - - - -

SB 1-3' bgs 2E-06 - - - - NA(2) - - - - - -

SS 5E-06 - - - - 1 - - - - - -

SB 1-3' bgs 4E-06 - - - - 2 Cobalt Thyroid 40.7

GW 5E-05 - - - - 3(3) - - - - - -

SS 2E-06 - - - - 0.2 - - - - - -

SB 1-3' bgs 1E-06 - - - - 0.2 - - - - - -

GW 9E-05 - - - - 1 - - - - - -

SS 6E-06 - - - - NA(2) - - - - - -

SB 1-3' bgs 5E-06 - - - - NA(2) - - - - - -

GW 1E-04 - - - - NA(2) - - - - - -

All ILCRs and HIs are values for the RME scenario. 

Footnotes

1 - For receptors with a total RME ILCR greater than 1x10-4 or target organ HI greater than 1, any carcinogenic chemical with an ILCR greater than 1x10-6 or a  non-carcinogenic
    chemical contributing to target organ HI greater than 1.
2 - HIs are not calculated for lifelong receptors because noncancer HIs are not additive.  
3 - Target organ HIs are less than or equal to 1.
Acronyms
bgs = below ground surface ILCR = Incremental Lifetime Cancer Risk SB = Surface Soil 
EPC = Exposure Point Concentration mg/kg = milligram per kilogram
GW = Groundwater NA = Not Applicable
HI = Hazard Index SS = Subsurface Soil

Current/Future 
Construction 
Worker

Current/Future 
Adolescent 
Trespasser

Future Adult 
Resident

Future Lifelong 
Resident

Current/Future 
Industrial Worker

Future Child 
Resident

Future Lifelong 
Recreational User

Future Adolescent 
Recreational User

Future Adult 
Recreational User

Future Adolescent 
Recreational User



FIGURE 6-1
HHRA CONCEPTUAL SITE MODEL 

SWMU 57 –  POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO
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2. No sufficiently volatile/toxic chemicals were selected as chemicals of potential concern (COPCs) for groundwater; therefore, inhalation of volatile chemicals from groundwater in outdoor air was not evaluated for the construction 

worker, inhalation of bathroom air was not evaluated for residents, and vapor intrusion was not evaluated for industrial workers/residents.

1. Exposures to subsurface soil 1 to 3 feet below ground surface (bgs) were evaluated for all potential receptors to be conservative.  However, construction workers are the only potential receptors expected to contact subsurface 

soil.  Construction workers were additionally evaluated for exposures to subsurface soil greater than 3 feet bgs, which was typically collected greater than 10 feet bgs.

Surface Soil

Subsurface Soil 
(1)

Waste from hazardous 
waste drum storage area 

(formerly on bermed pad), 
suspected sludge 

disposal pit, or scattered 
debris area

POTENTIAL
HUMAN HEALTH 

RECEPTORS

Surface Soil

Known/possible 
historical spills, 

debris from 
concrete pad area, 
possible releases 

from drums in 
scattered debris 

area

Groundwater (2)Potential 
contaminant 

migration from 
suspected sludge 

disposal pit

Subsurface 
Soil

Leaching to 
Subsurface Soil/ 

Infiltration to 
Groundwater

Wind 
Erosion/Volatile 

Emissions
Air

Groundwater

Air

Erosion/Surface 
Water Runoff



NAPR SWMU 57 
Full RFI 

Revision:  1 
Date:  July 2015 

Section:  7 
 

111204/P 7-1 CTO JM02 

7.0  ECOLOGICAL RISK ASSESSMENT 

The goal of this ERA for SWMU 57 was to evaluate the potential for adverse ecological impacts due to 

site-related contamination.  This goal was accomplished by identifying COPCs detected at concentrations 

that exceed screening levels, identifying the locations of these exceedances, and concluding whether or 

not further investigation and/or remedial action at SWMU 57 at NAPR, Puerto Rico is warranted from an 

ecological perspective.   

 

7.1 INTRODUCTION 

The screening-level ERA (SERA) methodology used at NAPR is in accordance with the following 

guidance documents: 

 

• Department of Navy (Navy) Environmental Policy Memorandum 97-04: Use of Ecological Risk 

Assessments dated May 16, 1997.  

 

• Navy Policy for Conducting Ecological Risk Assessments (Navy, 1999). 

 

• Final Guidelines for Ecological Risk Assessment (USEPA, 1998). 

 

• Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting 

Ecological Risk Assessments (USEPA, 1997c).   

 

This ERA consists of Steps 1, 2, and 3a of the eight-step ecological risk evaluation process discussed in 

USEPA guidance (USEPA, 1997c and 1998) and the Navy Policy for Conducting ERAs (Navy, 1999).  

The first two screening steps comprise the SERA, and correspond with Tier 1 of the Navy Policy (Navy, 

1999), where conservative exposure estimates are compared to screening-level and threshold toxicity 

values.  Step 3a is the first step of a baseline ecological risk assessment (BERA) and consists of refining 

the Tier 1 assumptions following Steps 1 and 2 to further focus the ERA process on the chemicals of 

greatest concern at a site.  Step 3a corresponds with the first part of Tier 2 of the Navy Policy (Navy, 

1999).  Steps 3b through 7 are conducted if additional evaluations or investigations are necessary.  

Aspects of Step 8, risk management, are addressed throughout the ERA process, in cooperation with 

regulators.  

 

A schematic diagram of the general risk assessment process is provided on Figure 7-1.   
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7.2 TIER 1, STEP 1: SCREENING-LEVEL PROBLEM FORMULATION  

The screening-level problem formulation is the first step of the ERA and includes identification of potential 

receptor groups, COPCs, and the mechanisms for contaminant fate, transport, and toxicity.  The complete 

exposure pathways that exist at a site are determined at this point to facilitate receptor selection.  The 

problem formulation process enables the risk assessor to identify the ecological resources to be protected 

(known as assessment endpoints), the measurements that were used to evaluate risks to those 

resources (known as measurement endpoints) and the chemicals, geographic areas, and environmental 

media relevant to the risk assessment.   

 

As part of receptor identification, site habitats and potential ecological receptors, as they apply to 

ecological risk, are described in the following subsections. 

 

7.2.1 Environmental Setting 

SWMU 57 – POL Drum Storage Area is located within NAPR (Figure 1-1).  The site covers approximately 

1.3 acres and was used for storage of POL and other potentially hazardous materials.  SWMU 57 

consists of a bermed concrete pad and loading dock.  Approximately 0.4 acres of SWMU 57 are covered 

by the concrete pad.  The site is bounded by forest on three sides and a gravel access road overgrowth 

with grass to the north.  Approximately 500 feet downgradient and north/northwest of the site, is the 

Los Machos Mangrove Forest.  The Los Machos Mangrove Forest provides habitat for birds, mammals, 

fish and other aquatic organisms.  A steep vegetated hillside surrounds the concrete pad to the northeast, 

south, and southwest.  A grassy slope and man-made earthen mound divert surface water runoff away 

from the concrete pad. 

 

Several endangered and threatened species potentially may inhabit SWMU 57, such as the yellow-

shouldered blackbird.  However, limited habitat is available at the site as SWMU 57 is small (less than 

1 acre when discounting the concrete pad).  However, the bird species may be present in the Mangrove 

Forest approximately 500 feet downgradient and north of the site. 

 

7.2.2 Physical and Chemical Characteristics of Contaminants 

Based on historical site usage, VOCs, SVOCs, PCBs, and metals are among the site-related chemical 

contaminants known to be present or potentially present in environmental media at SWMU 57.  Physical 

and chemical characteristics of contaminants may affect their mobility, transport, and bioavailability in the 

environment.  These characteristics include bioaccumulation factors (BAFs), KOCs, and KOWs.  Appendix I 

includes a general discussion of the chemical classes detected at the site.  
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7.2.3 Potential Exposure Pathways 

Section 1.3 of this RFI Report describes the operational history for SWMU 57 and presents detailed 

descriptions of previous investigations for SWMU 57.  The site was used for storage of POL and other 

potentially hazardous materials.  Drum fragments and other debris are present on the ground southwest 

of the pad.  Sludge material may have been disposed of in a pit at the western side of the pad.  

Chemicals may have entered surface soil, subsurface soil, and groundwater from spills at the concrete 

pad and suspected sludge disposal pit.  As discussed in Section 4.0, sludge disposal and associated 

impacts was not evident; however, ecological evaluation is still warranted to confirm this tentative 

conclusion.  Infiltration through the soil is a potential source of contamination to groundwater.  

Groundwater may discharge to surface water.   

 

7.2.3.1 Surface Soil 

Several groups of terrestrial ecological receptors can be exposed to contaminants in surface soil.  

Invertebrates such as earthworms are exposed to contaminants as they move through the soil and ingest 

soil particles while searching for food.  Plants are exposed to contaminants via direct contact as 

contaminants are absorbed through the roots, and contaminants are then translocated to different parts of 

the plants (e.g., leaves, seeds).  These pathways are evaluated in the ERA.   

 

Small mammals/birds may be exposed to contaminants in soil via several exposure routes.  They may be 

exposed by direct contact as they search for food or burrow into the soil.  Exposure of terrestrial wildlife to 

contaminants in the soil via dermal contact is unlikely to represent a major exposure pathway because 

fur, feathers, and chitinous exoskeletons are expected to minimize transfer of contaminants across 

dermal tissue.  Therefore, the dermal pathway was not evaluated in the ERA.  Small mammals also may 

be exposed to contaminants in soil via incidental ingestion of soil and ingestion of plants and/or 

invertebrates that have accumulated contaminants from the soil.  No invertivorous mammals are present 

in Puerto Rico; therefore, the ERA assumed all terrestrial ecological receptors were omnivorous or 

herbivorous.  These pathways are evaluated in the ERA.    

 

Larger predatory species such as a hawk can be indirectly exposed to soil contaminants by ingesting 

small mammals/birds that have accumulated contaminants from soil.   
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7.2.3.2 Groundwater 

Surface water is not present directly at the site and ecological receptors are not directly exposed to 

contaminants in groundwater at the site.  However, contaminated groundwater may discharge to the 

Los Machos Mangrove Forest, which is about 500 feet north/northwest of the site.  Aquatic organisms 

such as fish and invertebrates that live in the mangrove can be exposed to chemicals in surface water 

after mixing with the groundwater.  In addition, sediment invertebrates can be exposed to chemicals in the 

pore-water after mixing with groundwater.  Although aquatic organisms may accumulate contaminants 

from the surface water, this pathway is considered to be insignificant at this site because most 

bioaccumulative chemicals (i.e., pesticides, PCBs) are not water soluble and will not migrate through the 

groundwater, and the actual exposure of contaminants in the groundwater will be very low after mixing 

with the surface water.  Therefore, although the direct exposure of aquatic organisms to the chemicals in 

surface water was evaluated in the ERA, exposure to piscivorous wildlife consuming aquatic organisms 

was not evaluated. 

 

7.2.3.3 Air 

Inhalation of particulates by mammals and birds is not considered a complete pathway at SWMU 57 

because there are no activities causing air contamination.  Also, inhalation pathways are not typically 

evaluated in ERAs because of the uncertainty inherent in estimating exposure levels and toxicological 

effects.  Therefore, the air inhalation pathway is not evaluated in the ERA. 

 

7.2.4 Assessment Endpoints and Measurement Endpoints 

Assessment endpoints are explicit expressions of the environmental value that is to be protected 

(USEPA, 1997c).  The selection of these endpoints is based on the habitats present, migration pathways 

of probable contaminants, and relevant exposure routes for the receptors.  Measurement endpoints are 

estimates of measurable biological impacts (e.g., mortality, growth, and reproduction) that are used to 

evaluate the assessment endpoints.  The assessment endpoints and measurement endpoints for 

SWMU 57 are presented in Table 7-1.   

 

7.2.4.1 Assessment Endpoints 

Based on the habitat at SWMU 57, which consists of mostly grass with nearby forested areas and the 

chemicals present at the site, the assessment endpoints include protection of the following groups of 

receptors from adverse effects of contaminants on their growth, survival, and reproduction:  
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• Terrestrial vegetation 

• Soil invertebrates 

• Aquatic organisms 

• Herbivorous birds  

• Omnivorous birds and mammals 

 

The following paragraphs discuss the above assessment endpoints. 

 

Terrestrial Vegetation: Terrestrial vegetation at SWMU 57 consists of grasses, shrubs, and trees.  They 

serve as a food source and provide shade and cover for many organisms, and they help to prevent soil 

erosion, among other important functions.  They also can accumulate some contaminants that can then 

be transferred to the higher trophic-level organisms that consume plants.   

 

Soil Invertebrates: Soil invertebrates are present in soil at SWMU 57.  They aid in the formation of soil 

and the redistribution and decomposition of organic matter in the soil, and they serve as a food source for 

higher trophic-level organisms.  They also can accumulate bioaccumulative contaminants that can then 

be transferred to the higher trophic-level organisms that consume soil invertebrates. 

 

Aquatic Organisms: Aquatic organisms such as amphibians, insects and other invertebrates serve as a 

food source for higher trophic-level organisms (i.e., birds, mammals).  These organisms are present in the 

Los Machos Mangrove Forest.  They can also accumulate contaminants, which can be transferred to 

higher trophic-level organisms that consume them.  

 

Herbivorous Birds and Mammals: Herbivorous birds and mammals (i.e., animals that consume only plant 

tissue) forage in some portions of SWMU 57.  Their role in the community is essential because, without 

them, higher trophic levels could not exist (Smith, 1966).  They may be exposed to and accumulate 

contaminants present in the plants they consume. 

 

Omnivorous Birds and Mammals: Omnivorous birds and mammals are present in the forested areas 

bordering the site and the grass areas at SWMU 57.  They consume plants and insects.  They may be 

exposed to and accumulate contaminants present in the food items they consume. 

 

Not all of the potential assessment endpoints were evaluated in this ERA.  As indicated in USEPA 

guidance (USEPA, 1997c), “it is not practical or possible to directly evaluate risks to all of the individual 

components of the ecosystem at a site.  Instead, assessment endpoints focus the risk assessment on 

particular components of the ecosystem that could be adversely affected by contaminants from the site.”  
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Therefore, the ERA focused on the endpoints that will tend to yield the highest risks, which should then 

account for endpoints that will have lower risks.   

 

Omnivores were selected as assessment endpoints instead of invertivores because no invertivorous 

mammals are known to be present.  Large carnivorous birds and mammals were not selected as 

assessment endpoints because their home range (hundreds of acres) is much larger than SWMU 57 

(approximately 0.9 acres excluding the concrete pad), so they would only consume a small portion of food 

from the site.  Therefore, risks would be greater to small mammals and birds that may obtain all of their 

food from the site.  Although reptiles may be present, they were not selected as assessment endpoints 

because of the general lack of toxicity information and the lack of methods to evaluate their exposure to 

chemicals.   

 

7.2.4.2 Measurement Endpoints 

The following measurement endpoints were used to evaluate the assessment endpoints in the SERA: 

 

• Soil screening values - Mortality, growth, and reproduction of plants and soil invertebrates were 

evaluated by comparing the measured concentrations of chemicals in surface soil to screening values 

designed to be protective of ecological receptors. 

 

• Surface water screening values - Mortality, growth, and reproduction of aquatic organisms were 

evaluated by comparing the measured concentrations of chemicals in groundwater both before and 

after applying dilution factors to screening values designed to be protective of ecological receptors. 

 

• Wildlife toxicity reference values (TRVs) - Mortality, reproductive, and/or developmental effects of 

birds and mammals were evaluated by comparing the estimated dose incurred (based on 

conservative and average assumptions) from ingestion of contaminants in surface soil, plants, and 

invertebrates to wildlife TRVs.   

 

7.2.4.3 Selection of Receptor Species 

Many receptors in the terrestrial/aquatic environment at SWMU 57 are typically grouped into general 

categories such as invertebrates and vegetation.  This is a reflection of the nature of the threshold values, 

effects values, or criteria typically used to characterize risk for such organisms.  However, for vertebrate 

receptors, selection of a representative species is required so that risks to these upper-level species 

incurred by intake through eating and drinking can be estimated. 
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Ingestion is the primary route of exposure for most mammals and birds.  The selection of species used to 

represent the receptor groups identified in Section 7.2.4.1 was based on considerations of their preferred 

habitat, body size, sensitivity to contaminants, home range, abundance, commercial or sport utilization, 

legal status, and functional role (e.g., predators).  The availability of exposure parameters such as body 

mass, feeding rate, and drinking rate was also a factor in selecting surrogate species.  The following 

surrogate species were used in the food chain modeling conducted as part of this ERA based on the 

factors listed above and because they may be present at SWMU 57: 

 

• Herbivorous bird -  Mourning dove 

• Omnivorous mammal – Norway rat 

• Omnivorous bird – Northern mockingbird 

 

Receptor profiles for each of the species above are presented in Appendix I. 

 

7.2.4.4 Conceptual Site Model  

A conceptual model in problem formulation is a written description and visual representation of predicted 

relationships between ecological entities and the stressors to which they may be exposed.  The 

conceptual model consists of two primary components:  predicted relationships among stressor, 

exposure, and assessment endpoint response and a diagram that illustrates the relationships (USEPA, 

1998). 

 

The primary sources of known or potential contamination at SWMU 57 were identified based on past 

operational practices and the physical characteristics of the site.  The primary sources of contamination 

are spills at the concrete pad and, although not evident, sludge disposal.  The contamination then 

migrated to the surface soil, subsurface soil, and groundwater.  Ecological receptors may be exposed to 

contaminants in the surface soil and groundwater, as discussed above in Section 7.2.3.  In summary, the 

primary receptors for contaminants in surface soil are plants and soil invertebrates and secondary 

receptors are birds and mammals, while the primary receptors for contaminants in the groundwater, are 

aquatic organisms in the mangrove after the groundwater discharges to and mixes with the surface water.  

Figure 7-2 represents the ecological CSM for SWMU 57. 
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7.3 TIER 1, STEP 2: SCREENING-LEVEL EXPOSURE ESTIMATE AND RISK QUOTIENTS 

7.3.1 Ecological Effects Evaluation 

The preliminary ecological effects evaluation is an investigation of the relationship between the magnitude 

of exposure to a chemical and the nature and magnitude of adverse effects resulting from exposure.  In 

addition to being a toxicological evaluation, it may also include descriptions of apparent effects seen 

during the site visit (e.g., stressed vegetation).  Toxicity thresholds are usually expressed in units of 

concentration when the medium of concern is in intimate contact with the receptor, such as soil for soil 

invertebrates.  For vertebrates such as mammals and birds, toxicity data are typically available as doses, 

with units equal to mass of contaminant per unit of body mass per unit of time (usually mg/kg-day).   

 

As the first step in the ecological effects evaluation, surface soil and groundwater ecological screening 

levels are compiled.  For surface soil, chemical concentrations were compared to USEPA Ecological Soil 

Screening Levels (Eco SSLs) (USEPA, 2007b and supporting documents) because they are the most 

current screening levels.  If USEPA Eco SSLs were not available, Region 5 soil ecological screening 

levels (ESLs) (USEPA, 2003d) were used next in order of preference, followed by the values from 

Canadian Soil Quality Guidelines (SQG) [ Canadian Council of Ministers of the Environment (CCME), 

1999a-f, 2001, 2004a-c, 2010] and the Oak Ridge National Laboratory (ORNL) Toxicological Benchmarks 

for invertebrates (Efroymson et al., 1997a) and plants (Efroymson et al., 1997b), and Los Alamos 

National Laboratory (LANL) ECORISK database (version 3; LANL, 2011).  Note that because most of the 

Region 5 ESLs are based on risks to invertivorous mammals, screening levels specific to birds, plants or 

invertebrates from other sources were used preferentially for those endpoints, when available.  Also, 

although invertivorous mammals are not present in Puerto Rico, use of the Region 5 ESLs that are based 

on risks to those mammals is conservative because they are almost always lower than values for 

herbivorous or omnivorous mammals.  Table 7-2 presents the soil screening levels for plants, 

invertebrates, mammals, and birds for each chemical and the sources of each value.   

 

For groundwater that discharges to surface water, the Puerto Rico Water Quality Standards for aquatic 

life, classes SB and SC (PREQB, 2010), followed by USEPA National Recommended Water Quality 

Criteria, chronic saltwater criteria (USEPA, 2009d), Region 3 marine ESLs (USEPA, 2006a), and National 

Oceanic and Atmospheric Administration (NOAA) Screening Quick Reference Tables (SQUIRT), chronic 

marine values (Buchman, 2008) were used as the screening levels.  These surface water screening 

values are protective of aquatic organisms. 
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7.3.2 Exposure Characterization 

To determine whether a chemical has the potential to impact an ecological receptor, a chemical 

concentration or dose must first be determined.  That concentration/dose is then compared to the 

ecological effects data presented above.  The following paragraphs describe the concentrations/doses 

used for each set of ecological receptors.    

 

Terrestrial invertebrates and plants are exposed to chemicals in the surface soil through direct contact 

and/or ingestion.  Aquatic receptors are exposed to chemicals in surface water through direct contact.  

Because the screening values developed for these receptors are in units of chemical concentration in 

each medium, maximum chemical concentrations were used in the screening step to select COPCs. 

Aquatic organisms are not exposed to groundwater until it discharges to the surface water, at which point 

it will immediately mix with the surface water.  Therefore, aquatic organisms are not exposed to the 

groundwater until it is diluted with surface water, even in the sediment porewater where dilution will also 

occur.  Because of this, a dilution factor of 5.86 was calculated by estimating the dilution that would occur 

along the potential groundwater flow path (see Appendix I).  The site-specific dilution was calculated in 

response to a regulator comment on a previous version of this report.  This was done by calculating the 

volume of unimpacted groundwater and yearly precipitation for the area between the potentially impacted 

area and its discharge point, and dividing that amount by the volume of potentially impacted groundwater 

at SWMU 57. This approach is very conservative because it does not account for other factors such as 

diffusion, retardation and degradation that would further reduce the chemical concentrations between the 

site and the mangrove.   

 

As indicated above, the dilution factor of 5.86 only accounts for the amount of groundwater dilution as it 

moves from the site to the surface water, so it provides an overly conservative estimate of the sediment 

porewater concentration.  This is because it does not account for any additional dilution once the 

groundwater enters the sediment and pore water, and ultimately discharges to the surface water.  As 

indicated in USEPA (2008), the groundwater/surface water transition zone represents a region beneath 

the bottom of a surface-water body where conditions change from a ground-water dominated to surface-

water dominated system within the substrate.  It is a region that includes both the interface between 

ground-water and surface-water as well as the broader region in the substrate (and, on occasion, up into 

the surface-water body) where ground-water and surface-water mix (USEPA, 2008c).  Therefore, the 

water in the transition zone, where the benthic organisms will primarily live, consists of a mixture of 

surface water and groundwater.  The surface water mixing in this transition zone will further dilute the 

groundwater concentrations, although the amount of this additional dilution cannot be quantified with the 

available information.  Nevertheless, the amount of dilution is likely to be significant in the shallow 
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transition zone so the overall dilution factor would be much greater than 5.86.  However, because this 

additional dilution cannot be easily quantified, the conservative dilution factor of 5.86 was used to adjust 

the concentration in the groundwater for comparison to surface water screening levels.   

 

However, for terrestrial wildlife (mammals and birds), doses in mg/kg-day were estimated for using 

exposure dose equations.  The food chain models were conducted on a dry-weight basis to be consistent 

with the soil concentrations which are reported on a dry-weight basis.  Therefore, the concentrations in 

the food items were estimated on a dry-weight basis.  The following generic equation was used to 

calculate the EPCs for terrestrial wildlife from exposure to chemicals in soil and associated food items 

such as plants and soil invertebrates: 

 

( ) ( )[ ]
BW

H*Is*CsIf*CfCDI +
=  

 

Where: CDI = Chronic daily intake [(mg/kg)-day] 

 Cf = Chemical concentration in food – (see discussion below) 

Cs = Chemical concentration in surface soil (mg/kg) 

 If = Food ingestion rate (kg/day) 

 Is = Incidental surface soil ingestion rate (kg/day) 

H = Portion of food intake from the contaminated area (unitless) 

BW = Body weight (kg) 

 

The exposure factors used for the food chain model, their derivation, and the receptor profiles for the 

surrogate species are presented in Appendix I.  The exposure assumptions (i.e., ingestion rate, body 

weight) were obtained primarily from Food Requirements of Wild Animals: Predictive Equations for Free-

living Mammals, Reptiles, and Birds (Nagy, 2001) and USEPA Eco SSL Guidance Attachment 4-1 

(USEPA, 2007b) with other sources used as necessary.   

 

Chemical concentrations in food items for soil omnivorous and herbivorous receptors were calculated 

using soil-to-invertebrate or soil-to-plant BAFs and regression equations from the USEPA Eco SSL 

Guidance Document Attachment 4-1 (USEPA, 2007b) or BAFs from published sources.  The following 

equation was used to calculate chemical concentrations in plants or invertebrates when BAFs were used: 

 

BAF*CsCf =  
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Where: Cf = Contaminant concentration in food (mg/kg) 

 Cs = Contaminant concentration in surface soil (mg/kg) 

 BAF = Biota-soil bioaccumulation factor (unitless) 

 

A default value of 1.0 was used for the BAF when chemical-specific data was not available.  Sources of 

BAFs are documented in Appendix I. 

 

The food chain model scenarios were calculated using various exposure assumptions to present a range 

of potential risks.  For selecting chemicals as COPCs, the following Tier 1 exposure assumptions were 

used: 

 

• Maximum soil concentrations 

• 90th percentile BAFs (or maximum value if a 90th percentile value is not available) or regression 

equations 

• Conservative receptor body weight and ingestion rates 

• Receptors spend 100% of their time at the Site 

 

7.3.3 Risk Characterization 

An Ecological Effects Quotient (EEQ) approach was used to characterize the risk to ecological receptors.  

This approach characterizes potential effects by comparing exposure concentrations with effects data.  

The EEQs for terrestrial receptors were calculated as follows: 

 

SSSL
Css  EEQ =  

 

where: EEQ = Ecological Effects Quotient (unitless) 

Css  =  Contaminant concentration in surface soil (µg/kg or mg/kg) 

SSSL  =  Surface soil screening level (µg/kg or mg/kg) 

 

The EEQs for aquatic organisms were calculated as follows: 

 

SwSL
CswEEQ =  
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where: EEQ = Ecological Effects Quotient (unitless) 

 Csw = Chemical concentration in groundwater (µg/L) 

 SwSL = Surface water screening level (µg/L) 

 

The EEQs for terrestrial wildlife were calculated as follows: 

 

TRV
CDI  EEQ =  

 

where: EEQ = Ecological effects Quotient (unitless) 

 CDI = Chronic daily intake dose (mg/kg-day) 

TRV = Toxicity reference value [ No observed adverse effects level (NOAEL) or lowest 

observed effects level (LOAEL)] (mg/kg-day) 

 

An EEQ of greater than 1.0 was considered to indicate potential risk.  Such values do not necessarily 

indicate that an effect will occur but only that a low (i.e., conservative) threshold has been exceeded. 

 

7.3.4 Tier 1, Step 2: Selection of Contaminants of Potential Concern 

This section presents the results of the COPC selection, which was conducted using the following rules: 

 

• A contaminant was retained as a COPC for risks to terrestrial plants, soil invertebrates, or aquatic 

organisms if the maximum detected concentration in surface soil or groundwater exceeded the 

associated screening level or a screening level was not available.   

 

• If a contaminant had a maximum detected concentration that exceeded associated soil screening 

level for birds or mammals or a screening level was not available for a bioaccumulative chemical, 

then the chemical was retained for food chain modeling for wildlife.  If the EEQ was greater than 1.0 

based on the conservative food chain model, the chemical was selected as a COPC.  The EEQ is 

defined below in Section 7.3.1.2. 

 

• DRO and TPH were not selected as COPCs because they lack ecological screening levels.  

However, because the soil samples were analyzed for VOCs, SVOCs (including low-level PAHs), 

risks from these compounds are evaluated indirectly by evaluating risks from the individual chemicals.  

Therefore, risks from DRO and TPH are not discussed below. 
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Contaminants retained as COPCs were further evaluated as part of Step 3a of the eight-step ERA 

process. 

 

Tables 7-3 and 7-4 provide the results of the COPC selection for surface soil and groundwater.  Table 7-5 

presents the results of the Tier 1 food chain model for surface soil. 

 

7.3.4.1  Terrestrial Plants 

Table 7-3 presents the COPC selection for terrestrial plants in SWMU 57 surface soil.  Seven VOCs, two 

SVOCs and nine PAHs were selected as COPCs because screening levels were not available.  Nine 

inorganics were selected as COPCs because they were detected at a maximum concentration that 

resulted in an EEQ greater than 1.0.    

  

7.3.4.2 Soil Invertebrates 

Table 7-3 presents the COPC selection for soil invertebrates in SWMU 57 surface soil.  Five VOCs, two 

SVOCs and one herbicide were selected as COPCs because screening levels were not available.  Seven 

inorganics were selected as COPCs because they were detected at a maximum concentration that 

resulted in an EEQ greater than 1.0.     

 
7.3.4.3 Aquatic Organisms 

Table 7-4 presents the COPC selection for aquatic organisms exposed to groundwater.  One PAH and 

three inorganics and were selected as COPCs because they were detected at a maximum concentration 

that resulted in an EEQ greater than 1.0.     

 

7.3.4.4  Wildlife 

Table 7-5 summarizes the results of the Tier 1 inputs food chain modeling for terrestrial soil receptors.  

Appendix I presents the calculation worksheets.  The following summarizes the results of the food chain 

modeling for terrestrial receptors using maximum concentrations and Tier 1 input parameters:  

 

• Herbivorous bird: Five inorganics had EEQs greater than 1.0 in the food chain model. 

 

• Omnivorous mammal: One PCB (Aroclor-1260) and six inorganics had EEQs greater than 1.0 in the 

food chain model. 
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• Omnivorous bird: One PCB (Aroclor-1260) and seven inorganics had EEQs greater than 1.0 in the 

food chain model. 

 

7.4 TIER 2, STEP 3A – COPC REFINEMENT  

Step 3a consists of refining the conservative exposure assumptions/concentrations used to evaluate 

potential risks to ecological receptors and re-evaluating the analytical data using benchmarks that are 

more appropriate for the assessment endpoints.  The objective of the Step 3a refinement was to better 

define those chemicals that contribute to potentially unacceptable levels of ecological risk, and to identify 

and eliminate from further consideration those COPCs that were retained because of the use of very 

conservative exposure scenarios.  The Step 3a evaluation is designed to eliminate chemicals from further 

evaluation for certain groups of receptors.  For example, a chemical might not be retained as a COPC in 

soil based on low risks to plants but might be retained for evaluating risks to wildlife.  This is important 

because if the site proceeds further to a BERA, the studies in the BERA should only focus on the 

receptors that are at potential risk.   

 

For chemicals evaluated further in Step 3a, the following factors were evaluated, as appropriate, to 

determine if the risks are great enough to warrant additional evaluations (i.e., proceed to a BERA, 

develop cleanup levels).  All of these factors may not be discussed for each chemical and/or receptor 

group. 

 

• Magnitude of criterion exceedance: Although the magnitude of risks may not relate directly to the 

magnitude of a criterion exceedance, the magnitude of the criterion exceedance may be one item 

used in a lines-of-evidence approach to determine the need for further site evaluation.  The greater 

the criterion exceedance, the greater the probability and concern that an unacceptable risk exists. 

 

• Frequency of chemical detection and spatial distribution: A chemical detected at a low frequency 

typically is of less concern than a chemical detected at higher frequency if toxicity and concentrations 

and spatial areas represented by the data are similar.  All else being equal, chemicals detected 

frequently were given greater consideration than those detected relatively infrequently.  In addition, 

the spatial distribution of a chemical may be evaluated to determine the area that a sample 

represents. 

 

• Contaminant bioavailability: Many contaminants (especially inorganics) are present in the 

environment in forms that are typically not bioavailable, and limited bioavailability was considered 

when evaluating exposures of receptors to site contaminants.  Contaminants with generally less 
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bioavailability are considered to be less toxic than more bioavailable contaminants, all other factors 

being equal. 

 

• Habitat: Although exceedances of criteria may occur, potential risks to ecological receptors may be 

minimal if there is little habitat for those receptors.  Therefore, the extent of habitat was used 

qualitatively when considering additional evaluation.  Areas with little habitat were less of a concern 

than areas with suitable habitat to support the receptors of interest. 

 

• Alternate benchmarks:  These benchmarks are used to further evaluate risks to specific groups of 

ecological receptors (e.g., plants, invertebrates).   

 

• Food Chain Modeling: Exposure via the food chain is a major pathway of concern for chemicals 

known to significantly bioaccumulate and/or biomagnify.  Thus, potential risk to upper level receptors 

was evaluated using food chain models.  The Tier 1 exposure doses calculated for terrestrial wildlife 

were re-calculated using the following Tier 2, Step 3a exposure assumptions and chemical 

concentrations:   

 

- Average soil concentrations 

- Median or mean BAFs (if available) 

- Average receptor body weights and ingestion rates 

 

• Background: Concentrations of chemicals in surface soil and groundwater were compared to facility 

BTVs.  If the concentrations of detected chemicals are less than the BTV, the chemical was 

considered similar to facility background, not site-related, and eliminated as a COPC.  Surface soil 

inorganic concentrations were compared to facility BTVs as discussed in Section 4.0.  For this 

reason, copper and vanadium are eliminated as COPCs in surface soil and are not further evaluated.  

Groundwater inorganic concentrations were compared to facility BTVs for groundwater and estuarine 

wetland surface water for total metals (see Tables 4-10 and 4011).  The non-diluted groundwater 

concentrations for cobalt, copper, and nickel were less than surface water facility BTVs and are 

eliminated as COPCs in groundwater.   

 

As part of the Step 3a evaluation for terrestrial wildlife, Table 7-6 presents the results of the food chain 

models for surface soil using Step 3a exposure assumptions and chemical concentrations.  A detailed 

evaluation of the Step 3a evaluation is discussed in the following sections. 
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7.4.1 Tier 2, Step 3a: Plants 

Several VOCs were selected as COPCs for plants because screening levels were not available.  No 

VOCs were retained as COPCs because their maximum detected concentrations exceeded a screening 

level.  Most VOCs were detected infrequently (4 or less of 33 samples) with the exception of acetone, a 

common laboratory contaminant.  The available screening levels for the detected VOCs ranged from 

3,800 to 55,000 µg/kg.  The maximum detected concentration of any of the VOCs without a screening 

level was 1,200 µg/kg (for acetone), which was much lower than the screening levels for other detected 

VOCs.  Therefore, although there is some uncertainty in whether the VOCs without screening levels are 

impacting plants, based on their low detection frequency and low concentrations relative to screening 

levels for other VOCs, it is not likely that plants are being significantly impacted by VOCs in the soil.  For 

these reasons, VOCs are eliminated as COPCs for plants.   

 

Two SVOCs (acetophenone and bis(2-ethylhexyl)phthalate) were selected as COPCs for plants because 

screening levels were not available.  Acetophenone was detected in only one of 34 samples.  It was 

detected at location 57SB07, which was collected in the area of scattered debris.  Therefore, potential 

impacts (if any) would be limited to a small area so acetophenone is eliminated as a COPC for plants.  

The maximum concentration of bis(2-ethylhexyl)phthalate (1,800 µg/kg) was less than plant screening 

levels for other phthalates, such as diethylphthalate (100,000 µg/kg) (Efroymson et al., 1997b); moreover, 

bis(2-ethylhexyl)phthalate is a common laboratory and field contaminant.  Therefore, it is not likely that 

plants are being significantly impacted by bis(2-ethylhexyl)phthalate and it is eliminated as a COPC for 

plants.  

 

Several PAHs were selected as COPCs because screening levels were not available.  An Eco SSL is not 

available for plants for PAHs; however, data presented on Table 3.1 in the Eco SSL document for PAHs 

shows that PAHs are typically not toxic to plants except at high soil concentrations with the lowest listed 

EC50 of 30 mg/kg from Mitchell et al. (1988).  Also, Canadian SQGs are available for anthracene 

(2,500 µg/kg), benzo(a)pyrene (20,000 µg/kg), and fluoranthene (50,000 µg/kg) (CCME, 2010).  All 

concentrations of PAHs are well below these values so it does not appear that PAH concentrations in soil 

are likely to impact plants.  Therefore, PAHs are not expected to impact plants at the site and are 

eliminated as COPCs. 

 

Chromium, cobalt, copper, lead, nickel, selenium, thallium, vanadium, and zinc were initially selected as 

COPCs for plants because the maximum concentration exceeded the screening value.  Copper and 

vanadium are considered similar to facility BTVs and are not further evaluated.   
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Only the maximum concentration of chromium (108 mg/kg) exceeded the screening value (78 mg/kg).  

The maximum chromium concentration was located downgradient from the site at 57SB04.  The 

maximum concentration was also slightly less than 2 times the facility BTV (55 mg/kg). 

 

Most cobalt concentrations exceed the screening value (13 mg/kg); however, only three samples 

exceeded the facility BTV (52.3 mg/kg).  The cobalt concentrations in these four samples ranged from 

52.7 mg/kg to 65.3 mg/kg, so they were not much greater than the facility BTV.  These samples were 

collected from the suspected sludge disposal pit (57SS11 and 57SB15) and northeast of the concrete pad 

near the gravel road (57SB02). 

 

Only the maximum concentration of lead (159 mg/kg) exceeded the screening value (120 mg/kg).  The 

maximum lead concentration was located at the suspected sludge disposal pit (57SB34).  Other samples 

collected from the area of the suspected sludge disposal pit had lead concentrations less than the 

screening value; therefore, any potential impacts to plants would be limited to a small area.  For this 

reason, lead is eliminated as a COPC for plants. 

 

Only the maximum concentration of nickel (39.2 mg/kg) slightly exceeded the screening value (38 mg/kg).  

The maximum chromium concentration was located north of the site at 57SB04.  Based on this slight 

exceedance of a conservative screening level it is unlikely that nickel is impacting plants at the site so 

nickel is eliminated as a COPC for plants. 

 

Several selenium concentrations exceed the screening value (0.52 mg/kg); however, they only slightly 

exceeded the facility BTV (1.07 mg/kg).  Selenium concentrations exceeding BTVs ranged from 1.1 to 

1.6 mg/kg.  Therefore, any potential impacts to plants are expected to be similar to background.  For this 

reason, selenium is eliminated as a COPC for plants. 

 

Several thallium concentrations exceeded the screening value (1.4 mg/kg).  These samples were 

collected from the suspected sludge disposal pit (57SB06, 57SS09, 57SS10, 57SS11), an area of 

scattered debris (57SB07, 57SS08), northeast of the concrete pad near the gravel road (57SB02), north 

of the loading dock near the gravel road (57SS12), and downgradient from the site (57SB01, 57SB04).  

There is much uncertainty in the thallium detections, however, because all surface soil samples collected 

in 2012 had thallium detections 0.1 mg/kg or less and all 2004 samples were non-detect.  However, the 

samples collected in 2010 had thallium concentrations ranging from 1.1 mg/kg to 8.8 mg/kg, with several 

detections greater than 5 mg/kg.  The same pattern was observed in the subsurface soil samples.  

Several of the samples collected in 2010 were collected in the same general area as the 2012 samples 

that had much lower concentrations.  The samples collected in 2010 were analyzed using USEPA 
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Method 6010B, which is prone to false positives for thallium.  The 2012 data were analyzed using USEPA 

Method 6020A, which is not prone to the same problem.  This is likely the reason for the elevated 

detections in 2010.  For that reason, and because all of the 2012 detections were much lower than the 

plant screening level, thallium is eliminated as a COPC for plants. 

 

Four of the 34 samples had zinc concentrations that exceeded the screening value (160 mg/kg).  These 

samples were collected along the western side of the concrete pad.  The samples were collected from the 

suspected sludge disposal pit (57SB34), area of scattered debris (57SS08 and 3E-6), and at the 

southwest corner of the concrete pad (57SB22).  Other samples collected in these areas had zinc 

concentrations less than the screening value; any potential impacts to plants would be limited to a small 

area.  Also, the maximum detected zinc concentration was 210 mg/kg, which was only slightly greater 

than the screening level.  For these reasons, zinc is eliminated as a COPC for plants. 

 

In summary, concentrations of a few metals exceeded their respective plant benchmarks and facility 

BTVs in some of the surface soil samples.  All of the detections, however, were only slightly greater than 

their screening level or facility BTV (whichever was higher).  Therefore, although there are a few samples 

with elevated metals concentrations that are not bounded by samples with lower concentrations, 

significant impacts to plants at the site from metals in the surface soil are not expected for the following 

reasons.  Plant benchmarks are by design, conservative values, so an exceedance of these benchmarks 

does not necessarily indicate that adverse impacts to plants are occurring.  At this site, the exceedances 

are relatively slight and most detections are not much greater than facility BTVs.  Also, the majority of the 

site other than the concrete pad and gravel road is vegetated, so it does not appear that plants are being 

impacted.  For these reasons, even though some isolated potential risks to plants cannot be ruled out, 

risks are not great enough to warrant carrying any of the metals further in the ERA process.  Therefore, 

no metals are retained as COPCs for risks to plants.       

 

7.4.2 Tier 2, Step 3a: Soil Invertebrates 

Acetophenone was eliminated as COPC for soil invertebrates for reasons similar to those presented 

above.  Copper and vanadium are considered similar to facility BTVs and are not further evaluated.   

 

Several VOCs were selected as COPCs for soil invertebrates because screening levels were not 

available.  No VOCs were retained as COPCs because their maximum detected concentrations exceeded 

a screening level.  Most VOCs were detected infrequently (4 or less of 33 samples) with the exception of 

acetone, a common laboratory contaminant.  The available screening levels for the detected VOCs 

ranged from 3,800 to 1,000,000 µg/kg.  The maximum detected concentrations of any of the VOCs 
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without a screening level was 1,200 µg/kg (for acetone), which was much lower than the screening levels 

for other detected VOCs.  Therefore, although there is some uncertainty in whether the VOCs without 

screening levels are impacting invertebrates, based on their low detection frequency and low 

concentrations relative to screening levels for other VOCs, it is not likely that invertebrates are being 

significantly impacted by VOCs in the soil.  For this reason, VOCs are eliminated as COPCs for 

invertebrates.   

 

One SVOC, (bis[2-ethylhexyl]phthalate) (a common laboratory and field contaminant), was selected as a 

COPC for soil invertebrates because a screening level was not available.  The maximum concentration of 

bis(2-ethylhexyl)phthalate (1,800 µg/kg) was less than screening levels for another phthalate, 

dimethylphthalate (200,000 µg/kg) (Efroymson et al., 1997a).  Therefore, it is not likely that invertebrates 

are being significantly impacted by bis(2-ethylhexyl)phthalate and it is eliminated as a COPC for 

invertebrates.  

 

One herbicide 2-(2,4,5-Trichloropphenoxy)propionic acid (2,4,5-TP) was selected as a COPC for soil 

invertebrates because a screening level was not available.  2,4,5-TP was only detected in one of six 

samples at a low concentration of 1.5 µg/kg.  No toxicity data was located regarding the toxicity of 

2,4,5-TP to soil invertebrates, but because the herbicide was detected infrequently at a very low 

concentration, it is not likely that invertebrates are being significantly impacted by 2,4,5-TP and it is 

eliminated as a COPC for invertebrates. 

 

Barium, chromium, mercury, thallium, and zinc were initially selected as COPCs for plants because the 

maximum concentration exceeded the screening value.   

 

Only the maximum concentration of barium (374 mg/kg) slightly exceeded the screening value 

(330 mg/kg).  This sample (57SB15) was collected from the suspected sludge disposal pit.  Other 

samples collected from the area of the suspected sludge disposal pit had barium concentrations less than 

the screening value; therefore, any potential impacts to invertebrates would be limited to a small area.  

For this reason, barium is eliminated as a COPC for invertebrates. 

 

Chromium exceeded its screening value of 0.4 mg/kg in all samples.  The screening value for chromium 

is the Region 5 ESL (0.4 mg/kg), which is a screening benchmark for hexavalent chromium.  This value is 

overly conservative, as it is well below facility BTVs (55 mg/kg) and is based on a chromium salt in 

solution being added to the soil.  This makes the chromium much more bioavailable then it would be in 

the environment.  A more appropriate benchmark is the Canadian SQG for plants/invertebrates of 

78 mg/kg because it is based on a more robust data set (CCME, 1999a).  Only the maximum 
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concentration of chromium (108 mg/kg) exceeded the alternate screening value (78 mg/kg).  The 

maximum chromium concentration was located north of the site at 57SB04.  

  

Mercury exceeded its screening value of 0.1 mg/kg in several samples.  The screening value for mercury 

is the Region 5 ESL (0.1 mg/kg) that was based on a study in which mercury chloride was added to soil.  

As noted in Allen (2002), metals from freshly salt-spiked soil are much more toxic than equivalent metal 

concentrations in field collected soil.  A more appropriate benchmark is the Canadian SQG for 

plants/invertebrates of 12 mg/kg because it is based on a more robust data set (CCME, 1999b).  All 

mercury concentrations are less than the alternate screening value (the maximum detected concentration 

was 0.45 mg/kg); therefore, mercury is eliminated as a COPC for invertebrates.   

 

Several thallium concentrations exceeded the screening value (1.4 mg/kg).  The screening level is the 

Canadian SQG which is protective of plants and invertebrates because it is based on the lower of the two 

receptor toxicity data (CCME, 1999e).  In the case of thallium, plants were more sensitive so the 

screening level is based on plant toxicity data.  There was limited soil invertebrate data reported in the 

SQG document for thallium, but the 14-day no observed effects concentration for mortality for earthworms 

was 12 mg/kg.  All thallium detections at the site are less than this value.  Also, as discussed above for 

plants, there is much uncertainty in the thallium detections and they are likely the result of false positives.  

For that reason, and because all of the 2012 detections were much lower than the plant screening level, 

thallium is eliminated as a COPC for invertebrates. 

 

Eight of the 34 samples (not including duplicates) had zinc concentrations that exceeded the screening 

value (120 mg/kg).  Three of those detections were less than 150 mg/kg, and just slightly exceeded the 

screening level.  The concentrations in the other five samples ranged from 155 mg/kg to 210 mg/kg.  

Therefore, all of the detected concentrations were less than twice the screening level.  These samples 

were collected from the suspected sludge disposal pit (57SS09, 57SB34), area of scattered debris 

(57SS08 and 3E-6), near the gravel road (57SB05, 3E-2), the southern edge of the concrete pad 

(57SB32), and at the southwest corner of the concrete pad, upgradient of the site (57SB22).   

 

In summary, concentrations of a few metals exceeded their respective soil invertebrate benchmarks and 

facility BTVs in some of the surface soil samples.  All of the detections, however, were only slightly 

greater than their screening level or facility BTV (whichever was higher).  Therefore, although there are a 

few samples with elevated metals concentrations not bounded by samples with lower concentrations, 

significant impacts to plants at the site from metals in the surface soil are not expected for the following 

reasons.  Soil invertebrate benchmarks are by design, conservative values, so an exceedance of these 

benchmarks does not necessarily indicate that adverse impacts to soil invertebrates are occurring.  At this 
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site, the exceedances are relatively slight and most detections are not much greater than facility BTVs.  

For this reason, even though some isolated potential risks to soil invertebrates cannot be ruled out, risks 

are not great enough to warrant carrying any of the metals further in the ERA process.  Therefore, no 

metals are retained as COPCs for risks to soil invertebrates.           

 

7.4.3 Tier 2, Step 3a: Aquatic Organisms 

Three total inorganics (cobalt, copper, and nickel) and one PAH (pyrene) were initially selected as 

COPCs because the maximum concentration in groundwater exceeded the surface water screening value 

(see Table 7-4).  As discussed above, the concentrations of these inorganics are considered similar to 

groundwater and estuarine wetland surface water facility BTVs (see Tables 4-10 and 4-11) so they were 

eliminated as COPCs.  Also, all EEQs for the inorganics were less than 1.0 using the dilution factor of 

5.86.  As discussed in Section 7.3.2, the conservative dilution factor of 5.86 was used to adjust the 

concentration in the groundwater to account for the mixing and dilution of the groundwater between the 

site and the exposure point.  The EEQ for pyrene based on the undiluted groundwater was only 5.0.  

Therefore, using the conservative dilution factor of 5.86, resulted in the concentration of pyrene in 

groundwater being less than the screening level so it was also eliminated as a COPC.  As a result, no 

chemicals in groundwater are retained as COPCs for potential risks to aquatic organisms. 

 

7.4.4 Tier 2, Step 3a: Terrestrial Wildlife 

As presented in Section 7.3.2.4, the EEQs from the terrestrial food chain modeling were greater than 1.0 

for several inorganics and one PCB (Aroclor-1260) using maximum chemical concentrations and Tier 1 

exposure assumptions.  Therefore, as part of the Step 3a refinement, risks were recalculated using 

average chemical concentrations and the Tier 2, Step 3a exposure parameters as presented in 

Appendix I.  These parameters are summarized on the exposure factors table in Appendix I.  The food 

chain model calculation sheets are also provided in Appendix I. 

 
Table 7-6 presents the result of the less conservative food chain model for surface soil.  A discussion of 

the risks to mammal and birds is presented below. 

 

• Herbivorous bird: The EEQ for vanadium for the dove (3.6) was slightly greater than 1.0 using the 

NOAEL as the TRV.  Vanadium is considered similar to the facility BTVs and is not further evaluated.  

Therefore, no chemicals were retained as COPCs for impacts to herbivorous birds.  

 

• Omnivorous mammal: The EEQ for thallium for the rat (10) was greater than 1.0 using the NOAEL as 

the TRV.  The LOAEL EEQ for thallium was slightly greater than 1.0 for the rat (1.04).  Because an 
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earthworm BAF was not available for thallium a default BAF of 1 was used, which basically equates 

the tissue concentrations in the prey items to the soil concentrations.  This is an overly conservative 

estimate as thallium is not considered a bioaccumulative chemical.  Earthworms are assumed to 

comprise 50% of the rat’s diet.  Limited habitat is available as the site is small and portions of the site 

are covered by a concrete pad and a gravel road as discussed above.  Also, as discussed above, all 

of the thallium detections greater than 1.0 mg/kg are likely false positives.  Therefore, impacts to 

omnivorous mammals from the relatively low EEQ are expected to be minimal; therefore, thallium is 

eliminated as a COPC.   

 

• Omnivorous bird: The EEQs for copper (1.8), lead (1.7), mercury (10), and vanadium (7.3) for the 

mockingbird were greater than 1.0 using the NOAEL as the TRV.  Copper and vanadium are 

considered similar to facility BTVs and are not further evaluated.  Lead had an EEQ only slightly 

greater than 1.0 based on the NOAEL and the LOAEL EEQ for lead was less than 1.0 for the 

mockingbird.  Mercury had a NOAEL EEQ greater than 1.0 and the LOAEL EEQ was slightly greater 

than 1.0 for the mockingbird (1.05).  The food chain model assumes that receptors obtain their entire 

diet from the site.  Receptors are unlikely to obtain their entire diet from the site because limited 

habitat is available as the site is small and portions of the site are covered by a concrete pad and a 

gravel road as discussed above.  Therefore, impacts to omnivorous birds are expected to be minimal 

and lead and mercury are also eliminated as COPCs.   

 

7.5 ECOLOGICAL RISK UNCERTAINTY ANALYSIS 

This section discusses some of the uncertainties associated with the SWMU 57 ERA. 

 

7.5.1 Uncertainty in Data 

Only surface soil samples were evaluated in the ERA; however, some terrestrial receptors such as 

burrowing mammals or deep-rooted trees could be exposed to shallow layers of contaminated subsurface 

soils.  Chemical concentrations in shallow subsurface soil (1 to 3 feet) were generally similar or less than 

concentrations in surface soil (0 to 1 foot).  Two VOCs (bromomethane and methyl iodide) were detected 

in subsurface soil, but not detected in surface soil; however these VOCs were detected infrequently and 

at concentrations similar to the other VOCs detected.  One PAH (dibenzo[a,h]anthracene) was detected 

at a slightly greater maximum concentration in shallow subsurface soil (1.8 µg/kg) compared to surface 

soil (0.75 µg/kg). One herbicide (2,4,5-TP) was detected at a slightly greater maximum concentration in 

shallow subsurface soil (4.1 µg/kg) compared to surface soil (1.5 µg/kg).  Six inorganics (antimony, 

cobalt, lead, silver, thallium, and tin) were detected at greater maximum concentrations in shallow 
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subsurface soil compared to surface soil.  However, these inorganic concentrations would not result in 

changes to the risk conclusions for the ecological receptors. 

 

7.5.2 Uncertainty in Assessment Endpoints and Measurement Endpoints 

Measurement endpoints were used to evaluate the assessment endpoints selected for the ERA.  For the 

ERA, the measurement endpoints were not the same as the assessment endpoints.  Measurement 

endpoints were used to predict effects to the assessment endpoints by selecting surrogate species to be 

evaluated.  For example, a decrease in reproduction of a rat was used to assess a decrease in 

reproduction of the small mammal population.  However, predicting a decrease in reproduction of a rat 

may either underprotect or overprotect the small mammal population based on differences in ingestion 

rates, toxicity, food preferences, home ranges, etc. between different species. 

 

Risks to reptiles were not quantitatively evaluated because exposure factors are not established for most 

species and because toxicity data are very limited.  As discussed in Section 7.2.1, several endangered 

and threatened species or species of special concern may be present at SWMU 57.  Risks to these 

species were not specifically calculated, so the uncertainties of not calculating risks to these species are 

presented here.  Unacceptable risks to the Brown pelican are not expected because habitat is not 

available.  The Brown pelican require open water habitat, which is not available at SWMU 57, but is 

available near the Los Machos Mangrove Forest.   

 

Yellow-shouldered blackbirds, an endangered species potentially present at SWMU 57, consume mostly 

insects present in trees, as opposed to the worms that are assumed to be consumed by the mockingbird 

in the food-chain model.  Because worms are in direct contact with soil, it is expected that they would 

have greater levels of contaminants at SWMU 57 than aboveground insects; therefore, risks to the 

mockingbird from consuming worms are expected to be greater than risks to the yellow-shouldered 

blackbirds from consuming aboveground insects.  By protecting the mockingbird, this other omnivorous 

bird will also be protected.  Also, limited habitat is available directly at SWMU 57, so it is not likely that the 

blackbirds will be present in this area.   

 

Finally, there are uncertainties in risks to reptiles because there is a lack of exposure factors for reptiles 

and a lack of reptile toxicity data for the detected chemicals.  The Puerto Rican Boa, an endangered 

reptilian species may be present.  However, based on the preferred habitat of the boa and the limited 

habitat available at SWMU 57, this species likely does not inhabit areas of SWMU 57.  Risks to 

carnivorous reptiles were not specifically calculated; however, risks are accounted for by using 

omnivorous birds and mammals as surrogates. 
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7.5.3 Uncertainty in Exposure Characterization 

The contaminant dose to terrestrial wildlife was calculated using an equation that incorporates ingestion 

rates, body weights, bioaccumulation factors, and other exposure factors.  These exposure factors were 

obtained from literature studies, or predicted using various equations.  Ingestion rates and body weights 

vary between species, especially between species inhabiting different habitats. 

 

Bioaccumulation of contaminants into various biological media (e.g., plants, invertebrates, small 

mammals) depends on characteristics of the media such as pH, organic carbon, etc.  Therefore, actual 

BAFs at the sites may be different than those used in the SERA and obtained from the literature.  Also, 

the bioavailability of contaminants reported in toxicity studies is typically greater than the contaminants in 

environmental media.  Typically, highly bioavailable forms of the chemicals are used when conducting 

toxicity tests and/or conducting dosing studies for wildlife.   

 

There is uncertainty in the chemical data collected at the site.  Measured levels of chemicals are only 

estimates of true site chemical concentrations.  At SWMU 57, samples were deliberately biased toward 

known or suspected high concentrations, so predicted doses are probably higher than actual doses.  

Whereas this is a conservative approach in predicting exposure concentrations, actual exposure of 

ecological receptors to chemical concentrations at SWMU 57 is likely overestimated.  In particular, wildlife 

that typically roam over multiple sample locations are unlikely to obtain all of their food from within the 

most contaminated areas at SWMU 57.   

 

There is uncertainty in what the actual pore water concentrations would be after groundwater migrates 

from the site and discharges to the surface water.  However, even after using a very conservative dilution 

factor of 5.86, no chemical concentrations exceeded the surface water screening levels.     

 

7.5.4 Uncertainty in Ecological Effects Data 

Uncertainty exists in the ecological effects data, including the screening levels and wildlife TRVs.  Several 

of the screening levels are very conservative, and typically are based on studies where the bioavailability 

of the chemical is much greater than it is in the environment.  Also, toxicity data was not available or was 

limited for some chemicals.   

 

The NOAELs/LOAELs used for the wildlife endpoints species are based on species other than the 

endpoint species (e.g., rats, mice).  Uncertainty exists in the application of toxicity data across species 
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because the contaminant may be more or less toxic to the endpoint species than it was to the test study 

species. 

    

7.5.5 Uncertainty in Risk Characterization 

Risks are possible if an EEQ is greater than or equal to 1.0 regardless of the magnitude of the EEQ.  

However, the magnitude of effects to ecological receptors cannot be inferred based on the magnitude of 

the EEQ.  Rather, an EEQ greater than 1.0 simply indicates that the dose used to derive the toxicity 

reference value was exceeded.   

 

Finally, there is uncertainty in how the predicted risks to a species at a site translate into risk to the 

population in the area as a whole. 

 

7.6 ECOLOGICAL RISK SUMMARY AND CONCLUSIONS 

This ERA evaluated surface soil and groundwater.  Based on the initial screening of the chemical data, 

several chemicals were initially selected as COPCs in surface soil and groundwater because they were 

detected at concentrations that exceeded conservative screening levels, they had EEQs greater than 1.0 

in the conservative food chain model, or because they did not have screening levels.     

 

These chemicals were then further evaluated to refine the list of COPCs, and to better characterize risks 

to ecological receptors.  The following presents the results of the ERA. 

 

7.6.1 Soil Invertebrates and Terrestrial Plants  

No chemicals were retained as COPCs for risks to plants or soil invertebrates. 

 

7.6.2 Aquatic Organisms 

No chemicals were retained as COPCs for risks to aquatic organisms. 

 
7.6.3 Mammals and Birds 

No chemicals were retained as COPCs for herbivorous receptors and omnivorous receptors. 
 



TABLE 7-1

ASSESSMENT ENDPOINTS AND MEASUREMENT ENDPOINTS
SWMU 57 – POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

Assessment Endpoint Measurement Endpoint

Adverse effects on the
survival, reproduction, and/or
growth of soil invertebrates

 Survival, growth, and/or reproduction of soil invertebrates were evaluated
by comparing the measured concentrations of chemicals in the surface

soil to invertebrate soil screening levels.

Adverse effects on the
survival, reproduction, and/or
growth of aquatic organisms

 Survival, growth, and/or reproduction of aquatic organisms were evaluated
by comparing the measured concentrations of chemicals in the
groundwater to surface water screening levels.

Adverse effects on the
survival, reproduction, and/or
growth of terrestrial plants

 Survival, growth, and/or reproduction of terrestrial plants were evaluated
by comparing the measured concentrations of chemicals in the surface
soil to plant soil screening levels.

Adverse effects on the
survival, reproduction, and/or
increase in development
effects of omnivorous birds
and mammals

 Survival, reproduction, and/or increase in development effects of
omnivorous birds and mammals were evaluated by comparing the
estimated ingested dose of contaminants in the surface soil, plants and
invertebrates to No Observed Adverse Effects Levels (NOAELs) and
Lowest Observed Adverse Effects Levels (LOAELs) for surrogate wildlife
species.

Adverse effects on the
survival, reproduction, and/or
increase in development
effects of herbivorous birds
and mammals

 Survival, reproduction, and/or increase in development effects of
herbivorous birds and mammals were evaluated by comparing the
estimated ingested dose of contaminants in the surface soil and plants to
NOAELs and LOAELs for surrogate wildlife species.



TABLE 7-2

ECOLOGICAL SOIL SCREENING LEVELS
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE 1 OF 2

Value Source Value Source Value Source Value Source
METALS (mg/kg)
ANTIMONY 5 ORNL 78 EcoSSL NA NA 10 EcoSSL
ARSENIC 18 EcoSSL 17 CCME 43 EcoSSL 170 EcoSSL
BARIUM 500 ORNL 330 EcoSSL 820 LANL 3200 EcoSSL
BERYLLIUM 10 ORNL 40 EcoSSL NA NA 21 EcoSSL
CADMIUM 32 EcoSSL 140 EcoSSL 0.77 EcoSSL 73 EcoSSL
CHROMIUM 78 CCME 0.4 Region 5 26 EcoSSL 380 EcoSSL

COBALT 13 EcoSSL 1000  ORNL
(1)

120 EcoSSL 2100 EcoSSL
COPPER 70 EcoSSL 80 EcoSSL 28 EcoSSL 1100 EcoSSL
CYANIDE 0.9 CCME 0.9 CCME 11 CCME 1.33 Region 5
LEAD 120 EcoSSL 1700 EcoSSL 11 EcoSSL 1200 EcoSSL

MERCURY 12 CCME 0.1 Region 5 0.013 LANL(2)
3 LANL(2)

NICKEL 38 EcoSSL 280 EcoSSL 210 EcoSSL 340 EcoSSL
SELENIUM 0.52 EcoSSL 4.1 EcoSSL 1.2 EcoSSL 2.7 EcoSSL

SILVER 560 EcoSSL 50  ORNL(1)
4.2 EcoSSL 1500 EcoSSL

THALLIUM 1.4 CCME 1.4 CCME 1 CCME 0.0569 Region 5

TIN 50 ORNL 2000  ORNL(1)
NA NA 7.62 Region 5

VANADIUM 130 CCME 130 CCME 7.8 EcoSSL 1300 EcoSSL
ZINC 160 EcoSSL 120 EcoSSL 46 EcoSSL 6800 EcoSSL
SEMIVOLATILES (mg/kg)
ACETOPHENONE NA NA NA NA NA NA NA NA
BIS(2-ETHYLHEXYL)PHTHALATE NA NA NA NA 0.02 LANL 1.1 LANL
VOLATILES  (mg/kg)
2-BUTANONE NA NA NA NA NA NA 89.6 Region 5
2-HEXANONE NA NA NA NA 0.36 LANL 6.1 LANL
ACETONE NA NA NA NA 7.5 LANL 2.5 Region 5
BENZENE 31 CCME 31 CCME 25 CCME 0.255 Region 5
CARBON DISULFIDE NA NA NA NA NA NA 0.0941 Region 5

CARBON TETRACHLORIDE NA NA 1000  ORNL(1)
NA NA NA NA

CHLOROBENZENE NA NA 40 ORNL NA NA 54 LANL
CHLOROFORM NA NA NA NA NA NA 8 LANL
ETHYLBENZENE 55 CCME 55 CCME 910 CCME 5.16 Region 5
TETRACHLOROETHENE 3.8 CCME 3.8 CCME NA NA 0.36 LANL
TOTAL XYLENES 10 Region 5 65 CCME 3700 CCME 3700 CCME
POLYNUCLEAR AROMATIC HYDROCARBONS  (mg/kg)
2-METHYLNAPHTHALENE NA NA 29 EcoSSL NA NA 350 EcoSSL
ACENAPHTHENE 20 ORNL 29 EcoSSL NA NA 350 EcoSSL

ACENAPHTHYLENE 20 ORNL(3)
29 EcoSSL NA NA 350 EcoSSL

ANTHRACENE 2.5 CCME 29 EcoSSL NA NA 350 EcoSSL
BENZO(A)ANTHRACENE 18 LANL 18 EcoSSL 0.8 LANL 39 EcoSSL
BENZO(A)PYRENE 20 CCME 18 EcoSSL NA NA 39 EcoSSL
BENZO(B)FLUORANTHENE 18 LANL 18 EcoSSL NA NA 39 EcoSSL
BENZO(G,H,I)PERYLENE NA NA 18 EcoSSL NA NA 39 EcoSSL
BENZO(K)FLUORANTHENE NA NA 18 EcoSSL NA NA 39 EcoSSL
CHRYSENE NA NA 18 EcoSSL NA NA 39 EcoSSL
DIBENZO(A,H)ANTHRACENE NA NA 18 EcoSSL NA NA 39 EcoSSL
FLUORANTHENE 50 CCME 29 EcoSSL NA NA 350 EcoSSL
FLUORENE NA NA 29 EcoSSL NA NA 350 EcoSSL
INDENO(1,2,3-CD)PYRENE NA NA 18 EcoSSL NA NA 39 EcoSSL
NAPHTHALENE 1 LANL 29 EcoSSL 3.4 LANL 350 EcoSSL
PHENANTHRENE NA NA 29 EcoSSL NA NA 350 EcoSSL
PYRENE NA NA 18 EcoSSL 34 LANL 39 EcoSSL
PESTICIDES/PCBS (mg/kg)
4,4'-DDD 12 CCME

(4)
12 CCME

(4)
0.093 EcoSSL 24 EcoSSL

4,4'-DDE 12 CCME(4)
12 CCME(4)

0.093 EcoSSL 24 EcoSSL
4,4'-DDT 12 CCME 12 CCME 0.093 EcoSSL 24 EcoSSL
AROCLOR-1260 33 CCME 33 CCME 0.88 LANL 0.000332 Region 5
HERBICIDES (mg/kg)
2,4,5-TP (SILVEX) 0.109 Region 5 NA NA NA NA NA NA
PETROLEUM HYDROCARBONS (mg/kg)
DIESEL FUEL NA NA NA NA NA NA NA NA
TOTAL PETROLEUM HYDROCARBONS NA NA NA NA NA NA NA NA

Parameter

Ecological Soil Screening Level
Plant Invertebrate Avian Mammal
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ECOLOGICAL SOIL SCREENING LEVELS
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO
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Ecological Screening Level sources used in the order of preference:
   EcoSSL - EPA Ecological Soil Screening Levels (USEPA, 2005d-k, 2006b, 2007c-h, 2008b).  For mammals, value for herbivorous mammal is presented.
   Region 5 - USEPA Region 5 Ecological Screening Levels (USEPA, 2003d).  Most mammalian values are based on risk to shrews, which are not present at 
    the site.   However, these values are appropriate for screening as they are conservative values.
   CCME - Canadian Soil Quality Guidelines (CCME, 1999a-f, 2001, 2004a-c,  2010).
   ORNL - Oak Ridge National Laboratory Toxicological Benchmarks for plants and invertebrates  (Efroymson et al., 1997a, 1997b).
   LANL (3.0 database; LANL, 2011).  For mammals, value for desert cotton tail or deer mouse is presented.

Footnotes:
1 - Value for microorganisms.
2 - Available Canadian SQG was not selected because it was based on organic mercury toxicity to a pig.
3 - Value for acenaphthylene.
4 - Value for 4,4'-DDT.

NA - Not available.



TABLE 7-3

SURFACE SOIL ECOLOGICAL COPC SELECTION
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE 1 OF 2

Plants Invertebrates Birds Mammals Plants Invertebrates Birds Mammals COPC 
(yes/no)? Rationale Evaluated 

(yes/no)? Rationale

Inorganics  (mg/kg)
ANTIMONY 24/34 0.03 J 1.7 J 57SB07-00-D 0.67 - 3.2 0.49 0.6 5 78 NA 10 0.34 0.022 NA 0.17 NO BSL NO NONBIO
ARSENIC 31/34 0.18 J 5.2 57SS08 0.34 - 1.2 1.6 1.5 18 17 43 170 0.29 0.31 0.12 0.031 NO BSL NO BSL
BARIUM 34/34 14.6 J 374 57SB15-0001  - 94.1 94.1 500 330 820 3200 0.75 1.1 0.46 0.12 YES ASL NO BSL
BERYLLIUM 28/34 0.07 J 0.74 J 57SB22-0001 0.03 - 0.64 0.29 0.26 10 40 NA 21 0.074 0.019 NA 0.035 NO BSL NO NONBIO
CADMIUM 28/34 0.06 J 5.3 57SS08 0.17 - 0.58 0.98 0.83 32 140 0.77 73 0.17 0.038 6.9 0.073 NO BSL YES ASL
CHROMIUM 34/34 8.1 108 57SB04-00  - 28.5 28.5 78 0.4 26 380 1.4 270 4.2 0.28 YES ASL YES ASL
COBALT 34/34 5.6 65.3 57SB15-0001  - 26.8 26.8 13 1000 120 2100 5.0 0.065 0.54 0.031 YES ASL NO BSL
COPPER 34/34 23 N 160 N 3E-SS02  - 78.5 78.5 70 80 28 1100 2.3 2.0 5.7 0.15 YES ASL YES ASL
CYANIDE 2/6 0.46 B 0.53 B 3E-SS06 0.59 - 0.8 0.5 0.39 0.9 0.9 11 1.33 0.59 0.59 0.05 0.40 NO BSL NO BSL
LEAD 34/34 0.95 J 159 J 57SB34-0001  - 36.4 36.4 120 1700 11 1200 1.3 0.094 14.5 0.13 YES ASL YES ASL
MERCURY 28/34 0.0086 BN 0.45 J 57SS09-D 0.018 - 0.03 0.073 0.062 12 0.1 0.013 3 0.038 4.5 34.6 0.15 YES ASL YES ASL
NICKEL 34/34 4.8 J 39.2 57SB04-00  - 15.4 15.4 38 280 210 340 1.03 0.14 0.19 0.12 YES ASL NO BSL
SELENIUM 17/28 0.1 J 1.6 57SB15-0001 0.21 - 1.6 0.72 0.6 0.52 4.1 1.2 2.7 3.1 0.39 1.3 0.59 YES ASL YES ASL
SILVER 24/34 0.01 J 0.26 J 57SB02-00 0.11 - 1.6 0.11 0.21 560 50 4.2 1500 0.00046 0.0052 0.062 0.00017 NO BSL NO BSL
THALLIUM 27/34 0.01 J 8.8 57SS09 0.026 - 1.6 2.2 1.8 1.4 1.4 1 0.0569 6.3 6.3 8.8 155 YES ASL YES ASL
TIN 18/34 0.97 J 4.1 B 3E-SS06 1.7 - 3.9 2.4 1.9 50 2000 NA 7.62 0.082 0.0021 NA 0.54 NO BSL NO NONBIO
VANADIUM 34/34 35 240 57SB07-00-D  - 137 137 130 130 7.8 1300 1.8 1.8 30.8 0.18 YES ASL YES ASL
ZINC 34/34 34 210 3E-SS06  - 96.9 96.9 160 120 46 6800 1.3 1.8 4.6 0.031 YES ASL YES ASL
Semivolatile Organics  (µg/kg)
ACETOPHENONE 1/34 39 J 39 J 57SB07-00 200 - 550 39.0 141 NA NA NA NA NA NA NA NA YES NSL NO NONBIO
BIS(2-ETHYLHEXYL)PHTHALATE 17/34 50 J 1800 57SS12 150 - 550 263 210 NA NA 20 1100 NA NA 90 1.6 YES NSL YES ASL
Volatile Organics  (µg/kg)
2-BUTANONE 2/33 97 J 120 J 57SB36-0001 9.3 - 53 109 17.1 NA NA NA 89600 NA NA NA 0.0013 YES NSL NO NONBIO
2-HEXANONE 1/33 35 J 35 J 57SB33-0001 9.3 - 36 35.0 9.7 NA NA 360 6100 NA NA 0.097 0.0057 YES NSL NO BSL
ACETONE 15/33 210 J 1200 J 57SB18-0001 16 - 1100 455 233 NA NA 7500 2500 NA NA 0.16 0.48 YES NSL NO BSL
BENZENE 2/33 1.9 J 2.6 J 57SB36-0001 2.3 - 7.3 2.4 2.2 31000 31000 25000 255 0.000084 0.000084 0.00010 0.010 NO BSL NO BSL
CARBON DISULFIDE 4/33 1.1 J 2.4 J 57SB01-00 2.3 - 7.3 1.6 2.1 NA NA NA 94.1 NA NA NA 0.026 YES NSL NO NONBIO
CARBON TETRACHLORIDE 4/33 2.4 J 8.8 3E-SS01-D 2.3 - 7.3 4.4 2.3 NA 1000000 NA NA NA 0.0000088 NA NA YES NSL NO NONBIO
CHLOROBENZENE 2/33 4.3 J 4.5 J 3E-SS03 2.3 - 7.3 4.4 2.3 NA 40000 NA 54000 NA 0.00011 NA 0.000083 YES NSL NO NONBIO
CHLOROFORM 2/33 1.9 J 4.3 J 3E-SS01-D 2.3 - 7.3 3.0 2.2 NA NA NA 8000 NA NA NA 0.00054 YES NSL NO NONBIO
ETHYLBENZENE 2/33 2.3 J 2.4 J 3E-SS03 2.3 - 7.3 2.4 2.1 55000 55000 910000 5160 0.000044 0.000044 0.000003 0.00047 NO BSL NO BSL
TETRACHLOROETHENE 3/33 4.2 J 6 3E-SS03 2.3 - 7.3 5.3 2.4 3800 3800 NA 360 0.0016 0.0016 NA 0.017 NO BSL NO NONBIO
TOTAL XYLENES 2/33 9 12 3E-SS01-D, 3E-SS03 3.7 - 15 10.5 4.5 10000 65000 3700000 3700000 0.0012 0.00018 0.000003 0.000003 NO BSL NO BSL
Polynuclear Aromatic Hydrocarbons  (µg/kg)
2-METHYLNAPHTHALENE 8/34 1 J 6 J 57SS08 9.3 - 550 2.7 45.7 NA 29000 NA 350000 NA 0.00021 NA 0.000017 YES NSL NO NONBIO
ACENAPHTHENE 6/34 0.82 J 2.4 J 57SS09-D 9.3 - 550 1.4 45.6 20000 29000 NA 350000 0.00012 0.000083 NA 0.0000069 NO BSL YES BIO
ACENAPHTHYLENE 7/34 0.86 J 14 J 57SS09-D 9.3 - 550 2.9 45.8 20000 29000 NA 350000 0.00070 0.00048 NA 0.000040 NO BSL YES BIO
ANTHRACENE 9/34 0.67 J 7.9 J 57SS09-D 9.3 - 550 3.2 45.7 2500 29000 NA 350000 0.0032 0.00027 NA 0.000023 NO BSL YES BIO
BENZO(A)ANTHRACENE 13/34 0.98 J 79 J 3E-SS06 9.3 - 550 12.1 41.1 18000 18000 800 39000 0.0044 0.0044 0.099 0.0020 NO BSL NO BSL
BENZO(A)PYRENE 7/34 0.63 J 77 J 3E-SS06 9.3 - 550 14.5 40.4 20000 18000 NA 39000 0.0039 0.0043 NA 0.0020 NO BSL YES BIO
BENZO(B)FLUORANTHENE 8/34 1.5 J 95 J 3E-SS06 9.3 - 550 17.2 41.3 18000 18000 NA 39000 0.0053 0.0053 NA 0.0024 NO BSL YES BIO
BENZO(G,H,I)PERYLENE 7/34 0.65 J 97 J 3E-SS01 9.3 - 550 25.4 35.7 NA 18000 NA 39000 NA 0.0054 NA 0.0025 YES NSL YES BIO
BENZO(K)FLUORANTHENE 6/34 0.9 J 76 J 3E-SS06 9.3 - 550 15.5 40.3 NA 18000 NA 39000 NA 0.0042 NA 0.0019 YES NSL YES BIO
CHRYSENE 11/34 1 J 110 J 3E-SS06 9.3 - 550 16.8 42.2 NA 18000 NA 39000 NA 0.0061 NA 0.0028 YES NSL YES BIO
DIBENZO(A,H)ANTHRACENE 2/34 0.71 J 0.75 J 57SB01-00 9.3 - 550 0.73 46.0 NA 18000 NA 39000 NA 0.000042 NA 0.000019 YES NSL YES BIO
FLUORANTHENE 13/34 2.5 J 120 J 3E-SS06 9.3 - 550 20.0 44.1 50000 29000 NA 350000 0.0024 0.0041 NA 0.00034 NO BSL YES BIO
FLUORENE 7/34 0.64 J 1.8 J 57SS09-D 9.3 - 550 1.2 45.4 NA 29000 NA 350000 NA 0.000062 NA 0.0000051 YES NSL YES BIO
INDENO(1,2,3-CD)PYRENE 7/34 0.8 J 77 J 3E-SS01 9.3 - 550 20.3 34.6 NA 18000 NA 39000 NA 0.0043 NA 0.0020 YES NSL YES BIO
NAPHTHALENE 3/34 1.1 J 1.6 J 57SB07-00 9.3 - 550 1.3 45.9 1000 29000 3400 350000 0.0016 0.000055 0.00047 0.0000046 NO BSL NO BSL
PHENANTHRENE 11/34 2.4 J 70 J 3E-SS06 9.3 - 550 14.4 41.4 NA 29000 NA 350000 NA 0.0024 NA 0.00020 YES NSL YES BIO
PYRENE 13/34 0.9 J 160 J 3E-SS06 9.3 - 550 29.1 40.6 NA 18000 34000 39000 NA 0.0089 0.0047 0.0041 YES NSL NO BSL
PCB  (µg/kg)
AROCLOR-1260 11/34 18 J 760 57SS09 8.1 - 55 189 69.1 33000 33000 880 0.332 0.023 0.023 0.86 2289 NO BSL YES ASL
Pesticides  (µg/kg)
4,4'-DDD 1/6 9.4 JP 9.4 JP 3E-SS06 3.9 - 5.5 9.4 3.5 12000 12000 93 24000 0.00078 0.00078 0.10 0.00039 NO BSL NO BSL
4,4'-DDE 2/6 1.4 J 11 3E-SS06 3.9 - 5.5 6.2 3.6 12000 12000 93 24000 0.00092 0.00092 0.12 0.00046 NO BSL NO BSL
4,4'-DDT 3/6 1.1 33 3E-SS06 3.9 - 5 12.1 7.2 12000 12000 93 24000 0.0028 0.0028 0.35 0.0014 NO BSL NO BSL
Herbicides  (µg/kg)
2,4,5-TP (SILVEX) 1/6 1.5 J 1.5 J 3E-SS01 9.8 - 14 1.5 5.2 109 NA NA NA 0.014 NA NA NA YES NSL NO NONBIO

Sample of Maximum 
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Detection
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Maximum 
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Deletion or Selection of 

COPCs for 
Invertebrates/Plants

Further Evaluated in 
Terrestrial Food Chain 

Modeling(5)Range of 
Nondetects

Average of 
Detections(1)

Average of 
All Results(2)



TABLE 7-3

SURFACE SOIL ECOLOGICAL COPC SELECTION
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE 2 OF 2

Plants Invertebrates Birds Mammals Plants Invertebrates Birds Mammals COPC 
(yes/no)? Rationale Evaluated 

(yes/no)? Rationale

Sample of Maximum 
DetectionParameter Frequency of 

Detection
Minimum 
Detection

Maximum 
Detection

Screening Levels(3) EEQs(4)
Deletion or Selection of 

COPCs for 
Invertebrates/Plants

Further Evaluated in 
Terrestrial Food Chain 

Modeling(5)Range of 
Nondetects

Average of 
Detections(1)

Average of 
All Results(2)

Petroleum Hydrocarbons  (mg/kg)
DIESEL RANGE ORGANICS 11/12 4.1 J 72 J 57SS09 10 - 10 21.6 20.2 NA NA NA NA NA NA NA NA NO

(6)
NO

(6)

TOTAL PETROLEUM HYDROCARBONS 11/12 4.7 J 72.6 J 57SS09 10.63 - 10.63 22.2 20.8 NA NA NA NA NA NA NA NA NO
(6)

NO
(6)

Miscellaneous Parameters  (%)
TOTAL SOLIDS 16/16 66 98 57SB20-0001  - 87.7 87.7 NA NA NA NA NA NA NA NA NA NA NA NA

Shaded chemical name indicates that the chemical was selected as a COPC.  Shaded cells indicate that the EEQ exceeds 1. Abbreviations: Rationale Codes for COPC Selection:

COPC - Chemical of Potential Concern ASL - Above COPC Screening Level
1 - Average of detected concentrations only. EEQ - Ecological Effects Quotient BSL - Below COPC Screening Level
2 - Average of all analytical results including one-half of the detection limit for non-detects. NA - Not available or not applicable NSL - No Screening Level Available
3 - The sources of the screening levels are presented in Table 7-2. BIO - Bioaccumulative
4 - EEQ is calculated by dividing the chemical concentration by its screening level. NONBIO - Not Bioaccumulative
5 - Chemicals with EEQs for birds or mammals greater than 1.0 or bioaccumulative chemicals without bird or mammal screening values are retained for food chain modeling.
6 - Risks from parameter considered by evaluating volatiles and PAHs.



TABLE 7-4

GROUNDWATER ECOLOGICAL COPC SELECTION
SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

Screening Level(4)

1 10 25 50 Value Source 1 10 25 50
Inorganics   (µg/L)
ARSENIC 8/8 3.3 J 6.2 57GW01 57GW01-061012  - 4.2 4.2 6.2 0.62 0.25 0.12 36 PRWQS 0.17 0.017 0.0069 0.0034 NO Max BSL
BARIUM 8/8 5.9 62.5 57GW02 57GW02-060912  - 28.5 28.5 62.5 6.3 2.5 1.3 200 NOAA 0.31 0.031 0.013 0.0063 NO Max BSL
CADMIUM 8/8 0.07 J 1.8 57GW08 57GW08-061112  - 0.72 0.72 1.8 0.18 0.072 0.036 8.85 PRWQS 0.20 0.020 0.0081 0.0041 NO Max BSL
COBALT 8/8 1.2 4.5 57GW02 57GW02-060912  - 2.6 2.6 4.5 0.45 0.18 0.090 1 NOAA 4.5 0.45 0.18 0.090 YES Max ASL
COPPER 7/8 1.5 5.8 57GW09 57GW09-061012 2 - 2 3.5 3.2 5.8 0.58 0.23 0.12 3.73 PRWQS 1.6 0.16 0.062 0.031 YES Max ASL
LEAD 2/8 1 1.4 57GW07 57GW07-060912 0.5 - 0.5 1.2 0.49 1.4 0.14 0.056 0.028 8.52 PRWQS 0.16 0.016 0.0066 0.0033 NO Max BSL
MERCURY 5/8 0.03 J 0.92 57GW07 57GW07-060912 0.1 - 0.1 0.48 0.32 0.92 0.092 0.037 0.018 0.94 NRWQC 0.98 0.098 0.039 0.020 NO Max BSL
NICKEL 4/8 4.6 16.3 57GW02 57GW02-060912 2.3 - 3.8 9.3 5.4 16.3 1.6 0.65 0.33 8.28 PRWQS 2.0 0.20 0.079 0.039 YES Max ASL
SELENIUM 4/8 2 J 3.4 J 57GW01 57GW01-061012 3 - 3 2.4 2.0 3.4 0.34 0.14 0.068 71.74 PRWQS 0.047 0.0047 0.0019 0.00095 NO Max BSL

SILVER 6/8 0.06 J 1 57GW07 57GW07-060912 0.4 - 0.4 0.37 0.33 1 0.10 0.040 0.020 2.24 PRWQS 0.45 0.045 0.018 0.0089 NO Max BSL

THALLIUM 2/8 0.06 J 0.18 J 57GW02 57GW02-060912 0.4 - 0.4 0.12 0.18 0.18 0.018 0.0072 0.0036 21.3 Region 3 0.0085 0.00085 0.00034 0.00017 NO Max BSL

VANADIUM 8/8 4.8 J 28.2 57GW04 57GW04-060912  - 16.5 16.5 28.2 2.8 1.1 0.56 50 NOAA 0.56 0.056 0.023 0.011 NO Max BSL

ZINC 8/8 14.7 30.2 57GW09 57GW09-061012  - 21.4 21.4 30.2 3.0 1.2 0.60 85.62 PRWQS 0.35 0.035 0.014 0.0071 NO Max BSL
Polynuclear Aromatic Hydrocarbons   (µg/L)
ANTHRACENE 1/4 0.13 J 0.17 J 57GW05 57GW05-060912-D 0.095 - 0.1 0.15 0.074 0.17 0.017 0.0068 0.0034 0.18 Region 3 0.94 0.094 0.038 0.019 NO Max BSL

BENZO(A)ANTHRACENE 1/4 0.13 J 0.15 J 57GW05 57GW05-060912-D 0.095 - 0.1 0.14 0.071 0.15 0.015 0.0060 0.0030 3 NOAA(6)
0.0500 0.00500 0.00200 0.00100 NO Max BSL

FLUORANTHENE 1/4 0.93 J 1.3 J 57GW05 57GW05-060912-D 0.095 - 0.1 1.1 0.32 1.3 0.13 0.052 0.026 1.6 Region 3 0.81 0.081 0.033 0.016 NO Max BSL
PYRENE 1/4 0.72 J 1.2 J 57GW05 57GW05-060912-D 0.095 - 0.1 0.96 0.28 1.2 0.12 0.048 0.024 0.24 Region 3 5.0 0.50 0.20 0.10 YES Max ASL

Shaded chemical name indicates that the chemical was selected as a COPC.  Shaded cells indicate that the EEQ exceeds 1.

1 - Average of detected concentrations only. Abbreviations: Rationale Codes for COPC Selection:

2 - Average of all analytical results including one-half of the detection limit for non-detects. COPC - Chemical of Potential Concern Max ASL - Maximum Concentration without dilution factor above COPC screening level
3 - Maximum detected chemical concentration adjusted by dilution factors of 1, 10, 25, and 50. EEQ - Ecological Effects Quotient Max BSL - Maximum Concentration without dilution factor below COPC screening level

4 - Order of preference was PRWQS, NRWQC, Region 3, followed by NOAA.

   - PRWQS - Puerto Rico Water Quality Standards for aquatic life, Classes SB and SC (Puerto Rico, 2010)
   - NRWQC - USEPA National Recommended Water Quality Criteria, chronic saltwater (USEPA, 2009d)
   - Region 3 - USEPA Region 3 BTAG Marine Screening Levels  (USEPA, 2006a)
   - NOAA - NOAA Screening Quick Reference Tables, chronic marine  (Buchman, 2008)
5 - EEQ is calculated by dividing the maximum detected chemical concentration adjusted by the dilution factor by its screening level.  Value is unitless.
6 - Value based on acute, lowest observed effects level (LOEL).  The value was divided by 10 to estimate a chronic value and was divided by 10 to estimate a no observed effects level (NOEL).

Parameter
Frequency of 

Detection
Minimum 
Detection

Maximum 
Detection

COPC 
(yes/no)?

Rationale for 
COPC selection

Maximum Detection Adjusted by 
Dilution Factor(3) EEQ(5)

Location of 
Maximum 
Detection

Sample ID of 
Maximum 
Detection

Range of 
Nondetects

Average of 
Detections(1)

Average of All 
Results(2)



TABLE 7-5

TERRESTRIAL FOOD CHAIN MODEL - CONSERVATIVE SCENARIO
OMNIVOROUS AND HERBIVOROUS RECEPTORS - SURFACE SOIL

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO

NOAEL-based LOAEL-based NOAEL-based LOAEL-based NOAEL-based LOAEL-based
Inorganics
CADMIUM 3.2E+00 3.5E-01 6.5E+00 7.3E-01 5.6E-01 6.3E-02

CHROMIUM 1.3E+00 5.5E-02 3.5E+00 1.4E-01 1.5E+00 6.3E-02

COPPER 1.4E+00 9.4E-02 3.2E+00 2.2E-01 1.2E+00 8.4E-02

LEAD 9.7E-01 2.4E-02 2.6E+00 6.6E-02 1.1E+00 2.7E-02

MERCURY 7.1E+00 1.4E+00 6.3E+00 1.3E+00 1.4E+01 2.7E+00

SELENIUM 1.2E+00 2.5E-01 1.9E+00 4.1E-01 1.4E+00 3.1E-01

THALLIUM 9.3E+01 9.3E+00 2.2E+02 2.2E+01 3.2E+01 3.2E+00

VANADIUM 4.5E-01 2.0E-01 2.1E+00 9.2E-01 1.6E+00 6.9E-01

ZINC 5.8E-01 1.5E-01 1.1E+00 2.9E-01 3.1E-01 7.8E-02

Semivolatile Organics
BIS(2-ETHYLHEXYL)PHTHALATE 7.7E-03 7.7E-04 1.8E-02 1.8E-03 2.6E-03 2.6E-04

Polynuclear Aromatic Hydrocarbons
ACENAPHTHENE 7.5E-04 1.4E-04 2.9E-04 5.3E-05 1.9E-03 3.6E-04

ACENAPHTHYLENE 3.7E-04 6.9E-05 7.6E-04 1.4E-04 3.7E-05 6.8E-06

ANTHRACENE 3.2E-05 5.8E-06 5.2E-05 9.6E-06 2.8E-05 5.2E-06

BENZO(A)PYRENE 1.4E-02 2.2E-04 3.0E-02 4.8E-04 6.5E-03 1.0E-04

BENZO(B)FLUORANTHENE 3.4E-02 5.4E-04 6.8E-02 1.1E-03 1.3E-02 2.1E-04

BENZO(G,H,I)PERYLENE 3.8E-02 6.0E-04 7.7E-02 1.2E-03 1.2E-02 1.9E-04

BENZO(K)FLUORANTHENE 2.6E-02 4.1E-04 5.4E-02 8.6E-04 7.2E-03 1.1E-04

CHRYSENE 3.3E-02 5.3E-04 6.9E-02 1.1E-03 1.0E-02 1.6E-04

DIBENZO(A,H)ANTHRACENE 2.2E-04 3.6E-06 4.8E-04 7.6E-06 6.2E-05 1.0E-06

FLUORANTHENE 4.8E-04 8.9E-05 9.4E-04 1.7E-04 2.2E-04 4.1E-05

FLUORENE 9.8E-04 1.8E-04 4.0E-04 7.3E-05 2.5E-03 4.6E-04

HIGH MOLECULAR WEIGHT PAHS 2.9E-02 4.6E-04 5.9E-02 9.5E-04 2.0E-02 3.2E-04

INDENO(1,2,3-CD)PYRENE 2.8E-02 4.5E-04 5.9E-02 9.5E-04 5.9E-03 9.5E-05

LOW MOLECULAR WEIGHT PAHS 2.2E-04 4.1E-05 3.2E-04 5.9E-05 3.1E-04 5.8E-05

PHENANTHRENE 3.2E-04 5.9E-05 3.8E-04 7.0E-05 5.0E-04 9.2E-05

PCB
AROCLOR-1260 1.3E+01 1.3E+00 2.8E+01 2.8E+00 3.0E-01 3.0E-02

Cells are shaded if the value is greater than 1.0

NOAEL - No Observed Adverse Effects Level
LOAEL - Lowest Observed Adverse Effects Level
EEQ - Ecological Effects Quotient

Chemical

Omnivorous Receptors EEQs Herbivorous Receptor EEQs
Norway Rat Northern Mockingbird Mourning Dove



TABLE 7-6

TERRESTRIAL FOOD CHAIN MODEL - AVERAGE SCENARIO
OMNIVOROUS AND HERBIVOROUS RECEPTORS - SURFACE SOIL

SWMU 57 - POL DRUM STORAGE AREA
NAVAL ACTIVITY PUERTO RICO

CEIBA, PUERTO RICO

NOAEL-based LOAEL-based NOAEL-based LOAEL-based NOAEL-based LOAEL-based
Inorganics
CADMIUM 4.2E-01 4.7E-02 1.5E+00 1.6E-01 1.1E-01 1.2E-02

CHROMIUM 1.8E-01 7.5E-03 7.1E-01 2.9E-02 1.7E-01 6.8E-03

COPPER 3.9E-01 2.7E-02 1.3E+00 9.0E-02 3.8E-01 2.6E-02

LEAD 1.5E-01 3.9E-03 5.8E-01 1.5E-02 1.2E-01 3.1E-03

MERCURY 6.1E-01 1.2E-01 2.1E+00 4.2E-01 1.9E-01 3.8E-02

SELENIUM 2.8E-01 6.0E-02 7.9E-01 1.7E-01 3.1E-01 6.7E-02

THALLIUM 1.0E+01 1.04E+00 4.0E+01 4.0E+00 2.2E+00 2.2E-01

VANADIUM 9.0E-02 3.9E-02 6.0E-01 2.6E-01 3.0E-01 1.3E-01

ZINC 2.5E-01 6.3E-02 8.2E-01 2.1E-01 1.2E-01 3.1E-02

PCB
AROCLOR-1260 2.8E-01 2.8E-02 1.1E+00 1.1E-01 8.6E-03 8.6E-04

Cells are shaded if the value is greater than 1.0

NOAEL - No Observed Adverse Effects Level
LOAEL - Lowest Observed Adverse Effects Level
EEQ - Ecological Effects Quotient

Chemical

Omnivorous Receptor EEQs Herbivorous Receptor EEQs
Norway Rat Northern Mockingbird Mourning Dove



Exit Criteria for the Screening Risk Assessment (SRA): Decision for
exiting or continuing the ecological risk assessment.

(1) Site passes SRA. A determination is made that the site poses acceptable
risk and shall be closed out for ecological concerns.

(2) Site fails SRA: The site must have both complete pathway and
unacceptable risk. As a result, the site will either have an interim cleanup
or moves to the Tier 2.

Tier 1. Screening Risk Assessment (SRA): Identify pathways and
compare exposure point concentrations to benchmarks.

Step 1: Site visit; Pathway Identification/Problem Formulation;
Toxicity Evaluation

Step 2: Exposure Estimate; Risk Calculation (SMDP)(1)

Proceed to Exit Criteria
for SRA
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Exit Criteria Step 3a Refinement
(1) If re-evaluation of the

conservative exposure
assumptions (SRA) supports an
acceptable risk determination,
then the site exits the ecological
risk assessment process.

(2) If re-evaluation of the
conservative exposure
assumptions (SRA) does not
support an acceptable risk
determination, then the site
continues in the BERA process.
Proceed to Step 3b.

Exit Criteria Baseline Risk Assessment
1) If the site poses acceptable risk, then no further evaluation and no

remediation from an ecological perspective is warranted.
2) If the site poses unacceptable ecological risk and additional evaluation

in the form of remedy development and evaluation is appropriate,
proceed to Tier 3.

Tier 3. Evaluation of Remedial Alternative (RAGS C)
A. Develop site-specific, risk-based cleanup values.
B. Qualitatively evaluate risk posed to the environment by implementation of each

alternative (short-term) impacts and estimate risk reduction provided by each (long-
term) impacts; provide quantitative evaluation where appropriate. Weigh alternative
using the remaining CERCLA 9 Evaluation Criteria. Plan for monitoring and site
closeout.

Notes: 1 See USEPA’s 8 Steps ERA Process for requirements for each Scientific Management Decision Point (SMDP).
2 Refinement includes but is not limited to background, bioavailability, detection frequency, etc.
3 Risk management is incorporated throughout the tiered approach.

Tier 2. Baseline Ecological Risk Assessment (BERA):
Detailed assessment of exposure and hazard to “assessment
endpoints” (ecological qualities to be protected). Develop site-
specific values that are protective of the environment.

Step 3a: Refinement of Conservative Exposure Assumptions(2)

(SRA)----Proceed to Exit Criteria for Step 3a

Step 3b: Problem Formulation - Toxicity Evaluation;
Assessment Endpoints; Conceptual Model; Risk
Hypothesis (SMDP)

Step 4: Study Design/DQO - Line of Evidence; Measurement
Endpoints; Work Plan and Sampling & Analysis Plan
(SMDP)

Step 5: Verification of Field Sampling Design (SMDP)
Step 6: Site Investigation and Data Analysis (SMDP)
Step 7: Risk Characterization

Proceed to Exit Criteria for BERA

FIGURE 7-1

NAVY ECOLOGICAL RISK ASSESSMENT TIERED APPROACH
SWMU 57 – POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO
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Infiltration Groundwater

Overland Surface Direct contact n

Runoff/ Water Ingestion of water

Erosion Ingestion of food

Surface Direct Contact n n n n

Soil Ingestion of soil n n n

Ingestion of food n n

 
n  = COMPLETE EXPOSURE PATHWAY

Blank space indicates incomplete exposure pathway or relatively insignificant, or not applicable, potential exposure.

FIGURE 7-2

Direct deposition to 

surface soil from site 

activities

CEIBA, PUERTO RICO

ECOLOGICAL CONCEPTUAL SITE MODEL

 SWMU 57 - POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO

POTENTIAL
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8.0  CONCLUSIONS AND RECOMMENDATIONS 

8.1 CONCLUSIONS 

Tetra Tech has prepared this report to summarize activities and findings for the Full RFI at SWMU 57 

located at NAPR in Ceiba, Puerto Rico (Figure 1-1).  The subsections below summarize the conclusions 

and recommendations for SWMU 57 based on site media (soil and groundwater) and also provides a 

revised CSM.   

 
8.1.1 Soil 

At SWMU 57, a steep vegetated hillside surrounds the concrete pad to its northeast, south, and southwest; 

the opposite (western) side of the access road is generally flat.  A steep and bedrock-exposed hill lies 

immediately adjacent to the southeast side of the concrete pad.  Ground elevations at SWMU 57 range 

between approximately 15 and 35 feet above msl.  The concrete pad is located at an approximate elevation 

of 23 feet above msl.   

 
Several soil borings were advanced at SWMU 57 during the Phase I RFI and the Full RFI field investigations 

to profile surface and subsurface conditions.  These soil borings described very thin (0.3 to 6 inches) organic 

top soils at the ground surface in vegetated areas.  Near the road and pad, soils consisted of clays with 

increased amounts of silt, sand, and gravel.  During both the Phase I and the Full RFI investigations, a 

large portion of SWMU 57 was found to be underlain by residuum generally consisting of clay 

(predominant), silt, and/or sand.  Residuum thickness was observed to range between approximately 

1.5 feet on the slope southwest of the pad to 8.0 feet northwest of the pad.  The residuum appears to 

generally follow topography across the site, thinning out on steeper slopes southwest of the pad and 

increase in thickness in the center of the site where topography is more flat.  Areas near the concrete pad 

were found to be underlain by fill material including varying combinations of clay to gravel or highly 

weathered bedrock.  Weathered bedrock was observed beneath the residuum or fill.  According to the 

Phase I RFI (Baker, 2010), this variability of shallow subsurface materials (i.e., residuum, fill, or highly 

weathered bedrock) is not unusual considering the cut and fill construction methods typically employed in 

hilly areas similar to the upland areas of NAPR.  Also, a thin discontinuous bedrock of tuff was noted 

approximately 14 feet bgs at select locations southwest of the concrete pad.   

 

Surface and subsurface soil samples were collected at SWMU 57 during the ECP, Phase I RFI, and Full 

RFI investigations.  VOCs, SVOCs, PAHs, DRO, TPH, pesticides, PCBs (only Aroclor-1260), and 

inorganics were detected in soil samples.  Many of the detections were low, below both human health and 
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ecological screening levels, and detections were scattered throughout the site.  A majority of the maximum 

detections were found in samples collected within and near the scattered debris area, although analytes 

were also detected in samples collected along the eastern and south eastern side of the concrete pad, 

along the western edge of the loading dock, north-northwest of the site, and near the access road.  Overall, 

the most individual PAHs and SVOCs were detected in samples collected from locations northwest of the 

concrete pad on the opposite side of the access road which may be related to anthropogenic concentrations 

near the road rather than site-specific releases; several inorganic maximum detected concentrations were 

also noted in this area.  Many of the PAH and inorganic concentrations were within site-specific and facility 

background levels.   

 

The possibility that shallow subsurface debris could be present within the scattered debris area, from debris 

originally placed on the ground surface or scraped off the concrete pad may have been covered with several 

inches of soil and/or leaf litter over time, was investigated during the Full RFI via an analog geophysical 

survey.  As expected based on the CSM, there were no indications from the geophysical survey of shallow 

subsurface metallic debris, nor was there evidence of buried debris in the soil borings.  All instrument signals 

were associated with observed debris on the ground surface only.  Moreover, no hazardous debris was 

encountered that could serve as a future contaminant source, except for two intact marine batteries on the 

ground surface that were removed and underlying soil sampled.  

 

The concrete pad was evaluated during the Phase I RFI, four concrete wipe and four concrete chip samples 

were collected.  Few SVOCs, DRO and metals were detected in these samples.  While there are no criteria 

available for comparison, concentrations of these constituents are low and do not indicate that surface 

contamination is be present or than surrounding soils have been impacted.  Additionally, remediation of the 

concrete pad is not warranted, however, should it be decided to demolish the concrete pad, the selected 

disposal facility may require additional waste characterization based on the volume of concrete being 

disposed of and completion of waste characterization for ignitability, corrosivity, and reactivity and, 

potentially, other parameters, prior to allowing disposal as a nonhazardous solid waste.  Alternatively, it 

may be more cost effective to power wash the concrete prior to demolishing, then sample and properly 

dispose of the power wash water. 

 

Further, during the RFI for adjacent SWMU 9 Area C, a test pit was advanced in the suspected sludge 

disposal pit at SWMU 57.  Only inorganics (barium, lead, and silver) were detected in this sample and all 

were present at concentrations less than screening criteria in place at that time.  No evidence of waste or 

a sludge disposal pit was noted during advancement of this test pit or during any of the SWMU 57 

investigations (ECP, Phase I RFI, and Full RFI). 
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Human Health Risk Assessment Summary 

An HHRA was completed for SWMU 57 which evaluated risks using combined site soil data collected during 

the ECP, Phase I RFI, and Full RFI investigations.  Five potential receptor groups were evaluated: current 

and future construction workers, current and future industrial workers, current and future adolescent 

trespassers, future child, adolescent, and adult recreational users, and future child and adult residents.  The 

risk characterization section of the HHRA evaluated risks to all receptors across the entire site as one EU.  

All receptors were evaluated for exposures to COPCs in soil, combined for surface soil from 0 to 1 foot bgs 

and subsurface soil from 1 to 3 feet bgs; the two intervals were also evaluated each separately.  

Construction workers were additionally evaluated for exposures to COPCs in subsurface soil greater than 

3 feet bgs, which consists of data from samples collected mostly greater than 10 feet bgs.  The HHRA 

calculated risks both with and without background considerations.  The results of these evaluations are 

summarized below. 

 

Non-Carcinogenic Risks 

RME and CTE HIs are less than or equal to 1 for construction workers, industrial workers, adolescent 

trespassers, child, adolescent, and adult recreational users, and adult residents exposed to COPCs in the 

combined surface soil and subsurface soil, 0 to 3 feet bgs, data set and the separated data sets for surface 

soil, 0 to 1 foot bgs, and subsurface soil, 1 to 3 feet bgs.   

 

The RME and CTE HIs for child residents exposed to COPCs for the combined soil data set, 0 to 3 feet 

bgs, was less than or equal to 1 on a target-organ basis. Similarly, RME and CTE HIs for child residents 

exposed to COPCs in surface soil and all CTE HIs were less than or equal to 1 on a target-organ basis.  

However, for the subsurface soil interval from 1 to 3 feet bgs, although the CTE HI was less than or equal 

to 1, the RME HI was greater than 1; the target organ-specific HI for the thyroid exceeded 1 due to cobalt.  

The combined surface and subsurface soil 0 to 3 feet bgs data set is expected to be the most realistic 

exposure scenario because receptors exposed to chemicals in subsurface soil 1 to 3 feet bgs would likely 

have to contact surface soil (0 to 1 foot bgs) first.  RME and CTE HIs are also less than or equal to 1 for 

construction workers exposed to COPCs in subsurface soil greater than 3 feet bgs. 

 

Carcinogenic Risks 

Carcinogenic risks estimated for construction workers, industrial workers, adolescent trespassers, 

recreational users (child, adolescent, adult, and lifelong), and residents (child, adult, and lifelong) are less 

than or within the USEPA target risk range of 1x10-6 to 1x10-4 under both the RME and CTE scenarios.  
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Therefore, adverse effects due to carcinogenic chemicals at SWMU 57 are not anticipated for any receptor 

exposed under RME or CTE conditions. 

 

Risk Drivers – Risk Characterization 

Based on the non-cancer and cancer evaluations, the following USEPA risk driver (i.e., contaminants with 

non-cancer HQs greater than 1 or with cancer risks greater than 1x10-6 in a scenario and medium with total 

cancer risks greater than 1x10-4) was identified in the risk characterization: cobalt in subsurface soil 1 to 

3 feet bgs based on child resident exposures.  No risk drivers were identified for any receptors when the 

combined surface and subsurface soil 0 to 3 feet bgs data set was evaluated.  This is important to note 

because a 0 to 3 feet bgs exposure scenario is a more likely exposure scenario for a child resident than 

1 to 3 feet bgs.  To access the 1 to 3 feet bgs soil depth interval that child would very likely have to dig 

through the 0 to 1 foot depth interval to get there.  If the 1 to 3 feet bgs depth interval were somehow brought 

to the surface (e.g., construction) then that soil would be mixed with soil from the 0 to 1 foot depth interval 

and site data shows that there is no risk when to the future child resident when exposed to the 0 to 3 feet 

bgs depth interval.  Therefore, even though there is a potentially unacceptable risk for the child resident 

exposed to soil in the 1 to 3 feet depth interval that exposure scenario is extremely unlikely and the more 

realistic exposure scenario (0 to 3 feet bgs) does not yield unacceptable risks for the child resident.     

 

Ecological Risk Assessment Summary  

In accordance with the SAP and risk assessment guidance, the ERA evaluated surface soil, it did not 

evaluate soil collected from depths greater than 1 foot.  Based on the initial screening of the chemical data, 

several chemicals were initially selected as COPCs in surface soil because they were detected at 

concentrations that exceeded conservative screening levels, they had EEQs greater than 1.0 in the 

conservative food chain model, or because they did not have screening levels.  These chemicals were then 

further evaluated to refine the list of COPCs, and to better characterize risks to ecological receptors.  After 

further evaluation, no chemicals were retained as COPCs for risks to plants or soil invertebrates, aquatic 

organisms, herbivorous receptors, and omnivorous receptors. 

 

8.1.2 Groundwater and Impact on Surface Water 

At SWMU 57, a grassy slope and man-made earthen mound (and historical drainage feature no longer 

visible) divert surface water runoff away from the concrete pad.  There are no natural surface water features 

at SWMU 57.  Ultimately, overland flow near SWMU 57 drains to the northwest toward the Los Machos 

Mangrove Forest which is located approximately 500 feet from the site. 
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During the Phase I RFI, groundwater was located approximately 16 to 23 feet bgs and the groundwater 

flow at the upland area of SWMU 57 was reported to be toward the north northwest with a gentle hydraulic 

gradient.  During the 2012 Full RFI groundwater sampling event, the groundwater flow direction was 

generally consistent with that of the 2010 Phase I RFI with groundwater flow toward the north-northwest.  

The groundwater flow direction for the both the 2010 and 2012 groundwater data is consistent with the 

anticipated flow for SWMU 57 and is with the flow direction observed at adjacent SWMU 9 Area C, also 

toward Los Machos Mangrove Forest.  As in 2010, water levels in 2012 in the western portion of the site in 

the scattered debris area are nearly flat, with only 0.26 feet of elevation difference between 57GW07 and 

57GW01.  Based on soil boring logs, groundwater is first noted within the highly weathered bedrock and 

wells were then seated just above or across the transition into more competent bedrock.  Overall water 

levels measured in June 2012 are elevated approximately 2 feet higher than those measured in April 2010 

across the site, which is expected based available precipitation data for the months preceding the sampling 

event during the traditional rainy season; moreover, a drought occurred in 2010 prior to the Phase I RFI 

field event.   

 

Concerning organics, a trend of lower concentrations and fewer impacted wells is evident.  Few VOCs were 

detected in groundwater samples collected in 2004 (Phase I/II ECP) and 2010 (Phase I RFI) and no VOCs 

were detected in groundwater samples collected in 2012 (Full RFI).  SVOCs, primarily PAHs, were detected 

in several groundwater samples collected in 2010 while in 2012, only one monitoring well had SVOCs 

detected in groundwater; the PAHs encountered were fewer than in 2010 and all at lesser concentrations.  

Inorganics also show a trend of lower concentrations.  Based on BTVs, metals detected in SWMU 57 

groundwater at concentrations exceeding facility background concentrations included mercury in 2010 and 

2012 and lead in 2010.  Thallium, for which no facility background value is available, was also detected in 

groundwater at SWMU 57.  It should be noted that total metals were not collected in 2004 and dissolved 

metals were not collected in 2012. 

 
Human Health Risk Assessment Summary 

An HHRA was completed for SWMU 57 using site groundwater data collected during the Full RFI 

investigation.  Current and future construction workers and future child and adult residents were evaluated 

for exposures to COPCs in groundwater.  The results of these evaluations are summarized below. 

 

Non-Carcinogenic Risks 

RME and CTE HIs are less than or equal to 1 on a target-organ basis for construction workers and child 

and adult residents exposed to COPCs in groundwater.   Therefore, no adverse non-carcinogenic effects 

are anticipated for these receptors under the defined exposure conditions 
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Carcinogenic Risks 

Carcinogenic risks estimated for construction workers and residents (child, adult, and lifelong) are less than 

or within the USEPA target risk range of 1x10-6 to 1x10-4 under both the RME and CTE scenarios.  

Therefore, the likelihood of cancer from site-related chemicals at SWMU 57 for any receptor exposed under 

RME conditions is below or within USEPA’s acceptable range. 

 

Risk Drivers – Risk Characterization 

Based on the non-cancer and cancer evaluations no drivers (i.e., contaminants with non-cancer HQs 

greater than 1 or with cancer risks greater than 1x10-6 in a scenario and medium with total cancer risks 

greater than 1x10-4) were identified in the groundwater. 

 

Ecological Risk Assessment Summary  

The ERA evaluated groundwater.  Infiltration through the soil is a potential source of contamination to 

groundwater and groundwater may discharge to surface water.  Surface water is not present at the site and 

ecological receptors are not directly exposed to contaminants in groundwater at the site.  However, 

contaminated groundwater may discharge to the Los Machos Mangrove Forest, which is about 500 feet 

north-northwest of the site.  Based on the initial screening of the chemical data, several chemicals were 

initially selected as COPCs in groundwater because they were detected at concentrations that exceeded 

conservative screening levels, they had EEQs greater than 1.0 in the conservative food chain model, or 

because they did not have screening levels.  These chemicals were then further evaluated to refine the list 

of COPCs, and to better characterize risks to ecological receptors.  After further evaluation, no chemicals 

were retained as COPCs for groundwater.  Similarly, surface water was evaluated, using a site-specific 

dilution factor to adjust the concentration in the groundwater to account for the mixing with the surface water 

and no chemicals in groundwater were retained as COPCs for potential risks to aquatic organisms. 

 

8.1.3 Revised Conceptual Site Model 

The CSM describes the site and its environmental setting.  The CSM has been updated based on 

information from the findings of this Full RFI and is presented in Table 8-1, a graphical representation of 

the CSM is presented on Figure 8-1.  Revisions to the CSM include:   

 

• Scattered Debris Area:  Debris was most concentrated near the southwestern and southeastern edges 

of the concrete pad where previously encountered during historical investigations, although the Full RFI 
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found the area to be larger than previously indicated.  The CSM and hummocky soil on the 

southwestern side of the pad indicated that possible shallow subsurface disposal occurred in this area 

but the analog geophysical survey conducted during the Full RFI eliminated this prospect; all instrument 

signals were associated with observed debris on the ground surface only.  No hazardous surface debris 

was encountered at the site except for two intact marine batteries on the ground surface that were 

removed and underlying soil sampled. 

 

• Suspected Sludge Disposal Pit Area:  No evidence of a sludge disposal pit was noted during 

advancement of this test pit during the SWMU 9 Area C investigation or during any of the SWMU 57 

investigations (ECP, Phase I RFI, and Full RFI). 

 

8.2  RECOMMENDATIONS 

Based on the results of all investigations to date, including risk assessments, No Further Action is 

recommended concerning site soil and groundwater.  Additionally, remediation of the concrete pad is not 

warranted.  Further, the site does not adversely impact the downgradient surface water at Los Machos 

Mangrove Forest.   

 

There are two site-related recommendations: 

 

• Abandon all existing monitoring wells 

• Collect and properly dispose of all surface debris. 
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Site Profile Installation
Name

NAPR

Installation
Location

Ceiba, Puerto Rico

Site Name SWMU 57 – Facility No. 278 POL Drum Storage Area, previously
known as photo-identified (PI) Site 4 and ECP Site 3

Site Location SWMU 57 is located at Facility No. 278 north of Antietam Road,
just south of SWMU 9 Area C, and northeast of the former Fuel
Farm Area.

Site History SWMU 57 was used for the storage of POL and other potentially
hazardous materials, and numerous small spills and releases
occurred throughout the usage period (1950s through 1990s).

Site Area and
Layout

SWMU 57 is approximately 1.3 acres. The site is a large
concrete pad and loading dock surrounded by densely wooded
area on all sides except the northern side, which is a gravel
access road and turn-around that is currently overgrown with long
grass. Presently, vegetation on three sides of the pad extends to
the pad itself, likely a result of discontinued maintenance
following end of site operations. The access road bisects the
northwestern-most portion of the SWMU with the concrete pad
located immediately adjacent (southeast).

A mounded earthen area and grassy slope beyond (and
previously, an earthen drainage feature approximately 140 linear
feet in length which is no longer visible) divert runoff around
(away from) the northeastern portion of the concrete pad. The
drainage area traverses an area upgradient of the concrete pad;
therefore, releases to the concrete pad or loading dock cannot
migrate to it.

Miscellaneous scattered debris including corroded drum
fragments, batteries, metal pieces, and construction materials
were observed at SWMU 57. Debris was most concentrated near
the southwestern and southeastern edges of the concrete pad
where previously encountered during historical investigations
(Baker, 2010), although the Full RFI found the area to be larger
than previously indicated. Various trash pieces were located
along the southwestern edge of the concrete pad. Debris was
less dense further from the concrete pad. Debris was also
located along the southeastern edge of the pad. Stray trash
items (e.g., beverage cans, bottles, small plastic containers, etc.)
were also located at distances greater than 100 feet from the
concrete pad in the forested area. (photographs provided in
Appendix D)
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Site Structures A rectangular concrete pad approximately 170 by 100 feet in size
and in relatively good condition aside from a few cracks and
pitting is located at SWMU 57. A truck drive-through down ramp
onto the pad is located on the northeast side of the pad. A
concrete loading lock (5 feet high at the edge of the concrete pad)
is located on the western side of the pad. A 7-inch high concrete
containment curb surrounds the entire outer perimeter of the pad,
including the loading dock. The curb is also in good condition; no
sections were observed to be broken, missing, or seriously
distressed. The SWMU 74 fuel pipeline runs along the north side
of the access road to SWMU 57 and adjacent SWMU 9 Area C.

Source Potential source areas investigated included the following
locations:

 POL drum storage area formerly on the bermed pad and
associated spills on or off the pad.

 Based on historical aerial photographs, a potential disposal pit
for sludge at SWMU 57 adjacent to the northwest corner of the
pad was suspected (similar to disposal pits encountered for
SWMU 9 sludge), however, no evidence of a sludge disposal pit
was found during any SWMU 57 or adjacent SWMU 9
investigations.

 Empty drums and other scattered debris on the hummocky,
wooded ground surface adjacent to the southwest/southeastern
side of the pad observed at the time of the Phase I RFI; no buried
debris was present based on the Full RFI magnetometer survey.

Release
Mechanisms

Release Mechanisms include the following:

 Numerous known historic spills onto the concrete pad. It is not
expected that spills on the pad migrated to the ground surface
because a 7-inch high berm is present around the perimeter of
the pad. However, debris from the pad may have been scraped
off onto the ground surface and, if any associated contaminants
were present, then migrated to the subsurface and groundwater.

 Possible historic spills onto the ground surface, particularly
spills near the loading dock that may have occurred during
loading or unloading of drums, with migration to subsurface soil/
groundwater.

 Possible residual releases from drums (and other debris) in
the scattered debris area, if not empty at time of placement onto
the ground surface, with migration to subsurface soils and/or
groundwater.

Site Boundaries N: Approximately 125 feet north of the concrete pad

S: Approximately 50 feet beyond the concrete pad.

E: Approximately 50 feet beyond the concrete pad.

W: Approximately 50 feet beyond the concrete pad.
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Site Security SWMU 57 is located within NAPR, which is currently a secure
facility. Restricted access is via guard at Gate 3 (or at the gate
near the airfield). Because of NAPR closure, only a skeleton crew
remains at the station and Base security will be more limited in
the future. There is no site-specific security.

Physical Climate Puerto Rico has a tropical marine climate characterized by
minimal temperature fluctuations, relatively moderate humidity,
and frequent rain showers. Mean annual maximum temperatures
range from 82.0° Fahrenheit (F) in January to 88.2° F in August.
The mean annual minimum temperatures vary from 64.0° F in
January to 73.2° F in June. The rainy season is typically defined
as May through November with an average of 60 inches of rain
per year; a dry winter season occurs from December through
April. Hurricane season is from June 1st through November 30th.

Topography A steep vegetated hillside surrounds the concrete pad to its
northeast, south, and southwest; in front of the pad (northwest)
the topography flattens approaching the road before sloping
steeply toward the Los Machos Mangrove Forest. A steep and
bedrock-exposed hill lies immediately adjacent to the southeast
side of the concrete pad. Ground elevations range between
approximately 15 and 35 feet above msl [i.e., 115 and 135 feet
datum; the datum plan is Mean Low Water plus 100.00 foot as
established by the U.S. Navy Survey Section (November 1941)].
The concrete pad is located at an approximate elevation of 23
feet above msl (123 feet datum).
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Soil Soil borings from the Phase I RFI and the Full RFI described very
thin (0.3 to 6 inches) organic topsoils at the ground surface in
vegetated areas. Near the road and pad, soils consisted of clays
with increased amounts of silt, sand, and gravel. A large portion of
SWMU 57 is underlain by residuum generally consisting of clay
(predominant), silt, and/or sand (57SB01, 57SB03, 57SB04,
57SB05, 57SB15, 57SB16, 57SB17, and 57SB23). Residuum
thickness was observed to range between approximately 1.5 feet
at 57SB04 on the slope southwest of the pad and 8.0 feet
northwest of the pad at 57SB01. The residuum appears to
generally follow topography across the site, thinning out on the
steeper slopes southwest of the pad, and increase in thickness in
the center of the site where topography is more flat. The residuum
transitions into highly weathered bedrock with depth. Areas near
the concrete pad were found to be underlain by fill material
(57SB02, 57SB06, and 57SB14) including varying combinations of
clay to gravel, or highly weathered bedrock (57SB07). The fill
thickness was approximately 4.0 feet at 57SB02, 3.2 feet at
57SB06, and 4 feet at 57SB14. Highly weathered bedrock was
also observed directly beneath the fill.

Variability of shallow subsurface materials (i.e., residuum, fill, or
highly weathered bedrock) is not unusual considering the cut and
fill construction methods typically employed in similar hilly upland
areas of NAPR.

Geology These upland areas of NAPR are underlain by bedrock and
exhibit varying degrees of weathering. Transition to more
competent bedrock was observed in several locations at 15 feet
(57SB02), 23.5 feet (57SB04), 21 feet (57SB05), 20 feet
(57SB16), 12 feet (57SB18), and 20 feet (57SB23) bgs. The
geologic map of Naguabo and portions of the Punta Puerca
quadrangles indicate that the site is underlain by the Daguao
Formation which includes interbedded volcanic breccia, lava,
subordinate volcanic sandstone, and crystal tuff.

Hydrogeology Groundwater was not observed in residuum or fill. Depth to
groundwater was observed approximately 16 to 23 feet bgs
during the Phase I RFI during drought conditions and higher,
approximately 15 to 21 feet bgs, during the Full RFI field activities
of the rainy season. The groundwater flow at upland area SWMU
57 is toward the north-northwest with an average hydraulic
gradient of approximately 0.0043 across the site. This
groundwater flow direction in 2012 is consistent with the
anticipated flow direction for SWMU 57, and the flow direction
observed at adjacent SWMU 9 Area C (i.e., toward Los Machos
Mangrove Forest).
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Hydrology A grassy slope and man-made earthen mound (and historical
drainage feature no longer visible) divert surface water runoff
away from the concrete pad. There are no natural surface water
features directly at SWMU 57. The earthen drainage feature was
dry at the time of the Phase I RFI and Full RFI, contained little or
no stream substrate, and terminated before the access road. As
such, this feature does not support aquatic organisms such as
benthic macroinvertebrates. The earthen drainage feature was
overgrown and not visible during the August 2011 site visit.
Ultimately, surface water runoff flows north approximately 500
feet to the Los Machos Mangrove Forest.

Vegetation Based on the August 2011 site visit in support of the Full RFI,
upland vegetative species (such as guinea grass) were previously
noted within the former drainage feature, with the surrounding
area vegetated by flat lying grass and secondary growth.
Moreover, the feature is no longer distinguishable from the grassy
sloped area. No watercourses or aquatic natural resources (i.e.,
wetlands) exist at or in the immediate vicinity of SWMU 57.
Downgradient (north) of the site, approximately 500 feet, is the
Los Machos Mangrove Forest.

Dominant herbaceous vegetation includes guinea grass
(Urochloa maxima), ocean blue morning glory (Ipomea indica),
flatleaf flatsedge (Cyperus planifolius), crack open (Casearia
sylvestris), and knotgrass (Paspalum distichum). Dominant trees
and shrubs identified include white lead tree (Leucaena
leucocephala), white indigo berry (Randia aculeata), gumbo limbo
(Bursera simaruba), and Erythroxylum sp.
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Release Contaminant
distribution

Surface and subsurface soil samples were collected at SWMU 57
during the ECP, Phase I RFI, and Full RFI investigations. VOCs,
SVOCs, PAHs, DRO, TPH, pesticides, PCBs (only Aroclor-1260),
and inorganics were detected in soil samples. Many of the
detections were low, below both human health and ecological
screening levels, and detections were scattered throughout the
site. A majority of the maximum detections were found in
samples collected within and near the scattered debris area,
although analytes were also detected in samples collected along
the eastern/south eastern side of the concrete pad, along the
western edge of the loading dock, north northwest of the site, and
near the access road. Overall, the most individual PAHs and
SVOCs were detected in samples collected from locations
northwest of the concrete pad on the opposite side of the access
road which may be related to anthropogenic concentrations near
the road rather than site-specific releases; several inorganic
maximum detected concentrations were also noted in this area.
Many of the PAH and inorganic concentations were within site-
specific and facility background levels. Further, during the RFI for
adjacent SWMU 9 Area C a test pit was advanced in the
suspected sludge disposal pit area at SWMU 57. Only inorganics
(barium, lead, and silver) were detected in this sample and all
were present at concentrations less than screening criteria in
place at that time. No evidence of a sludge disposal pit was
noted during advancement of this test pit or during any of the
SWMU 57 investigations (ECP, Phase I RFI, and Full RFI).



TABLE 8-1

CONCEPTUAL SITE MODEL
SWMU 57 – POL DRUM STORAGE AREA

NAVAL ACTIVITY PUERTO RICO
CEIBA, PUERTO RICO

PAGE 7 OF 9

Profile Type Information
Need

Findings

Release Contaminant
distribution

Groundwater samples were collected at SWMU 57 during the
ECP, Phase I RFI, and Full RFI investigations. Concerning
organics in groundwater, a trend of lower concentrations and
fewer impacted wells is evident. Few VOCs were detected in
groundwater samples collected in 2004 (Phase I/II ECP) and 2010
(Phase I RFI) and no VOCs were detected in groundwater
samples collected in 2012 (Full RFI). SVOCs, primarily PAHs,
were detected in several groundwater samples collected in 2010
with the highest concentrations found in samples collected from
monitoring well 57GW05. In 2012, monitoring well 57GW05 was
the only well where SVOCs were detected in groundwater; the
PAHs encountered were fewer than in 2010 and all at lesser
concentrations. GRO and TPH were also detected in 57GW05 in
2010 (TPH and GRO were not sampled for in either 2004 or
2012). Monitoring well 57GW05 is located just outside of the
northeast corner of the scattered debris area between the
concrete pad and the road. SVOCs, PAHs, DRO, and TPH were
also detected in surface soil sample 57SB05-00, and one PAH,
DRO, and TPH were detected in the corresponding subsurface
soil samples collected at 57SB05. The PAHs and petroleum
constituents detected in monitoring well 57GW05 were at low
levels, 0.017J to 2.4 µg/L, respectively, and may be present as a
result of the scattered debris area. However, monitoring wells
57GW07 and 57GW08 are located within the scattered debris area
and only two PAHs were detected in the duplicate of 5GW07 in
2010.

Inorganics also show a trend of lower concentrations. Metals
detected in SWMU 57 groundwater at concentrations exceeding
facility background concentrations included mercury in 2012, lead
in 2010, and vanadium in 2004 and 2010. Thallium, for which no
background vale is available, was also detected in groundwater at
SWMU 57. It should be noted that total metals were not collected
in 2004 and dissolved metals were not collected in 2012.

Land Use and

Exposure

Profile

Current Land
Use

SWMU 57 is currently inactive.

Current Human
Receptors

Potential current human receptors include industrial workers,
construction workers, and adolescent trespassers.

Current
Activities

Currently, no activities take place on this site.

Potential Future
Land Use

SWMU 57 will remain under the ownership and control of the
Navy until response actions are complete. According to the
Supplemental Environmental Assessment, SWMU 57 will be
located in Zone 4, the Marsh Vista Country Club, with a proposed
18-hole golf course with clubhouse as well as 50 residential units
(Navy, 2011).
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Potential Future
Human
Receptors

Pending future human receptors include industrial workers,
construction workers, adolescent trespassers, adolescent and
adult recreational users, and child and adult residents.

Potential Future
Land Use
Related
Activities

Potential future related activities include light recreation (walking,
golfing), moderate to heavy construction related to house
building, and construction and maintenance of the planned golf
course.

Zoning/Land
Use Restrictions

There are no site-specific restrictions at this time.

Demographics/
Zoning

Ceiba’s population density is approximately 230 people per
square mile. Because of NAPR closure, only a skeleton crew
remains at the station.

Beneficial
Resources

There are no SWMU 57-specific beneficial resources.

Ecological Habitat Type The habitat is upland forest and a majority of the site is heavily
vegetated.

Degree of
Disturbance

Moderate – Historically, the concrete pad was constructed.
Hummocky soil on the southwestern side of the pad indicated that
possible subsurface disposal occurred in this area but the
magnetometer survey conducted during the Full RFI eliminated
this prospect.

Ecological
Receptors and
Species of
Special Concern

The major mammal population in and near NAPR consists of
introduced species such as stray dogs and cats, Norway and
gray-bellied rats, mice, and mongooses. More than 200 species
of birds inhabit the island of Puerto Rico; specifically the yellow-
shouldered blackbird is of special concern.

The species observed at NAPR that are classified as endangered
under federal law, any of which could be present within the
overall boundaries of SWMU 77 include sea turtles (hawksbill
[Eretmochelys imbricate] and leatherback [Dermochelys
coriacea]) one snake (Puerto Rican boa constrictor [Epicrates
inornatus]), birds (yellow-shouldered blackbird and brown pelican
[Pelecanus occidentalis occidentalis]), and one mammal (West
Indian Manatee [Trichechus manatus]).

Three species of vegetation of concern include are the black
(Avicennia germinans), red (Rhizophora mangle), and white
(Laguncularia racemosa) mangrove. The black mangrove
(Avicennia germinans) is classified as threatened under federal
law. Because the mangrove areas are considered wetlands, they
are protected under federal law and are critical habitat for the
yellow shouldered blackbird (Agelaius xanthomus). Of note,
NAPR supports one plant (Cobana negra) classified as
threatened in 1990 by USFWS.
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General
Exposure
Profile

Relationship of
contaminant
Sources to
Habitat and
Potential
Receptors

Human and ecological receptors may come into direct contact
with surface and subsurface soil at SWMU 57. Both human
health and ecological risk assessments were completed to
evaluate this exposure. No chemicals were retained as COPCs
for risks to plants or soil invertebrates, aquatic organisms,
herbivorous receptors, and omnivorous receptors; therefore, no
ecological risks are expected. During the human health risk
assessment for any receptor exposed under RME or CTE
conditions for soil, only cobalt in subsurface soil 1 to 3 feet bgs
based on child resident exposures presented a risk; however,
exposure by the child resident only to chemicals in subsurface
soil is unlikely; more likely, receptors would likely be also exposed
to chemicals in surface soil (0 to 1 foot bgs) if they are exposed to
subsurface soil 1 to 3 feet bgs and risks for the combined data set
(0 to 3 feet bgs) were acceptable.

The mangrove forest is approximately 500 feet away from the
edge of the concrete pad at SWMU 57 but ecological adverse
impacts are not expected beyond the site, based on evaluation of
groundwater contaminant migration to surface water.
Groundwater is located approximately 13 to 20 feet bgs and is not
used as a potable source of water on NAPR; therefore, potential
risk from direct contact or ingestion of groundwater is low for
human receptors. Moreover, groundwater contamination
encountered to date is low concentration, sporadic, and nearby
SWMU 57. Based on the human health risk assessment,adverse
effects due to chemicals at SWMU 57 are not anticipated for any
receptor exposed under RME or CTE conditions for groundwater
or surface water.
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A-1 ECP REPORT INFORMATION



FINAL 5-84 NSRR PHASE I/II ECP – 7/15/05 

Table 5-5.  ECP Sites at NSRR 
ECP Site No. ECP Site Descriptor 

1  Active Small Arms Ranges on Punta Medio Mundo 
2  Hangar 200 Apron in Airfield Area 
3  Facility No. 278 – POL Drum Storage Area North of Antietam Rd. 
4  Former Rifle Range at Punta Puerca 
5  Former Vehicle Maintenance and Refueling Area on East Side of Forrestal Dr. 
6  Former Landfill at Marina 
7  Former Bundy Area Maintenance Facilities South of Bldg. 1686 
8  Former Disposal Area in Southwest Bundy 
9  Former Pistol Range at New BEQ West of Langley Dr. 
10  Former Skeet Range at Ofstie Airfield 
11  Former UST No. 208 Southwest of Hangar 200 
12  Former UST No. 209 Southwest of Hangar 200 
13  Former Gas Station North of the Ofstie Tennis Courts 
14  Former Fire Training Area in Southwest End of the Ofstie Airfield Area 
15  Aircraft Parking Apron West and East of Ofstie Airfield Runway 
16  Disposal Area Northwest of Station Landfill 
17  Quarry Disposal Site at the Commissary Parking Lot 
18  Building 31 – Public Works Department 
19  DRMO Scrap Metal Recycling Yard near the Camp Moscrip Area and Dry Dock 
20  Fuel Pipelines and Hydrant Pits 
21  Building 976 – Fire Deluge Pumphouse in the Waterfront Area next to Pier 3 
22  Building 2300 – US Army Reserve Boat Maintenance Facility 
23  Piñeros and Cabeza de Perro Islands East of NSRR Proper 

 

This section of the report is organized by ECP site and addresses each of the 
following topics for each ECP site: 

1. Site History and Description 

2. Site Hydrogeology 

3. Field Investigation and Sampling 

4. Nature and Extent of Contamination 

5. Qualitative Risk Analysis 

6. Summary and Conclusion 

Specifics for the ECP Phase II investigation, to include Quality Assurance/Quality 
Control (QA/QC) procedures and results, sampling methodology and procedures, 
and standards use for the risk analysis, are presented in Appendix F. 
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elevated levels of lead.  Other COPCs considered in the sediment at the site 
included acetone, PAHs, and several other inorganics.  None of these other 
COPCs were determined to pose a significant risk.  Surface water is presumed to 
be transient due to the nature of a drainage ditch and was not considered as a risk 
to human health and the environment despite the presence of slightly elevated 
concentrations of copper and mercury. 
 
Further investigation at this site will be conducted under the RCRA Corrective 
Action/IRP process. 

5.4.3 ECP Site 3 

5.4.3.1 Site History and Description 

This site is located at Facility No. 278, which is a rectangular concrete pad 
approximately 100’ x 160’ in size, surrounded by flat lying grass and secondary 
growth vegetation on the north side of Antietam Road just south of Solid Waste 
Management Unit (SWMU) 9 Area C (see Figure 5-58).   

Figure 5-58.  ECP Site 3 - Facility No. 278, POL Drum Storage Area 
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*Background aerial photograph from 1958

N 



FINAL 5-97 NSRR PHASE I/II ECP – 7/15/05 

The APA identified this area as PI Site 4, due to the observation of drum storage 
and staining on a concrete pad and surrounding soil from 1958-1995.  The records 
review confirmed the area as the POL drum storage facility from the 1950s to the 
1990s, and the physical site inspections observed staining on the pad but no 
significant stressed vegetation immediately surrounding the pad.  Interviews 
confirmed that POL and potentially other HM were stored at site, with numerous 
small spills and releases throughout the usage period. 

During the Phase II ECP investigation, some small miscellaneous debris 
including, small cylinders and equipment, were observed on the concrete pad (see 
Photos G-4 through G-8 in Appendix G).  There were no signs of any stains or 
stressed vegetation observed during the investigation. 

5.4.3.2 Site Hydrogeology 

ECP Site 3 is located in the upland area just south of SWMU 9 Area C.  ECP Site 
3 is underlain by thin residuum, which generally consists of sand, silt, and/or clay.  
Residuum was observed to range from 0.2-feet (sample 3E-04) to more than 5-
feet thick (sample 3E-06).  Weathered bedrock (Gabbro) was observed beneath 
the residuum.  Groundwater was not observed in residuum.  At ECP Site 3, depth 
to groundwater was observed approximately 13- to 20-feet bgs.  At this depth 
groundwater would be present in bedrock fractures.  A strong fuel odor was 
evident at temporary well 3E-TW04. 

5.4.3.3 Field Investigation and Sampling Program 

The area surrounding the concrete slab utilized for POL Drum storage was 
investigated at ECP Site 3.  As presented in the Phase II ECP Work Plan 
(NAVFAC Atlantic, 2004b), the sample locations at this site were field located 
with a hand held GPS receiver.  As mentioned previously, there were no signs of 
staining or stressed vegetation observed at this site.  Therefore, the originally 
proposed six locations within the work plan were utilized, with the exception of 
three locations (3E-01, 3E-04, and 3E-06) because of site access issues including 
site topography.  At these three locations, the borings had to be offset by a few 
feet to allow for necessary operating clearance for the Geoprobe® rig.   

A total of six soil borings were advanced around the perimeter of Facility Number 
278 (ECP Site 3) as presented on Figure 5-59.  One soil boring was located along 
each of the northeastern and southwestern edges of the concrete slab, while two 
soil borings were located along each of the northwestern and southeastern edges 
of the concrete slab. 
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Surface soil was collected from each soil boring location utilizing a stainless steel 
spoon.  One surface soil sample was obtained from each of the six sampling 
locations (3E-01 through 3E-06) from a depth of 0 to 1 foot bgs.   Subsurface soil 
samples were collected from two-foot intervals (i.e., 1 to 3 feet bgs, 3 to 5 feet 
bgs, etc.).  The depth of the soil borings at this site ranged from 5 feet bgs to 33.5 
feet bgs (3E-SB02/TW02).  A minimum of two subsurface soil samples were 
obtained from each boring location (3E-01 through 3E-06).  All surface and 
subsurface soil samples were screened in the field utilizing a photo-ionization 
detector (PID) and a flame-ionization detector (FID) with the results recorded in 
the field logbook.  The screening results were compared against background to 
indicate if the soil has been impacted by past operations.  [See Appendix G for 
full PID and FID screening results on a per site basis.]  A total of four subsurface 
soil samples were collected from soil boring 3E-04 based on observed FID/PID 
readings.  According to the decision tree for this site, additional subsurface soil 
samples were to be collected at greater depths until groundwater is encountered, 
and/or the FID/PID readings are at background levels.  However, only one 
subsurface soil sample from this boring was sent to a fixed-base analytical 
laboratory based on professional judgment. 

A total of six surface soil and six subsurface soil samples were submitted to the 
fixed-base laboratory, including surface soil samples 3E-SS01 through 3E-SS06, 
and subsurface soil samples 3E-SB01-01, 3E-SB02-01, 3E-SB03-01, 3E-SB04-
01, 3E-SB05-01, and 3E-SB06-01.  These samples were analyzed for full 
Appendix IX analysis. 

A groundwater program followed the soil-sampling program, with the installation 
of two temporary monitor wells based on the field screening results of the 
subsurface soil.  The field screening results indicated that one temporary monitor 
well was to be installed at soil boring 3E-02, while another temporary monitor 
well was to be installed at soil boring location 3E-04.  Groundwater samples were 
then collected from each temporary monitor well based on a modified version of 
the low flow sampling technique, with results submitted to the fixed-base 
analytical laboratory for full Appendix IX analysis.  

5.4.3.4 Nature and Extent of Contamination 

The results of the analytical program for this site can be seen in Tables 5-10 
through 5-15.  In the surface soil, there were six VOCs, eleven SVOCs, three 
pesticides, one PCB, and one chlorinated herbicide detected (Table 5-10).  Fifteen 
inorganic compounds were found in the surface soil as well (Table 5-11).  
Locations 3E-01 and 3E-03 had the most detections of VOCs, while locations 3E-
01 and 3E-06 had the most detections of SVOCs.  All SVOC concentrations were 
estimated.
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Table 5-10.  Summary of Organic Detections in Surface Soil at ECP Site 3 – Facility No. 278, POL Drum Storage Area 

Number Range Number Range

Site ID EPA Region III EPA Region III Exceeding Exceeding Exceeding Exceeding Location of

Sample ID Industrial Residential EPA Region III EPA Region III EPA Region III EPA Region III Maximum

Sample Date RBCs RBCs Industrial Industrial Residential Residential Detection

Sample Depth (ft bgs) (ug/kg) (ug/kg) RBCs RBCs RBCs RBCs

Volatile Organic Compounds (ug/kg)

Chlorobenzene 2,000,000 160,000 5.9 U 4.3 J 5.5 U 4.5 J 6.5 U 7.2 U 7.3 U 7.3 U 0/8 0/8 3E-SS03

Ethylbenzene 10,000,000 780,000 5.9 U 2.3 J 5.5 U 2.4 J 6.5 U 7.2 U 7.3 U 7.3 U 0/8 0/8 3E-SS03

Carbon tetrachloride 22,000 4,900 4 J 8.8 2.4 J 5.7 J 6.5 U 3 J 7.3 U 7.3 U 0/8 0/8 3E-SS01D

Chloroform 1,000,000 78,000 1.9 J 4.3 J 5.5 U 2.9 J 6.5 U 7.2 U 7.3 U 7.3 U 0/8 0/8 3E-SS01D

Tetrachloroethene 5,300 1,200 5.9 U 5.7 J 5.5 U 6 6.5 U 4.2 J 7.3 U 7.3 U 0/8 0/8 3E-SS03

Xylene 20,000,000 1,600,000 12 U 12 J 11 U 12 13 U 14 U 15 U 15 U 0/8 0/8 3E-SS03

Semivolatile Organic Compounds (ug/kg)

Benzo(b)fluoranthene 3,900 870 460 U 500 U 390 U 440 U 480 U 480 U 550 U 95 J 0/8 0/8 3E-SS06

Benzo(a)anthracene 3,900 870 460 U 500 U 390 U 440 U 480 U 480 U 550 U 79 J 0/8 0/8 3E-SS06

Benzo(k)fluoranthene 39,000 8,700 460 U 500 U 390 U 440 U 480 U 480 U 550 U 76 J 0/8 0/8 3E-SS06

bis(2-Ethylhexyl)phthalate 200,000 46,000 460 U 500 U 52 J 440 U 480 U 480 U 550 U 130 J 0/8 0/8 3E-SS06

Chrysene 390,000 87,000 460 U 500 U 390 U 440 U 480 U 480 U 550 U 110 J 0/8 0/8 3E-SS06

Benzo(a)pyrene 390 87 460 U 500 U 390 U 440 U 480 U 480 U 550 U 77 J 0/8 0/8 3E-SS06

Fluoranthene 4,100,000 310,000 460 U 500 U 390 U 440 U 480 U 480 U 550 U 120 J 0/8 0/8 3E-SS06

Indeno(1,2,3-cd)pyrene 3,900 870 77 J 500 U 390 U 440 U 480 U 480 U 550 U 51 J 0/8 0/8 3E-SS01

Benzo(g,h,i)perylene NE NE 97 J 500 U 390 U 440 U 480 U 480 U 550 U 67 J NE NE 3E-SS01

Phenanthrene NE NE 460 U 500 U 390 U 440 U 480 U 480 U 550 U 70 J NE NE 3E-SS06

Pyrene 3,100,000 230,000 35 J 500 U 390 U 440 U 480 U 480 U 550 U 160 J 0/8 0/8 3E-SS06

Pesticides/PCBs (ug/kg)

4,4'-DDD 12,000 2,700 4.6 U 5 U 3.9 U 4.4 U 4.8 U 4.8 U 5.5 U 9.4 JP 0/8 0/8 3E-SS06

4,4'-DDE 8,400 1,900 4.6 U 5 U 3.9 U 4.4 U 1.4 J 4.8 U 5.5 U 11 0/8 0/8 3E-SS06

4,4'-DDT 8,400 1,900 4.6 U 5 U 3.9 U 4.4 U 2.3 J 1.1 J 1.1 J 33 0/8 0/8 3E-SS06

Aroclor-1260 1,400 320 46 U 50 U 55 44 U 18 J 48 U 55 U 330 0/8 1/8 330 3E-SS06

OP-Pesticides (ug/kg)

Not Detected

Chlorinated Herbicides (ug/kg)

2,4,5-TP NE NE 1.5 J 12 U 9.8 U 11 U 12 U 12 U 14 U 14 U NE NE 3E-SS01

Notes:

J - The reported result is an estimated concentration that is less than the PQL, 

    but greater than or equal to the MDL.

U - The compound was analyzed for, but was not detected at or above 

      the MDL/PQL.

P - The GC or HPLC confirmation criteria was exceeded.  The realtive percent 

difference is greater than 40% between the two GC columns or HPLC detectors.

NE - Not Established.

ft bgs - feet below ground surface.

ug/kg - micrograms per kilogram.

0.00 - 1.00 0.00 - 1.00 0.00 - 1.00 0.00 - 1.000.00 - 1.00 0.00 - 1.00

05/05/04

3E-01

05/05/04

0.00 - 1.00 0.00 - 1.00

3E-03 3E-043E-01

3E-SS01

3E-06

3E-SS01D 3E-SS02 3E-SS03 3E-SS04 3E-SS05 3E-SS05D

3E-05 3E-053E-02

05/05/04 05/05/04

3E-SS06

05/05/04 05/05/04 05/05/04 05/05/04
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Table 5-11.  Summary of Inorganic Detections in Surface Soil at ECP Site 3 – Facility No. 278, POL Drum Storage Area 

Number Range Number Range Number Range
Site ID EPA Region III EPA Region III 2x Average Exceeding Exceeding Exceeding Exceeding Exceeding Exceeding
Sample ID Industrial Residential Detected EPA Region III EPA Region III EPA Region IIIEPA Region III 2x Average 2x Average Location of
Sample Date RBCs RBCs Background Industrial Industrial Residential Residential Detected Detected Maximum
Sample Depth (ft bgs) (mg/kg) (mg/kg) (mg/kg) RBCs RBCs RBCs RBCs Background Background Detection

Appendix IX Inorganics (mg/kg)
Arsenic 1.9 0.43 2.4 1.1 B 1.2 B 3.7 1.2 U 1.5 1.2 B 3.5 3.6 3/8 3.5 - 3.7 7/8 1.1B - 3.7 3/8 3.5 3.7 3E-SS02
Barium 7,200 550 181 110 70 81 55 83 36 62 74 0/8 0/8 0/8 3E-SS01
Beryllium 200 16 0.45 0.35 B 0.34 B 0.2 B 0.17 B 0.22 B 0.09 B 0.13 B 0.26 B 0/8 0/8 0/8 3E-SS01
Cadmium 100 7.8 0.27 0.8 0.79 1.4 1.4 1.2 0.38 B 0.63 B 2.9 0/8 0/8 8/8 0.38B - 2.9 3E-SS06
Cobalt 2,000 160 44.0 38 26 14 25 24 5.6 10 18 0/8 0/8 0/8 3E-SS01
Chromium 310 23 59.3 30 31 21 36 34 8.1 17 31 0/8 5/8 30 - 36 0/8 3E-SS03
Copper 4,100 310 234 77 N 84 N 160 N 86 N 97 N 23 N 40 N 100 N 0/8 0/8 0/8 3E-SS02
Nickel 2,000 160 16.6 16 19 13 28 20 5.2 9.6 14 0/8 0/8 3/8 19 - 28 3E-SS03

Lead 400(1) 400(1) 125 20 21 32 2.8 48 16 32 120 0/8 0/8 7/8 16 - 120 3E-SS06
Antimony 41 3.1 2.3 2.6 UN 2.8 UN 2.3 UN 2.4 UN 1 BN 2.5 UN 3.2 UN 3.2 UN 0/8 0/8 0/8 3E-SS04
Tin 61,000 4,700 2.43 2.2 B 2.7 B 3.9 B 3.4 B 3.7 B 3 B 3.3 B 4.1 B 0/8 0/8 7/8 2.7B - 4.1B 3E-SS06
Vanadium 100 7.8 355 180 160 86 140 150 35 67 110 5/8 110 - 180 8/8 35 - 180 0/8 3E-SS01
Zinc 31,000 2,300 125 87 90 130 70 120 34 63 210 0/8 0/8 2/8 130 - 210 3E-SS06
Cyanide 2,000 160 0.52 0.67 U 0.73 U 0.59 U 0.66 U 0.46 B 0.71 U 0.8 U 0.53 B 0/8 0/8 1/8 0.53B 3E-SS06

Mercury 31(2) 2.3(2) 0.11 0.05 N 0.05 N 0.01 BN 0.01 BSN 0.16 SN 0.15 N 0.05 N 0.05 N 0/8 0/8 2/8 0.15N - 0.16N 3E-SS04

Notes:
B - The reported result is an estimated concentration that is less
      than the PQL, greater than or equal to the MDL.
N - The matrix spike recovery is not within control limtis.
U - The compound was analyzed for, but was not detected at or
       above the MDL/PQL.
S - The result was determined by Method of Standard Addition.
(1) - 1996 Soil Screening Guidance.
(2) - Value based on the RBC for Mercuric Chloride.
NE - Not Established.
ft bgs - feet below ground surface.
mg/kg - milligrams per kilogram.

0.00 - 1.00 0.00 - 1.000.00 - 1.00 0.00 - 1.000.00 - 1.00 0.00 - 1.00 0.00 - 1.00 0.00 - 1.00
05/05/04
3E-SS06

05/05/04 05/05/04 05/05/04 05/05/04 05/05/04
3E-SS05D

3E-06
3E-SS01D 3E-SS02 3E-SS03 3E-SS04 3E-SS05

3E-05 3E-053E-02 3E-03 3E-043E-01
3E-SS01
05/05/04

3E-01

05/05/04
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Table 5-12.  Summary of Organic Detections in Subsurface Soil at ECP Site 3 – Facility No. 278, POL Drum Storage Area 

Number Range Number Range
Site ID EPA Region III EPA Region III Exceeding Exceeding Exceeding Exceeding
Sample ID Industrial Residential EPA Region III EPA Region III EPA Region IIIEPA Region III Location of
Sample Date RBCs RBCs Industrial Industrial Residential Residential Maximum
Sample Depth (ft bgs) (ug/kg) (ug/kg) RBCs RBCs RBCs RBCs Detection

Volatile Organic Compounds (ug/kg)
Carbon tetrachloride 22,000 4,900 6.1 U 2.8 J 5.3 U 210 U 5.5 U 9.1 U 0/6 0/6 3E-SB02-01

Semivolatile Organic Compounds (ug/kg)
Pyrene 3,100,000 230,000 440 U 460 U 390 U 380 U 370 U 28 J 0/6 0/6 3E-SB06-01

Pesticides/PCBs (ug/kg)
Not Detected

OP-Pesticides (ug/kg)
Not Detected

Chlorinated Herbicides (ug/kg)
2,4,5-TP NE NE 11 U 12 U 9.8 U 4.1 J 9.3 U 15 U NE NE 3E-SB04-01

Notes:
J - The reported result is an estimated concentration that is less than the PQL, 
     but greater than or equal to the MDL.
U - The compound was analyzed for, but was not detected at or above 
      the MDL/PQL.
NE - Not Established.
ft bgs - feet below ground surface.
ug/kg - micrograms per kilogram.

05/05/04 05/05/04 05/05/04 05/05/04
3E-SB03-01 3E-SB04-01 3E-SB05-01 3E-SB06-01

1.00 - 3.00 1.00 - 3.00 1.00 - 3.00 1.00 - 3.00

3E-SB01-01
05/05/04

1.00 - 3.00 1.00 - 3.00

3E-SB02-01
05/05/04

3E-05 3E-063E-01 3E-02 3E-03 3E-04
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Table 5-13.  Summary of Inorganic Detections in Subsurface Soil at ECP Site 3 – Facility No. 278, POL Drum Storage Area 

Number Range Number Range Number Range
Exceeding Exceeding Exceeding Exceeding Exceeding Exceeding

Site ID EPA Region III EPA Region III 2x Average EPA EPA EPA EPA
Sample ID Industrial Residential Detected Region III Region III Region III Region III 2x Average 2x Average Location of
Sample Date RBCs RBCs Background Industrial Industrial Residential Residential Detected Detected Maximum
Sample Depth (ft bgs) (mg/kg) (mg/kg) (mg/kg) RBCs RBCs RBCs RBCs Background Background Detection

Appendix IX Inorganics (mg/kg)
Silver 510 39 0.46 1.3 U 1.3 U 1 U 0.12 B 1 U 1.8 U 0/6 0/6 0/6 3E-SB04-01
Arsenic 1.9 0.43 2.05 2 1.1 B 1 U 0.98 U 1 U 1.8 U 1/6 2 2/6 1.1B - 2 0/6 3E-SB01-01
Barium 7,200 550 222 120 93 29 25 42 150 0/6 0/6 0/6 3E-SB06-01
Beryllium 200 16 0.74 0.43 B 0.48 B 0.21 B 0.29 B 0.23 B 0.41 B 0/6 0/6 0/6 3E-SB02-01
Cadmium 100 7.8 0.74 0.48 B 0.4 B 0.69 1.9 0.96 0.91 U 0/6 0/6 2/6 0.96 - 1.9 3E-SB04-01
Cobalt 2,000 160 30.0 12 28 32 29 22 33 0/6 0/6 2/6 32 - 33 3E-SB06-01
Chromium 310 23 133 24 29 110 28 14 21 0/6 4/6 24 - 110 0/6 3E-SB03-01

Copper 4,100 310 193 94 N 84 N 120 N 120 N 95 N 60 N 0/6 0/6 0/6 3E-SB03-01, 
3E-SB04-01

Nickel 2,000 160 31.9 6.9 12 37 25 18 11 0/6 0/6 1/6 37 3E-SB03-01

Lead 400(1)
400

(1)
8.68 71 18 1.5 20 7.3 19 0/6 0/6 4/6 18 - 71 3E-SB01-01

Tin 61,000 4,700 2.96 2.2 B 2.8 B 2.7 B 2.1 B 2.9 B 2 B 0/6 0/6 0/6 3E-SB05-01
Vanadium 100 7.8 462 190 220 140 180 140 140 6/6 140 - 220 6/6 140 - 220 0/6 3E-SB02-01
Zinc 31,000 2,300 88.6 78 62 60 150 75 57 0/6 0/6 1/6 150 3E-SB04-01

Mercury 31
(2)

2.3
(2)

0.093 0.05 SN 0.03 BSN 0.03 SN 0.02 UN 0.02 UN 0.03 UN 0/6 0/6 0/6 3E-SB01-01

Notes:
B - The reported result is an estimated concentration that is less than the PQL, 
      but greater than or equal to the MDL.
N - The matrix spike recovery is not within control limtis.
U - The compound was analyzed for, but was not detected at or above 
       the MDL/PQL.
S - The result was determined by Method of Standard Addition.
(1)

 - 1996 Soil Screening Guidance.
(2) 

- Value based on the RBC for Mercuric Chloride.
NE - Not Established.
ft bgs - feet below ground surface.
mg/kg - milligrams per kilogram.

1.00 - 3.00 1.00 - 3.00

3E-SB02-01 3E-SB03-01 3E-SB04-01 3E-SB05-01 3E-SB06-01
05/05/04 05/05/04 05/05/04

1.00 - 3.00 1.00 - 3.00 1.00 - 3.00 1.00 - 3.00

3E-05 3E-06
3E-SB01-01

05/05/04 05/05/04 05/05/04

3E-01 3E-02 3E-03 3E-04
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Table 5-14.  Summary of Organic Detections in Groundwater at ECP Site 3 – Facility No. 278, POL Drum Storage Area 

 

Number Range Number Range
EPA Region III PR Water Number Range Exceeding Exceeding Exceeding Exceeding

Site ID Federal Tap Water Quality Exceeding Exceeding EPA Region IIIEPA Region III PR Water PR Water Location
Sample ID MCLs RBCs Standards Federal Federal Tap Water Tap Water Quality Quality Maximum
Sample Date (ug/L) (ug/L) (ug/L) MCLs MCLs RBCs RBCs Standards Standards Detection
  
Volatile Organic Compounds (ug/L)
2-Butanone NE 700 NE 2.6 J 1.5 J NE 0/2 NE 3E-GW01
Iodomethane NE NE NE 0.69 J 0.29 J NE NE NE 3E-GW01
Acetone NE 550 NE 11 J 12 J NE 0/2 NE 3E-GW02
Chloromethane NE 19 NE 0.41 J 1 U NE 0/2 NE 3E-GW01

Semivolatile Organic Compounds (ug/L)
Not Detected

Pesticides/PCBs (ug/L)
Not Detected

OP-Pesticides (ug/L)
Not Detected

Chlorinated Herbicides (ug/L)
Not Detected

Notes:
J - The reported result is an estimated concentration that is less than the PQL, but greater than or equal to the MDL.
U - The compound was analyzed for, but was not detected at or above the MDL/PQL.
ug/L - micrograms per liter.
NE - Not Established.

3E-04
3E-GW01
05/10/04

3E-02
3E-GW02
05/10/04
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Table 5-15.  Summary of Inorganic Detections in Groundwater at ECP Site 3 – Facility No. 278, POL Drum Storage Area 

EPA Number Range Number Range
Region III PR Water Number Range Exceeding Exceeding Exceeding Exceeding

Site ID Federal Tap Water Quality Exceeding Exceeding EPA Region IIIEPA Region III PR Water PR Water Location
Sample ID MCLs RBCs Standards Federal Federal Tap Water Tap Water Quality Quality Maximum
Sample Date (mg/L) (mg/L) (mg/L) MCLs MCLs RBCs RBCs Standards Standards Detection
  
Appendix IX (Dissolved) Inorganics (mg/L)
Barium 2 0.26 NE 0.018 0.0088 B 0/2 0/2 NE 3E-GW01

Copper 1.3(1) 0.15 1.3 0.0032 B 0.02 U 0/2 0/2 0/2 3E-GW01
Vanadium NE 0.0037 NE 0.015 0.022 NE 2/2 0.015 - 0.022 NE 3E-GW02
Zinc NE 1.1 NE 0.0023 B 0.0039 B NE 0/2 NE 3E-GW02

Mercury 0.002 0.0011(2) 0.002 0.0004 B 0.0004 B 0/2 0/2 0/2 3E-GW01

Total Cyanide and Sulfide (mg/L)
Not Detected

Notes:
B - The reported result is an estimated concentration that is less than the PQL, but greater than or equal to the MDL.
U - The compound was analyzed for, but was not detected at or above the MDL/PQL.
(1) - EPA action level.
(2) - Value based on the Tap Water RBC for Mercuric Chloride.
NE - Not Established.
mg/L - milligrams per liter.

3E-04
3E-GW01
05/10/04

3E-02
3E-GW02
05/10/04
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Pesticides and the PCB Aroclor 1260 were found in samples located at 3E-02, 3E-
04 through 3E-06, with the highest detections found in 3E-06.  The chlorinated 
herbicide, 2,4,5-TP, was found at an estimated concentration in sample 3E-01.  
Inorganic detections were similar at all locations.   
 
In the subsurface soil, one VOC, one SVOC, and one chlorinated herbicide were 
detected at low, estimated concentrations (Table 5-12). Fourteen inorganic 
compounds were detected (Table 5-13).  Location 3E-02 had the VOC carbon 
tetrachloride in it at a similar concentration to the associated surface soil sample.  
Location 3E-06 had the SVOC pyrene in it at a lower concentration than in the 
associated surface soil sample.  Chlorinated herbicide 2,4,5-TP was found at 3E-
04, and this detection is not coincident with the surface soil detection of this 
compound.   
 
Groundwater environmental samples indicated that four VOCs (Table 5-14) and 
five inorganic compounds (Table 5-15) were detected.  Most compounds were 
detected in both samples.  
 
In general, the VOCs and SVOCs detected in the surface and subsurface soil 
samples were primarily related to fuel contamination, although a few chlorinated 
compounds were detected in the surface soil, as well as Aroclor 1260.  The VOCs 
detected in the groundwater samples were very low, estimated concentrations; and 
they were, in general, not related to fuel contamination.  It should be noted that 
during the field investigation, a strong fuel odor was observed in the groundwater 
at location 3E-04.  This observation was not verified by the analytical results.  At 
location 3E-04, high FID and PID readings on the soil were observed as well, but 
these were not confirmed with any detections in the soil samples.   
 
Comparison to criteria was done with all the results as shown in Tables 5-10 
through 5-15.  One organic compound, Aroclor 1260 (surface soil), exceeded the 
EPA Region III Residential RBC.  Three inorganic compounds exceeded criteria, 
including arsenic (soil), chromium (soil), and vanadium (soil and groundwater).  
Only one of these, arsenic, exceeded twice the average detected background 
concentration, and only in the surface soil matrix.  Arsenic is associated with 
industrial chemicals as a wood preservative, and in herbicides, insecticides, and 
poisons.  Vanadium is present at high concentrations in the background soils at 
NSRR.  It is likely that the exceedance of this compound in groundwater is a 
result of leaching from naturally occurring vanadium in the soil. 

From the detections of fuel and chlorinated compounds and exceedance of criteria 
for Aroclor 1260 and arsenic, it is concluded that the soil at this site has been 
impacted by previous activities.  Based on the limited groundwater investigation 
and observations noted during the field event, it is tentatively concluded that the 
groundwater has not been impacted by previous activities. 
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5.4.3.5 Qualitative Risk Assessment 

COPC Identification 
 
The only COPCs identified for surface soil at Site 3 are Aroclor-1260 and arsenic.  
Aroclor-1260 was detected in a single sample out of eight total samples at a 
concentration that exceeds the residential RBC.  Arsenic is the only inorganic 
analyte that exceeds both the residential RBC and the base background criteria.  
This occurs in three of the eight samples. 
 
No COPCs were identified in subsurface soil.  Arsenic, chromium, and vanadium 
were detected at concentrations in excess of the residential RBC but less than the 
base background concentrations. 
 
No organic analytes were identified as COPCs in groundwater and vanadium is 
the only inorganic COPC. 
 
Potential Risk Discussion 
 
The reasonably anticipated land use for the future at Site 3 can be approximated 
by the industrial/commercial use.  This land use can be qualitatively assessed by 
comparing data to industrial RBCs.  The concentration of Aroclor-1260 in a 
single surface soil sample is less than the industrial RBC indicating a low 
potential risk.   Furthermore, a single sample does not reflect the probable 
exposure point concentration of Aroclor-1260.  Based on the data, the average 
concentration of Aroclor-1260 that a receptor could be exposed to over the entire 
site would be even less.  The arsenic concentrations in surface soil exceed the 
industrial RBCs, however, the low concentrations (3.5 to 3.7 mg/kg) are very near 
the base background criterion and it is unlikely that these concentrations reflect 
site-related contamination.  These levels of arsenic pose a low potential risk.   
 
Potential exposure to groundwater at NSRR is unlikely.  Groundwater is not 
currently used for potable purposes because drinking water is available from El 
Yunque which supplies all of NSRR’s present needs.  The most likely exposure 
route to groundwater is from inhalation of vapors emitted from volatile organics 
through the overlying soil, particularly into buildings.  Vanadium is not volatile 
and the RBC used to select it as a COPC is based on a noncarcinogenic toxicity 
criteria set at one-tenth of the level considered acceptable by EPA to account for 
potential additive effects of multiple contaminants.  As there is only a single 
noncarcinogenic COPC in groundwater at Site 3, the single contaminant RBC can 
be used for comparison, which is ten times higher than the tap water RBCs 
presented in previous tables.  The vanadium levels in groundwater are probably a 
result of leaching from the generally high levels of vanadium in soil at NSRR and 
are less than the single contaminant RBC (based on the unlikely but assumed 
exposure via ingestion of groundwater) of 0.037 mg/L.  Therefore, the potential 
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risk from exposure to vanadium in groundwater is minimal even if the 
groundwater were to be used for potable purposes in the future. 

5.4.3.6 Summary of Site Conditions 

PCBs, arsenic, and vanadium were determined to be COPCs at this site based on 
their exceedance of Residential RBCs.  However, none of the COPCs exceeded 
industrial RBCs in the soil except arsenic, and groundwater was evaluated under 
an unlikely exposure scenario.  Arsenic was assumed to be within background 
concentrations. 

Further investigation at this site will be conducted under the RCRA Corrective 
Action/IRP process. 

5.4.4 ECP Site 4 

5.4.4.1 Site History and Description 

This site is located at Punta Puerca, on the southeast portion of the Site in an 
upland area covered with secondary growth vegetation (see Figure 5-60).  The 
APA identified this area as PI Site 6, due to the observation of structures and 
clearing associated with a small arms range in 1958.  During the records review of 
historic maps of the base, this area was identified as a former rifle range.  The 
physical site inspection identified what appeared to be a concrete berm backstop 
and target placements.  Interviews confirmed use of the area as a rifle range in the 
1940’s.  Exact usage dates and frequency of use are unknown.   

During the Phase II ECP investigation, the berm backstop was observed.  
However, it appears that the backstop is made out of fieldstone and mortar, rather 
than concrete.  In addition, a concrete bermed structure that was found southeast 
of the berm backstop mentioned above.  This structure contained galvanized 
piping protruding from the top of concrete berm.  This structure appears to be 
related to the target placements observed during the physical site inspection.  This 
site is completely covered with very dense, secondary growth vegetation as 
mentioned above.  There were no signs of stains or stressed vegetation observed 
during the investigation.  
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5.3.8 SWMU 8 - Tow Way Fuel Farm Sludge Disposal Pits [IR Site 12] 

SWMU 8 is collocated with SWMU 7 (see Figure 5-9 above).  This unit consists 
of unlined earthen pits adjacent to the TWFF fuel tanks where sludges were 
buried and covered with soil when the fuel tanks were periodically cleaned.  This 
SWMU is part of OU 2, where benzene, lead and other hazardous constituents 
have been detected in groundwater above action levels, and evidence of soil 
contamination has been described.  SWMU 8 was combined with SWMU 7 (with 
EPA approval) since the releases from each are inseparable.  As such, see the 
description for SWMU 7 for details regarding this SWMU. 

5.3.9 SWMU 9 - Tanks 212-217 Sludge Disposal Pits [IR Site 13] 

SWMU 9 consists of unlined earthen pits in which petroleum sludges were buried 
after tank cleanings. These burial pits are associated with fuel tanks 212 through 
217, located along Forrestal Drive.  SWMU 9 has been divided into three separate 
areas due to the groupings of the tanks.  Area A includes Tanks 212 and 213. Area 
B is Tanks 214 and 215, while Area C consists of Tanks 216 and 217 (see Figures 
5-10 and 5-11).  Although the unit is a part of OU 2, it is now treated as a separate 
entity since SWMU 7/8 is so complicated.  The tanks were installed in 1940, and 
were cleaned approximately every five years, until 1978, resulting in burial of 
sludges.  During the IR Round 1 (1986) Investigation, 11 groundwater monitor 
wells were installed.  Rounds 1 and 2 sampling found benzene and toluene in the 
groundwater at levels above relevant action levels.  In addition, during Rounds 1 
and 2, 6 sediment samples were collected in the mangrove swamps, downslope 
from the tanks.  Organic constituents (benzene, chlorobenzene, methylene 
chloride, toluene, TCE) and lead were detected in these sediment samples, but 
below relevant action levels.  No soil borings were made for visual, odor, or 
organic vapor Photoionization Detector (PID) observations.  An RFI 
encompassing soils and groundwater was required in the permit.  Based on the 
results, investigations were required for surface water and sediments. 

The RFI included three phases of investigations.  The RFI indicated that Area A 
has been impacted by past fuel management activities.  Human Health COPCs 
were identified for subsurface soil, groundwater, sediment, and surface water 
from Area A.  The HHRA did not identify an incremental lifetime cancer risk 
greater than the EPA limits in Area A.  Minimal noncarcinogenic risk may 
potentially exist for future military child resident and future construction worker 
in Area A.  The results of the screening-level ERA are not sufficient to conclude 
that risks to the ecological receptors at Area A are negligible.  

The RFI indicated that Area B has been impacted by past fuel management 
activities.  The HHRA did not identify an incremental lifetime cancer risk greater 
than the acceptable EPA limits in Area B.  There were no unacceptable 
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noncarcinogenic risks associated with exposures to contaminants detected in Area 
B as estimated in the HHRA.  The results of the screening-level ERA indicated 
that the assessment endpoints for Area B were not met.  As such the results of the 
screening-level ERA are not sufficient to conclude that risks to the ecological 
receptors at Area B are negligible. 

The RFI also indicated that evidence of the impact of past site operations on Area 
C surface and subsurface soil is limited.  There is no evidence of the impact of 
past site operations on groundwater at Area C.  The HHRA did not identify an 
incremental lifetime cancer risk greater than the acceptable EPA limits in Area C.  
Minimal noncarcinogenic risk may potentially exist for future young child 
military resident in Area C.  The results of the screening-level ERA indicated that 
the assessment endpoints for Area C were not met.  As such the results of the 
screening-level ERA are not sufficient to conclude that risks to the ecological 
receptors at Area C are negligible. 

The RFI recommended the collection of additional surface water samples and 
background samples be collected.  The RFI has been completed and approved by 
the EPA. 

A CMS investigation was conducted and the additional data was utilized to 
perform a screening-level ERA for SWMU 9.  Based on the results of the 
assessment, no further evaluation of ecological risk was recommended for Areas 
A and C surface soil, Areas A/B and C surface water, and Area C sediment.  
However, there appears to be a potential risk to both soil invertebrates and upper 
trophic level receptors at Area B from lead and zinc in surface soil.  There also 
appears to be a potential risk to benthic invertebrates and upper tropic level 
receptors from lead detected in Area A/B sediment.  It was recommended that 
additional sampling of surface soils be conducted in the vicinity of Tank 214 to 
characterize the extent of lead and zinc contamination and additional sampling of 
the sediment in the vicinity of Tank 214 to characterize the lead contamination.  
Once the characterization is completed Step 3A of the ERA should be reevaluated 
before making a decision of whether or not this site should move forward to Step 
3B of move into the CMS stage.  The EPA approved this document. 

Additional data collection was conducted from SWMU 9 as recommended in the 
CMS Investigation Report.  The results from the Additional Data Collection 
indicate that lead is considered a potential risk driver for terrestrial plant and 
omnivore populations at SWMU 9 Area B.  Lead is also a potential risk driver to 
aquatic invertebrates and upper avian invertebrate consumers within the estuarine 
wetland downgradient from SWMU 9 Area B.  It is recommended that the ERA 
process proceed to Step 3B (baseline risk assessment problem formulation).  This 
document is currently under review by the EPA.   

All three areas of this unit currently contain areas of grass and secondary growth 
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vegetation, as well as wetland areas.   

SWMU 9 Area B

SWMU 9 Area A

 
    *Background aerial photograph from 1998 

Figure 5-10.  SWMU 9 – Tanks 212-215 Sludge Disposal Pits  

 

SWMU 9 Area C

 
    *Background aerial photograph from 1998 

Figure 5-11.  SWMU 9 – Tanks 216 - 217 Sludge Disposal Pits  
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TABLE 6-1

SUMMARY OF DETECTED LABORATORY RESULTS - SURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  57SB01 57SB02 57SB03 57SB04 57SB05
Sample ID Screening Screening Ecological 57SB01-00 57SB02-00 57SB03-00 57SB04-00 57SB05-00
Sample Date Levels Levels  Soil NAPR 1/28/2010 1/26/2010 1/26/2010 1/28/2010 1/27/2010
Sample Depth (ft bgs) Residential  Industrial Screening Basewide 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0

Soil Soil  Values Background(1) 

Volatiles (ug/kg)
Carbon Disulfide 82,000 (2) 370,000 (2) NE NE 2.4 J 5.1 R 4.7 U 3.7 U 5.3 U
Semivolatiles (ug/kg)
2-Methylnaphthalene 31,000 (2) 410,000 (2) NE NE 3.1 J 11 U 10 U 3.6 J 12 U
Acenaphthene 340,000 (2) 3,300,000 (2) NE NE 0.93 J 11 U 10 U 1.3 J 12 U
Acenaphthylene 340,000 (2)(3) 3,300,000 (2)(3) NE NE 3.3 J 11 U 10 U 3.6 J 12 U
Acetophenone 780,000 (2) 10,000,000 (2) NE NE 220 U 220 U 200 U 200 U 250 U
Anthracene 1,700,000 (2) 17,000,000 (2) NE NE 2.5 J 11 U 10 U 7.1 J 12 U
Benzo(a)anthracene 150 2,100 NE NE 8.2 J 11 U 10 U 8.9 J 12 U
Benzo(a)pyrene (BaP) 15.0 210 NE NE 6.6 J 11 U 10 U 6.2 J 0.63 J
Benzo(b)fluoranthene 150 2,100 NE NE 4.5 J 11 U 10 U 3.6 J 1.5 J
Benzo(g,h,i)perylene 170,000 (2)(4) 1,700,000 (2)(4) NE NE 2.6 J 11 U 10 U 1.7 J 0.65 J
Benzo(k)fluoranthene 1,500 21,000 NE NE 5.3 J 11 U 10 U 4.9 J 0.9 J
Bis(2-ethylhexyl) Phthalate (BEHP) 35,000 120,000 6,010 (7)(8) NE 160 J 110 J 97 J 200 U 250 U
Chrysene 15,000 210,000 NE NE 8.1 J 11 U 10 U 8.6 J 1.1 J
Dibenz(a,h)anthracene 15.0 210 NE NE 0.75 J 11 U 10 U 0.71 J 12 U
Fluoranthene 230,000 (2) 2,200,000 (2) NE NE 11 U 11 U 10 U 12 12 U
Fluorene 230,000 (2) 2,200,000 (2) NE NE 0.97 J 11 U 10 U 1.5 J 12 U
Indeno(1,2,3-cd)pyrene 150 2,100 NE NE 3.5 J 11 U 10 U 2.5 J 0.8 J
Naphthalene 3,600 18,000 NE NE 11 UJ 1.1 J 1.2 J 9.9 UJ 12 U
Phenanthrene 170,000 (2)(4) 1,700,000 (2)(4) NE NE 7.3 J 11 U 10 U 15 12 U
Pyrene 170,000 (2) 1,700,000 (2) NE NE 13 11 U 10 U 17 0.9 J
PAH totals (ug/kg)
Low molecular weight PAHs NE NE 29,000 (9)(10) NE 40.1 78.1 71.2 54 96
High molecular weight PAHs NE NE 18,000 (9)(11) NE 52.55 99 90 54.11 30.48
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TABLE 6-1

SUMMARY OF DETECTED LABORATORY RESULTS - SURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  57SB01 57SB02 57SB03 57SB04 57SB05
Sample ID Screening Screening Ecological 57SB01-00 57SB02-00 57SB03-00 57SB04-00 57SB05-00
Sample Date Levels Levels  Soil NAPR 1/28/2010 1/26/2010 1/26/2010 1/28/2010 1/27/2010
Sample Depth (ft bgs) Residential  Industrial Screening Basewide 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0

Soil Soil  Values Background(1) 

PCBs (ug/kg)
Aroclor-1260 220 740 NE NE 38 U 39 U 36 U 36 U 43 U
TPH (mg/kg)
Diesel Range Organics (DRO) 100 (5) 100 (5) NE NE 10 U 6.9 J 5.5 J 4.1 J 9.2 J
Gasoline Range Organics (GRO) 100 (5) 100 (5) NE NE 0.63 U 0.65 U 0.6 U 0.6 U 0.72 U
Total TPH 100 (5) 100 (5) NE NE 10.63 U 7.55 J 6.1 J 4.7 J 9.92 J
Inorganics (mg/kg)
Antimony 3.10 (2) 41.0 (2) 10.0 (12) 3.17 0.75 U 1.3 J 0.95 J 1.2 J 1.5 J
Arsenic 0.390 1.60 18.0 (13) 2.65 0.74 U 1.4 1.4 0.34 U 2
Barium 1,500 (2) 19,000 (2) 330 (14) 199 82.8 J 90.8 55.6 67.1 72
Beryllium 16.0 (2) 200 (2) 21.0 (15) 0.590 0.26 J 0.45 U 0.1 U 0.03 U 0.16 U
Cadmium 7.0 (2) 80.0 (2) 0.770 (16) 1.02 0.75 0.25 U 0.26 U 0.17 U 0.58 U
Chromium 12,000 (2)(6) 150,000 (2)(6) 26.0 (17) 49.8 28.5 24.2 16.9 108 29.1
Cobalt 2.30 (2) 30.0 (2) 13.0 (18) 46.2 27.2 52.7 14.5 38.7 16.4
Copper 310 (2) 4,100 (2) 28.0 (19) 168 92.1 63.7 J 49.4 J 127 J 86.3 J
Lead 40.0 80.0 11.0 (20) 22.0 52.5 19.1 J 9.2 J 10.3 J 20.6 J
Mercury 0.560 (2) 3.40 (2) 0.10 (21) 0.109 0.04 J 0.13 0.026 J 0.019 U 0.04 J
Nickel 150 (2) 2,000 (2) 38.0 (22) 20.7 19.4 14.7 10 39.2 10.7
Selenium 39.0 (2) 510 (2) 0.520 (23) 1.48 0.23 U 0.45 R 0.4 R 0.43 R 0.51 R
Silver 39.0 (2) 510 (2) 4.20 (23) NE 0.12 U 0.26 J 0.15 J 0.23 J 0.22 J
Thallium NE NE 1.0 (24) NE 8.3 3.6 1.1 J 4 1.4 J
Tin 4,700 (2) 61,000 (2) 50.0 (25) 3.76 1.9 J 1.7 J 1.6 J 2.3 J 2.3 J
Vanadium 0.550 (2) 7.20 (2) 7.80 (26) 259 155 184 74.9 154 149
Zinc 2,300 (2) 31,000 (2) 46.0 (27) 115 99.5 45.7 67.2 74.6 155
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TABLE 6-1

SUMMARY OF DETECTED LABORATORY RESULTS - SURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  
Sample ID Screening Screening Ecological
Sample Date Levels Levels  Soil NAPR 
Sample Depth (ft bgs) Residential  Industrial Screening Basewide

Soil Soil  Values Background(1) 

Volatiles (ug/kg)
Carbon Disulfide 82,000 (2) 370,000 (2) NE NE
Semivolatiles (ug/kg)
2-Methylnaphthalene 31,000 (2) 410,000 (2) NE NE
Acenaphthene 340,000 (2) 3,300,000 (2) NE NE
Acenaphthylene 340,000 (2)(3) 3,300,000 (2)(3) NE NE
Acetophenone 780,000 (2) 10,000,000 (2) NE NE
Anthracene 1,700,000 (2) 17,000,000 (2) NE NE
Benzo(a)anthracene 150 2,100 NE NE
Benzo(a)pyrene (BaP) 15.0 210 NE NE
Benzo(b)fluoranthene 150 2,100 NE NE
Benzo(g,h,i)perylene 170,000 (2)(4) 1,700,000 (2)(4) NE NE
Benzo(k)fluoranthene 1,500 21,000 NE NE
Bis(2-ethylhexyl) Phthalate (BEHP) 35,000 120,000 6,010 (7)(8) NE
Chrysene 15,000 210,000 NE NE
Dibenz(a,h)anthracene 15.0 210 NE NE
Fluoranthene 230,000 (2) 2,200,000 (2) NE NE
Fluorene 230,000 (2) 2,200,000 (2) NE NE
Indeno(1,2,3-cd)pyrene 150 2,100 NE NE
Naphthalene 3,600 18,000 NE NE
Phenanthrene 170,000 (2)(4) 1,700,000 (2)(4) NE NE
Pyrene 170,000 (2) 1,700,000 (2) NE NE
PAH totals (ug/kg)
Low molecular weight PAHs NE NE 29,000 (9)(10) NE
High molecular weight PAHs NE NE 18,000 (9)(11) NE

57SB06 57SB07 57SB07 57SS08 57SS09
57SB06-00 57SB07-00 57SB07-00D 57SS08 57SS09
1/28/2010 1/27/2010 1/27/2010 1/29/2010 1/29/2010
0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0

4.2 U 5.2 U 5.4 U 7.2 U 5.1 U

1.7 J 12 U 12 U 6 J 2.3 J
9.9 U 12 U 12 U 1.9 J 0.91 J
1.3 J 12 U 12 U 1.8 J 1.4 J

200 U 39 J 250 U 240 U 230 U
2.1 J 1.3 J 12 U 3.7 J 2.1 J
3.3 J 0.98 J 12 U 5.9 J 2.9 J
2.3 J 12 U 12 U 12 UJ 11 U
1.9 J 12 UJ 12 U 12 UJ 11 UJ
9.9 UJ 12 U 12 U 12 UJ 11 UJ
1.8 J 12 U 12 U 12 UJ 11 U

110 J 71 J 54 J 240 U 230 U
3.3 J 1 J 12 U 6.7 J 3.1 J
9.9 U 12 U 12 U 12 UJ 11 U
9.9 U 2.5 J 12 U 16 11 UJ

0.71 J 12 U 12 U 1.7 J 0.64 J
9.9 U 12 U 12 U 12 UJ 11 U
9.9 UJ 1.6 J 12 U 12 U 11 U

5 J 2.4 J 12 U 7.7 J 4.9 J
9.9 U 2 J 12 U 16 11 UJ

40.51 55.8 96 50.8 34.25
52.2 75.98 108 100.6 83
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TABLE 6-1

SUMMARY OF DETECTED LABORATORY RESULTS - SURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  
Sample ID Screening Screening Ecological
Sample Date Levels Levels  Soil NAPR 
Sample Depth (ft bgs) Residential  Industrial Screening Basewide

Soil Soil  Values Background(1) 

PCBs (ug/kg)
Aroclor-1260 220 740 NE NE
TPH (mg/kg)
Diesel Range Organics (DRO) 100 (5) 100 (5) NE NE
Gasoline Range Organics (GRO) 100 (5) 100 (5) NE NE
Total TPH 100 (5) 100 (5) NE NE
Inorganics (mg/kg)
Antimony 3.10 (2) 41.0 (2) 10.0 (12) 3.17
Arsenic 0.390 1.60 18.0 (13) 2.65
Barium 1,500 (2) 19,000 (2) 330 (14) 199
Beryllium 16.0 (2) 200 (2) 21.0 (15) 0.590
Cadmium 7.0 (2) 80.0 (2) 0.770 (16) 1.02
Chromium 12,000 (2)(6) 150,000 (2)(6) 26.0 (17) 49.8
Cobalt 2.30 (2) 30.0 (2) 13.0 (18) 46.2
Copper 310 (2) 4,100 (2) 28.0 (19) 168
Lead 40.0 80.0 11.0 (20) 22.0
Mercury 0.560 (2) 3.40 (2) 0.10 (21) 0.109
Nickel 150 (2) 2,000 (2) 38.0 (22) 20.7
Selenium 39.0 (2) 510 (2) 0.520 (23) 1.48
Silver 39.0 (2) 510 (2) 4.20 (23) NE
Thallium NE NE 1.0 (24) NE
Tin 4,700 (2) 61,000 (2) 50.0 (25) 3.76
Vanadium 0.550 (2) 7.20 (2) 7.80 (26) 259
Zinc 2,300 (2) 31,000 (2) 46.0 (27) 115

57SB06 57SB07 57SB07 57SS08 57SS09
57SB06-00 57SB07-00 57SB07-00D 57SS08 57SS09
1/28/2010 1/27/2010 1/27/2010 1/29/2010 1/29/2010
0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0

36 U 310 J 130 J 550 760

7 J 13 J 16 70 72 J
0.6 U 0.74 U 0.74 U 0.6 UJ 0.6 UJ
7.6 J 13.74 J 16.74 70.6 72.6 J

1.2 J 1.1 J 1.7 J 1 J 0.85 U
1.2 0.83 J 1.3 J 5.2 1.6

45.8 95 J 161 J 163 J 190 J
0.14 U 0.53 U 0.64 U 0.3 J 0.34 J
0.49 U 0.28 U 0.31 U 5.3 1.1
20.7 29.3 39.7 38.5 26.5
22.3 31.7 49.3 30.3 34
65.8 J 75.5 J 85.6 J 71.2 92.3
10.2 J 17.6 J 21.1 J 116 29.6 J

0.041 0.023 U 0.023 U 0.051 0.15 J
13.7 13.9 16.1 18.8 27.8 J
0.42 R 0.51 R 0.49 R 0.25 U 0.26 UJ
0.23 J 0.18 J 0.24 J 0.14 J 0.13 U

2.1 1.5 J 3.2 J 8.5 8.8
0.97 J 1.9 J 1.5 J 2.4 J 2.1 J
120 170 240 141 180
94.9 73.5 77.4 183 136
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TABLE 6-1

SUMMARY OF DETECTED LABORATORY RESULTS - SURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  
Sample ID Screening Screening Ecological
Sample Date Levels Levels  Soil NAPR 
Sample Depth (ft bgs) Residential  Industrial Screening Basewide

Soil Soil  Values Background(1) 

Volatiles (ug/kg)
Carbon Disulfide 82,000 (2) 370,000 (2) NE NE
Semivolatiles (ug/kg)
2-Methylnaphthalene 31,000 (2) 410,000 (2) NE NE
Acenaphthene 340,000 (2) 3,300,000 (2) NE NE
Acenaphthylene 340,000 (2)(3) 3,300,000 (2)(3) NE NE
Acetophenone 780,000 (2) 10,000,000 (2) NE NE
Anthracene 1,700,000 (2) 17,000,000 (2) NE NE
Benzo(a)anthracene 150 2,100 NE NE
Benzo(a)pyrene (BaP) 15.0 210 NE NE
Benzo(b)fluoranthene 150 2,100 NE NE
Benzo(g,h,i)perylene 170,000 (2)(4) 1,700,000 (2)(4) NE NE
Benzo(k)fluoranthene 1,500 21,000 NE NE
Bis(2-ethylhexyl) Phthalate (BEHP) 35,000 120,000 6,010 (7)(8) NE
Chrysene 15,000 210,000 NE NE
Dibenz(a,h)anthracene 15.0 210 NE NE
Fluoranthene 230,000 (2) 2,200,000 (2) NE NE
Fluorene 230,000 (2) 2,200,000 (2) NE NE
Indeno(1,2,3-cd)pyrene 150 2,100 NE NE
Naphthalene 3,600 18,000 NE NE
Phenanthrene 170,000 (2)(4) 1,700,000 (2)(4) NE NE
Pyrene 170,000 (2) 1,700,000 (2) NE NE
PAH totals (ug/kg)
Low molecular weight PAHs NE NE 29,000 (9)(10) NE
High molecular weight PAHs NE NE 18,000 (9)(11) NE

57SS09 57SS10 57SS11 57SS12
57SS09D 57SS10 57SS11 57SS12
1/29/2010 1/29/2010 1/29/2010 1/29/2010
0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0

5 R 5.5 U 4.9 U 4.3 U

2.3 J 1.9 J 1 J 2 J
2.4 J 1.8 J 10 U 0.82 J
14 J 1.7 J 10 UJ 0.86 J

240 U 200 U 210 U 200 U
7.9 J 2.7 J 0.67 J 3.8 J
30 J 17 2.9 J 1.3 J
12 UJ 10 UJ 10 U 9.5 UJ
12 UJ 10 UJ 10 U 9.5 UJ
12 UJ 10 UJ 10 UJ 9.5 UJ
12 UJ 10 UJ 10 U 9.5 UJ

240 U 70 J 50 J 1800
27 J 26 3.4 J 1.4 J
12 UJ 10 UJ 10 U 9.5 UJ
41 J 47 10 U 9.5 U

1.8 J 1.3 J 10 UJ 0.8 J
12 UJ 10 UJ 10 U 9.5 UJ
12 U 10 UJ 10 UJ 9.5 U

9.4 J 34 3 J 2.5 J
63 J 69 10 U 9.5 U

90.8 100.4 54.67 29.78
192 172 76.3 69.2
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TABLE 6-1

SUMMARY OF DETECTED LABORATORY RESULTS - SURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  
Sample ID Screening Screening Ecological
Sample Date Levels Levels  Soil NAPR 
Sample Depth (ft bgs) Residential  Industrial Screening Basewide

Soil Soil  Values Background(1) 

PCBs (ug/kg)
Aroclor-1260 220 740 NE NE
TPH (mg/kg)
Diesel Range Organics (DRO) 100 (5) 100 (5) NE NE
Gasoline Range Organics (GRO) 100 (5) 100 (5) NE NE
Total TPH 100 (5) 100 (5) NE NE
Inorganics (mg/kg)
Antimony 3.10 (2) 41.0 (2) 10.0 (12) 3.17
Arsenic 0.390 1.60 18.0 (13) 2.65
Barium 1,500 (2) 19,000 (2) 330 (14) 199
Beryllium 16.0 (2) 200 (2) 21.0 (15) 0.590
Cadmium 7.0 (2) 80.0 (2) 0.770 (16) 1.02
Chromium 12,000 (2)(6) 150,000 (2)(6) 26.0 (17) 49.8
Cobalt 2.30 (2) 30.0 (2) 13.0 (18) 46.2
Copper 310 (2) 4,100 (2) 28.0 (19) 168
Lead 40.0 80.0 11.0 (20) 22.0
Mercury 0.560 (2) 3.40 (2) 0.10 (21) 0.109
Nickel 150 (2) 2,000 (2) 38.0 (22) 20.7
Selenium 39.0 (2) 510 (2) 0.520 (23) 1.48
Silver 39.0 (2) 510 (2) 4.20 (23) NE
Thallium NE NE 1.0 (24) NE
Tin 4,700 (2) 61,000 (2) 50.0 (25) 3.76
Vanadium 0.550 (2) 7.20 (2) 7.80 (26) 259
Zinc 2,300 (2) 31,000 (2) 46.0 (27) 115

57SS09 57SS10 57SS11 57SS12
57SS09D 57SS10 57SS11 57SS12
1/29/2010 1/29/2010 1/29/2010 1/29/2010
0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0

610 39 J 38 U 46

37 J 28 25 13
0.68 UJ 0.57 UJ 0.62 UJ 0.56 UJ

37.68 J 28.57 25.62 13.56

0.85 U 0.7 U 0.73 U 0.67 U
1.8 1.2 1.4 2.4

88.9 J 98.1 J 200 J 42.2 J
0.27 J 0.27 J 0.32 J 0.07 J

1.4 1.3 1.1 0.76
27.7 19.2 24.9 11
29.4 24.9 64.8 8.2
86.7 85.1 80.9 35.8
46.4 J 60.6 33.7 30.5
0.45 J 0.037 J 0.058 0.018 U
14.8 J 15 15.4 4.9
0.93 J 0.21 U 0.22 U 0.21 U
0.13 U 0.11 U 0.15 J 0.11 U

7.1 7.6 7.7 3.1
2.2 J 1.5 J 1.5 J 1.8 J

150 118 141 44.4
143 96.9 79.7 49.4
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TABLE 6-1

SUMMARY OF DETECTED LABORATORY RESULTS - SURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Notes/Qualifiers:

Analytical results for VOCs for samples 57SS08 through 57SS12 were collected on 2/2/2010; GRO was colleted on 5/20/2010
U - Undetected at the Method Detection Limit ft bgs - feet below ground surface
UJ - Reported quantitation limit is qualified as estimated ug/kg -  micrograms per kilogram
J -  Estimated: The analyte was positively identified; the quantitation is an estimation mg/kg - milligrams per kilogram
R - Rejected data; data is not usable NAPR - Naval Activity Puerto Rico
NA - Not Analyzed PCB - Polychlorinated Biphenyls
NE - Not Established TPH - Total Petroleum Hydrocarbons

(1)  NAPR basewide background surface soil screening value (upper limit of the means concentration [mean plus two standard deviations]) (Baker, 2010)
(2)  Noncarcinogenic Regional Screening Levels based on a target hazard quotient of 0.1 for conservative screening purposes.
(3)  Value for acenaphthene used as a surrogate.
(4)  Value for pyrene used as a surrogate.
(5)  Puerto Rico specific value - Puerto Rico Environmental Quality Board (PREQB)
(6)  Value for chromium III  used as a surrogate.
(7)  The screening value shown is an average of the target and intervention soil standards.  The value is based on a default organic carbon content
      of 0.02 (2 percent), which represents a minimum value (adjustment range is 2 to 30 percent).
(8)  The value represents a total concentration for all phthalates.  [MHSPE 2000]
(9)  Ecological soil screening level for soil invertebrates [USEPA 2007a]
(10)  Low molecular weight PAHs are defined by the USEPA (2007a) as PAH compounds composed of fewer than four rings.  The low molecular weight PAH compounds 
       analyzed for in SWMU 56 soil were 2-methylnaphthalene, acenaphthene, acenaphthylene, anthracene, fluoranthene, fluorene, naphthalene, and phenanthrene.
(11)  High molecular weight PAHs are defined by the USEPA (2007a) as PAH compounds composed of four or more rings.  The high molecular weight PAH compounds 
       analyzed for in SWMU 56 soil were benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, chrysene, 
       dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene, and pyrene.
(12)  Ecological soil screening level for mammalian herbivores [USEPA 2005a]
(13)  Ecological soil screening level for plants [USEPA 2005b]
(14)  Ecological soil screening level for soil invertebrates [USEPA 2005c] (21)  Toxicological threshold for earthworms [Efroymson et al. 1997a]
(15)  Ecological soil screening level for mammalian herbivores [USEPA 2005d] (22)  Ecological soil screening level for plants [USEPA 2007c]
(16)  Ecological soil screening level for avian ground insectivores [USEPA 2005e] (23)  Ecological soil screening level for plants [USEPA 2007d]
(17)  Ecological soil screening level for avian ground insectivores [USEPA 2008] (24)  Ecological soil screening level for avian ground insectivores [USEPA 2006]
(18)  Ecological soil screening level for plants [USEPA 2005f] (25)  Toxicological threshold for plants [Efroymson et al. 1997b]
(19)  Ecological soil screening level for avian ground insectivores [USEPA 2007b] (26)  Ecological soil screening level for avian ground insectivores [USEPA 2005h]
(20)  Ecological soil screening level for avian ground insectivores [USEPA 2005g] (27)  Ecological soil screening level for avian ground insectivores [USEPA 2007e]
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TABLE 6-1

SUMMARY OF DETECTED LABORATORY RESULTS - SURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO
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TABLE 6-2

SUMMARY OF DETECTED LABORATORY RESULTS - SUBSURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  57SB01 57SB01 57SB02 57SB02 57SB03
Sample ID Screening Screening Ecological 57SB01-01 57SB01-05 57SB02-01 57SB02-05 57SB03-01
Sample Date Levels Levels  Soil NAPR 1/28/2010 1/28/2010 1/26/2010 1/26/2010 1/26/2010
Sample Depth (ft bgs) Residential  Industrial Screening Basewide 1.0 - 3.0 9.0 - 11.0 1.0 - 3.0 9.0 - 11.0 1.0 - 3.0

Soil Soil  Values Background(1) 

Semivolatiles (ug/kg)
2-Methylnaphthalene 31,000 (2) 410,000 (2) NE NE 1.2 J 2.8 J 10 U 9.3 U 11 U

Acenaphthene 340,000 (2) 3,300,000 (2) NE NE 11 U 0.79 J 10 U 9.3 U 11 U

Acenaphthylene 340,000 (2)(3) 3,300,000 (2)(3) NE NE 11 UJ 1.4 J 10 U 9.3 U 11 U

Anthracene 1,700,000 (2) 17,000,000 (2) NE NE 0.68 J 2.1 J 10 U 9.3 U 11 U

Benzo(a)anthracene 150 2,100 NE NE 1.5 J 4.2 J 10 U 9.3 U 11 U

Benzo(a)pyrene (BaP) 15.0 210 NE NE 0.74 J 3.1 J 10 U 9.3 U 11 U

Benzo(b)fluoranthene 150 2,100 NE NE 0.89 J 1.9 J 0.74 J 9.3 U 11 U

Benzo(g,h,i)perylene 170,000 (2)(4) 1,700,000 (2)(4) NE NE 11 UJ 1 J 10 U 9.3 U 11 U

Benzo(k)fluoranthene 1,500 21,000 NE NE 0.8 J 2.3 J 10 U 9.3 U 11 U

Bis(2-ethylhexyl) Phthalate (BEHP) 35,000 120,000 6,010 (7)(8) NE 58 J 100 J 60 J 190 U 140 J

Chrysene 15,000 210,000 NE NE 1.6 J 4.2 J 10 U 9.3 U 11 U

Dibenz(a,h)anthracene 15.0 210 NE NE 11 U 11 U 10 U 9.3 U 11 U

Fluoranthene 230,000 (2) 2,200,000 (2) NE NE 11 U 11 U 1.9 J 9.3 U 11 U

Fluorene 230,000 (2) 2,200,000 (2) NE NE 11 UJ 0.93 J 10 U 9.3 U 11 U

Indeno(1,2,3-cd)pyrene 150 2,100 NE NE 0.5 J 1.3 J 10 U 9.3 U 11 U

Naphthalene 3,600 18,000 NE NE 11 UJ 11 UJ 1.1 J 0.92 J 11 U

Phenanthrene 170,000 (2)(4) 1,700,000 (2)(4) NE NE 2.2 J 5 J 2.9 J 9.3 U 11 U

Pyrene 170,000 (2) 1,700,000 (2) NE NE 11 U 11 U 1.1 J 9.3 U 11 U

PAH totals (ug/kg)
Low molecular weight PAHs NE NE 29,000 (9)(10) NE 59.08 35.02 55.9 66.02 88

High molecular weight PAHs NE NE 18,000 (9)(11) NE 39.03 40 71.84 83.7 99

PCBs (ug/kg)
Aroclor-1260 220 740 NE NE 38 U 38 U 38 U 34 U 39 U

K:\_SOUTHNAVFAC\119197 JM01\SWMU 57\Report_Ph I RFI\Draft\Tables\57 Formatted Tables rev6.xlsx SB Page 1 of 8



TABLE 6-2

SUMMARY OF DETECTED LABORATORY RESULTS - SUBSURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  57SB01 57SB01 57SB02 57SB02 57SB03
Sample ID Screening Screening Ecological 57SB01-01 57SB01-05 57SB02-01 57SB02-05 57SB03-01
Sample Date Levels Levels  Soil NAPR 1/28/2010 1/28/2010 1/26/2010 1/26/2010 1/26/2010
Sample Depth (ft bgs) Residential  Industrial Screening Basewide 1.0 - 3.0 9.0 - 11.0 1.0 - 3.0 9.0 - 11.0 1.0 - 3.0

Soil Soil  Values Background(1) 

TPH (mg/kg)
Diesel Range Organics (DRO) 100 (5) 100 (5) NE NE 10 U 10 U 3.5 J 11 U 6.7 J

Gasoline Range Organics (GRO) 100 (5) 100 (5) NE NE 0.64 U 0.64 U 0.63 U 0.56 U 0.66 U

Total TPH 100 (5) 100 (5) NE NE 10.64 U 10.64 U 4.13 J 11.56 U 7.36 J

Inorganics (mg/kg)
Antimony 3.10 (2) 41.0 (2) 10.0 (12) NE 0.79 U 0.78 U 2.1 J 1.7 J 1.4 J

Arsenic 0.390 1.60 18.0 (13) 1.59 1.2 J 0.77 U 2.4 0.4 J 1.5
Barium 1,500 (2) 19,000 (2) 330 (14) 220 79.3 J 10.4 J 290 21.8 97.2

Beryllium 16.0 (2) 200 (2) 21.0 (15) 0.596 0.44 J 0.44 J 0.61 0.02 U 0.53 U

Cadmium 7.0 (2) 80.0 (2) 0.770 (16) 0.539 0.71 0.3 J 0.17 U 0.11 U 0.19 U

Chromium 12,000 (2)(6) 150,000 (2)(6) 26.0 (17) 114 33.4 10.1 30.3 50.4 30.6

Cobalt 2.30 (2) 30.0 (2) 13.0 (18) 26.9 37.5 18.2 97 28.8 33.6
Copper 310 (2) 4,100 (2) 28.0 (19) 246 81.3 83.4 95.3 J 81.6 J 76.6 J

Lead 40.0 80.0 11.0 (20) 6.29 27.7 15.2 44.1 J 3.3 J 21.2 J

Mercury 0.560 (2) 3.40 (2) 0.10 (21) 0.108 0.067 0.02 U 0.021 U 0.018 U 0.021 U

Nickel 150 (2) 2,000 (2) 38.0 (22) 24.7 14.3 8.2 25.9 30.5 13.6

Selenium 39.0 (2) 510 (2) 0.520 (23) 5.94 0.44 J 0.36 J 0.44 R 0.37 R 0.47 R

Silver 39.0 (2) 510 (2) 4.20 (23) NE 0.12 U 0.12 U 0.33 J 0.25 J 0.24 J

Thallium NE NE 1.0 (24) 0.924 10.2 6.1 8.6 4.6 2

Tin 4,700 (2) 61,000 (2) 50.0 (25) 3.56 2 J 1.4 J 0.62 U 1.3 J 1.9 J

Vanadium 0.550 (2) 7.20 (2) 7.80 (26) 434 217 129 237 193 225
Zinc 2,300 (2) 31,000 (2) 46.0 (27) 88.1 58 223 96.2 78.9 55.4
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TABLE 6-2

SUMMARY OF DETECTED LABORATORY RESULTS - SUBSURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  
Sample ID Screening Screening Ecological
Sample Date Levels Levels  Soil NAPR 
Sample Depth (ft bgs) Residential  Industrial Screening Basewide

Soil Soil  Values Background(1) 

Semivolatiles (ug/kg)
2-Methylnaphthalene 31,000 (2) 410,000 (2) NE NE

Acenaphthene 340,000 (2) 3,300,000 (2) NE NE

Acenaphthylene 340,000 (2)(3) 3,300,000 (2)(3) NE NE

Anthracene 1,700,000 (2) 17,000,000 (2) NE NE

Benzo(a)anthracene 150 2,100 NE NE

Benzo(a)pyrene (BaP) 15.0 210 NE NE

Benzo(b)fluoranthene 150 2,100 NE NE

Benzo(g,h,i)perylene 170,000 (2)(4) 1,700,000 (2)(4) NE NE

Benzo(k)fluoranthene 1,500 21,000 NE NE

Bis(2-ethylhexyl) Phthalate (BEHP) 35,000 120,000 6,010 (7)(8) NE

Chrysene 15,000 210,000 NE NE

Dibenz(a,h)anthracene 15.0 210 NE NE

Fluoranthene 230,000 (2) 2,200,000 (2) NE NE

Fluorene 230,000 (2) 2,200,000 (2) NE NE

Indeno(1,2,3-cd)pyrene 150 2,100 NE NE

Naphthalene 3,600 18,000 NE NE

Phenanthrene 170,000 (2)(4) 1,700,000 (2)(4) NE NE

Pyrene 170,000 (2) 1,700,000 (2) NE NE

PAH totals (ug/kg)
Low molecular weight PAHs NE NE 29,000 (9)(10) NE

High molecular weight PAHs NE NE 18,000 (9)(11) NE

PCBs (ug/kg)
Aroclor-1260 220 740 NE NE

57SB03 57SB04 57SB04 57SB05 57SB05
57SB03-05 57SB04-01 57SB04-05 57SB05-01 57SB05-01D
1/26/2010 1/28/2010 1/28/2010 1/27/2010 1/27/2010
9.0 - 11.0 1.0 - 3.0 9.0 - 11.0 1.0 - 3.0 1.0 - 3.0

11 U 3.4 J 11 U 9.8 U 11 U

11 U 1.3 J 11 U 9.8 U 11 U

11 U 6.8 J 11 UJ 9.8 U 11 U

11 U 4.2 J 11 UJ 9.8 U 11 U

11 U 20 0.96 J 9.8 U 11 U

11 U 17 0.59 J 9.8 U 11 U

11 U 9.6 J 11 U 9.8 U 11 U

11 U 5.7 J 11 UJ 9.8 U 11 U

11 U 11 0.65 J 9.8 U 11 U

60 J 56 J 230 U 200 U 220 U

11 U 20 1.1 J 9.8 U 11 U

11 U 1.8 J 11 U 9.8 U 11 U

11 U 18 11 U 9.8 U 11 U

11 U 1.6 J 11 UJ 9.8 U 11 U

11 U 7 J 11 U 9.8 U 11 U

11 U 10 UJ 11 UJ 0.9 J 11 U

11 U 9.2 J 11 U 9.8 U 11 U

11 U 28 11 U 9.8 U 11 U

88 54.5 88 69.5 88

99 120.1 58.3 88.2 99

38 U 37 U 40 U 35 U 39 U
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TABLE 6-2

SUMMARY OF DETECTED LABORATORY RESULTS - SUBSURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  
Sample ID Screening Screening Ecological
Sample Date Levels Levels  Soil NAPR 
Sample Depth (ft bgs) Residential  Industrial Screening Basewide

Soil Soil  Values Background(1) 

TPH (mg/kg)
Diesel Range Organics (DRO) 100 (5) 100 (5) NE NE

Gasoline Range Organics (GRO) 100 (5) 100 (5) NE NE

Total TPH 100 (5) 100 (5) NE NE

Inorganics (mg/kg)
Antimony 3.10 (2) 41.0 (2) 10.0 (12) NE

Arsenic 0.390 1.60 18.0 (13) 1.59

Barium 1,500 (2) 19,000 (2) 330 (14) 220

Beryllium 16.0 (2) 200 (2) 21.0 (15) 0.596

Cadmium 7.0 (2) 80.0 (2) 0.770 (16) 0.539

Chromium 12,000 (2)(6) 150,000 (2)(6) 26.0 (17) 114

Cobalt 2.30 (2) 30.0 (2) 13.0 (18) 26.9

Copper 310 (2) 4,100 (2) 28.0 (19) 246

Lead 40.0 80.0 11.0 (20) 6.29

Mercury 0.560 (2) 3.40 (2) 0.10 (21) 0.108

Nickel 150 (2) 2,000 (2) 38.0 (22) 24.7

Selenium 39.0 (2) 510 (2) 0.520 (23) 5.94

Silver 39.0 (2) 510 (2) 4.20 (23) NE

Thallium NE NE 1.0 (24) 0.924

Tin 4,700 (2) 61,000 (2) 50.0 (25) 3.56

Vanadium 0.550 (2) 7.20 (2) 7.80 (26) 434

Zinc 2,300 (2) 31,000 (2) 46.0 (27) 88.1

57SB03 57SB04 57SB04 57SB05 57SB05
57SB03-05 57SB04-01 57SB04-05 57SB05-01 57SB05-01D
1/26/2010 1/28/2010 1/28/2010 1/27/2010 1/27/2010
9.0 - 11.0 1.0 - 3.0 9.0 - 11.0 1.0 - 3.0 1.0 - 3.0

3.8 J 4.2 J 3.7 J 7.9 J 6.5 J

0.64 U 0.61 U 0.67 U 0.59 U 0.66 U

4.44 J 4.81 J 4.37 J 8.49 J 7.16 J

1.2 J 1.2 J 1.3 J 1 J 1.7 J

0.52 J 1 J 1.4 0.97 J 1.7 J

72.8 36.7 1240 131 J 228 J

0.23 U 0.41 U 0.92 0.4 U 0.61 U

0.15 U 0.12 U 0.35 U 0.7 0.81

15.4 23.1 44.9 24.9 30

23.7 12.9 149 43.2 73.9
87.3 J 56.2 J 104 J 52.9 J 68.7 J

5.7 J 16.5 J 5.3 J 39.6 J 56 J

0.02 U 0.019 U 0.02 U 0.11 J 0.061 J

15.5 10.8 41.4 17.9 14.2

0.45 R 0.41 R 0.47 R 0.4 R 0.46 R

0.26 J 0.19 J 0.4 J 0.37 J 0.43 J

2.8 2 7.3 3.5 5

1.3 J 1.7 J 1.7 J 0.91 J 1.6 J

198 155 263 172 220
70.6 35.1 92 59.3 77

K:\_SOUTHNAVFAC\119197 JM01\SWMU 57\Report_Ph I RFI\Draft\Tables\57 Formatted Tables rev6.xlsx SB Page 4 of 8



TABLE 6-2

SUMMARY OF DETECTED LABORATORY RESULTS - SUBSURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  
Sample ID Screening Screening Ecological
Sample Date Levels Levels  Soil NAPR 
Sample Depth (ft bgs) Residential  Industrial Screening Basewide

Soil Soil  Values Background(1) 

Semivolatiles (ug/kg)
2-Methylnaphthalene 31,000 (2) 410,000 (2) NE NE

Acenaphthene 340,000 (2) 3,300,000 (2) NE NE

Acenaphthylene 340,000 (2)(3) 3,300,000 (2)(3) NE NE

Anthracene 1,700,000 (2) 17,000,000 (2) NE NE

Benzo(a)anthracene 150 2,100 NE NE

Benzo(a)pyrene (BaP) 15.0 210 NE NE

Benzo(b)fluoranthene 150 2,100 NE NE

Benzo(g,h,i)perylene 170,000 (2)(4) 1,700,000 (2)(4) NE NE

Benzo(k)fluoranthene 1,500 21,000 NE NE

Bis(2-ethylhexyl) Phthalate (BEHP) 35,000 120,000 6,010 (7)(8) NE

Chrysene 15,000 210,000 NE NE

Dibenz(a,h)anthracene 15.0 210 NE NE

Fluoranthene 230,000 (2) 2,200,000 (2) NE NE

Fluorene 230,000 (2) 2,200,000 (2) NE NE

Indeno(1,2,3-cd)pyrene 150 2,100 NE NE

Naphthalene 3,600 18,000 NE NE

Phenanthrene 170,000 (2)(4) 1,700,000 (2)(4) NE NE

Pyrene 170,000 (2) 1,700,000 (2) NE NE

PAH totals (ug/kg)
Low molecular weight PAHs NE NE 29,000 (9)(10) NE

High molecular weight PAHs NE NE 18,000 (9)(11) NE

PCBs (ug/kg)
Aroclor-1260 220 740 NE NE

57SB05 57SB06 57SB06 57SB07 57SB07
57SB05-05 57SB06-01 57SB06-05 57SB07-01 57SB07-05
1/27/2010 1/28/2010 1/28/2010 1/27/2010 1/27/2010
9.0 - 11.0 1.0 - 3.0 9.0 - 11.0 1.0 - 3.0 9.0 - 11.0

10 U 1.1 J 0.94 J 11 U 10 U

10 U 10 U 9.7 U 11 U 10 U

10 U 0.98 J 0.7 J 11 U 10 U

10 U 1.3 J 0.8 J 11 U 10 U

10 U 3 J 1.6 J 11 U 10 U

10 U 10 U 0.93 J 11 U 10 U

10 U 10 U 1 J 11 U 10 U

10 U 10 UJ 9.7 UJ 11 U 10 U

10 U 10 U 0.82 J 11 U 10 U

210 U 58 J 270 220 U 210 U

10 U 2.9 J 1.7 J 11 U 10 U

10 U 10 U 9.7 U 11 U 10 U

10 U 10 U 9.7 U 11 U 10 U

10 U 10 UJ 9.7 UJ 11 U 10 U

10 U 10 U 9.7 U 11 U 10 U

0.96 J 10 UJ 9.7 UJ 11 U 10 U

10 U 3.1 J 2.3 J 11 U 10 U

10 U 10 U 9.7 U 11 U 10 U

70.96 46.48 43.54 88 80

90 75.9 44.85 99 90

38 U 37 U 35 U 34 J 37 U
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TABLE 6-2

SUMMARY OF DETECTED LABORATORY RESULTS - SUBSURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Regional  Regional  Selected  
Sample ID Screening Screening Ecological
Sample Date Levels Levels  Soil NAPR 
Sample Depth (ft bgs) Residential  Industrial Screening Basewide

Soil Soil  Values Background(1) 

TPH (mg/kg)
Diesel Range Organics (DRO) 100 (5) 100 (5) NE NE

Gasoline Range Organics (GRO) 100 (5) 100 (5) NE NE

Total TPH 100 (5) 100 (5) NE NE

Inorganics (mg/kg)
Antimony 3.10 (2) 41.0 (2) 10.0 (12) NE

Arsenic 0.390 1.60 18.0 (13) 1.59

Barium 1,500 (2) 19,000 (2) 330 (14) 220

Beryllium 16.0 (2) 200 (2) 21.0 (15) 0.596

Cadmium 7.0 (2) 80.0 (2) 0.770 (16) 0.539

Chromium 12,000 (2)(6) 150,000 (2)(6) 26.0 (17) 114

Cobalt 2.30 (2) 30.0 (2) 13.0 (18) 26.9

Copper 310 (2) 4,100 (2) 28.0 (19) 246

Lead 40.0 80.0 11.0 (20) 6.29

Mercury 0.560 (2) 3.40 (2) 0.10 (21) 0.108

Nickel 150 (2) 2,000 (2) 38.0 (22) 24.7

Selenium 39.0 (2) 510 (2) 0.520 (23) 5.94

Silver 39.0 (2) 510 (2) 4.20 (23) NE

Thallium NE NE 1.0 (24) 0.924

Tin 4,700 (2) 61,000 (2) 50.0 (25) 3.56

Vanadium 0.550 (2) 7.20 (2) 7.80 (26) 434

Zinc 2,300 (2) 31,000 (2) 46.0 (27) 88.1

57SB05 57SB06 57SB06 57SB07 57SB07
57SB05-05 57SB06-01 57SB06-05 57SB07-01 57SB07-05
1/27/2010 1/28/2010 1/28/2010 1/27/2010 1/27/2010
9.0 - 11.0 1.0 - 3.0 9.0 - 11.0 1.0 - 3.0 9.0 - 11.0

5.1 J 4.7 J 4.1 J 11 J 10 J

0.62 U 0.62 U 0.58 U 0.66 UJ 0.61 U

5.72 J 5.32 J 4.68 J 11.66 J 10.61 J

1.2 J 0.97 J 1.5 J 1.4 J 1.4 J

0.42 J 0.77 J 1.1 J 1.1 J 0.55 J

81.3 47.2 302 115 10.7 J

0.24 U 0.39 U 1.2 0.57 U 0.21 U

0.2 U 0.44 U 0.63 0.22 U 0.27 U

22.3 21.9 10.8 29.3 21.4

33 34.4 104 38 13.8
72.8 J 67.5 J 147 J 74.6 J 58.7 J

4.5 J 17.4 J 7.4 J 20.3 J 5.7 J

0.02 U 0.043 0.018 U 0.05 0.02 U

25.8 16.2 17 13.5 18.7

0.45 R 0.43 R 0.41 R 0.47 R 0.42 R

0.14 J 0.42 J 0.22 J 0.18 J 0.12 J

3.4 2 4.1 2.3 1.9

1.6 J 1.1 J 0.72 J 1.7 J 0.92 J

136 149 215 184 121
98.9 69.3 246 70.1 103
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TABLE 6-2

SUMMARY OF DETECTED LABORATORY RESULTS - SUBSURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Notes/Qualifiers:

U - Undetected at the Method Detection Limit ft bgs - feet below ground surface
UJ - Reported quantitation limit is qualified as estimated ug/kg -  micrograms per kilogram
J -  Estimated: The analyte was positively identified; the quantitation is an estimation mg/kg - milligrams per kilogram
R - Rejected data; data is not usable NAPR - Naval Activity Puerto Rico
NE - Not Established PCB - Polychlorinated Biphenyls

TPH - Total Petroleum Hydrocarbons

(1)  NAPR basewide bkg subsurface soil screening value for clay [Table 3-4] (upper limit of the means concentration [mean plus two standard deviations]) (Baker, 2010)
(2)  Noncarcinogenic Regional Screening Levels based on a target hazard quotient of 0.1 for conservative screening purposes.
(3)  Value for acenaphthene used as a surrogate.
(4)  Value for pyrene used as a surrogate.
(5)  Puerto Rico specific value
(6)  Value for chromium III  used as a surrogate.
(7)  The screening value shown is an average of the target and intervention soil standards.  The value is based on a default organic carbon content
      of 0.02 (2 percent), which represents a minimum value (adjustment range is 2 to 30 percent).
(8)  The value represents a total concentration for all phthalates.  [MHSPE 2000]
(9)  Ecological soil screening level for soil invertebrates [USEPA 2007a]
(10)  Low molecular weight PAHs are defined by the USEPA (2007a) as PAH compounds composed of fewer than four rings.  The low molecular weight PAH compounds 
       analyzed for in SWMU 56 soil were 2-methylnaphthalene, acenaphthene, acenaphthylene, anthracene, fluoranthene, fluorene, naphthalene, and phenanthrene.
(11)  High molecular weight PAHs are defined by the USEPA (2007a) as PAH compounds composed of four or more rings.  The high molecular weight PAH compounds 
       analyzed for in SWMU 56 soil were benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, chrysene, 
       dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene, and pyrene.
(12)  Ecological soil screening level for mammalian herbivores [USEPA 2005a]
(13)  Ecological soil screening level for plants [USEPA 2005b]
(14)  Ecological soil screening level for soil invertebrates [USEPA 2005c] (21)  Toxicological threshold for earthworms [Efroymson et al. 1997a]
(15)  Ecological soil screening level for mammalian herbivores [USEPA 2005d] (22)  Ecological soil screening level for plants [USEPA 2007c]
(16)  Ecological soil screening level for avian ground insectivores [USEPA 2005e] (23)  Ecological soil screening level for plants [USEPA 2007d]
(17)  Ecological soil screening level for avian ground insectivores [USEPA 2008] (24)  Ecological soil screening level for avian ground insectivores [USEPA 2006]
(18)  Ecological soil screening level for plants [USEPA 2005f] (25)  Toxicological threshold for plants [Efroymson et al. 1997b]
(19)  Ecological soil screening level for avian ground insectivores [USEPA 2007b] (26)  Ecological soil screening level for avian ground insectivores [USEPA 2005h]
(20)  Ecological soil screening level for avian ground insectivores [USEPA 2005g] (27)  Ecological soil screening level for avian ground insectivores [USEPA 2007e]
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TABLE 6-2

SUMMARY OF DETECTED LABORATORY RESULTS - SUBSURFACE SOIL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO
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Baker Environmental, Inc, (2010). Revised Final II Summary Report for Environmental Background Concentrations of Inorganic Compounds, Naval Activity 
Puerto Rico, Ceiba, Puerto Rico. July 30, 2010.

Efroymson, R.A., M.E. Will, and G.W. Suter II. 1997a. Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Soil and Litter
Invertebrates and Heterotrophic Process: 1997 Revisions. Oak Ridge National Laboratory, Oak Ridge, TN. ES/ER/TM-126/R2.
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TABLE 6-3

SUMMARY OF DETECTED LABORATORY RESULTS - GROUNDWATER
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Revised: 11/24/2010

Site ID Regional Puerto Rico  13GW07 57SB01 57SB02 57SB04 57SB05 57SB07 57SB07
Sample ID  Tap Water Water NAPR 13GW07 57GW01 57GW02 57GW04 57GW05 57GW07 57GW07D
Sample Date Screening Quality Basewide 1/31/2010 2/1/2010 1/31/2010 1/31/2010 2/1/2010 1/31/2010 1/31/2010

Levels Standards Background(1) 

Volatiles (ug/L)
Carbon Disulfide 100 (2) 15.0 (8)(9) NE NE 0.5 U 0.5 U 1.8 0.25 J 1.3 R 0.16 J 0.19 J
Chloroform 0.190 815 (10) 57 NE 0.5 U 0.5 U 5 3.2 U 1.4 R 0.5 U 0.5 U
Methyl Iodide NE NE NE 0.5 U 0.5 U 0.2 J 0.5 U 1.3 R 0.5 UJ 0.5 UJ
Semivolatiles (ug/L)
Acenaphthene 220 (2) 9.70 (10) 670 NE 0.21 U 0.21 U 0.2 U 0.2 U 0.41 0.2 U 0.21 U
Acenaphthylene 220 (2)(3) 6.0 (11) 670 NE 0.21 U 0.21 U 0.03 J 0.2 U 0.011 J 0.2 U 0.21 U
Anthracene 1,100 (2) 5.35 (12) 8,300 NE 0.21 U 0.21 U 0.2 U 0.2 U 0.55 0.2 U 0.21 U
Benzo(a)anthracene 0.0290 0.0250 (9)(13) 0.038 NE 0.21 U 0.21 U 0.2 U 0.2 U 0.18 J 0.2 U 0.21 U
Benzo(a)pyrene (BaP) 0.00290 10.0 (14) 0.038 NE 0.21 U 0.21 U 0.2 U 0.2 U 0.023 J 0.2 U 0.21 U
Benzo(b)fluoranthene 0.0290 6.0 (15) 0.038 NE 0.21 U 0.21 U 0.2 U 0.2 U 0.031 J 0.2 U 0.21 U
Benzo(g,h,i)perylene 110 (2)(4) 6.0 (15) NE NE 0.011 J 0.21 U 0.2 U 0.2 U 0.012 J 0.2 U 0.21 U
Benzo(k)fluoranthene 0.290 6.0 (15) 0.038 NE 0.21 UJ 0.21 UJ 0.2 UJ 0.2 UJ 0.025 J 0.2 UJ 0.21 UJ
Chrysene 2.90 10.0 (14) 0.038 NE 0.018 J 0.21 U 0.2 U 0.2 U 0.19 J 0.2 U 0.017 J
Diethyl Phthalate (DEP) 2,900 (2) 75.9 (10) 17,000 NE 5.1 U 5.3 U 5 U 5 U 0.6 J 5 U 5.3 U
Fluoranthene 150 (2) 11.0 (16) 130 NE 0.21 U 0.21 U 0.2 U 0.2 U 2.4 0.2 U 0.21 U
Phenanthrene 110 (2)(4) 8.30 (16) 830 NE 0.06 J 0.21 U 0.2 U 0.2 U 0.049 J 0.2 U 0.078 J
Pyrene 110 (2) 0.248 (12) 830 NE 0.21 U 0.21 U 0.2 U 0.2 U 1.9 0.2 U 0.21 U
PCBs (ug/kg)
Not Detected
TPH (mg/L)
Diesel Range Organics (DRO) 50.0 (5) NE NE 0.53 U 0.51 U 0.5 U 0.56 U 0.5 U 0.5 U 0.56 U
Gasoline Range Organics (GRO) 50.0 (5) NE NE 0.5 U 0.5 UJ 0.5 U 0.5 U 2.1 0.5 U 0.5 U
Total TPH 50.0 (5) NE NE 1.03 U 1.01 UJ 1 U 1.06 U 2.6 1 U 1.06 U

NE
NE

Selected
Ecological

Groundwater
Screening Values 

NE

NE
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TABLE 6-3

SUMMARY OF DETECTED LABORATORY RESULTS - GROUNDWATER
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Revised: 11/24/2010

Site ID Regional Puerto Rico  13GW07 57SB01 57SB02 57SB04 57SB05 57SB07 57SB07
Sample ID  Tap Water Water NAPR 13GW07 57GW01 57GW02 57GW04 57GW05 57GW07 57GW07D
Sample Date Screening Quality Basewide 1/31/2010 2/1/2010 1/31/2010 1/31/2010 2/1/2010 1/31/2010 1/31/2010

Levels Standards Background(1) 

Selected
Ecological

Groundwater
Screening Values 

Total Inorganics (ug/L)
Antimony 1.50 (2) 500 (24) 5.6 12.2 2.9 U 2.9 U 2.9 U 3.7 J 2.9 U 2.9 U 2.9 U
Barium 730 (2) 16,667 (18) 2000(26) 686 30 J 17.3 R 83.8 J 26.9 J 24.8 J 17.9 J 18.2 J
Cadmium 1.80 (2) 8.85 (25) 5 16.6 0.34 U 0.34 U 0.85 J 0.34 U 0.34 U 0.91 J 0.4 J
Cobalt 1.10 (2) 45.0 (20) NE 633 3.2 J 1.5 J 9.5 J 1.3 J 3 J 2.1 J 0.83 J
Copper 150 (2) 3.73 (25) 1,300 324 2.8 J 1.5 U 6.5 2.5 J 5 J 2.9 J 3 J
Lead 15.0 (7) 8.52 (25) 15 26.3 1.8 U 2 U 2.7 U 1.8 U 17.7 2.2 U 2.3 U
Mercury 0.0570 (2) 1.11 (25) 0.5 0.15 0.97 1.4 0.1 U 0.19 J 0.1 U 0.13 J 0.22
Selenium 18.0 (2) 71.1 (25) 50 29.88 3.6 UJ 3.9 J 3.6 UJ 3.6 UJ 3.6 UJ 3.6 UJ 4.5 J
Silver 18.0 (2) 2.24 (10) NE 18.31 1 J 1.3 J 1.2 U 0.96 U 0.96 U 0.96 U 0.96 U
Thallium 2.0 (7) 21.3 (10) 0.24 NE 5.3 U 5.3 U 5.6 J 5.3 U 5.3 U 5.3 U 5.3 U
Tin 2,200 (2) 180 (9)(13) NE 9.4 7.9 J 5.5 J 8 J 6.2 J 6.3 J 8.8 J 5.1 U
Vanadium 0.260 (2) 12.0 (9)(13) NE 484.66 24.4 6.5 J 37.5 29.6 15.5 J 13.6 J 11.8 J
Zinc 1,100 (2) 85.6 (25) NE 547.53 5.7 U 9.4 U 28 10.1 U 9.5 U 11 U 10.6 U
Dissolved Inorganics (ug/L)

Barium 730 (2) 16,667 (17)(18) 2000(26) 260.0 25.7 J 28 R 93.1 J 25.7 J 22.5 J 16.3 J 16.3 J
Chromium 5,500 (2)(6) 50 (19) 100 6.5 0.95 U 1.2 J 0.95 U 2.9 J 0.95 U 3 J 3.6 J
Cobalt 1.10 (2) 45.0 (17)(20) NE 580.5 3.6 J 3.5 J 12.8 J 2.2 J 3.7 J 1.6 J 3.3 J
Copper 150 (2) 3.10 (21) 1,300 29.0 1.6 J 1.6 U 2.8 J 1.9 J 1.5 U 1.5 U 1.6 J
Lead 15.0 (7) 8.10 (21) 15 1.3 2.7 U 1.8 U 2 U 2.1 U 14.9 1.8 U 1.8 U
Mercury 0.0570 (2) 0.940 (21) 0.5 0.157 1.1 1.2 0.1 U 0.28 0.1 U 0.1 U 0.17 J
Nickel 73.0 (2) 8.20 (22) 610 84.1 1.3 J 5.4 J 17.4 J 4.3 J 2.2 U 5.7 J 6.5 J
Silver 18.0 (2) 2.24 (17)(21) NE 3.67 1 J 1.1 U 0.96 U 0.96 U 0.96 U 0.96 U 1.4 J
Tin 2,200 (2) 180 (9)(13)(17) NE 84.1 9.5 J 5.1 J 6.2 J 5.1 U 5.1 U 5.2 J 5.1 U
Vanadium 0.260 (2) 12.0 (9)(13)(17) NE 20.96 23.8 8.6 J 28.3 28.1 9.2 J 10.7 J 11.5 J
Zinc 1,100 (2) 81.0 (23) NE 360.64 5.3 U 12.5 U 23.3 11.1 U 5.5 U 5.7 U 7.8 U
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TABLE 6-3

SUMMARY OF DETECTED LABORATORY RESULTS - GROUNDWATER
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Revised: 11/24/2010

Notes/Qualifiers:

U - Undetected at the Method Detection Limit ug/L -  micrograms per liter
UJ - Reported quantitation limit is qualified as estimated mg/L - milligrams per liter
J -  Estimated: The analyte was positively identified; the quantitation is an estimation NAPR - Naval Activity Puerto Rico
R - Rejected data; data is not usable USEPA - United States Environmental Protection Agency
NE - Not Established TPH - Total Petroleum Hydrocarbons
PRWQS - Puerto Rico Water Quality Standards MCL - Maximum Contaminant Level

(1)  NAPR basewide background groundwater screening value (upper limit of the means concentration [mean plus two standard deviations]) (Baker, 2008)
(2)  Noncarcinogenic Regional Screening Levels based on a target hazard quotient of 0.1 for conservative screening purposes.
(3)  Value for acenaphthene used as a surrogate.
(4)  Value for pyrene used as a surrogate.
(5)  Puerto Rico specific value
(6)  Value for chromium III  used as a surrogate.
(7)  Value for MCL
(8)  The safety factors applied to acute endpoints (i.e., LC50, EC50, NOEC, and LOEL values) and chronic endpoints (i.e., LOELs) are those recommended by Wentsel et al. (1996).
(9)  USEPA Region 5 ecological screening level [USEPA 2003]
(10)  USEPA Region 4 chronic screening value [USEPA 2001]
(11)  Acute LOEL for chemical class with a safety factor of 50 (value for low molecular weight PAHs) [Buchman 2008]
(12)  Minimum acute value (48-hr LC50 for Americamysis bahia [opossum shrimp]) with a safety factor of 100 [USEPA 2007]
(13)  The chemical lacks a marine/estuarine surface water screening value/literature-based toxicity value.  The value shown is a freshwater screening value/toxicity value.
(14)  Acute value (LC50) with a safety factor of 100 [USEPA 2004]
(15)  Acute LOEL for chemical class with a safety factor of 50 (value for high molecular weight PAHs) [Buchman 2008]
(16)  Final Chronic Value [USEPA 1996]
(17)  The chemical lacks a screening value expressed as a dissolved concentration.  The value shown is expressed as a total recoverable concentration.
(18)  Minimum acute value (96-hr NOEC for Cyprinodon variegatus [sheepshead minnow]) with a safety factor of 30 [USEPA 2007]
(19)  Dissolved Criteria Continuous Concentration for hexavalent chromium [USEPA 2009]
(20)  Minimum acute value (96-hr LC50 for Nitocra spinipes [Harpacticoid copepod]) with a safety factor of 100 [USEPA 2007]
(21)  Criteria Continuous Concentration based on Final Residaul Value/Puerto Rico Water Quality Standard [USEPA 2009/PREQB 2003]
(22)  Dissolved Criteria Continuous Concentration [USEPA 2009]
(23)  Dissolved Criteria Continuous Concentration/Puerto Rico Water Quality Standard [USEPA 2009/PREQB 2003]
(24)  Proposed Criteria Continuous Concentration [Buchman 2008]
(25)  Total recoverable Criteria Continuous Concentration [USEPA 2009]
(26)   MCL was used; there is not a  PRWQS value established
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TABLE 6-3

SUMMARY OF DETECTED LABORATORY RESULTS - GROUNDWATER
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Revised: 11/24/2010
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TABLE 6-4

SUMMARY OF DETECTED LABORATORY RESULTS - CONCRETE CHIP
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID 57CC01 57CC02 57CC03 57CC04 57CC04
Sample ID 57CC01 57CC02 57CC03 57CC04 57CC04D
Sample Date 1/30/2010 1/30/2010 1/30/2010 1/30/2010 1/30/2010

Semivolatiles (ug/kg)
Bis(2-ethylhexyl) Phthalate 8100 U 5200 U 5400 U 1400 J 5200 U
Isophorone 48000 1200 J 6000 11000 1700 J
TPH (mg/kg)
Diesel Range Organics 20 J 200 72 130 70
Inorganics (mg/kg)
Arsenic 2.3 1.7 3.1 1.5 1.4
Barium 184 81.1 150 109 94.4
Beryllium 0.55 0.22 J 0.37 J 0.39 J 0.28 J
Cadmium 2.8 J 0.2 J 1.3 J 2.9 J 1.5 J
Chromium 13.3 7.2 19.1 8.1 7
Cobalt 1.4 1.9 2.5 1.5 1.8
Copper 12.1 J 13.3 J 31.2 J 23 J 12.9 J
Lead 13.4 7.6 8.3 6.6 J 4.5 J
Nickel 5.3 3.6 J 12.8 5.2 4.1
Vanadium 17.6 18.5 18.6 18 16.5
Zinc 16.7 J 17.3 J 23.2 J 19.2 J 27.4 J

Notes:
U - Not detected ug/kg -  micrograms per kilogram
J - Analyte present - Reported value is estimated mg/kg - milligrams per kilogram
TPH - Total Petroleum Hydrocarbons
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TABLE 6-5

SUMMARY OF DETECTED LABORATORY RESULTS - CONCRETE WIPE
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID 57WS01 57WS02 57WS03 57WS04 57WS04
Sample ID 57WS01 57WS02 57WS03 57WS04 57WS04D
Sample Date 1/30/2010 1/30/2010 1/30/2010 1/30/2010 1/30/2010

Semivolatiles (ug/wipe)
4-Chloro-3-methylphenol 330 U 28 J 330 U 660 U 660 U
Acenaphthene 1.4 J 2.1 J 1 J 1.6 J 1.5 J
Acenaphthylene 8.3 U 8.3 U 0.89 J 17 U 17 U
Fluorene 1 J 1.4 J 0.73 J 0.96 J 1.2 J
Phenanthrene 2.8 J 3.7 J 1.7 J 2.8 J 2.9 J
TPH (mg/wipe)
Diesel Range Organics 2.1 1.9 1.9 1.8 2.2
Inorganics (ug/wipe)
Antimony 0.29 U 0.48 J 0.29 U 0.29 U 0.29 J
Chromium 0.56 J 0.76 J 1.4 0.55 J 0.49 J
Cobalt 0.08 U 0.08 U 0.13 J 0.08 U 0.08 U
Copper 0.45 J 0.87 J 2 0.56 J 0.49 J
Lead 0.8 J 0.96 J 1.5 J 1.3 J 0.87 J
Nickel 0.1 J 0.23 J 23.1 0.1 U 0.1 J
Selenium 0.36 U 0.36 U 0.5 J 0.47 J 0.36 U
Tin 1.3 J 1.8 J 1.4 J 1.3 J 1.8 J
Zinc 4.9 7.3 6.5 10.6 J 5.5 J

Notes:

U - Not detected ug/wipe -  micrograms per wipe
J - Analyte present - Reported value is estimated mg/wipe - milligrams per wipe
TPH - Total Petroleum Hydrocarbons
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TABLE 6-6

SUMMARY OF DETECTED LABORATORY RESULTS - QUALITY ASSURANCE / QUALITY CONTROL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Equipment Rinsates Field Blanks

Sample ID 57ER01 57ER02 57ER03 57ER04(1) 57ER05 57ER06 57ER07 57ER08 57FB01 57FB02
Sample Date 1/26/2010 1/27/2010 1/28/2010 1/29/2010 1/30/2010 1/31/2010 2/1/2010 5/20/2010 1/26/2010 2/1/2010

Volatiles (ug/L)
2-Butanone 2.2 J 1.4 J 1.3 J 0.61 J NA 0.67 J 0.94 J NA 1.8 J 4 J
Acetone 4.6 4 3.7 3 J NA 2.9 J 2.5 J NA 5.7 8.3 J
Acetonitrile 0.26 J 0.5 U 0.32 J 0.23 J NA 0.5 U 0.26 J NA 0.5 U 0.5 U
Bromodichloromethane 0.5 U 0.5 U 0.5 U 0.5 U NA 0.5 U 0.5 U NA 0.5 U 1.1
Bromoform 0.5 U 0.5 U 0.5 U 0.5 U NA 0.5 U 0.5 U NA 0.5 U 2.1
Chloroform 0.19 J 0.19 J 0.16 J 0.17 J NA 0.2 J 0.18 J NA 0.18 J 4.8
Chloromethane 0.46 J 0.5 U 0.31 J 0.5 U NA 0.5 U 0.5 U NA 0.5 U 0.5 U
Dibromochloromethane 0.5 U 0.5 U 0.5 U 0.5 U NA 0.5 U 0.5 U NA 0.5 U 1.2
Methylene Chloride 13 14 13 12 NA 14 13 NA 12 0.58
Toluene 5.1 4.8 3.7 3.3 NA 4.5 4.8 NA 4.9 0.5 U
Semivolatiles (ug/L)
2-Methylnaphthalene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.068 J NA 0.21 U 0.019 J
Acenaphthene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.08 J NA 0.21 U 0.2 U
Acenaphthylene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.011 J NA 0.21 U 0.2 U
Anthracene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.085 J NA 0.21 U 0.2 U
Benzo(a)anthracene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.044 J NA 0.21 U 0.2 U
Benzo(g,h,i)perylene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.013 J NA 0.21 U 0.2 U
Benzyl Alcohol 5.1 U 5.3 U 5.4 UJ 5.4 UJ 5.26 U 5.1 U 5 U NA 5.1 U 0.6 J
Chrysene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.039 J NA 0.21 U 0.2 U
Fluorene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.06 J NA 0.21 U 0.2 U
Indeno(1,2,3-cd)pyrene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.011 J NA 0.21 U 0.2 U
Naphthalene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.2 U NA 0.21 U 0.067 J
Phenanthrene 0.21 U 0.21 U 0.22 U 0.22 U 0.21 U 0.21 U 0.25 NA 0.21 U 0.2 U
Pyrene 0.21 U 0.21 U 0.028 J 0.22 U 0.21 U 0.21 U 0.12 J NA 0.21 U 0.2 U
TPH (mg/L)
Gasoline Range Organics 0.048 J 0.038 J 0.043 J 0.03 J NA 0.029 J 0.035 J 0.04 J 0.048 J 0.03 J
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TABLE 6-6

SUMMARY OF DETECTED LABORATORY RESULTS - QUALITY ASSURANCE / QUALITY CONTROL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Equipment Rinsates Field Blanks

Sample ID 57ER01 57ER02 57ER03 57ER04(1) 57ER05 57ER06 57ER07 57ER08 57FB01 57FB02
Sample Date 1/26/2010 1/27/2010 1/28/2010 1/29/2010 1/30/2010 1/31/2010 2/1/2010 5/20/2010 1/26/2010 2/1/2010

Total Inorganics (ug/L)
Beryllium 0.23 U 0.23 U 0.23 U 0.23 U 0.23 U 0.23 U 0.23 U NA 0.23 U 0.28 J
Copper 1.5 U 1.5 U 1.5 J 1.5 U 1.5 U 1.5 U 1.6 J NA 1.5 U 1.5 U
Lead 2.2 J 1.8 J 1.8 U 2.9 J 1.8 U 2.5 J 2.7 J NA 1.8 U 1.8 U
Nickel 0.96 U 0.96 U 2.1 J 0.96 U 0.96 U 0.96 U 0.96 U NA 0.96 U 0.96 U
Zinc 1.3 J 7.8 J 2.9 J 1.2 J 1.7 J 6.8 J 34.5 NA 0.53 U 0.96 J
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TABLE 6-6

SUMMARY OF DETECTED LABORATORY RESULTS - QUALITY ASSURANCE / QUALITY CONTROL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Sample ID
Sample Date

Volatiles (ug/L)
2-Butanone
Acetone
Acetonitrile
Bromodichloromethane
Bromoform
Chloroform
Chloromethane
Dibromochloromethane
Methylene Chloride
Toluene
Semivolatiles (ug/L)
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(g,h,i)perylene
Benzyl Alcohol
Chrysene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
TPH (mg/L)
Gasoline Range Organics

Trip Blanks

57TB01 57TB02 57TB03 57TB04 57TB05 57TB06 57TB07
1/26/2010 1/26/2010 1/27/2010 1/29/2010 2/1/2010 2/2/2010 5/20/2010

2.5 R 2.5 R 2.5 R 2.5 R 2.5 R NA NA
3.5 U 3.5 U 3.5 R 3.5 R 3.5 R NA NA
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA NA
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA NA
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA NA
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA NA
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA NA
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA NA
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA NA
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

0.051 J 0.031 J 0.034 J 0.036 J NA 0.029 J 0.036 J
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TABLE 6-6

SUMMARY OF DETECTED LABORATORY RESULTS - QUALITY ASSURANCE / QUALITY CONTROL
SWMU 57 – FACILITY NO. 278 POL DRUM STORAGE AREA

PHASE I RFI REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Sample ID
Sample Date

Total Inorganics (ug/L)
Beryllium
Copper
Lead
Nickel
Zinc

Trip Blanks

57TB01 57TB02 57TB03 57TB04 57TB05 57TB06 57TB07
1/26/2010 1/26/2010 1/27/2010 1/29/2010 2/1/2010 2/2/2010 5/20/2010

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

Notes:
U - Not detected ug/L -  micrograms per liter
UJ - Reported quantitation limit is qualified as estimated mg/L - milligrams per liter
J - Analyte present - Reported value is estimated
R - Result is rejected and unusable
NA - Not Analyzed
TPH - Total Petroleum Hydrocarbons

      (1) The VOCs are from 2/2/2010; the TPH GRO results are from 5/20/2010
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A-3 PHASE I RFI HISTORICAL WELL CONSTRUCTION LOGS



TEST BORING AND WELL CONSTRUCTION RECORD 
Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWMU 57 
PROJ. NO.: 119197, 6.2 BORING NO.: 57SB0 1 
COORDINATES: EAST: 939227.2415 NORTH: 804379.79 14 
ELEVATION: SURFACE: 11 5.4 TOP OF PVC CASING: 11 8.42 

Rig: Geoprobe 66 J ODT Depth to 
MC Casing Au gen Core Date Progress Weather Water 

Sampler Barrel (Ft.) (Ft.) 

Size (ID) 1.48" -- 3.25" -- 1/28/2010 0.0 - 24.0 Sunny, mid 80s 
Length 4' -- 5' --
Type -- -- HSA --
Hmnmer Wt. -- -- -- --
Fall -- -- -- --
Remarks: PIO background (BKG) is 0.1. 

SAMPLE TYPE WELL INFORMATION 
S = Split Spoon A = Auger Top Bottom 
T = Shelby Tube W = Wash Type Diam. Depth Depth 
R = Air Rotary C = Core (f't.) (Ft.) 

D = Direct Push P = Piston Schedule 40 PVC Riser 2" - +2.5 12.0 
N = No Sample Schedule 40 PVC Screen 2" 12.0 22.0 

Sample Sample Lab PID Well Elevation 
Depth (f't.) Type& Rec. SPT lD (ppm) Visual Description Installation (Ft. Datum) 

No. (Ft. ,%) Detail 
57SBO l-OO -r_o~SQl!:_C~g!ni!.'L _________ __ 02 115.I - -

I CLAY w/ silt and f. sand, orange or, - - -
- damp: slight plasticily, soil (residuum) - -

2 D-1 2.7 57SOO l-0 1 BKG - - -
68% ctmtnt - - -

3 grout - - -
to surf.:1c-ie 

- - -
4 4.0 - -

- - -
5 - - 2" PVC -~ 1\i,., 

- - -
6 D-2 3.4 BKG - - -

85% - - -
7 - - -

- - -
8 8.0 8.0 107.4 ----- -- ------- -- ---- -

- CL/\\' wl sill and liule f. sand, orange - -
9 br w/ 1anlt,'Ca)• and blk mouling, damp, Drnlonitc - - -

D-3 3.7 BKG ~ntdJ.1las\i.ci.!)\.!1l.!:d_~1i!T_ _ _ ____ __ ~~ s 10 10' 105.6 - - -
10 93% 57SHO l-05 SAA (same as above) w/ increase in - - -

sill, friable 

OR1LLING CO.: JF A Geo & Enviro Scientists BAKER REP.: Robert Roselius 
--~~~~~~~~~~-

DR.ILLER: Domingo Gonzalez BORING NO.: 57Sl301 SHEET I OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 
Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWM U 57 
PROJ NO· .. , .. 119197 62 BORING NO· 57S BO I 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM 0 1586) 
T = Shelby Tube W = Wash PIO = Photo Ionization Detector Measurement 
R = Air Rotary C = Core MSL = Mean Sea Level 

D = Denison P = Piston N = No Sample I Dslbg = rJOint source/background 
Sample Sample Lab PID Well Elevation 

Depth (Ft. ) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. Datum) 
No. (Ft.,%) Detail 

11 ~·3~1~i~~:<! fr3~1~ ~ ~~1_ 1 ________________ .-l!, 
~ 

v vc - 104.4 -
0-3 3.7 DKG Some as 8.0' to 9.8' Riser 

- - -
12 12.0 93% 12 I 03.4 

------------------------------------ 1 
-

- SILT, orange br, moist to wet, no - -
13 plasticity, loose - I --

- - -
14 D-4 l.8 BKG - - -

45% S>nd - - -
15 I 5.6'- 16.0': C L!\ Y w/ silt, It gray and 101022· 

- - -
- blk lnminatc<l, moist, med plasticity, - -

16 16.0 ~~<;_d_~~.!'I~--- ----------------------~ 99.4 -
same as 12.0' lo 15.6' (moist s ilt) - 2" PVC - -

17 Screen 

- - r .....- -
12 10 22' 

- - -
18 0-5 2.5 BKG -- -

63% ----------------------------------~s2 = 96.9 - .= -
19 same as 15.6 to 16.0' (laminated clay) - ~ -- 1 - - -
20 20.0 .................................. ................................ .22 j - 95.4 

- C LAY w/ s ilt and [ sand, orange br w/ - -
2 1 - tan/gray and blk mottling, friable. - ~ -

- damp, slight plasticity, soft - ~ -
22 0 -6 2.7 BKG 22 93.4 - 1::,~~ 

-
68% - ~~~ -

23 .,,.~....::: 

- ~~~ Soil --
- -~~ -

24 24.0 h..,..A'A.-.J'l 'i~ 91.4 

- End of l:loring at 24' - -
25 - - -

- - -
26 - - -

- - -
27 - - -

- - -
28 - - -

- - -
29 - - -

- - -
30 - - -

DRILLING CO.: JFA Geo & Enviro Scientists BAKER REP.: Robert Roselius 
-------------~ 

DRILLER: Domingo Gonzalez BORING NO.: 5751301 SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 
Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWMU 57 
PROJ. NO.: 119 197, 6.2 BORING NO.: 57SB02 
COORDINATES: EAST: 939428.8 164 NORTH: 80443 1.4509 
ELEVATION: SU RFACE: 12 1.9 TOP OF PVC CASING: 124.62 

Rig: Gcoprobe 661 ODT Depth to 
MC Casing Auger Core Date Progress Weather Water 

Sampler Barrel (Ft.) (Ft.) 
Size (JD) l .48" -- 3.25" -- l/26/2010 0.0 - 26.0 Sunny 84 
Length 4' -- 5' -- l/27/2010 NA 23.39 TOC 
Type -- -- HSA --
Hammer Wt. -- -- -- --
Fall -- -- -- --
Remarks: PID background (BKG) is 0.1. 

SAMPLE TYPE WELL INFORMATION 
S =Split Spoon A = Auger Top Bottom 
T = Shelby Tube W = Wash Type Diam. Depth Depth 
R = Air Rotary C =Core (Ft.) (ft.) 

D = Direct Push P = Piston Schedule 40 PVC Riser 2" - +2.5 15.0 
N = No Sample Schedule 40 PVC Screen 2" 15.0 25.0 

Sample Sample Lab PID Well Elevation 
Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. Datum) 

No. (Ft.,%) Detail 
57SB02-00 TOPSOIL (organics) 0.3 12 l.6 

----------------------------- -----~ -
J CLAY, some sill; brown; moist; - - -

mc<l stiff; med plasticity (fill) I . I 120.8 - ------------------------------------ -
2 D-1 3.6 57SB02-0 I BKG CLAY 10 COARSE SAND w/ some - - -

90% fine gravel; orange br. (some black ctm~nt - - -
3 mouling in fine grained matrix); dry grout - - -

10 <lamp; no plasticity (fill) lO surface 
- - -

4 4.0 4.0 117.9 
------------------------------------ -

- CLAY to FINE SAND (ll'ealhered 2' PVC - ~ Rfser -
5 bedrock); Ian br. w/ ll'hite mol!ling; - - -

- dnmp; no plasticity - -
6 D-2 4.0 BKG - - -

100% - - -
7 - - -

- - -
8 8.0 - -

- same as nbove (SAA) lo 15' - -
9 - - -

D-3 4.0 BKG - - -
10 100% 57SB02-05 - - -

DRILLING CO.: JFA Geo & Enviro Scientists BAKER REP.: Robert Roselius 
~~~~~~~~~~~~ 

DRILLER: Domingo Gonzalez BORING NO.: 57SB02 SHEET I Of 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWMU 57 
PROJ. NO.: 11 9197, 6.2 BORING NO.: 57SB02 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C =Core 

D = Direct Push P = Piston N = No Sample 
Sample Sample Lab 

Depth (Ft.) Type & Rec. SPT ID 

11 -
-

12 

-
13 -

-
14 -

-

12.0 

No. (Ft.,%) 

D-3 

D-4 

4.0 
100% 

3.0 
100% 

PID 
(ppm) 

BKG 

BKG 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D 1586) 
PIO = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 
ps/bg = point source/background 

Visual Description 

Continued from Sheet I -

-
SAA to 15' -

Well 
Installation 

Detail 

Dtnton11e 

t I to IJ' 

-- -
·~ ;:_pvc 

· Riser 
- ::;::. -

-
DPT refusal at 15', auger 10 depth for - ~:~=- ·.·.: -

15 15.0 -+....:....::..;..:..+----+----+---+-----+---·~\.:..:.\'c=l;...;l i.:..:.ns:..:.ta:.;.l:.::la.:..:.1io:..:.n:...._ ______ ;...;1~so ·:.::·. = _ ::::.: 
SAA to 26' (as obser\'ed from auger 

-
-

16 -
-

17 -
-

18_ 

-
19 -

-
20 A-N -

-
21 _ 

-
22 -

-
23 -

-
24 -

-
25 -

-
26 26.0 

-
27 -

-28 _ 

-
29 -

-
30 _ 

DR ILLING CO.: 

- ._ 
cuuings) _ }:·E .·.·. 

tough augering al 18' (It grey, hard, 

gra\'cl sized pieces); easier augcring 

thcrcallcr 

End of Boring al 26.0' 

_ ::-:~. == ,.::: SlnJ ·.·.· = .... Llll\25' 

- .·.-.· ..... 
- :: =-

-- -

-
-
-

-
-

-
-

-

BAKER REP.: Robert Rosel ius 

-
-
-

-
-

-
-

-
-

-
-
-

-
-

-
-

-
-

-
-
-

-
-

-
-

-

Elevation 
(Ft. Datum) 

106.9 

95.9 

DR ILLER: 
J FA Geo & Enviro Scientists 
Domingo Gonzalez BORING NO.: 57Sl\02 SHEET 2 OF 2 



Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWMU 57 
PROJ. NO.: 119197, 6.2 

~~-=-~~~~~~~~~-

COORDINATES: EAST: 939342.5 
ELEVATION: SURFACE: 118.4 

Rig: 

Size (ID) 
Length 
Type 
Hammer Wt. 

Geoprobe Track Rig 66 10 DT 
Macro Casing Augers 

Sampler 
1.48" 

4' 

Core 
Barrel 

TEST BORING RECORD 

BORING NO.: 
NORTH: 

Date 

1/26/2010 

Progress 
(Ft.) 

0.0 - 12.0 

57SI303 
804396.0 

Weather 

sunny, mid-80s 

Depth to 
Water 
(Ft.) 

1--~~-t--~~-t-~~-t-~~~~--tt--~~-t-~~~~~-t-~~~~~~~-t-~~~-1 

Fall 
Remarl<s: PJD background (BKG) is 0. 1. 

SAMPLE TYPE 
S = Split Spoon A= Auger 
T = Shelby Tube W = Wash 
R = Air Rotaty C =Core 
D = Denison P =Piston 

N =No Sample 
Sample Sample Lab 

Depth (Ft.) Type & Rec. SPT ID 

I -
-

2 -
-

3 -
-

4 4.0 

-
5 -

-
6 -

-
7 -

-

No. (Ft.,%) 

D-1 

D-2 

2.8 
70% 

4.0 
100% 

575803-00 

575803-01 

PID 

DEl'INITJONS 
SPT = Standard Penetration Test (ASTIVI D 1586) 
PID = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 
BKG/PS = 13ackground/Point Source 
ppm = parts per million 

(ppm Visual Description 

I.<.?~~Q~~ ! ~~~'!!!.i:?l __ --------------------------------~} 
~'-~L~~~0~Q.~~~~.!'~Y~~J!9.!'~1~~~.!'9~9-~~·:>~2 ____ ______ 1:.Q 
Cl.A Y, little sill; orange br. w/ Ian/gray, clamp, med 

BKG plasticity. med stiff(resicluum) 

-

-

-

BKG -

Elevation 
(Ft. Datum) 

118.1 
117.4 

6.4 112.0 
similar to above w/ some fine sand, friable, some olive _ 
color w/ black mottling, damp, slight lo low plasticity, 

8 8.0 med stin: son (weathered bedrock) 
-ii---+~~~t--~~+-~--i1--~~-r-~-t -
-

9 - -
D-3 4.0 13KG -

10 I 00% 575B03-05 - -

DRILLING CO.: JF A Geo & Enviro Scientists BAKER REP.: Robert Roselius 
~~~~~~~~~~~~ 

DRILLER: Domingo Gonzalez BORING NO.: 57SB03 SHEET I OF 2 



TEST BORING RECORD 
Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWMU 57 
SONO· .. 119 197 6.2 BORING NO.: 

' 
57SB03 

SAMPLE TYPE DEFINITIONS 
S =Spli t Spoon A = Auger SPT = Standard Penetration Test (ASTM D 1586) 
T = Shelby Tube W = Wash PIO = Photo Ionization Detector Measurement 
R = Air Rotary C = Core MSL = Mean Sea Level 

D = Denison P = Piston N = No Sample ps/bg = point source/background 
Sample Sample Lab PIO Elevation 

Depth (Ft.) Type& Rec. SPT ID (ppm) Visual Description (Ft. Datum) 
No. (Ft.,%) 

11 Continued from Sheet I -
D-3 4.0 BKG -

12 12.0 100% 12.0 106.4 

- End of Boring at 12.0 ' 

13 -
-

14 -
-

15 -
-

16 -
-

17 -
-

18 -
-

19 -
-

20 -
-

2 1 -

22 -
-

23 -
-

24 -
-

25 -
-

26 -
-

27 -
-

28 -
-

29 -
-

30 -

DR ILLING CO.: J FA Geo & Enviro Scientists BAKER REP.: Robert Roselius 
~~~~~~~~~~~-

DRI LLER: Domingo Gonzalez B 0 RING NO.: 57SB03 SHEET 2 OF 2 



T EST BORING AND WELL CONSTRUCTION RECORD 
Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWMU 57 
PROJ. NO.: 11 9197, 6.2 BORING NO.: 57SB04 
COORDINATES: EAST: 9393 13.4627 NORTH: 80443 1.8766 
ELEVATION: SURFACE: 11 6.4 TOP OF PVC CASING: 11 9.26 -------
Rig: Geoprobe 66 1 ODT Depth to 

MC Casing A11gcr5 Core Date Progress Weather Water 
Sampler Barrel (Ft.) (Ft.) 

Size (ID) 1.48" -- 3.25" -- 1/28/2010 0.0 - 23.5 Sunny, mid 80s 
Length 4' -- 5' --
Type -- -- HSA --
Hammer WI. -- -- -- --
Fall -- -- -- --
Remarks: PIO background (BKG) is 0.0. 

SAMPLE TYPE WELL INFORMAT ION 
S = Split Spoon A= Auger Top Bottom 
T = Shelby Tube W = Wash Type Diam. Depth Depth 
R = Air Rotary C =Core (Ft.) (Ft.) 

D = Direct Push P = Piston Schedule 40 PVC Riser 2'' --+2.5 12.0 
N = No Sample Schedule 40 PVC Screen 2" 12.0 22.0 

Sample Sample Lab PIO Well Elevation 
Depth (Ft.) Type& Rec. SPT ID (ppm) Visual Description Installation (Ft. Datum) 

No. (Ft.,%) Detail 
5751104·00 TOPSOIL (organics) 0.2 116.2 ________________________________ __ _... 

-
I CLAY, lilllc silt and fine to med - t.07 -

- sand; damp; med plasticity; son ,," - -
2 D- 1 2.7 5751104-01 BKG (residuum) ,. l.9. 114.5 - - ------------- ------- --- - ---" -r -

68% CLJ\ Y, silt to fi ne sand, litt le med / _ cirrnen1e - -
3 sand; olive; damp; very low / gtOUl - I - -

PJ~~~~~~~ ~12~ _(!~~i~~~~~L- - - - --_, 
/ to .wrfac~ 

- - -
4 4.0 CL/\ Y, little silt; orange br. w/ tan/ _ -

- gmy and some blk mollling, damp, - -
5 med to high plasticity, med stiff 2" PVC - - ... 'Riser -

- - -
6 D-2 3.8 BKG - - -

95% - - -
7 - - -

- - -
8 8.0 - -

- SAA w/ more tan (whitish)/gray and - -
9 less blk nenionit< - - -

D-3 3.9 13KG 810 10' 

- - -
10 98% 57SB0~-05 - - -

ORI LLING CO.: BAKER REP.: Robert Roselius 
DRILLER: 

Jr A Geo & Enviro Scientists 
Domingo Gonzalez BORING NO.: 57SB04 SHEET I OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWMU 57 
PROJ NO· .. 

' 
.. I 191 97 6 2 £30RING NO· 57SB04 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D 1586) 
T = Shelby Tube W =Wash PIO= Photo Ion izat ion Detector Measurement 
R = Air Rotary C = Core MSL =Mean Sea Level 

D = Direct Push P =Piston N = No Sample ps/bg = point source/backe.round 
Sample Sample Lab PID Well Elevation 

Depth (Ft.) Type& Rec. SPT ID (ppm) Visual Description Installation (Ft. Datum) 
No. (Ft.,%) Detail 

I I Continued from Sheet I - v vc -- 14-
D-3 3.9 BKG Riser 

- - -
12 12.0 98% - -

~ 
- - '== -~ 

13 ""= - "== -- = ~ S>nd - - ~ -
14 D-4 3.8 = 10 to 22' 

- - ~ -
95% BKG - ~ -

~ 
-

15 - -- = - - E -
16 16.0 ~ 

- ~ -
- - E -

17 - I --
- -

2" PVC _ 

18 D-5 3.7 BKG =.- Scr~n 

- - -- -93% 12 to 2! ' 

- - -= 19 - ~ --
- - ~ -

20 20.0 ~ -

i 
-

- - -
2 1 - --

- - • -
22 D-6 3.5 BKG 22 94.4 - /'~~~: -

- 100% -%~ -
23 DPT refusal at 23.5'; build well w/ 22' ~ - - ~ -

23.5 TD bused on possible GW - 18' ~~ Soil 92.9 
24 End of Boring at 23.5' - - -

- - -
25 - - -

- - -
26 - - -

- - -
27 - - -

- - -
28 - - -

- - -
29 - - -

- - -
30 - - -

DRILLING CO.: JFA Geo & Enviro Scientists £3AKER REP.: Robert Roselius 
DRILLER: Domingo Gonzalez BORING NO.: 57SB04 SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

Mlchael Baker Jr., Inc. 

PROJECT: Nava l Activity Puerto Rico SWMU 57 
PROJ. NO.: _1_19_1_9-'7 ,_6_.2 _____ _ BORING NO.: 57SB05 
COORDINATES: EAST: 939306.6980 NORTH: 804337.846 
ELEVATION: SURFACE: 118.I TOP or PVC CASING: 121.02 -------
Rig: Geoprobe 661 DDT Depth to 

MC Casing Augers Core Date Progress Weather Water 
Sampler Barrel (Ft.) (Ft.) 

Size (ID) 1.48" ID -- 3.25" ID -- 1/27/2010 0.0 - 2 1.0 Sunny, 84 
Length 4' -- 5' --

Type -- -- HSA --

I-lammer Wt. -- -- -- --

Fall -- -- -- --
Remarks: PIO background (BKG) is 0.6. 

SAMPLE TYPE WELL INFORMATION 
S = Split Spoon A= Auger Top Bottom 
T = Shelby Tube W = Wash Type Diam. Depth Depth 
R = Air Rotary C =Core (Ft.) (Ft.) 

D = Direct Push P = Piston Schedule 40 PVC Riser 2" -+2.5 11.0 
N = No Sample Schedule 40 PVC Screen 2" 11.0 2 1.0 

Sample Sample Lab PIO Well Elevation 
Depth (Ft.) Type& Rec. SPT ID (ppm) Visual Description lnstallation (Ft. Datum) 

No. (Ft.,%) Detail 
57SB05-00 TOPSOIL (organics) 0.3 11 7.8 

----------------------------------- -
1 CLAY to F. SAND w/ some f. gravel, _ - -

orange br. and dk br., damp, slight - - -
2 D-1 3.0 57SB05-0 l BKG plas1icity, med stiff(residuum) -- -

75% & duplicate -- -
3 J.O 115. I - ----------------------------------- -

- CI.A Y, little silt; orange br. w/ tan/ _ C~lll\'Jlle -
4 4.0 grny, damp, med to high plasticity, - groUI -

med stiff to sur face 

- - -
5 SA/\ w/ some black mottling - - -

- - -
6 D-2 4.0 BKG ------ --- -------------------- ---~ 2" PVC 11 2.3 - 14--

.._ -
100% SAA w/ slight increase in grain size Ris<"r - - -

7 and fri able - - -
- - -

8 8.0 Ben1oni1e - -
SAA to 10.3' ?to 11' 

- - -
9 - - -

D-3 4.0 BKG SJnd - - -
10 100% 57SB05-05 9 to 21' 

- - -
t0.3 107.8 

DR ILLING CO.: JFA Geo & Enviro Sc ientists BAKER REP.: Robert Roselius 
DR ILLER: Domingo Gonzalez BORING NO.: 57SB05 SHEET I or 2 



TEST BORlNG AND WELL CONSTRUCTION RECORD 

Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWMU 57 
PROJ. NO.: 119 197, 6.2 BORING NO.: 57SB05 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D 1586) 
T = Shelby Tube W = Wash PID = Photo Ion ization Detector Measurement 
R = Air Rotary C = Core MSL = Mean Sea Level 

D = Denison P = Piston N = No Sample lps/bg = point source/background 
Sample Sample Lab PIO Well Elevation 

Depth (Ft.) Type& Rec. SPT ID (ppm) Visual Description Installation (Ft. Datum) 

No. (Ft.,%) Detail 
II - Continued from Sheet I - ~ 

-
D-3 4.0 BKG SILT to F. SAND w/ little cla}~ blk. - ~ S3nd - -

~ 12 12.0 100% gray & br mottled: damp; slight 9 to 21' 

- -
- plnsticity; soil (weathered bedrock) - -

13 - - -
1.5 - - -

14 D-4 4.0 14 104.1 
- ------ ------------------------------------ -

100% 13KG It gray hard bedrock 14.5 103.6 - ------------------------------------ -
15 SILT 10 F SAN D w/littlc cla>~ blk, -- -

20+ gray & br mottled; damp; slight - r r•vc - i 1.- -
16 16.0 plasticity; soil (weathered bedrock) -

~en _ 

60- ~ 
11 10 21' 

- -
17 _ 150 17 I= I 0 I. I 

------------------------------------- ~ -
- S ILT and F. SAND w/ little clay; - i -

18 D-5 4.0 400+ orange br, tan/gray and some blk, gray _ - -
100% peak and dk br; wet at 18.0'; slight petro - = - § -

19 at 18' odor - ~ - -
20-50 - --

20 20.0 below 18-20' - ~ -
1.0 BKG SAA, \\'Ct, DPT rcfosal at 2 1 '; attempt - - = -

2 1 2 1.0 100% to auger, auger re fusal at 2 1' 97.1 

- End of Boring at 2 1.0' - -
22 - - -

- - -
23 - - -

- - -
24 - - -

- - -
25 _ - -

- - -
26 -- -

- - -
27 - - -

- - -
28 - - -

- - -
29 - - -

- - -
30 - - -

DRI LLING CO. : JFA Geo & Enviro Scientists £3/\KER REP.: Robert Roselius 
- '--'-'- --'-'--'---------

DRI LLER: Domingo Gonzalez £30 RI NG NO.: 57SBOS SI IEET 2 OF 2 



TEST BORING RECORD 
Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWM U 57 
PROJ. NO.: 1191 97, 6.2 ------'-----------
COORDINATES: EAST: 939264.2 

ELEVATION: SURFACE: 117.2 -------
Rig : Geoprobe Track Rig 6610 DT 

Macro Casing Augers Core 
Sampler Barrel 

Size (ID) 1.48" 

Length 4' 
Type 
Hammer Wt. 
Fall 

Remarks : PJD background (BKG) is 0.1. 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R =Air Rotary C =Core 
D =Denison P = Piston 

N = No Sample 
Sample Sample Lab PIO 

Depth (Ft.) Type& Rec. SPT ID (ppm, 
No. (Ft.,%) 

57$£306-00 

I -
-

2 D-1 3.0 5751306-0 I BKG -
75% -

3 -
-

4 4.0 

-
5 -

-
6 D-2 3.2 BKG -

80% -
7 -

-
8 8.0 

-
9 -

D-3 3.0 BKG -
10 75% 57SB06-05 -

DRILLING CO.: J FA Geo & Enviro Scientists 
DRILLER: Domingo Gonzalez 

BORING NO.: 57SB06 

NORTH: 804326.9 

Depth to 
Date Progress Weather Water 

(Ft.) (Ft.) 

1/28/20 I 0 0.0- 12.0 sunny, mid-SOs 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D 1586) 
PID = Photo Ionization Detector Measurement 
MSL =Mean Sea Level 
BKG/PS = Background/Point Source 
ppm = parts per million 

Elevat ion 
Visual Description (Ft. Datum) 

.IQ.!'2.0lt,Jo.r,gl!_n(!!s)_ ________ __ _________ ~3 11 6.9 
CLAY w/ silt and line to coarse sand, br, damp, slight -
to low plasticity, soft (fill /reworked) 

-

3.2 114.0 ------ -- --- ---- -- ---- --- ----= CLA Y and SILT w/ f. sand, orange br w/ tan/gray (very 

Jillie blk), damp, med plasticity, med stiff (residuum) -

-

-
6.2 111.0 

sii.T ;;1d' f.. s1\N-o'iv7 soriic-ci71Y: friable~ oraiigc/br lvT - - - -
tan/gray, damp, slight plasticity, soft 

-

-

-

Robert Roselius BAK ER REP.: 
130R1NG NO.: 57SI306 SHEET I Of 2 



TEST BORING RECORD 
Michael Baker Jr., Inc. 

PROJECT: Naval Activity Puerto Rico SWMU 57 
SONO.: 119197 6.2 BORING NO: 57Sl306 , 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D 1586) 
T = Shelby Tube W = Wash PJD = Photo Ionization Detector Measurement 
R = Air Rotary C = Core MSL = Mean Sea Level 

D = Denison P = Piston N = No Sample ps/bg = point source/background 
Sample Sample Lab PIO Elevation 

Depth (Ft.) Type& Rec. SPT ID (ppm) Visual Description (Ft. Datum) 

No. (Ft.,%) 
11 Co111i1111ed fro111 Sheet I - -

D-3 3.0 BKG -
12 12.0 75% 105.2 

End of Boring at 12.0' -
13 - -

-
14 - -

-
15 - -

-
16 - -

-
17 - -

-
18 - -

-
19 - -

-
20 - -

-
21 - -

-
22 - -

-
23 - -

-
24 - -

-
25 - -

-
26 - -

-
27 - -

-
28 - -

-
29 - -

-
30 - -

DRILLING CO.: JF J\ Geo & Enviro Scientists BAKER REP.: Robert Roselius 
~,;__,;__,;______.:.~~~~~~ 

DRILLER: Domingo Gonzalez BORING NO.: 57Sl306 SHEET 2 OF 2 
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Appendix A.4
SWMU 57 (aka Pad 278)

Notes from Tetra Tech/Navy site visit of 8/2/11

A planning site visit was conducted between the Navy and Tetra Tech on August 2, 2011. Participants

were Pedro Ruiz (NAVFAC Atlantic), Linda Klink (Tetra Tech PM), and Mike Whitten (Tetra Tech

ecological risk assessment specialist).

The site consists of a large concrete pad and loading dock and the area immediately surrounding the pad

and loading dock. The long axis of the concrete pad is oriented northeast to southwest. Grasses and

other herbaceous vegetation such as Guinea grass (Urochloa maxima), ocean blue morning glory

(Ipomea indica),flatleaf flatsedge (Cyperus planifolius), crack-open, also known as wild coffee (Casearia

sylvestris), and knotgrass (Paspalum distichum) form a dense ground cover adjacent to the north and

northwest edges of the concrete pad, and northward beyond the site. A dense upland forest is adjacent

to the east, south, and southwest edges of the concrete pad. Trees and shrubs in the forested area

include white lead tree, which is also known as tamarindillo (Leucaena leucocephala), white indigo berry

(Randia aculeata), gumbo limbo (Bursera simaruba), and Erythroxylum sp.

Various birds and a few lizards were observed at SWMU 57 during the site visit. Wildlife that use the site,

either or occasionally, are probably the same species found in other upland areas of NA Puerto Rico.

These would include stray dogs and cats, rats, mice, mongooses, numerous birds, and various reptiles

and amphibians.

A 7-inch high concrete containment curb surrounds the perimeter of the pad. No obvious cracks were

observed in the curb, suggesting that rain runoff probably does not flow offsite from the pad, at least to

any substantial extent.

There are no surface water bodies at or in the vicinity of the site. Based on available aerial photographs,

the nearest water body is a mangrove swamp approximately 400 feet north of the site.

There are no ditches or signs of erosion or previous standing water at the site. Previous reports indicated

that an “earthen drainage feature” (presumably a ditch) was located north of the site. No ditches exist

north of the site in the area indicated by the previous reports, but a slight swale (only a few inches lower

than the surrounding area) was noted. The swale was thickly vegetated by tall grass, and no signs of

previous surface water were visible. This swale is upgradient of the concrete pad and drains away from

SWMU 57, so it would not provide a potential migration pathway for contamination from the site.



2

The ground surface adjacent to the east, south, and southwest edges of the concrete pad slopes slightly

downward (a few inches to approximately one foot), forming a shallow, nearly flat-bottomed swale about

10-20 feet wide. A steep hillside lies beyond the swale-like area. The hilltop varies in height (relative to

the concrete pad) from about 8 feet to 20 feet. The swale contains scattered miscellaneous debris items

such as plastic containers, scrap metal, and rusted drums. Hummocky soil mounding is present in some

portions of the swale, presumably preventing or at least retarding the extent of surface water runoff from

the swale. No water marks or other signs of previous standing water or water flow were noted in this

swale.

Based on the topography and ground cover described above, surface water flow as a potential

contaminant migration pathway from the site appears to be negligible. Previous reports indicate that the

direction of groundwater flow in the vicinity of SWMU 57 is north-northwest toward the previously

mentioned mangrove swamp located about 400 feet from the site, so groundwater might provide a

contaminant migration pathway from the site to the swamp.
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NOTE: 
-TANl<S ARE BELOW GROUND AND THEIR 

EXACT DIMENSIONS ARE NOT KHOWN. 
TliE Cl.EARED TANK AREA CONSTITUTES 
AREA C. 

.1:SGW11 

•• 
WWl.D 
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FIGURE 3-3 
SAMPLING LOCATIONS 
SWMU 9 - AREA C 
TANKS 216 - 217 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 
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NOTES: 
-TANKS ARE BELOW GROUND AND THEIR 

EXACT DIMENSIONS ARE NOT KNOWN. 
THE CLEARED TANK AREA CONSTITUTES 
AREA C, APPROXIMATE TANK LOCATIONS. 

-MONITORING WELLS 13GW08 AND 13GW11 
LOCATION ARE APPROXIMATE. 
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- MONITORING WELL LOCATION (PHASE I) 

- GROUNDWATER ELEVATION (FT., MSL) 
- GROUNDWATER ELEVATION CONTOUR 

80 
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TEST PIT RECORD 

Project: NSRR-OU2-SWMU 9 CTONo.: 277 

Test Pit No.: 9TP11 Date: 4/13/96 Weather: Swmy 80's 

Endpoint Coordinates: North: North: 
East: East: 
Elevation: Elevation: 

Contractor: Soil Tech Equipment: Ford555D Baker Rep.: KAT/APS 

Time 
AIR MONITORING 

PID (PS/BG) FID (PS/BG) Source 
Definitions 

PID=Photo Ionization Detector 
FID=Flame Ionization Detector 
PS=Point Source (in ppm) 

BG=Backgrowid (in ppm) 

TEST PIT CROSS SECTION 

Brown Topsoil, Dry 

1 

2 - Brown Clay, Damp 

3 -
4 

5 -
6 -- Brown Med. Sand and Clay, Some Rock Fragments, Damp 
7 -
8 -
9 -

10 Total Length 15' - Max. Depth 11' Sample 9TP11-05 Collected at 11' 
11 

12 

I 

2 -
3 -
4 

5 -
6 -
7 -
8 -
9 -

IO -
11 

12 



Sample Depth Date 
Phase SamoleID (feet b2s) Collected 

SURFACE SOlL SAMPLES 
9SS05 0-1 3/20/96 
9SS06 0-1 3/20/96 

9MW04-00 0-1 3/20/96 
SUBSURFACE SOIL SAMPLES 

9MW04-03 6-8 4119196 
9MW04-05 10-12 4/19/96 
9TP11-05 11 4/13/96 
9TP13-04 9 4/13/96 

9TP13-04D 9 4/13/96 

I 
9TP14-05 lO 4/13/96 

9TP14-05D 10 4/13/96 
9TP15-05 IO 4/13/96 
9TP16-05 10 4/13/96 
9TP17-05 10 4/14/96 

GROUNDWATER SAMPLES 
9MW04 NA 4/24/96 
13GW07 NA 3/24/96 
13GW08 NA 3/24/96 
13GW09 NA 3/24/96 
13GWIO NA 3/24/96 
13GW11 NA 3/25/96 

Notes: 
bgs - below ground surface 

• - <U"senic and cyanide 

TABLE 3-3 

SWMU 9 AREA C - TANKS 216-217 
SUMMARY OF SAMP LING AND ANALYTICAL PROGRAM 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Analysis Reauested 

Solid Samples 
Stateside Laboraton 

... u c 

~ 
•j;; ... 

... >. 
.~ ~ 

6 >< 0 c 0 * " ., 0 
.. 

0 5 g-g ~ {j "' f- N "O 
~ ~ 5 :§ g] 0 ., "' 0) 

- 0 .~ & "O s I -;;: Q. 
~ >. !I:. t.::: .!! E E g :i ~ ... -s 0. 

~8 co Lil £:--. Jl u en 

x x x 
x x x 
x x x 

x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 

"' s 
0 

~ ~ 
>< i'.S ;;-

~ 
:a ·-
c ~ 
8. f.ll 

~ Q. 0 
<E 

x 
x 
x 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
x 

-0 
~ 

"' ·2 V) o-:;: 6' 
~..c: 

- Q. 
0 ·-"'~ Cl) 

x 
x 
x 
x 
x 
x 

Analvsis Reauested 

Aaueous Samoles 
Stateside Laboratory 

x x 
x 
x 
x 
x 
x 

* 

Comments 

Test Pit 
Test Pit 

Duplicate 
Test Pit 

Duplicate 
Test Pit 
Test Pit 
Test Pit 

Monitoring Well 
Monitoring Well 
Monitorinl? Well 
Monitonng Well 
Monitorin2 Well 
Monitoring Well 

{l) TPH-DRO/GRO - Total Petroleum Hydrocarbon Diesel Range Organics/Gasoline Range Organics 

(2) RCRA Metals - Resource Conservation and Recovery Act Metals 

1 of2 

erica.love
Rectangle



Phase 

l1J 

Notes: 

Sample Depth Date 
Samnle ID (feet bgs) Collected 

SEDIMENT SAMPLES 
9SD06 0-0.5 6129199 
9SD07 0-0.5 6129199 

SURFACE WATER SAMPLES 
9.SW06 NA 
9SW07 NA 

GROUNDWATER SAMPLES 
9MW04 NA 
13GWIO NA 

13GW10D NA 
13GW11 NA 

bgs - below ground surface 
* - arsenic and cyanide 

6/29/99 
6/29/99 

6129199 
6/29/99 
6129199 
6129199 

TABLE 3-3 

SWMU 9 AREA C - TANKS 216-217 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 

NA VAL STATION ROOSEVELT ROADS, PUERTO RICO 

Analysis Requeisted Analysis Reauested 

Solid Samples Aoueous Samples 

Stateside Labonatorv Stateside Laboratorv 
:::-... ::- .!:3 (,) 0 g fl -~ c 

~ "' 0 
0 >. ~ 

.,, ... >. 0 fl >< 
(,) 5 .~ g 'd ii >< § ~ !2 ·a 0 ;j 0 

...... 
.a g .. * 

.., 
;;; ::J I,) ";; g.g ..!l .,, "' ~ ~ l1 g.g ~~ ~ ~ & 8 {!.. ... ~ ·- 'O "O c 0::: 

0 5 ~ § '..§ € ~ 5 4~ $ ;:l °' "' ., ::J :a ·c: ., s t) d 0 
~ 0 0 0 

., 
~· 0 0 :c 5 ~~ 

.... 
'Cd '3 ~ :9 - 0 "O 2 I ·;;;;; J:).o .~ 0.. 'B 0 .. s Q. > 0. ::x: :::c i;:: 8. e!' ·e e ~-a. e ..s-

~ e s e :; ~ ~ 
~ 6 "' ~ "' 

.... 4) 
ti. 0 0 ~ r~ 

0. 0 ~ {<3 ~8 o- ., ..s 
~ u ~~ cc Ul E- >U C/) < ..9 c... CQ cc ~ 

x x x x x 
x x XIX x 

x x 
x x 

x x 
x x 
x 

x x 

* VJ 
"O -~ ·s "O VJ 

::::: [·~ * "' 
~ "O "' u "O p. bO 

> ·- < s - 0 0 c;; '3 '3 .s "' .... 
0 .~ ~ 

0 >< E- o~ Comments 
E- -

x x 
x x 

Monitoring Well 
Monitoring Well 

Duplicate 
Monitorinsz Well 

(!) TPH-DRO/GRO - Total Petroleum Hydrocarbon Diesel Range Organics/Gasoline Range Organics 
(2) RCRA Metals - Resource Conservation and Recovery Act Metals 
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TABLES-36 

SUMMARY OF ORGANIC DETIECTIONS JN SUBSURFACE SOIL - AREA C 
SWMU ~19 (TANKS 216 - 217) 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Sample ID EPA Region III EPA Region IU 9MW04-03 
Sample Date Industrial R esidential 
Depth Range (ft bgs) RBC RBC 

(ug/kg) (ug/kg) 

Volatiles (ug/kg) 
Acetone 204,400,000 7,821,429 
Xylene (total) 4,088,000,000 156,428,571 

Semivolatiles (uglkg) 
Not Detected 

TPH (ug/kg) 

Gasoline Range Organics 100,000 (I) 100,000 (I) 

Data Q ualifiers: 
J - Analyte present. Reported value may not be accurate 

or precise. 
U - Not detected The associated number indicates 

approximate sample concentration necessary 
to be dtected. 

UJ - Not detected. Quantitation limit may be inaccurate 
or imprecise. 

Notes: 
NE - Not established. 
ft bgs - feet below ground surface 
ug/kg - micrograms per kilogram. 

<1> Puerto Rico Environmental Quality Board Criteria. 

Csb-o.xls 

04119196 
6.00-8.00 

11 u 
6U 

33 u 

9MW04-05 9TP1 l-05 9TP13-04D 9TP13-04 9TP14-05D 
04/ 19/96 04113/96 04/13/96 04/13/96 04/ 13/96 

10.00-12:.00 11.00 9.00 9.00 10.00 

12 u 12 u 95 74 J 11 u 
6U 6U 6U 21 6U 

33 u 35 u 34 u 19 J 33 u 

9TP14-05 9TP15-05 9TP16-05 9TP17-
04/13/96 04113196 04113196 04/14/' 

10.00 10.00 10.00 10.0( 

11 UJ 12 UJ 24 J 31 
6U 6U 6U 7 

33 u 35 u 37 u 41 
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TABLES-37 

SUMMARY OF INORGANIC DE1rECTIONS IN SUBSURFACE SOIL - AREA C 
SWMU 09 (TANKS 216 - 217) 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

EPA Region Ill EPA Region III 
Sample ID 
Sample Date 

2XAverage 
Detected 

Background 
(mg/kg) 

Industrial Residential 9MW04-03 9MW04-05 9TP11-05 9TP13-04 9TP13-04D 9TP14-05 9TP14-05D 9TP15-05 9TP16-05 9TP17-
RBC RBC 04/19/96 04/ 19/96 04/13/96 04/13/96 04/13/96 04/13/96 04/13/96 04/13/96 04/13/96 04/14/' 

Depth Range (ft bgs) (mg/kg) (mg/kg) 6.00-8.00 10.00-12.00 11.00 9.00 9.00 10.00 10.00 10.00 10.00 10.0C 

RCRA Metals (mg/kg) 
Barium 131 143,080 5,475 

Chromium 26.90 6 100 ( I) 

' 
230 (I) 

Lead 4.79 400 <2> 400 (l) 

Silver ND 10,220 391 

Data Qualifiers: 
J - Analyte present. Reported value may not be accurate or precise. 
U - Not detected, The associated number indicates approximate 

sample concentration necessary to be detected. 
R - Unreliable result. Analyte may or may not be present in the sample. 

Supporting data necessary to confirm result. 

Notes: 
NE - Not established. 
mg/kg - milligrams per kilogram. 
ft bgs - feet below ground surface 

(J) The RBC for Chromium VI was used for screening because there is 
not a total chromium RBC available. 

<
2
> 1996 EPA Soil Screening Guidance. 

Csb-i.xls 

96.9 35.6 

28.3 20.4 

1.4 1.2 
0.72 0.71 

77.7 31.6 34.8 82.l 81.7 83.8 59.2 57.2 

24.2 R 24.4R 26.2 R 22.4 R 22.4 R 22.4 R 29.l R 24.9 

5.2 J 6.4 J 14.5 J 26.2 J 22.l J 24 J 31.5 J 2.2 
0.57 0.71 0:79 0.35 u 0.36 u 0.39 u 0.86 0.67 
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APPENDIX B

AUTHORIZATIONS AND PERMITS



GOBIERNO DE PUERTO RICO 

Departamento de Recursos Naturales y Ambientales 

JUN 2 8 2012 
PERMISO DE CONSTRUCCION 

POZO DE INVESTIGACION AMBIENTAL 

Navy BRAC Program Management Office Southeast POC 
4130 Faber Place Drive, Suite 202 
North Charleston, SC 29405 

Permiso Num. O-FA-PRE11-Sl-00338-30052012 

El Solicitante en epfgrafe radic6 ante este Departamento una Solicitud de Permiso para 
construir dos (2) pozos de Investigaci6n Ambiental en terrenos propiedad de Navy BRAC 
Program Management Office Southeast POC, localizados en la carretera Foresta! Dr., Sector 
Roosevelt Roads, Municipio de Ceiba. 

La construcci6n del pozo sera utilizada para investigaci6n del subsuelo en el area. 

El Departamento de Recursos Naturales y Ambientales en virtud de los poderes que nos 
confiere la Ley Numero 23 del 20 de junio de 1972, y la Ley Numero 136 del 3 de junio de 
1976, CONCEDE este permiso al solicitante (en adelante Concesionario) para construir dos 
(2) pozos de Investigaci6n Ambiental en el lugar arriba indicado para los fines y prop6sitos 
antes mencionados, y conforme a las siguientes condiciones: 

CONDICIONES GENERALES 

1. El aprovechamiento del agua del pozo se limitara unicamente al uso del agua necesaria 
para las pruebas de calidad que se realicen. 

2. El Concesionarlo permitira al personal del Departamento la inspecci6n de los pozos 
autorizados y sometera la informaci6n que se le solicite con relaci6n a los mismos. 

3. Este permiso o copia de este con el sello del Secretario al relieve estara disponible para 
ser inspeccionado en el lugar de la perforaci6n o de la construcci6n durante todo el 
tiempo en que se realice la obra. 

4. Dentro de un periodo no mayor de treinta (30) dfas de finalizada la construcci6n del 
pozo, el Concesionario sometera a este Departamento un Informe de Terminaci6n de 
Obras. El informe sera firmado y certificado correcto por el contratista o ingeniero a 
cargo de las obras. 

5. El Concesionario vendra obligado a responder por los danos que pueda irrogarle a 
terceras personas o a la propiedad publica o privada en el proceso de construcci6n y/o 
utilizaci6n de las obras autorizadas mediante este permiso. 

6. Este permiso no podra ser transferido sin la autorizaci6n previa del Departamento de 
Recursos Naturales y Ambientales. 

7. Este permiso estara sujeto a enmienda, suspension o revocaci6n por este 

PUERlORICO 
VERDE 

Departamento conforme con el Reglamento para el Aprovechamiento, Uso, 
Conservaci6n y Administraci6n de las Aguas de Puerto Rico. No se entendera que 
impone obligaci6n alguna al Estado Libre Asociado de Puerto Rico o sus funcionarios a 
indemnizar al Concesionario por las danos que pueda sufrir coma consecuencia de 
enmienda, suspension o revocaci6n. 

PO Box 366147, San Juan, PR 00936 
Tel. 787.999.2200 • Fax. 787.999.2303 



JUN 2 8 2012 
CHA-PREll-SJ-00338-30052012 
tiavy BRAC PROGRAM MANAGEMENT OFFICE SOUTHEAST POC 

.. Payina 2 

CONDICIONES ESPECIALES 

1. Se autoriza al Concesionario a hincar dos (2) pozos de Investigaci6n Ambiental a nivel 
freatico. 

2. Este permiso se concede por el termino de un (1) ano el cual comenzara a partir de la 
fecha de aprobaci6n. 

3. El Informe de Terminaci6n de Obras que se solicita en el lnciso Numero 4 de las 
Condiciones Generales de este permiso debera someterse utilizando el formato que 
acompana este permiso. Este informe sera sometido en original. 

4. Junto al Informe de Terminaci6n de Obras el Concesionario sometera las resultados de 
todas aquellas pruebas del subsuelo realizadas, incluyendo los niveles de agua medidos 
en el acuffero. 

5. El Concesionario sometera los resultados al Departamento de todos las analisis de 
calidad, realizados a las aguas extrafdas del pozo. 

6. El Concesionario notificara a la Oftcina Regional de Humacao de este Departamento al 
telefono (787) 852-3666/3663 la fecha de comienzo de las obras autorizadas en este 
permiso. 

El Concesionario tendra derecho a solicitar una reconsideraci6n a la determinaci6n del 
Departamento o solicitar una vista administrativa de acuerdo a las disposlciones del Articulo 
13 del Reglamento para el Aprovechamiento, Uso, Conservaci6n y Administraci6n de las 
Aguas de Puerto Rico, de no estar de acuerdo con algunas de las condiciones del presente 
Permiso. La solicitud debera ser radicada por escrito dentro de un termino de treinta (30) 
dfas a partir de la fecha de aprobaci6n de este Permiso en la Secretarfa del Oepartamento. 
De no recibirse dentro del termino aquf establecido una solicitud de vista administrativa u 
objeci6n, se entendera que el Concesionario acept6 el permiso con todos sus terminos y 
condiciones. 

Cualquier violaci6n a la Ley Numero 23 de 20 de junio de 1972, a la Ley 136 de 3 de junio 
de 1976, y a la Ley Numero 416 de 22 de septiembre de 2004, segun enmendadas, o el 
incumplimiento de cualesquiera de las condiciones en la presente Autorizaci6n podra 
conllevar la revocaci6n de esta. 

Aprobado hoy ':2 f' de --+cj ...... C-'.--n ....... "'·~-C)....,,.._ _ _ _ de 2012. 



DEPARTAMENTO DE RECURSOS NATURALES Y AMBINETALES 
SECRETARiA AUXILIAR DE PERMISOS, ENDOSOS 

Y SERVICIOS ESPECIALIZADOS 
DIVISl6N DE PERMISOS Y FRANQUICIAS DE AGUA 

INSTRUCCIONES GENERALES PARA 
COMPLETAR INFORME DE TERMINACION DE OBRAS PARA POZOS 

Complete las partes num. 2 y num. 3 para cada uno de los pozos 
autorizados en la Resolucion de Permiso de Construccion de pozo. 
Asegurese de que todos los anejos incluidos sean claros, precisos y 
leibles. Los terminos utilizados en el informe se describen a 
continuaci6n: 

DUENO O USUARIO Esta informaci6n debera coincidir con la 
indicada en el permiso de construcci6n de pozo otorgado por el 
Departamento. 

DISENO Y CONSTRUCCION DEL POZO En la columna de "tipo y 
tamatio" de las perforaciones, especifique el tamalio de la perforaci6n 
y la camisilla. 

SELLO SANITARIO Especifique la profundidad desde la superficie a 
la parte inferior del sello. Los intervalos de roca sellados se refieren a 
aquellas partes del pozo sellado para evitar contaminaci6n o para 
evitar la mezcla de agua proveniente de distintos estratos 
productivos. 

CERTIFICACl6N Es imprescindible que este informe sea certificado 
por el ingeniero o contratista a cargo de la construcci6n del pozo. 
Esta persona debera llenar este informe y certificar el mismo. Todo 
informe que no este debidamente certificado sera devuelto al 
solicitante. NO SE OTORGARA NINGUNA FRANQUICIA PARA 
APROVECHAMIENTO DE AGUAS PUBLICAS SI ESTE INFORME NO 
HA SIDO ACEPTADO POR ESTE DEPARTAMENTO. 

El Departamento solicitara informaci6n adicional cuando lo considere 
necesario para completar la evaluaci6n de la solicitud de Franquicia 
pendiente. 

Todo informe sera radicado ante el Oepartamento de Recursos 
Naturales y Ambientales o enviado por correo no mas tarde de 30 dias 
de finalizada la obra, a la siguiente direcci6n: 

DEPARTAMENTO DE RECURSOS NATURALES Y AMBIENTALES 
DIVISION DE PERMISOS Y FRANQUICIAS DE AGUA 

P.O. BOX 366147 
SAN JUAN, P.R. 00936 

En caso de dudas sobre este informe puede escribir a la direcci6n 
anterior o llamar al telefono 787-999-2200, extension 2802 6 2803. 



·-
Pagina 2 

INFORME DE TERMINACION DE OBRAS PARA POZOS 

I. DATOS DEL DUENO DE LOS TERRENOS 0 USUARIO DEL POZO 

A. Dueno de los terrenos 

Direcci6n Postal--------------- --

Dlrecci6n Residencial --------------

Numero Tetetono Residencial ____ _ 
Numero Tetefono Trabajo _____ _ 

B. Usuario (de ser igual al dueno, indique igual): 

Nombre: 
--------------------~ Numero Telefono Residencial: ________ _ 

Numero Telefono Trabajo: _______ _ 
Direcci6n Residencial: _____________ _ 

Numero de Permiso Construcci6n de Pozo: -------
Si posee una Franquicia de Agua, indique el numero: _____ _ 
lndique el numero de pozos construidos: ___ _ 

II. OATOS DEL POZO (DISENO Y CONSTRUCCION) 

A. Tipo de acci6n tomada: 

construcci6n ___ _ 
profundizacl6n ___ _ 
rehabilitaci6n pozo existente ___ _ 

B. Localizacl6n: 

Municipio Barrio ________ _ 
Carretera ki16metro _____ _ 
Nombre o numero asignado al pozo por el dueno o 
usuario: ___________________ _ 
Coordenadas: latitud longitud ____ _ 
Elevaci6n del terreno sobre el nivel del mar: pies 

C. Fecha en que concluy6 la construcci6n del pozo: __ I / ___ _ 
dfa mes ai'to 

D. Metodo de construcci6n: 

a mano _____ _ 
rotatorlo ___ _ 
percusi6n ___ _ 
otro ______ _ 

Expllque _____________ _ 

E. Perfll Litol6gico (de ser necesario use hojas adicionales): 

lntervalos Material Geol6gico 
de ____ a. ___ pies 
de " " ----de ____ .. ___ ti 

de ____ .. ___ ti 

* lndique los intervalos que producen agua. 
** Describa el tipo de roca perforada por color, tipo de material, dureza, etc. 

2 
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F. Tlpo de camisilla: 

acero ___ _ plastico ____ _ honnig6n ____ _ 
otro ____ _ especifique ___________ _ 

G. Especiflcaclones del pozo: 

barre no 

camisilla 

rejilla de 
filtro grava de 

H. Profundldad final del pozo: 

I. Sello sanitario: 

profundidad 
(pies) 

de a 
de a 
de a 

de a 
de a 
de a 

a 
a 

pies. 

diametro 
(pulg.) 

material 

Dimensiones, en pies, del sello sanitario sobre la superficie del terreno: 
espesor largo ancho 
Profundidad del sello sanitario bajo la superflcle del terreno: pies. 
Material usado para el sello e intervalos del pozo sellados: 

lntervalo Material Usado 

De ___ pies hasta ___ ples 
De __ _ .. " 
De " " _ _ _ 

Ill. OATOS DEL POZO (BOMBEO Y PRODUCCl6N): 

A. Prueba de bombeo 
lncluya los datos del nivel del agua vs. tlempo. 
Fecha de iniclo de la prueba: __ / __ / __ ; ___ _ 

dia mes ano hora 
Tiempo de duraci6n de la prueba de bombeo: horas 
Nivel del agua antes de comenzar la prueba: pies 
Raz6n de extracci6n durante la prueba: gal/min 
Nlvel del agua (nivel dinamico) al flnalizar el bombeo: pies 
Nivel de agua alcanzado, luego de finalizado el bombeo y recuperado el 
s istema: pies 

Tlempo de recuperaci6n del sistema: 
_____ horas min. 

B. lndlque si se realiz6 una prueba de acuifero: 
___ no si 

lncluya anejo en donde detallara el numero de pozos de observaci6n utilizados, la 
dlstancla de estos pozos al pozo de produccl6n y los datos del nivel del agua vs. tiempo 
para cada uno de los pozos. 

Fecha de inicio de la prueba: __ dia __ mes __ aiio. 
Hora de inicio de la prueba: _____ _ 
Tiempo de duraci6n de la prueba: horas. 

C. Analisis de calidad de agua del (los) pozo(s): 
lncluya copia del analisis de calidad certlficado por un quimlco licenciado. 

3 
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D. Especificaciones del motor y la bomba 

Marca y modelo del motor: __________ ___ _ 
Capacidad del motor: HP 
Marca y modelo de la bomba: _ _ __________ _ 
Capacidad de la bomba: gal/min. 
Profundidad a que se instal6 la bomba: pies 
lncluya grafica de curvas de eficiencia d& la bomba 

E. Metro de flujo instantaneo y/o acumulativo 

Marca: 
Numero de serie: 
Modelo: 
Unldades de medlda del metro: _____ _ _ 
Lectura instantanea 
Lectura acumulativa registrada: ______ _ 
Factor de conversion: ____ _____ _ 
Fecha de instalaci6n: ---------

CERTIFICACION 

Certifico que este pozo fue construido bajo mi supervision y que la informaci6n declarada en este 
informe es cierta y correcta segun mi mejor entender y conocimiento. 

Fecha 

Nombre del contratista o ingeniero a 

firma del contratista o 
ingeniero a cargo de las obras 

cargo de las obras: _ _ _________ _ 
Direcci6n postal: ________ _ _ _ _ _ 

4 
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INFORME DE TERMINACION DE OBRAS PARA POZOS 

I. DATOS DEL DUENO DE LOS TERRENOS 0 USUARIO DEL POZO 

A. Dueno de los terrenos 

Nombre NAVY BRAG Program Management Office Southeast POC 

Direcci6n Postal 41 30 Faber Place Drive, Suite 202 
North Charleston, SC 29405 

Direcci6n Residencial Naval Activity Puerto Rico, Ceiba 

Numero Teletono Residencial -----
Numero Telefono Trabajo 843-7 43-21 30 

B. Usuario (de ser igual al dueiio, indique lgual): 

Nombre: lgual 
Numero Telefono Residencial: ---------Nu mer o Telefono Trabajo:. ______ _ _ 
Direcci6n Residencial: 

-------------~ 

Numero de Permiso Construcci6n de Pozo: O-FA-PRE11-SJ-00338-30052012 
Si posee una Franquicia de Agua, indique el numero: _____ _ 
lndique el numero de pozos construidos: __ 2 ___ _ 

II. DATOS DEL POZO (DISENO Y CONSTRUCCION) 

I~ • 

A. Tipo de acci6n tomada: 

construcci6n __ x __ _ 
profundizaci6n ___ _ 
rehabilitaci6n pozo existente _ __ _ 

B. Localizaci6n: 

Municipio Ceiba Barrio Roosevelt Roads 
Carretera Forestal Drive ki16metro _____ _ 
Nombre o numero asignado al pozo por el duelio o 
usuario: 57GW09 
Coordenadas: latitud 804369.24 longitud 939299.78 
Elevaci6n del terreno sobre el nlvel del mar: 118.42 pies 

c. Fecha en que concluy6 la construcci6n del pozo: ~/ 06 / 2012 
dia mes aflo 

D. Metodo de construcci6n: 

a mano _____ _ 
rotatorio _ _ x _ _ 
percusi6n. ___ _ 
otro ___ ___ _ 

Explique _________ ____ _ 

E. Perfil Litologico (de ser necesarlo use hojas adicionales): Ver Bitacora de Cata adjunta 
Num. 57SB23/57GW09 

lntervalos Material Geol6gico 
de ___ -'a. ___ pies 
de _ _ __ .. ___ " 
de ___ ___ __ " 
de ___ ___ __ " 

" lndique los intervalos que producen agua. 
Describa el tipo de roca perforada por color, tipo de material, dureza, etc. 

0 

~ -ii 

;:::::; "2 
c..... 
c:: :::0 I rn 

..:-> 
c.D -:0 -
~ 

, c::i 
0 

1 

"-9 -l 
> 

w ~ 
N > 

2 



, 

·----
Pagina 2 

INFORME DE TERMINACION DE OBRAS PARA POZOS 

I. DATOS DEL DUENO DE LOS TERRENOS 0 USUARIO DEL POZO 

A. Dueno de los terrenos 

Nombre NAVY BRAC Program Management Office Southeast POC 

Direcci6n Postal 4130 Faber Place Drive, Suite 202 
North Charleston, SC 29405 

Direcci6n Residencial Naval Activity Puerto Rico, Ceiba 

Numero Telefono Residencial ____ _ 
Numero Telefono Trabajo 843-743-2130 

B. Usuario (de ser igual al dueiio, indique igual): 

Nombre: lgual 
Numero Telefono Residencial: 

--------~ Numero Telefono Trabajo: ____ ___ _ 
Direcci6n Residencial: --------------
Numero de Permiso Construcci6n de Pozo: O-FA-PRE1 1-SJ-00338-30052012 
Si posee una Franquicia de Agua, indique el numero: _____ _ 
lndique el numero de pozos construidos:_-=2=---

II. DATOS DEL POZO (DISENO Y CONSTRUCCION) 

I• > • 

A. Tipo de accl6n tomada: 

construcci6n __ x __ 
profundizaci6n _ __ _ 
rehabilitaci6n pozo existente ___ _ 

B. Localizaci6n: 

Municipio Ceiba Barrio Roosevelt Roads 
Carretera Foresta! Drive kil6metro - - - ---
Nombre o numero asignado al pozo por el dueno o 
usuario: 57GW08 
Coordenadas: latitud 804299.26 longltud 939277 .72 
Elevaci6n del terreno sobre el nivel del mar: 121.10 pies 

C. Fecha en que concluy6 la construcci6n del pozo: _!!!___/ 06 / 2012 
dia mes aflo 

D. Metodo de construcci6n: 

a mano ___ __ _ 
rotatorio __ x __ 
percusi6n ___ _ 
otro ______ _ 

Explique. _____ ________ _ 

E. Perfil Litol6gico (de ser necesarlo use hojas adicionales): Ver Bitacora de Cata adjunta 
Num. 57SB16/57GW08 

lntervalos Material Geol6gico 
de _ _ __ a. ___ pies 

" de ----de ____ •• _ __ " 
de ____ .. _ _ _ " 

* lndique los intervalos que producen agua. 
Oescriba el tipo de roca perforada por color, tipo de material, dureza, etc. 
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APPENDIX C 
 

FIELD FORMS DOCUMENTATION 
 

C-1 PROJECT PERSONNEL SIGN OFF SHEET 
C-2 FIELD LOGBOOKS 
C-3 SAMPLE LOG SHEETS – SOIL  
C-4 BORING LOGS 
C-5 MONITORING WELL CONSTRUCTION SHEETS 
C-6  SAMPLE LOG SHEETS– GROUNDWATER  
C-7 MONITORING WELL DEVELOPMENT RECORDS 
C-8 LOW FLOW DATA SHEETS 
C-9 EQUIPMENT CALIBRATION SHEETS 
C-10  SAMPLE LOG SHEETS - QC 
C-11  SAMPLE LOG SHEETS - IDW 
C-12  SURVEY DATA 
C-13  CHAIN OF CUSTODY RECORDS 
C-14 IDW DISPOSAL MANIFEST 

  



C-1 PROJECT PERSONNEL SIGN OFF SHEET



-
Full RCRA Facility Investigation Sampling and Analysis Plan 
SWUM 57 - POL Orum Storage Area 
Naval Activity Puerto Rico 

SAP WORKSHEET #4 -- PROJECT PERSONNEL SIGN-OFF SHEET 

(UFP-QAPP Manual Section 2.3.2) 

Name 
Organization/Title/ 

Signature/E-Mail Receipt 
Role 

Linda Klink, PE Tetra Tech PM 
See Worksheet No. 1 

Tetra Tech Title and Approval Page 
See Worksheet No. 1 
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C-3 SAMPLE LOG SHEETS - SOIL



( j t) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

[x] Surface Soll 
D Subsurface Soil 
D Sediment 
D Other: 
D QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page \ of _L 

Sample ID No.: 575813-0001 
Sample Location: 57SB13 
Sampled By: 
C.O.C. No.: 

~~ofSample : 
~~ow Concentration 
D High Concentration 

~~$~1?ll~,p~".f'.~i~:;,:1:tHilli~~-lH';ll!'.I:mll!l'lll:l:+/1m11;\/HHfllltWrnrnmnn:@HH / ; \X:' '. ~:/:)~lHt'., : ::: . : ; :,;,111m1niHtlmrn:l~lllll!l0 : : 'i 
Date: ~ / 1 / IL.. Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: \() ~ S" 
Method: H A 0 - 1 ft 
Monitor Reading (ppm): 0 , D 
~Pw.!~Q$i't~~A.M.~L~: ~/'1.~nrn=·;;j;jlj;Hrn111H;n; .. ··:;1'~;·\i:'::;:h~;::·:;~~- ijjj;jljij ::',: :·::~i']'';···rn:wrnmH;HH!Ij~j~HllHHHHHl@:WillliHHHi;Hii!!!i!i::::!f!!!1!l!l!l!!ll':; 

Date: Time Depth Color Description (Sand, Silt, Clay, Moist~ 

Method: 

Monitor Readings 

(Range in ppm): -----
Analysis 

App IXVOCs 

App IX Metals 

App IX SVOCs and LL PAHs/PCBs 

M Dl '>'lVtt E. c_r),, 1r7i fo.--l' 

- s 0 w--t. \ °""' ~ 
Soi \ 

No ~vS"- l 

-~ ~ roo+s 

Container Requirements 

3 x Terra Core 

4oz 

8 oz 

?,~1::::-

~1~~l!1~l).lie•~rt.:~::i::i:11rf;:;:•:::::11: : :;:l;1:m;;;;;1:11:}~111~~;:iu;:: : ::::•·•:1wi'''i\:i•=mm\~:rn;rn:1. s1gnature(s): 

MS/MSD Duplicate ID No.: I 0 0 0 o H,~ 
~ ~ - 0 "10 l l 2- 0 ( 

--------

Collected Other 
t.,..-
....,/ -- / 
~ 



SOIL & SEDIMENT SAMPLE LOG SHEET [ IL) Tetra Tech NUS, Inc. 

Page I of _L 

Project Site Name: SWMU 57 POL RFI NAPR Sample ID No.: 575813-0103 
112G03371 CTO JM54 

D Surface Soil 

Project No.: Sample Location: 575813 
Sampled By: --c:..-~..,,....-lW-. ---
C.O.C. No.: C)q ~ 

[X] Subsurface Soil 
O Sediment 
O Other: 
0 QA Sample Type: Jfy eofSample: 

Low Concentration 
O High Concentration 

~:~MP:~;;:P.~r.~·••••••••••••••••••••••••:::• •••• • ••• HH•;;:;;;;•;;;:::• ::: : :••••· •••;:; : ;:::::::;:::;:::;:;•; ·j::::::::::::•:::•:•::::::::::••:m::::;;:::;:;:: :;:;:/rn\:;:;::::•••nm••r·•·•••:n:t%:::: 
Date: Ca, 11 / { 1... Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: 1t)O \I - \.')I ~(0\1' ~ s~ Si 1+ ) ~o°'Sd1'( d-ry 
Method: H A 1-3 ft 
MonitorReading(ppm): " ·O \, s'J-z .")I \ \ '?IA" -to.- 4~d I dr-y 
~~~0$!tt;~~~(i~·P.~t~·:::::•::;:;::;;::H:::;:;:::;:;::;:;:Hi}•;:•••••••:•:•1•:n•:•:·:;•:•::::::H•H••••••••::::::rn::mnm:H;n:;:;:;m;:;:::: •:•: :: •••••••••• : •• • •H::;:;::;;::rn;:;:: ••••• ••:•:;:::::• 
Date: Time Depth Color Description (Sand, Slit, Clay, Moist~ 

Method: 

Monitor Readings 

(Range in ppm): 

App IXVOCs 

App IX Metals 

Analysis 

App IX SVOCs and LL PAHs/PCBs 

r\A n t "'>'TU Cl~- C Ot ./\li t\l"I 

Container Requirements 

3 x Terra Core 

4oz 

8 oz 

? rY'?.. 

-\,~ '- 2 .. 5 
1 
~ \~e Sk..\\ { Cora-{ 

~ ; e CR,,':> 

MS/MSD Duplicate ID No.: 

-------

Collected Other 
(./ 

V" -__.... 



[ IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page_ of_ 

Project Site Name: SWMU 57 POL RFI NAPR Sample ID No.: 57SB14·0001 
112G03371 CTO JM54 Project No.: Sample Location: 57SB14 

--=-=..-~-.,.,...,---
Sam p I e d By: Fe$.p w. ~ll...·--~ 

[x] Surface Soil 
D Subsurface Soil 
D Sediment 
D Other: 
D QA Sample Type: 

C.O.C. No.: 0 'l ~ (... 

Type of Sample: 
}(Low Concentration 
'o · High Concentration 

~:$~~~·P.~r~•:•:::1ll:1:::::::•:::::::rnl'''l':•••:•:•:•:::•:::•:•••••:=•=:•:'•=:••=:•:=:'i''Uiiii!:!:l:l::::::•::!:!:!•!:!•!:!:!•!•!•!•!•:•mmmmmm:•:m:m:i:•:=:•i{ : •• •• •••••••• tm••:l:•:•n•:::H 
Date: I' .. _. 1- \ 7 _ Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time:/.~ '1'0 ~Ole~ .1;,, AU~L 
Method: n f>'T' 0 - 1 ft D \(.. f3 «.U I' ( ... ·~. ' ~ 
Monitor Reading (ppm): 0 . 7"'> ( oa. l) 

Date: Time Depth Color Description (Sand, Silt, Clay, Moist~ 

Method: 

Monitor Readings 

(Range in ppm): 

App IXVOCs 

App IX Metals 

-------
Analysis 

App IX SVOCs and LL PAHs/PCBs 

Container Requirements Collected Other 

3 x Terra Core 

4oz 

8 oz 



[ IL] Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

O Surface Soil 
[X] Subsurface Soil 
O Sediment 
O Other: 
0 QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Sample ID No. : 
Sample Location; 
Sampled By: 
C.O.C. No.: 

Page of 

57SB14-0103 

57SB14 
R..rn w fl,&..• -
" 09 'i2 

Type of Sample: 
1jdow Concentration 
lJ High Concentration 

~:smP,U~~l;>~t~~iHmHi:iii:=::~l~.~;~;~:;:;:·: ::rn?Hl:'jl{ j@:::::j:jljllljlrn:i:::::i:::t::::i::i::Hi:i:i::::::=::H::HtH::::i::1::i:i:::==i::•• ·················•r:•rn:m:iH;1.·:;,i·· ,.,: 
Date: • {,,,..- } - I '- Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

nme: I~ Lie;" 
Method: • - OP r 
Monitor Reading (ppm): tn 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

APP IXVOCs 

App IX Metals 

Time 

___ i--

Analysis 

App IX SVOCs and LL PAHs/PCBs 

1-3 ft 

Depth 

""'-Ol~~ C.OJ-J1 . 

Color Description (Sand, Silt, Clay, Moist~ 

Container Requirements Collected Other 

3 x Terra Core . ./ 
4oz y 
8 oz ....-
2-o~ 

_. 

~ 

/ 



( j L] Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page of 

Project Site Name: SWMU 57 POL RFI NAPR Sample ID No.: 57$814- tJ'll I 
Project No.: 

O Surface Soil 
[X] Subsurface Soil 
O Sediment 
O Other: 
0 QA Sample Type: 

112G03371 CTO JM54 Sample Location: 57$814 
Sampled By: 
C.O.C. No.: 

Type of Sample: If Low Concentration 
O High Concentration 

~~1M1.~tii;'P.~r~:::j:::::::::::::::::::::•'•j':•:':•:'=:::::::::=::::::::::::::::::::rn:H•:H::H:•::':::::::::::::•:::'::::::::n:::':':::•:'::11::::::::::::::::nm1::::::H:::::::::rnH::m:rnrn:mrn:::::n::::=::: 
Date: C..- 7- l L Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: L '3·5"5 ~f- ll' V~lcG~ s~p.J.-51L'J w~~ 
~:~~~:Re~~:m): ~ &,vj~~!=:-' . ~:;;~ 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

Time Depth Color Description (Sand, Silt, Clay, Moistu~ 

~Af.;P:li~l¢91i.iti~~n9p.i :1:N.~o~~r19t.fr '!:'H':''•m=:nnn::::::::':=::::::::u:::=::::Hmr:mrnmmn::m=1ttti:::!1::::::H::::::H:~H:m::n::::::::::=:n::n::=:n::n::rnm:rnm 
Analysis Container Requirements Collecteil Other 

App IX voes 3 x Terra Core V _ 
App IX Metals 4oz v 
App IX SVOCs and LL PAHs/PC8s 8oz v 

MS/MSD Duplicate ID No.: 

f./T> 



( It) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

[x] Surface Soil 
O Subsurface Soil 
0 Sediment 
O Other: 
O QA Sample Type: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

Date: (,,. '-/- "\_ Depth 

Time: / 500 
Method: OM" 
Monitor Reading (ppm): r> 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

Time 

Analysis 

0 - 1 ft 

Depth 

Color 

Color 

Page of 

Sample ID No.: 57SB 15-0001 
Sample Location: 575815 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
fl. Low Concentration 
TI High Concentration 

Description (Sand, Silt, Clay, Moisture, etc.) 

Description (Sand, Slit, Clay, Moist~ 

----

Container Requirements Collected Other 

App IXVOCs 3 x Terra Core v 
App IX Metals 4oz ./ ,, 
App IX SVOCs and LL PAHs/PCBs 8oz v , 

\t'\-t n t c:; 'TLJlt ~ c o.vr _ .7 o-z_ ../ 

MS/MSD Duplicate ID No.: ------r 



[ IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

D Surf ace Soil 
[X] Subsurface Soil 
0 Sediment 
O Other: 
O QA Sample Type: 

5WMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page of 

Sample ID No.: 575815-!)103 
Sample Location: 575815 

Sampled By: 
C.O.C. No.: 

Type of Sample: 
O Low Concentration 
D High Concentration 

~:~Mt:P:¥~;P.~r~:mHwH::::::::::::::::::::r:::::::::::::::::::::::::::::f:: • :: •• ••'•••• rnwrnmt:::• .. :•:•: .. ••• ••••:•• ••••••': '••H:::::::::H::::::rrnr•~••r•i•::::::::::Htn:•m•HH 
Date: ( --7- l L Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: I C)""0'1 
Method: f) D r 1-3 ft CLp/"( 
Monitor Reading (ppm): n 
w.M~~~i:ti;1$'.~~~~!Q~if'.~ j·····•nnu:::!jj!j!j!j!l:jWrnrn::::1:•••• ••::: :t:'.iHHHlHt:::::r1:m:::mmHHHHHH•nffHim::::::::::n:::::•t•Hj!j!Hili!HHi!ifi!H:HH••············i··:• : •:•:::• : 
Date: Time Depth Color Description (Sand, Silt, Clay, Moist~ 

Method: 

Monitor Readings 

(Range in ppm): 

App 1x voes 

App IX Metals 

Analysis 

App IX SVOCs and LL PAHs/PC8s 

MS/MSD Duplicate ID No.: --

--------

Container Requirements Collected Other 

3 x Terra Core 

4oz 

Boz 



( 1 l) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page_ of_ 

Project Site Name: SWMU 57 POL RFI NAPR Sample ID No.: 575815-t 3/S-
Project No.: 

D Surface Soil 
[X] Subsurface Soil 
O Sediment 
D Other: 
D QA Sample Type: 

112G03371 CTO JM54 Sample Location: 575815 --------Sampled By: p- ger.y.sr:ft.-
c.o.c. No.: 0 q <f L 

Type of Sample: 
D Low Concentration 
D High Concentration 

~~~Pl.;~iP.~'.r:~ ''[iI. :;;jrnJ[HH\i[i[i[i[iiilili[[iili!l!ilii!i!i[i[i[i[l!i!i!iii!i!l i Hi i!ii i !ii i] jli!i!i!i!i!H[}!iHftil::i:i jiii!ii:~::nfi'i'ii:i} !i!i!;:i:rn:iW;Hjijijiji j illjHi;iii'.~mrn;:,i~;;n;j 

Date: [,,_ 7- 17 ~ Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: / <:;'I '7 
J3-IS-Method: nPr 

Monitor Reading (ppm): r"> 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

App IXVOCs 

App IX Metals 

Time 

Analysis 

App IX SVOCs and LL PAHs/PC8s 

lM I>\ ~-n.JD t; r-.. .rr 

MS/MSD Duplicate ID No.: - - --

Depth Color Description (Sand, Slit, Clay, Moist~ 

Container Requirements Collected Other 

3 x Terra Core 

4 oz 

8oz 



[ j L) Tetra Tech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page_ of_ 

Project Site Name: SWMU 57 POL RFI NAPR Sample ID No.: 57SB16-·0001 

Project No.: 

[x] Surface Soil 
O Subsurface Soil 
O Sediment 
O Other: 
0 QA Sample Type: 

Date: (~ - t: - f 7 
Time: CJ Cll 0 0 
Method: DPT 
Monitor Reading (ppm): CJ 

Date: Time 

Method: 

112G03371 CTO JM54 

Depth 

0 - 1 ft 

Depth 

Monitor Readings 

(Range in ppm): ~ 

-------
Analysis 

App IXVOCs 

App IX Metals 

App IX SVOCs and LL PAHs/PCBs 

Color 

Color 

Sample Location: 575816 

Sampled By: 
C.O.C. No.: 

Type of Sample: 
'S(Low Concentration 
Q High Concentration 

Description (Sand, Silt, Clay, Moisture, etc.) 

C) I '-I-< GL~ 1 
Tll G (Z l\Vfi.t,, 

Description (Sand, Slit, Clay, Molstu~ 

Container RequJrements Collected Other 

3 x Terra Core 

4oz 
8oz 

C.J~~~!MP.P.H~P.~:mrn~;rn~E'~j;~1']i+;lr}::::;:::;;;;::;:;1;,;;;;;::::':::: : '::H'''_:~1;:nm:::i:::::::::::::mni:. s1gnature(s): 

MS/MSD Duplicate ID No.: 

/JO ?V~~/Mt;_ > 1~-



r I t] Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

D Surface Soil 
[XJ Subsurface Soil 
D Sediment 
D Other: 
D QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page_ of_ 

Sample ID No.: 57SB16-0103 
Sample Location: 57SB16 
Sampled By: F---fZ-£o--W-{?.,...trvY--5ftL-
C.O.C. No.: Q9<(/ 

Type of Sample: 
~ Low Concentration 
D High Concentration 

~!~M~~~P.~:t~i!i!rnrn:::':::::::i::::::::::::H::::::::::::::: ::::::::::::::::::::;::~H:iH!i!i!i!i!i!iH!m!iH!i:::::i:::i:::::i:i:i:i:::::::1:::nH:rnHi1'::u:::::::~:::::::::::::::: : : :::::: :: :nwn::n::n::: : 

Date: {. - f. - f ? Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: OC\. \ O 
Method; Of>.,. 
Monitor Reading (ppm): C 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

App IXVOCs 

App IX Metals 

Time 

Analysis 

App IX SVOCs and LL PAHs/PCBs 

1-3 ft 

Depth 

CL~<t' .+- SI LI 'DP'"( 
1lZ. C 'fl.A-Vitt- 5Tl Pr 

Color Description (Sand, Silt, Clay, Mols~ 

----

Container Requirements Collected Other 

3 x Terra Core 

4oz 

Soz 

................ 

~~R~A®~§.i~~~Iili;$.~Hmrmi:HHtmwmwrnrnnrnHirn:nmrrn:Hmnffrn:i:::uuuuuu1, ~~:nnwm1w:<rnwm:::)nt:1::11:1:::::::::::':::::::mff:::::::::::ut 
,.,... 
kl 

Signature(s): 

Duplicate ID No.: MS/MSC 

>Jo ~J /AJ R a .v 1AK-



[ j t] Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page of 

Project Site Name: 
Project No.: 

O Surface Soil 
[X] Subsurface Soil 
0 Sediment 
D Other: 
O QA Sample Type: 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

App 1x voes 
App IX Metals 

Time 

Analysis 

App IX SVOCs and LL PAHs/PCBs 

SWMU 57 POL RFI NAPR Sample ID No.: 57SB16- 0 °I I/ 
Sample Location: 57SB16 
Sampled By: ~...,..Ri..,...e_J?_w_g-=-ftll!-rn'f---= 

c.o.c. No.: ocry 1 

112G03371 CTO JM54 

Type of Sample: 
)@'"Low Concentration 
D High Concentration 

Depth Color Description (Sand, Silt, Clay, Moist~ 

Container Requirements Collected Other 

3 x Terra Core 

4oz 

8oz 



[ IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page of 

Project Site Name: 
Project No.: 

[x] Surface Soil 
O Subsurface Soil 
O Sediment 
O Other: 
O QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Sample ID No.: 57SB17-0001 
Sample Location: 57SB17 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
~Low Concentration 
O High Concentration 

~~j$~~;ti~1P~~11:m11nrn:~H:H+:+1•:+WHH11i::uHHHH:•11:::::1H:~1~111:~~1:11~:1t:•1:•=:::1::n:H:::~:1rn1:1ru:•••::ut:u:1~1~1:1111rm1rnm:1m1H: •:u ;•:H •::rnrnm••rn: ••••••• •••••; 
Date: r. - 7- /..., Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

nme: - If-. 00 
Method: DfT 
Monitor Reading (ppm): f") 

Date: 

Method: 

Monitor Readings 

(Range ln ppm): 

App IXVOCs 

App IX Metals 

TI me 

Analysis 

App IX SVOCs and LL PAHs/PCBs 

0 - 1 ft 

Depth Color Description (Sand, Silt, Clay, Moist~ 

Container Requirements Collected Other 

3 x Terra Core 

4oz 

8oz 

\. 

~~~=itNii1!!i~l>~•:t;::;; :;: ;;;;:;:;:nH:H:::;i::::::::: : = : ::;=:::•:=: ::::;rnut:Hl• ::::::I:t:•::rn::::::: :m:t•l•l•!••:HL Signature{s): 

MS/MSD Duplicate ID No.: 



[ 11:) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

O Surface Soil 
[X] Subsurface Soil 
0 Sediment 
O Other: 
O QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTb JM54 

Date: f,,.-7-17~ Depth 

Time: I(;,. 0 S 
Method: DP 1 
Monitor Reading (ppm): 0 

Date; 

Method: 

Monitor Readings 

(Range in ppm): 

Time 

Analysis 

1-3 ft 

Depth 

Color 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Page_ of_ 

57SB17-0103 

57SB17 

~'-o w. (~'"' · -'""~ 
Oj'-(1.. 

Type of Sample: 
)J(Low Concentration 
O High Concentration 

Description (Sand, Slit, Clay, Moisture, etc.) 

Color Description (Sand, Silt, Clay, Moistu~ 

Container Requirements Collected Other 

ApplXVOCs 3 x Terra Core 

App IX Metals 4 oz 

App IX SVOCs and LL PAHs/PCBs 8oz -



[ It) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

O Surface Soil 
[X] Subsurface Soil 
O Sediment 
O Other: 
O QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page_ of_ 

Sample ID No.: 57SB17· i,3tS: 
Sample Location: 57SB17 
Sampled By: ~~(i-3)-W-. ...,.((._Pr-M:_ ')_M_ 
C.O.C. No.: 091..f 't. 

Type of Sample: 
'Flow Concentration 
O High Concentration 

~$~P:t.t;:b~r~:::Hr:::::::::::::'f/:H:::=m::::::~;:::::::Hr=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::mmmm@r::::::::: ::::=:::, : :: :: : : :::::::::; :::=:::::::::::::::::::=:=rn': l ''l' 
Date: r_ - 7 - l "L. Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: I ~1'5 
Method: oPr 
Monitor Reading (ppm): O 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

App IXVOCs 

App IX Metals 

Time 

-------
Analysis 

App IX SVOCs and LL PAHs/PCBs 

V\A..l>t..~'fl.IL£ r r>.v1 • 

Depth Color 

$/LT l"'OI $ r 
-( .'1 c;.~ 

Description (Sand, Silt, Clay, Moistu~ 

Container Requirements Collected Other 

3 x Terra Core v 
4 oz I/ 

8oz v 
20~ 

..,,,, 

j 



( It] Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG. SHEET 

Project Site Name: 
Project No.: 

[x] Surface Soil 
O Subsurface Soil 
O Sediment 
0 Other: 
O QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page_ of _ 

Sample ID No.: 57SB18-0001 

Sample Location: 57SB18 
Sampled By: 
C .O.C. No.: 

Type of Sample: 
&(Low Concentration 

/ ff High Concentration 

~:$~et.~:P~~rnrnmrnw::::::::iH:]u:1:::H:::H:::t:t:::::t:::?:t~~ :::::u::::::=:::: •H :~frji:Hw:::•:• u••:•• ••••••••••••••••:::uu••:uuut• u:uu :•u:•••H::::j:jrn::::::::::u:::::::::::::::::: 
Date: t:. - 7- ( '2.. Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: l (no 
Method: 0 f T 
Monitor Reading (ppm): C> 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

App IXVOCs 

App IX Metals 

Time 

Analysis 

App IX SVOCs and LL PAHs/PCBs 

\1.\.0\ 5Tu Lh ("",... .. ,-, . 

MS/MSD Duplicate ID No.: 

µo 

0 - 1 ft 

Depth 

fVD 

Color 

C LA'i 4-5 lLT l/fil "'f 

OYl-'1' Sn r-r-

Description (Sand, Silt, Clay, Moist~ 

Container Requirements Collected Other 

3 x Terra Core v 
4 oz I/ 
8oz v 
"2. e>-"L- / 



( I t:) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page of 

Project Site Name: 
Project No.: 

O Surface Soil 
[X] Subsurface Soil 
O Sediment 
O Other: 
D QA Sample Type: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 
Sample ID No.: 575618-0103 

Sample Location: 57$618 

Sampled By: 
C.O.C. No.: 

Type of Sample: 
~Low Concentration 
O High Concentration 

~1~~P:~J;~o*r~f:[t'u:~Hwrnm;wrn:;;:::=;;·,:;1;,;~n::::::::::=:::=:::=::::::::::: ::=n:nnn::::n :::::l::::rn::::~:F1=:=i=1;11::1::::;1=l=::1:::11i1HH:i:rn11i:1:1:1::=:1:i;:'tH11;F;;::::1::=i=i=i=1 
Date: C .. - 7 - l 1- Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: 1-z d5° V(i t.,., Btl"-' 7 ~ 151 '-T/c" .a.-....-:A 
Method~· OfT 1-3ft L /_ l'-r>"'l"~ 
Monitor Reading (ppm): C> (,A'WPJt';KtC,Q/li Ort"/ 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

App IXVOCs 

App IX Metals 

Time 

Analysis 

App IX SVOCs and LL PAHs/PC6s 

~ 0 \ 7 11.ilf (OU 1 . 

Depth Color Description (Sand, Silt, Clay, Moist~ 

Container Requirements Collected Other 

3 x Terra Core 

4oz 

8oz -



[ It] Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

D Surface Soil 
[X) Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Page of 

57SB18- L 0 ('2.-
575818 

1-"ll F4-D li J I'&..···
Q <f't L 

T~ of Sample: 
~ow Concentration 
D High Concentration 

~~~Mt.m:~ti:!~r~im1• n •• ••• • =:= •• • •• •\•:•,=••:~j~~~j•j•j•••j=••• ••n.:rnm~H•~•~m•m===·····=·=·=· ••••~j•i(=r •,.•:• H~••••••L•••(::•••:::::~:,:::•~· ••:•:••••= •;-•••=•••Hurnmnmnwmm 
Date: (".- /- \ / _ Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: \ (? 0 

Method: 0 f' r l 0 \ 1-
Monitor Reading (ppm): r-, - f.t\.-t,O\. ~ J 

Date: · 

Method: 

Monitor Readings 

(Range in ppm): 

App IX voes 
App IX Metals 

Time 

Analysis 

App IX SVOCs and LL PAHs/PCBs 

Depth Color Description (Sand, Silt, Clay, Moist~ 

. -------

Container Requirements Collected Other 

3 x Terra Core 

4 oz 
8 oz 

P~~8~t.\:t.~tl.$ltl\!~t1;$-~H••••••••Hrn•H•tmlt~nrnmrn•j•••••••••••••••••n:H•Ht>H>t>t~•j•1 "-'~j•••n:Hili]i]t:H•rn•••••••••••••n••••••••••••inr~~•n•n• •=•rn:tmm:m•• 

MS/MSD Duplicate ID No.: --

t 



SOIL & SEDIMENT SAMPLE LOG SHEET [ j t) Tetra Tech NUS, Inc. 

Page I of1 

Project Site Name: 
Project No.: 

[x] Surface Soil 
[] Subsurface Soil 
O Sediment 
O Other: 
0 QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Sample ID No.: 575819-0001 
Sample Location: 57SB19 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
~ow Concentration 
1J High Concentration 

~~~f>tl;;!P.~T.~ijij):jjjijii;!~:~~~ff~jffiHHH!lHHHtmliilHHHHHHHHHHHHHHW!liiHHHHi!H!H1~i;i:;::i@n~m@if%HHmmm;mmH!i\:!m;;H~!W~WHHHH1HHWH!m 
Date: VJ 111 r-z.. Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: \~~ Do.A~ t3 rcwV1- SoA'<i"i 'S, l t, ~os~ Jr-v 
Method: 0 - 1 ft J 

Monitor Reading (ppm): o . t> 

Date: Time Depth Color Description (Sand, Slit, Clay, Moistu~ 

Method: 

Monitor Readings 

(Range in ppm): 

App IXVOCs 

App IX Metals 

------
Analysis 

App IX SVOCs and LL PAHs/PCBs 

YVl ~ l5 IV R.F- ~J1 

,,. Let~ ~ ~ o\''4'W·c. ,t-1.(N~ 

....,, ~ 'f'<>C. \<-') IV l •• ¢ 

Container Requirements 

3 x Terra Core 

4 oz 

8oz 

"2...o 7 

Pi!~i i~:MP.l!~~~~ :f!l'i!ii!ii'iililH!f!i'j!j:/l!;!j!]ij!::;:~:j:;:;:::f[Htl[~;iji:ijlilH)\:i~ii]!j!j!j:jii!j:j!j!li!ii. Signature(s): 
MS/MSD Duplicate ID No.: 

Collected other 

V" 
...,,,,,. 
_.,,... 
a/ 



( I t:) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

D Surface Soil 
[X) Subsurface Soil 
D Sediment 
D Other: 
D QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page \ of _l_ 

Sample ID No.: 57SB 19-0103 

Sample Location: 57SB19 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
~Low Concentration 
D High Concentration 

~'~Nii.P,lii; 'P.N.~mmmm:::i!i:H:ill@liliiiHll1ih1i~i]!iHHildi!rnl!lrnlm:rnHH@fH@mm1rn;1;1;1HH1mmmmmm::;;:1:;:/~l@HHHll;HHHi@j!j!jHJ1HWH1HiHH!HU!iH'l 
Date: Cl/ 1 J ( L. Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: \,"'l, ~ {} 

Method: ht A 
Monitor Reading (ppm): "" • O 

1-3 ft ~(J..Jf'-d"f I '-~"" f , '/+ 
\ 0 \V V\J'-° ; ~ +v I'-'!-

~~~q$ij;t;~AM~ti~lP.~'l".~lWl'.(11HHWi1;ii1Hi}l:=11::1:11:?1HHH:::= ''.. ·=·=·=. ;:===~: :::~:1:::t:1:1:1:1:::1:1=::1::::::1e1m\lljji11@H1iiHHHiiE\11irl1l:m~rn:1:::1:1:n;;;;;;;;Hrn 

Date: Time Depth Color Description (Sand, Slit, Clay, Moist~ 

Method: 

Monitor Readings 

(Range in ppm): 

App IX VOCs 

App IX Metals 

Analysis 

App IX SVOCs and LL PAHs/PCBs 

M O \"") TVO IL COIA J1 

- Lcrts o~ 'l r~ ( a;..,~ 
5~S tv-- '>~i-e 

- ~.Q""s~l ~ 2 ' ~j S 

Container Requirements 

3 x Terra Core 

4oz 

8oz 

~e> ~ 

~rt~:!f~P.Ui;'.•1>~•~:li:::1=1:::1:::1·~::::i:=:i:~:lj!i!iii:::;;HiHHli=HH!iHHHil!Hillli::nrnn:n1:;1:HHiiil'H:'t'~li Signature(s): 

MS/MSD Duplicate ID No.: -

------

Collected Other ._..,,, -__, 
,.,/ 



SOIL & SEDIMENT SAMPLE LOG SHEET [ I L) Tetra Tech NUS, Inc. 

Page\ otl__ 

Project Site Name: 
Project No.: 

[x] Surface Soil 
O Subsurface Soil 
O Sediment 
O Other: 
D QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Sample ID No.: 575820-0001 
Sample Location: 575820 
Sampled By: 
C.O.C. No.: 

~e of Sample: 
/R' Low Concentration 

O High Concentration 

~~::$~~~~H~~r~r:1tt::rn1!nrn:mrnmrn1::!mH::H]i:H:t::nH:rH::::::1:::! :!: !:!;!;!;!; ! ; ! ; ! :!:!:;:!:rnrnrnrnrnnmrn:!:!:!:!:!:!:!:!;rnt!HlH;:::1:1: : ! !''!::: = : ::: : :::::::=: =: : :::11!1 :1::!:=::! =::: 
Date: \# / 1 I I "2.. Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: l (a ~ O 

Method: \.-\ A 
Monitor Reading (ppm): t:>-. i> 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

App IXVOCs 

App IX Metals 

Time 

Analysis 

App IX SVOCs and LL PAHsfPC8s 

0 - 1 ft 

Depth Color Description (Sand, Silt, Clay, Moist~ 

Container Requirements Collected Other 

3 x Terra Core 

4 oz 

8oz 

,/ 

®.~a¥.f\'Mti~n1p,t1;$.-;1m:mrnnm~nnrnmrnmmmnrn:mmmmnnmmrn~:rrH:~!:!~::::::\ ~N~(ttr:m:m:r r:rn:rn:rrtmt\HlHHH=t:rnr r 

-~ ,~~ SovAd 

~c~ s~tts V"\t~~ 

- I 

t 
tJ 



[ I L) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

D Surf ace Soil 
[X] Subsurface Soil 
D Sediment 
D Other: 
D QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page \ of \ 

Sample ID No.: 57$820-0103 

Sample Location: 575820 
Sampled By: 
C.0.C. No.: 

Type of Sample: 
'SCLow Concentration 
fi High Concentration 

~~~P:~~iP~t-A.B.~!ii iiilfl;ilfH!i!imifH@@HliiHlim1Hrljjjjljjjj!ijjijjjjHJjj;jjjiij[j[jW1~gm!in!i!inn!i!i!m!Hil%i!lil!l ! i!l!l!l!Hl!liHHHi!i!iHHWHl!;iHHlHi:l!mwrnw:wrnH: 
Date: ~ / 1 I { l- Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: '(I 5": A ~~ l·t:+~ Lt'q ~ u ro ....... "'--
Method: 1-3 ft I 

Q ~ '~ r-'1 :.,...-;--~, ..l.. r--vf 
Monitor Reading (ppm): o • 0 l ~ l CT' -, 

~Q.~~Q$IJ;t;~~~~i;~P.~tA.i. lit:•:::•:•::•:t!:!:tw:1Hmrn • = , = :== ' =U • =H: nH:'H H:i :HnHwimnm;1;mnmHf:;;;!=mmmrnr::::mm:::=:::=:::=:::m:=:m:t!f::=:=:=:=:•Ht:•m•=:m 

Date: Time Depth Color Description (Sand, Silt, Clay, Moistu~ 

Method; 

Monitor Readings 

(Range in ppm): 

--------

~~p.~~:qp,~~~~nPti1;1Nl5P~~]!~H•:u:nHtH•nwmwrnm1m:mrnmiH•!•••:•:•:•:•:irn:;::H:iHf!mHiililliWHiiliHil!lili!fffiiHH!rH~f}!!fl!HHl!l!ntim!H!iH!HilH!H 
Analysis Container Requirements Collected Other 

App IX VOCs 3 x Terra Core '-"' 

App IX Metals 4oz 

App IX SVOCs and LL PAHs/PC8s 8oz 

- No 

~/~s ' ~CUV\,() ' ~ 
'i r-(NW./t v s~ 

~~~1~rn:M~11~1>~~:im/:H!HHrnnn:ntHf::ii!m!~!mnrnf :n::i=in;Hi(@}m;:;w!rnm;rmt:n::;f:; 
~S/MSD~ Duplicate ID No.: 

11411-A 

-

Signature(s): 

~h 



r It] Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

[x] Surface Soil 
D Subsurface Soil 
D Sediment 
D Other: 
D QA Sample Type: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

Page \ of \ 

Sample ID No.: 57S821-0001 
Sample Location: 575821 
Sampled By: -c--=-'fc._......-\-~---

c.o.c. No.: o5<t '3 

Type of Sample: 
/rflow Concentration 

D High Concentration 

~:~~P:t~=QA'.f'.~:::::lilililili!i!i!!lit:l~jHii[;i;i[i[i]iliHlinUl:;;j;ji]j]j]j!i!::::==::::::n::Wlilililililil'ii'imi;ililili:~lili:i~ilHiHlHlHlnlliHlH!lHiiHi!ffilfj@ji)mmrnmmm~H 
Date: VI/ 1 J I ""L Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: \ ~~ t)~\L 4~~ Si lf1 Ma stl"( J"'f 
Method: 0 - 1 ft \3 (""O'Wv.-
Monitor Reading (ppm): o , () 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

App IXVOCs 

App IX Metals 

Time 

Analysis 

App IX SVOCs and LL PAHs/PCBs 

Depth Color Description (Sand, Silt, Clay, Moist~ 

Container Requirements Collected Other 

3 x Terra Core 

4oz 

8 oz 

,/ 

9~~i1t~AWN~~:N~t!;$~ jjjjjjj[jjjj(i!i']ll!!!liliijJ/:i:@UtllillHH!l!t!!l!Uli!i:::;t;\ii:iiHim:fl:ji ~{i%1=~~1nrrrmw::::1[[li[l![i:flH:\l}i:iji/WrnlH?Hf~\l 

- ~c~ ("'o c..~<, / )\'~ . .v-~A 
W\.~ 

MS/MSD Duplicate ID No.: 

./ ~0-~ 

< 
..,. 
,. 



[ It:) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

O Surface Soil 
[X] Subsurface Soil 
O Sediment 
O Other: 
0 QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Date: (, / 1 /I 1. Depth 

Time: I "\10 
Method: i,l ,/l 1-3 ft 
Monitor Reading (ppm): ti• ~ 

Color 

Page ( of I 

Sample ID No.: 57SB21-0103 

Sample Location: 57SB21 --.,...-------
Sam p I e d By: C ~fA:t 
C.O.C. No.: Q ct V 3 

Type of Sample: 
~Low Concentration 

O High Concentration 

Description (Sand, Slit, Clay, Moisture, etc.) 

S~~ G(QAf ey 
t\\os~t'i t! r y 

:c~~~Q1;11rn!il~1r:~~!P~:r.~u~~H:Wnnmrn;;!; : ::::HHHHHmrni!{'.fHl!ft!!:t=~wii1=HH1'.U!it:::: ::: :::/H11H==:::::::=:'~:~::=='=,==1=1:11:i:::::::H:nm;m;;;HHHJ!l!HH:'::·::@rnmw; 

Date: Time Depth Color Description (Sand, Silt, Clay, Moist~ 

Method: 

Monitor Readings 

(Range in ppm): 

-------
Analysis Container Requirements 

App IXVOCs 3 x Terra Core 

App IX Metals 4oz 

App IX SVOCs and LL PAHslPCBs Soz 

IV\. 0 \ c; n.retc:. Cn/\/Tr"'1V' 1" '2..o< 

~e~ \~-t... ro c..~ P~' e. u.-<, 

M(Y-(.- v\~'i - \,·k. ~ o~ 

s~e~ 

~1 

~ 

-------

Collected Other 
......... 
_,,, -J 
..,./" 

r~ 1"" 
J.I 

r' v d"<!. s 
t. 



[ It:] Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page_l_ of _ I 

Project Site Name: 
Project No.: 

[x] Surface Soil 
O Subsurface Soil 
O Sediment 
O Other: 
O QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Sample ID No.: 575822-0001 
Sample Location: 575822 ----,,...-----
Sam p I e d By: C. k "-'! 
C.O.C. No.: 09<t3 1 

Type of Sample: 
'$.Low Concentration 
11 High Concentration 

~~~IW!i1f PAJ:~'liliHi'ltHiHi£:,jj!: ! i '' !i!j ji!:: ' !:: : : : : : ::: i !'! i'i'' '!''i'i' '·':;:]iji]ijiliWil!j!jjj!jjljjj[!jijjlfolijijij!ji;iji]ljijii:lHHHliiiHmm;;::;HiHlW i :U! i !!]Hn1: ::::::!j!jjj!j!j!j!j!jijijrnj 
Date: f.111 /IL Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Tlme: \~l o l)J~ ~ i' 11'\ \ o~ 1 ~ '( Pry 
Method: H It 0 - 1 ft ~ ('ow.-
Monitor Reading (ppm): o . () 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

Time Depth Color Description (Sand, Silt, Clay, Moist~ 

Analysis Container Requirements Collected Other 

App IXVOCs 3 x Terra Core 

App IX Metals 4 oz 

App IX SVOCs and LL PAHs/PCBs. 802 

Y\A.o l C) nJtt r:_ CD k.l i _ 2... 0 :::l.---

- e..e_~S~\ Q (g II \,~ s 
""5; \~ \ oc..~ v..> c' ~o.-.. l o-\' ~~ 

,,.-0 0 t- \f'J\0--~ t' ~ ( G II'- -t t> f 0 V

b ~ 4 c-'o cjl.. 

- Sc:.v'\M. \f<..' <£,, tCl.41'.e-... i ~ ~ ~v+- ""' l ~ 
S t..c:a .U c """' {' c o + '> I 

\_., 

------v 

r 

' 



[ j t) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page I of \ ,, 

Project Site Name: 5WMU 57 POL RFI NAPR Sample ID No.: 575022-0103 / 
Project No.: 112G03371 CTO JM54 Sample Location: 575622 / 

Sampled By: C K.vf(,,y 
O Surface Soil C.O.C. No.: / _ __,,,,___ ___ _ 
[X] Subsurface Soil ~ 
O Sediment Type of Sample: 
O Other: D Low Concentr ion 
O QA Sample Type: O High Cone ration 

~l$~~J.il:;J)~f~'YlUtH/UHHHH:lH::nnn=nu<<'/\H\HH\:))j/UHHHH//:0:[t[i[l[l[/HnnHHl[!l!l!l!lWn~rnrnrnnrnn@m 
Date: ' Depth Color Descrlptji{n (Sand, Silt, Clay, Moisture, etc.} 

Time: '-.. ~ / 
Method: ........... 1-3 ft / 
Monitor Reading (ppm):"-. 

~~M~9$.!T~~~~~~,~~r~:::rn:::rni:iYHnw•: 0:•::::)~m;:trnmm•:•1•::•••:••:•••:::::::•n:n::n•:==~~::::::· •:rnnrn•~=,y;:: :.,,,'•= ... •== ·::: .::::=•=:: \•m••=••••••=•••••••••••• 
Date: Time Depth Color / Description (Sand, Silt, Clay, Molstu~ 

/ ---------
Method: 

Monitor Readings 

(Range in ppm): 

-------- -- ~ / 0 
--------- 7 v 

/ 

~--~~·~Plii~~E.tn:9~ il~~Qj,{i'AA:i.l*-Hi'A:=:=::::::::::::::: : •::i:::::;::::::::::::::::::::::::::::::: ~ •••••:•:•;:::;:;:;;:i:''::•:•'•::::H::''i! ••:::::::::i::::•:::::•:::;' 
Analysis / Container Requirements Collected Other 

App IX VOCs / 3 x Terra Core 

App IX Metals / 4 oz 

App IX SVOCs and LL PAHs/Poifs 8 oz 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
9:®~R,~AW~$lP!!~T:~~:••lil!Hii!littt<::::::::=•:••••n•=•:•i']iii!HHlili!ilil!HHflH:H••i::n M~tH!i!i]ii![i!iUt•:•••••nn•:n::nnn:::::rn•ll\i!H•••tHH/Hi\}) 

"' tJ CJ s ~ (_.e. (. e. l \ ~ c.J< . .J. 
I' l 

~~~ °'-' l 6) ~ U J S I \) e-J.<0~t. 
s ; l'°N \ 00..~ ~04..~o.J \A.JI ~ I 0 -f 

e ~ \oo \- ~~' Q.. l ov- +of of> 

~r-ot-l'-

~it~=i~:AAP.!i@~~t:t:Y:~:::::~::::uiil:]:J:l:HHHt:Hmrn::::::::::::::::::::j:j::;;;~::;:;f:mmm:::::::%0:::::: . s1gnature(s): 

MS/MSD Duplicate ID No.: ~1Cvl;( 



[ IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page \ of I 

Project Site Name: 5WMU 57 POL RFI NAPR Sample ID No.: 575824-0001 

Project No.: 112G03371 CTO JM54 Sample Location: 575824 -------
[x] Surface Soil 
D Subsurface Soil 
D Sediment 
O Other: 
D QA Sample Type: 

Sampled By: C... ~L~1 c.o.c. No.: 0 '-7( ! 

T~e of Sample: 
~ Low Concentration 
O High Concentration 

~·$~~~li;!At~:l•l•)nl}'H''••••''••·····:::•••:•'•'•••••:•:•:=:=:::•:::::::•l•i•l::•ll•••;:•l::::::•:•::••:•l•l•:.:•:•l•:•Ul•:•:•:•••H:•l?H•••H=:••::=:::t:••:=••:rn:/l'I•n•l•••••:•::::•:::::::::'::::::•:•: 
Date: (0 /ID111- Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

nme: \1. 40 o~~ s~ ~, l+r ~~y\o\.L \ o c (<:..5 
Method: 1-t A 0 - 1 ft 
MonitorReading(ppm): e,. O '\'SC"'owV' '""- OC'"/CVM'c.. Mq:ff~%1 ""1D"S'f{1.f d - y 
c~i:i.qi;;1;r~sA.M.PtE.•P~~mH::l•tmHHHHrn:rnm:m~mnnl•rn1HHHrnrn:::H:ll•':lim•imm•:mmi:rnm:mimw'•=;••1•0:tHH•rn•nm•i•:•Hl•rnnHnH•H•i:n•rn:tmtwwni•wH• 
Date: 

Method: 

Monitor Readings 

(Range in ppm): 

Time Depth Color Description (Sand, Slit, Clay, Moist~ 

-------------~ -------------------
Analysis Container Requirements Collected Other 

App IX Metals 4 oz 
App IX 5VOCs and LL PAHs 8 oz 

~•eR:vAm~~t~9'T:~~:m•rHrmrnr:t:rnmH/tW•=i:rn=<nn:r:tnnn:::HHft ~rm@~1~~~::::%•Hr::n1mrn•l•:mmm:mrn:mrnw:mrnm::wHH• 

~ 

- .r-c.o.\ s 
r 

l ,.._ -k.r ~' X. -e d ... 

- }Jo \€. 9-..... ~ C4... ( +o b' ~ V'oa..-6 ~~ x .. 
.. . "'-> ec-!. ~ 

MS/MSD Duplicate ID No.: -
" 



[ IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page_l_ of_\ 

Project Site Name: SWMU 57 POL RFI NAPR Sample ID No.: 57SB25-0001 

Project No.: 

[x] Surface Soil 
O Subsurface Soil 
O Sediment 
O Other: 
D QA Sample Type: 

112G03371 CTO JM54 Sample Location: 57SB25 
Sampled By: -C.~EJ-,L_{ij __ 
C.O.C. No.: O'f't f 
Type of Sample: 
,lt.Low Concentration 
O High Concentration 

~~;A,~Q~!Ji!:H$~~j;~p~'f~Hrn?iH:tH=U?HHH@HHH!Ht)[rnHHHHHli!Hi!@HH!!:nnnn::nt:rn:u~~Hn:Jti:~Ht!WH!ni!HlH1l~:rnnu;;jW\i1UlU:U~~rnm\i\iH 

Date: Time Depth Color Description (Sand, Silt, Clay, Moist~ 

Method: 

Monitor Readings 

(Range in ppm): 

App IX Metals 

Analysis 

App IX SVOCs and LL PAHs 

,_ ~'1"~ c{; r-y I \.-..o-C ~ 

., No oc!"r 

__ L---'"" 

Container Requirements 

4 oz 

8oz 

- \<. G-..,~o..( G~ ~o \OC~ (§ 8 ,, 

MS/MSD Duplicate ID No.: -

--------

Collected Other 



[ IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page__J_ of { 

Project Site Name: 
Project No.: 

[x] Surface Soil 
0 Subsurface Soil 
0 Sediment 
D Other: 
0 QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Sample ID No.: 57S82s-0001 

Sample Location: 57S826 --,...-...,..,....----
Sampled By: (, ~U:- l 
C.O.C. No.: fl~_ 

~?of Sample: 
~ow Concentration 

0 High Concentration 

~$m.ei1=.:P~t~:::l:::i:f:i:!1~rnl:::l'li!ji!f!f:f!U:='::: :':n:rnl1f:::::f!:!:!'!i!::l=::::!!i!'':::1::::::::::::::::::n:!l:B:::::::1:::!:t:::1:!H:!:::::!:!:!l:rnHHm@@1wm1mHrnrn1HHm1rnmrn~ 
Date: { n I lo J IL. Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: \ "'1 ~ 6 '\) °""'"~ 
Method: 1.-\--A. 0 - 1 ft 
Monitor Reading (ppm): O , () 

Date: 

Method: 

Monitor Readings 

(Range In ppm): 

Time Depth Color Description (Sand, Slit, Clay, .Moist~ 

----------~--------------------------------
Analysis 

App IX Metals 

App IX SVOCs and LL PAHs 

,...',o~ \<la-\ S ~ ~0...V- 1 (.. 
\ <"'- 'S () ,· \ 

\J ~ \ ; t-f I<. 9 r~\ 

No I 
\~~v~a\ TO l ~ ~ ~ 

MS/MSC Duplicate ID No.: 

~o 

Container Requirements Collected 

4 oz 

8oz 

1. 

·-("-~_:;:;;.---"-. \0 
, 

Other 

v 



[ IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

[x] Surface Soil 
O Subsurface Soil 
O Sediment 
O Other: 
O QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page i of _L 

Sample ID No.: 575827-0001 
Sample Location: 575827 --------Sam p I e d By: G ~ 
c.o.c. No.: a:>ertr 
Type of Sample: 
7f Low Concentration 
O High Concentration 

~s~P:~~;~*r~Hji1::nnnnnnHwnnn:Hn:nnn:inn:jHHi:l~1~iH:U>1nn::::n:1:Yv :: 1~n:nmur!~:f:f:~:~:~:~:;:f::n:j:::::~:::::1:1,;:;:; ;;rnmrnmmrnrnrn:n11@:w:rnrn! 
Date: Vt C, Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: l- "\ .,0 ()-~ 11 
- &C-0 '-'"'- ~.£'i -s; /fl ~'{ cf C-/ 

Method: ~ A 0 - 1 ft ~ 11_ ~ ·~ u·,i....-+ 
Monitor Reading (ppm): o. () +-. 'S ~J 1 v«"'/ ~/ 

Date: Time Depth Color Description (Sand, Slit, Clay, Moistu~ 

Method: 

Monitor Readings 

(Range in ppm): 

App IX Metals 

-------
Analysis 

App IX SVOCs and LL PAHs 

Container Requirements 

4oz 

8oz 

'<. t- I.? s ~l (!!!) g, ~ d ~ -i 0 c 0 (.;~ 
11oM-(, ere~, ~ 1,,·~ 

0470.Nv • ~ ~ 

MS/MSD 
/ 

Duplicate ID No.: 

' 

Collected Other 

v 



[ j L) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

[x] Surface Soil 
[] Subsurface Soil 
[] Sediment 
[] Other: 
[] QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page 1 of l 

Sample ID No.: 57S02a-0001 
Sample Location: 575828 ___ ..,....,... ___ _ 
Sampled By: s.:._ 14. l~/ 
C.O.C. No.: <?-c::t'-f J' 

Type of Sample: 
"1tlow Concentration 
'[] High Concentration 

~! ~"™P:t~! J?.~r:N. : . ~=~i~;i'.]ii !!ij Hmm:!!~!~!~!~!~!!!~!~!!!~!~!~:~!!!!~!!!~!!:!:::::! .• ~= ! 1mH~iHmiliHiinl: j!j: :U\mliH1i1!1!1!Hl%!@1H~HWHH!~!~%=~!~!~f i: i ~ ! ~ ! ~ ! ;: i::: i]!: :{ . '! 
Date: ~ / ~ Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: ' ~~ ~ ()- <o" t)'.4"~ ~~ ,. ~~ ~I \f I M O '7tfy J,:Y 
Method: 0 - 1 ft 
Monitor Reading (ppm): O . <) ~ ~ I 2 • Li 1"-t +L\~ 4 f'-V'.J. I d, .C '-/ 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

App IX Metals 

Time 

Analysis 

App IX SVOCs and LL PAHs 

Depth Color Description (Sand, Silt, Clay, Moist~ 

Container Requirements Collected Other 

4 oz v 
8 oz 

Q~~~YATip,~S:1)1Q:T~~~!!![!!!i'f:'H']!!!)~Hl!llHtrnrnHHWH11HH1lim~:ilHmmrnrnn~~~[[~i ~~[[~[![!~j:!i!~!~lm{~'.?~f~!~:'.!'./mf~!i:[![j!{}!\!~'!H!H:;:::~~;; 

- \f t..<''{ u j k ..f Cl"J ~ '. c. V\A.A\.--1-kA- -<. \? ~ c. ~ s t ' °' v~ s ~ - r- µ 

MS/MSD 

---

t i 1 1 I ( 

0- cP -.t & - ( 2 

Duplicate ID No.: 

~ -
' 

.. 



[ IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

[x] Surface Soil 
0 Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

Page \ of l 

Sample ID No.: 575829-0001 
Sample Location: 575829 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
~ Low Concentration 
0 High Concentration 

~~~Wi1.m;1;1ll.~r-~g=fHHH!itH• tt•1• : • : •: : :• :1t•t•l•l•l•l••;i=•••}•m••1?••••:•:•:•:•••H•••H•t•t•••••:•••••rn'1::1=•11:Hmnmm;!H~m1~!~m:n=H:,::t:nmmmn:rnmn):1:••i•%ttrn: 
Date: (Al (q Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: l~ 're> .d. .c-«c!i"""" ~C. s-.·t+ 1 \}~ c{c-u 
Method: H A 0 - 1 ft 'fO 1 
Monitor Reading (ppm): O, D ~~~ 

~9:M~Q$.iJi~~~P:J.fejo.~r~:nnrn=HHHHHfi=im1wi\~Hl•i•rn•:;m:rn:::H:::::\; y:j;fH;HH:Hm~:numnH~rnunnnnunHhttWWUHH?t•HHrn•nrnnnnnnnnnnnnnn•l• 
Date: Time Depth Color Description (Sand, Silt, Clay, Moist~ 

Method: 

Monitor Readings 

(Range in ppm): 

App IX Metals 

Analysis 

App IX SVOCs and LL PAHs 

Container Requirements 

4oz 

8oz 

---------

Collected Other 

--

~*V.'='J.J9;~$.i~iN!?.J1~$-?.Hnm:•::::::u:;\:::•::<m:::im:m@HJ::u:::nt•m1::::::::Ht•:1n:,1• ~~d•:•r•r•r•r•r•H••t;::Hn:•:1~1:,; :1 , : =:= = n : : •=nn?nn•inrnmrnrwm:::n •: 

R.e. 9v se--L @ Co~ b'j s 

\tU'"i , 

~~~·!~ :~P.~li~~~ .. m~HHHnrn@:~rn~@{~~,~~=~i:~1~11:\1~~1~i~i~;•~tii!i~:~1~1~:~:~:1~:wmwr:?H':'=i• \ :'iWr~: Signatu(e(s): 

MS/MSD Duplicate ID No.: 

µo µo 

/ 
/ 

v 

( 

, .. 

"" N 

I 



( I L) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page_A_ of / 

Project Site Name: 
Project No.: 

[x] Surface Soil 
D Subsurface Soil 
D Sediment 
O Other: 
D QA Sample Type: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

Sample ID No.: 575830-0001 

Sample Location: 57SB30 

Sampled By: 
C.O.C. No.: Qq'f( 

Type of Sample: 
~ Low Concentration 
D High Concentration 

~$AM.~t;:P~r~:H::::::::::::::::::rni::::)!iJH:::1:::::1:1'::1::!::::::::1:1:::::::::::::1:::::::::::1:::1:1:;.,:::::::: : '::::::':':::::::::::: : :: : ::::::::u::: : :: u:'''•'~''';'::::::1:::iH:1n::n:1:1::~ghHt;1;1 

Date: (I / (,o Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: ) "\ ~ D 
Method: U A 
Monitor Reading (ppm): o , D 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

App IX Metals 

Time 

------
Analysis 

App IX SVOCs and LL PAHs 

0 - 1 ft 

Depth 

l ats c f 7r~/ i" So..,w-f k 

- /\Jo \ <- f.._; ~ ,;,,,,( ro ~ ~ 5 

MS/MSD Duplicate ID No.: 

Color Description (Sand, Silt, Clay, Moist~ 

Container Requirements Collected Other 

4oz 

8oz 

r 



( IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

[x] Surface Soil 
O Subsurface Soil 
O Sediment 
D Other: 
O QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page I of ( 

Sample ID No.: 57SB31-0001 
Sample Location: 57SB31 
Sampled By: -c_.--...,...,,~-<'"'ltv-1,.-----

C.O.C. No.: 09 'ff' 

Type of Sample: 
~Low Concentration 
O High Concentration 

~~~~!;i~~'1t~E1%H!::H:/i~JHW:in1:@Hl:1:H@lHHHH:lli:::iHHWlHHHWlHrnm:1m:1H1liiHH~:mi1i\rHii[:l:mn:1n:m:~H~::~:1~mmmrnrnmlrnlnH:[WlrniWrnrn:ntHm 
Date: ' " / l-i Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: I &1. ? i/ 
Method: M-A 0 - 1 ft 
Monitor Reading (ppm): 0 ~o 'M.1"'-

Date: Time Depth Color Description (Sand, Silt, Clay, Moist~ 

Method: 

Monitor Readings 

(Range in ppm): 

App IX Metals 

Analysis 

App IX SVOCs and LL PAHs 

SoW\e \cict'.-S -t / c-a-v-e- 1 

\l~ ~w \e> C>\-5 
I 

No \ e,f l> s"' l +~ t b, s 

Container Requirements Collected 

4 oz 

8oz 

-
~J1~'i!:~1>~11~1)~':':::;;:;;:;~:;1:;;;;j;;;1rnlHiiil:%~:i:::::W;i;j1~m;;;:;:t::,;;:g~Hi;H:::;:;:{;j;;;;::::::;::: · Signature(s): 

MS/MSD Duplicate ID No.: 

~~ 

Other 

r t 
N 



[ j L) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page_lof 1 
Project Site Name: SWMU 57 POL RFI NAPR Sample ID No.: 5758~4-GC>G l 

112G03371 CTO JM54 Sample Location: 5758 ~ -z... 
----:;,.,,-..,...,-..,---

Sam p I ed By: C.. ~l .._,I 
Project No.: 

~rfaceSoil 
Subsurface Soil 

D Sediment 
D Other: 
D QA Sample Type: 

C.O.C. No.: 01 :t; I 

T_ype of Sample: 
lJ'--Low Concentration 
0 High Concentration 

~~~Q$!l~~P,~:.,~'1'.~Wll:HH?m1min:::::j::i;:H1rnm:t:nnH::n:nn\\!:Yif:iiH(/liiUii!HHH:nt:iHliiliHW::H\liii:t1:1:tn::::;:;~:H:nHHHHHllHiilH!illli!i 

Date: Time Depth Color Description (Sand, Slit, Clay, Mot .... ·--~ 

Method: 

Monitor Readings 

(Range In ppm): 

App IXVOCs 

!App IX Metals 

Analwls 

App IX SVOCs and LL PAHs/PCBs 

l't\ n t ; tiJ(t E. rn A.J I _ 

-------

Container Requir•ments Collect9d 

3 x Terra Core 
.....,. 

4oz 
a oz 

_.... 
71"l ~ ~ 

~~~:11.~~0~1>it:::::::::m:i:H::::::::irnn:1::::;\:'::::::::::::::::::Hi:;n:n;rn:m:::H:!H:rn::::n::rn::t: signature(•): 

MSIMSD Duplicate ID No.: ~7~ . 

Other 

-t 
N 



f I L) Tetra Tech NUS, Inc SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

~urface Soil 
Subsurface Soil 

D Sediment 
D Other: 
0 QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTOJM54 

Page 1 of \ 

Sample ID No.: . 
Sample Location: 

57SB ' 1 - OC>ll 1 
57SB ;~ 

Sampled By: 
C.0.C. No.: 

Type of Sample: 
tf'(ow Concentration 
D High Concentration 

~$~~EiJ).~r~;:~in;lHiji{ililililHi;;;;@Hrn1l;\;tj;jW\rnh\i\H;j;\;\;;;:;j;\;;;1;~HU!liHl:j;j;:;1~li\i~i;;1;\;Fi;/;fw\;;;i;j;\;:Ui\:\mH;rn;;m;:;rnFlil?iilUm)n\U\rn;m1;\ 
Date: <P I ~J I L... Depth Color Description Sand, Slit, Clay, Moisture, etc.) 

Time: ()'\ J D l ~~v\t'\ / .f 
Method: U. A 0 ...... \ l--11 "-" G \ <M.\ eA1 '$ ,· I I ~)</M; ..-fv'. ' ' ~1" 
Monitor Reading (ppm): O • 0 U~ ~ 

¢~~~!$.~P:~;~A:i\~.~rnu:;:mrn~lHli\?\:;1/;);;m=u;m;HHilili:iiiHHHf1;m;;;);Hrnmn;;;HH'lH;n;;HH;;;;;ni;:;1m;:;;\YHi>Hl;;;1:::mnrn;~1;mu1; 

Date: Time Depth Color Description (Sand, Slit, Clay, Moist~ 

Method: 

Monitor Readings 

(Range in ppm): 

!App IXVOCs 

App IX Metals 

Analysis 

!App IX SVOCs and LL PAHs/PCBs 

MOLSTl.Jtt~ Cf'") A • .J'j . 

Container Requirements 

3 x Terra Core 

4oz 

8oz 

2..o-c-

- ~k e o\\-ecJ..t.J (>o.A\Vv~ vf> 
tl\.i ~\ $j ~ V)~ 1V'-d ~.f"'t 'S ~~ fl~'./.J. 

cl\.. St Ed j-c. oC- Po..c:l 

~ ~ ~ j -r(U)Vl I l/\1J ·<> 0:J'4"1 'c.. Ml../.vi~ ' 

~ t\) o ~e-vs°"' I 
~~~i~M~Qfill~~;,rn1n~;U;;:w;H;;jj;;;~;;;;;;;;;f ;;Hjl!WHH~H;:;;;;;;i;Hrn;H;~;i;;:rn;;;;;j;;wH;H;\H;; Slgnature(s): 

------

Collected Other ---..--
'-'" 

MS/MSD Duplicate ID No.: 

~1Ury -



[ I t) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

~urfaceSoil 
Subsurface Soil 

D Sediment 
0 Other: 
D QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Page f of \ 

Sample ID No.: 57SB 3 'f 
Sample Location: 5758 'Pf - e oc. I 
Sampled By: 
C.0.C. No.: 

c.. ~'H 

Type of Sample: 
lr'Low Concentration 
0 High Concentration 

:~$1W~~iP.~r~HiHfiiiirni!i~HlHin!Yn1°fU~H:\Uilili\/iHHfUWHfHHnWli!iinu:J:mff}liliUHli%ni;jlHU\ig)jHlfHiHHlWillilil'.HiilWHiUHrnnnu1 i HlilUiUi 
Date: u /~/ I "Z. Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

Time: t C>~•A r [;b_c- ~ / __ .. .f,, 5,-/f( ~ ) .. _ 
Method: 0 - I ~~ 
Monitor Reading (ppm): 0, C,, 5 {'o ~.,_ ~ °"'. S f"" 
~--~0$!1$~~!i~i~At~i1nninmnninimitnn11mHHWmrnHlHliHHHHmmw:mrmi~jiHliJnHmmmnnmmmnnnm;11lmlmnnnn•1;rnnn'~(:;:::mrrnHilif ii111rn11H1rnH0 

Date: Time Depth Color Description (Sand, Slit, Clay, Moist~ 

Method: --Monitor Readings ------(Range In ppm): ---------L--

I---------
Lo.--

Analysis Container Requirements Collected Other 

IADp IXVOCs 

App IX Metals 

App IX SVOCs and LL PAHs/PCBs 

f\'\0 lC::,nl(t.E. CC"-J"t • 

- \J-6M{ ( ; ff[~ ~ {'~( 
'/""()....~ 

3 x Terra Core 

4oz 

Boz 

Zr. '1=-

- S~k col(~J-t..<l ~ 
'°2.. C o C- 4 o d..t.-c.C d C'v ~ ~ Col"~ 
0 .r. \'> °'- d 

- Ne> ~~ c; - l 

MS/MSD Duplicate ID No.: 
r 

v 
............ 
V" ,_,,.....-

Slgnature(s): 



[ IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page I of 

Project Site Name: 
Project No.: 

.g..sLirface Soil 
Subsurface Soil 

O Sediment 
O Other: 
0 QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Sample ID No.: 57SB 1'f-o> o 3 
Sample Location: __.s...,1s ... s..._~_:;....'-"\.....__~~ 
Sampled By: C.. 14...tw 
C.O.C. No.: 0 q'-/j_ 

Type of Sample: 
ft"t"ow Concentration 
O High Concentration 

~$~tW~f P.Q'~Hi@1imHrnnmhn;;u:1rnmimH:%iH~HmnmHHi~HiHHHHiliilmirnimwimiwniHii~Hi1n;ili}mlii;imrnn;m;iimiiiHiiim1wiiH1ilinEHi;;iWii1~mirnnmf;i 
Date: wf g /f7_ Depth Color Description (Sand, Slit, Clay, Moisture, etc.) 

~;;~: f i! S- \- ) I ~[<.1vV-- ~; l + 
Monitor Reading (ppm): 0 c () ~("'ow V'- M 0 s t kc. J r'f 

Date: Time Depth Color Description (Sand, Slit, Clay, Moist~ 

Method: 

Monitor Readings 

(Range In ppm): 

Analvala Container Requirements Collected Other 
App IXVOCs 3 x Terra Core 

App IX Metals 4oz 
App IX SVOCs and LL PAHs/PCBs 8oz 

.._ ~.e. t-- S ~ l @> ~ r b j S 

- ~ \ ~ti'k <-)\'~( e( 

0~ ~ C (.... V\A-CL~· "'- \ 

- c.~ t\~c..--k-a-~ ?_ c..cl"fbW 
lV..r-v~~ 

MS/MSD Duplicate ID No.; 
._.;;.....~--

Signature( a): 

~4U-y-



[ I t) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

~rfaceSoil 
- Subsurface Soil 

0 Sediment 
0 Other: 
0 QA Sample Type: 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

Time 

Analysts 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

Depth Color 

Page I ot_l_ 

Sample ID No.: 5758 ~ <""-c.c. °'I 
Sample Location: 5758} 5' 
sampled By: -c-.,...,k;<,~lt----1---
c.o.c. No.: Q j 'f :< 

Type of Sample: 
?t't()w Concentration 
0 High Concentration 

Description {Sand, Slit, Clay, Moist~ 

Container Requirements Collected Other 

App IXVOCs 3 x Terra Core '-
App IX Metals 4oz ..-. 
App IX SVOCs and LL PAHs/PCBs Soz ,,... 

"'"' ,, 1 ~ Jrtr.° ~~ '2...o-:>- v 

~~R.~A~~$~l~Q.t~~ililjH;iHFiilimiili';;ji£m;ii£iiliiil;mt;~:im;Hi~i;n:fi;i;:m:H;HWlH1liliii ~:mHiiHinllliiH~HHlHHHilHHWmWH:iEniH\lHH~ifm:iiiiififf~; 

I 

MSIMSD Duplicate ID No.: 

.. 

, 

/ 

1' 
t' 



( It:) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page_l_ of_\ 

Project Site Name: 
Project No.: 

~Surface Soil 
Subsurface Soil 

O Sediment 
O Other: 
0 QA Sample Type: 

SWMU 57 POL RFI NAPR 
112G03371 CTO JM54 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

57SB J "'- 0 0 o f 
57SB ~(o 

Type of Sample: 
[}-tOw Concentration 
O High Concentration 

~~~m:i;:P.~r.~ :•iH :::~::%:::HJ:::n:::::::::::::: ,,,,,,,,,,,,,,,,,::,::::::•:•,,,,,,,,,,,•:••u•:::• :,,::t;=•••):\mHHH:nftHHH:m:rnmmm::mmn•:•:•:•:•:•:•:•mm:nm:mu:u.:.; 
Date: tt /~/ I L, Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

nme: \'1.06 I 0- ~ N - /IAJ'...d.iv~f vp..("~ 6t-OVJ""- Si't+ f ~( ~ ckr 
Method: bt k 6 - ) 
Monitor Reading (ppm): °'Cl folt- ( 1 L\ik- • S()..VL J..'i w J ~k.CC ~r-cvi. - d,c-) 
(:Q~f:'Q$1'tJ:i~~~~i;= ;J.i.'Jkj:••• • : :•: •:::::•••:•:•:•:•::jj::::••:••r•:•••:•••••:•• •:•:•:: •::•::=:•:::::::::•••:::::::::::u•j)f[j[j[j[j[G!]ij!j!j![!ji[i]![i[U[•i•l•i•ii[!j![![i[!!!iil!ilf[i[ij!!![iH!?Hiijjj! 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

Time 

-----

Depth Color Description (Sand, Silt, Clay, Moist~ 

Analvsls Container Requirements Collected Other 

App IXVOCs 3 x Terra Core ....-
App IX Metals 4oz -
App IX SVOCs and LL PAHs/PCBs 8oz -
f\ll()\~~ Cc-.1.~ 9__r.,,-:;a...._ ,_/ 

-()-fp•( ~ ~l{-\1 \o..A[-e-AS 

- 1~~ ~ ~( -t Q {"'~ e.u.-z,t <:. 5 l I/'--

- Lo-\-~ o-C- '5 \,.e..1,l.5 ~ $ ~ 
t<r-- '\)o t+a~ 

j 

x 
MS/MSD Duplicate ID No.: 



( I L) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page_l_of \ 

Project Site Name: SWMU 57 POL RFI NAPR Sample ID No. : 57SB 11- ~6 " 1 
Project No.: 

D,..81'.irtace Soil 
Subsurface Soil 

O Sediment 
O Other: 
0 QA Sample Type: 

Date: 

Method: 

Monitor Readings 

(Range In ppm): 

App IXVOCs 

App IX Metals 

Time 

Analvsls 

App IX SVOCs and LL PAHs/PCBs 

112G03371 CTO JM54 

Depth 

hf 0\ ~~ rtt.FL Oo 'IV rfi.rl't 

Color 

Sample Location: 57SB~/ 
Sampled By: -c..-i't:'~fC"""'~---
C.O.C. No.: D 1 'f 9 
Type of Sample: 
irlow Concentration 
O High Concentration 

Description (Sand, Slit, Clay, Moist~ 

Container Requirements Collected Other 

3 x Terra Core 'V 
4oz 

_,. 
8oz 

_, 
"2...0"t- 1/ 

~SJ!t'/,~~~l~~-~inHHHHPl!HlHi!!liHH!HmHH%:if!H!i!i!i0ilifi!iVi?iliHH1ijfHjH!H!mmi ~HiHH!mll~iH!HliiHHiHHltilUlH!Hlill lili!i!il)!H!HiH1tHH!tim:n 

I 1°" 
t--1 

..... No 

- Alo 

' 

MS/MSD Dupllcate ID No.: 

p 



C-4 BORING LOGS



[ IL) Tetra Tech NUS, Inc. BORING LOG Page_of_ 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG· 

Sample Depth Blows/ Sample 
No. and (ft,) &• or Recovery./ 
Type or or RQD Sample 

RQO Run No. (%) Length 

S - f · / 
2- / ' 

I/ ' 

'1 I/ ~ 
5-'Z.r / 

~ / 
I/ 

~ / V¥ 
S-} / ' 

lo / 
I/ 

JJ / I~ 
I/ 
I/ 
I/ 
I/ 
/ 
I/ 
I/ 
/ 
1/ 
I/ 
/ 
/ 
/ 

SWMU 57 POL RFI NAPR 
112G03371 

BORING No.: S 7 ~ l':f 

GeoEnviroTech, Inc. 
DATE: ~a~-~~::=r-1.~t~'z:::-t--~~~~-

GEOLOGIST: __.E(4';.......;...-:"""""' c;;>"'--'"'"'W"--'-t;-'-~~. _..._1Clt ____ _ 
DRILLER: P.. µ u,.,;cz: C::. • 

MATERIAL DESCRIPTION PID/FID Reading (ppm) 

Lithology u 
Change s 

(Daplh/FI.) Soll Density/ .... ;. ~ CD c • Ot Consistency Remarks -a. ~ 0 
Screened or Color Material Classlficatlon s e -a. r. ... 

" e !! • lnteNal Rock * Cl) 0 Pc " Hardness Cl) CD Q 

~'16 7() CU' 1j; l'-"f /'(l /\ vFt. 0'1 \.( 0 

~ l~ff ~j:l )(l/V CL J., y' ~ (Q~ {OOdl} 
76) I § '1'0 

\ 
......... 

~ . 0 
lr' l~ ' ~ ( <.?l-t.tTq1:.,(010J) 

M E:Q yr;'- fJ..1£/vrJ..rr{Z- po ~t- t-7flw .. ~ . . . , . . - ~li ~u <?I <-/cl--5~ ~ . . . .. . . . 
I 6 , • 

; *'"'"'". 
\ V Pci.t~ ' 

~ , , r 6t..~ 

::;n 1it """"' (" As A-130~ V /"4. I UMIS..O () 

o~r;. ~ .~zrlC l-lf:..5c, tJ/e-/¥'J'1-i (';,l. fj? \ f(l.A<-. ~Ll:='/ 

Otf.t.11 le.. filj 
c7 . • 

,. 'l~ 
• •i 11 • l ' 'If ,l/ I/ 

tV~fl r 0 
C'uLL. ff'c..rtte 
,,-,c,Ff' ' I 

~or->@.Jl 1.' (i)) ql/I I 

·~ /3}q-

• When rock coring, enter rock brokeness. 

•• Include monitor reading rn 6 foot Intervals @.borehole. Increase reading frequency if elevated reponse read. 

Remarks: 
Drilling Area 

Background (ppm):CJ 

Converted to Well: Yes No )C 
• 

Well l.D. #: __ -________ _ 



[ I l) Tetra Tech NUS, Inc. BORING LOG Page_of_ 

PROJECT NAME: 
PROJECT NUMBER: 

SWMU 57 POL RFI NAPR 
112G03371 

BORING No.: U5 .fU£. 
g~6i:oGIST: :if:=-=~=--tlh::m:=~==&=S/L===== DRILLING COMPANY: GeoEnvirofech, Inc. 

DRILLING RIG: - DRILLER: ~ fJU µ(i. c • 
MATERIAL DESCRIPTION 

Sample Depth Blows I Sample Lllhology u 
No.and (Ft.) 6" or Rec:ovtryl Change s 
Type or RQD Sample (Depth/Ft.) Soll Density/ or 

RQD Run No. (%) Length or Consistency c 
Screened or Color Material Classification s 
Interval Rock • 

Hardness 

~' / r.1r::1 '• ~ t:eM/fll-~~.a w T •• 

2. / Ina. Bt4J ~1' fl 1-4 

/ 1 

~ I/ ~ ,v 
$ .. Z.. / <n?Ff" 'a: l-9¢1,/ G~-:TZ..Stl .. 1 

G / Cott.'7~t~~ 

/ I po._.,_, 1.v~.., 
\~ - -

g / '}K tJ0hr:. w ~M'"HP/lff 
' I 

bll'\ 
7-7 / • ,, t> J<. ~ Vlif!.tf.(;,N(N} 

lo / ' s~fau.:cfc~"'(_ 
/ -

l2- / tAf ci~ 
5-'t / A<;, MX>v'ti. 

li / t;,tL..-t~C~"< 

/ !2 ~ V l'1ft!l p-~cn..n.~ ~ 

(I.., / ~ ' 'f 

/ 
/ ft:.o~@ l~ ( 

I/ 
/ 
/ 
/ 
/ 
/ 
/ 

• When rock coring, enter rock brokeness. 

•• Include monitor reading In 6 foot intervals@ borehole. Increase reading frequency if i:levated reponse read. 

Remarks: · · 

Converted to Well: Yes No 6 Well l.D. #: 

PIDIFID Reading (ppm) 

N 

' L m 
Remarks .! .. ~ m a. GI 

E ii. J:: .. 
GI ~ " E .. 

Cl> 0 a .. m Cl> 

Pft'( 
COl:.JAEvrfr! __ r> 
1'000 l ~ , ........ 

('.)(()') ~/~11" n 
P'2.'f 

IT'O~·:r () 

... ,.~D-
t"IO)r rv CJ 
Rt~~ 
p~ CJ 

() 

l$.$ftv~ 

CfJ/....1-~ 

t;l$6lfl~ 0 
Wfl-r / 41V"tc.""' 
~ tSl(JJ 

I, It; Hll<', -

Drilling Area 
Background (ppm):LC5] 



' 

[ IL) Tetra Tech NUS, Inc. BORING LOG Page_of_ 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

Sample Depth Blows/ Sample 
Ho.and (FL) &"or Recovery I 
Type or or RQD Sample 

RQD Run Ho. {%) Length 

~Jn / 
2 / 

/ 
t..r I/ I~ 

>-'L / 
c / 
I/ 

g / ~ 
5-> / 

l () / 
l/ 

11 / A 
S-'t / 

I~ I/ 
I/ 

I G. / _A 
/ 

I~ / 
/ 

2.0 / ~ 
/ 
/ 
/ 
/ 

-i r;- / 

SWMU 57 POL RFI NAPR 
112G03371 

BORING No.: 5 7 SBl Co/ 57 G w o<O 
DATE: ~ - ~ -& 

GeoEnvirof ech, Inc. GEOLOGIST:Rs R kM.Y-..fl 

DRILLER: ~1-f~ V u /../fi. :r-
MATERIAL DESCRIPTION PID/FID Reading (ppm) 

Lithology u 
Change s 

(Depth/Ft.) Soll Density/ N : ~ Ill 
or Consistency c Remarks • ... ~ ii ·• 0 Ill 

Screened or Color Material Classlfication s E ii z:. ... 
Interval Rock • E ! .!! 

* II) .. 0 'E 
Hard nus rn Ill c 

t1°1~. ~ 51 , _ _., +-c rz A-Vii- t.- & Wl ~ {/S.l3lG. -OQPI 
~~O'lO• > Jt~~ 

I~{~ ~ C.flWVpt'-....,,,,_. 

// t(IU ~~IL-T~ ::L-C;;L.l-~C--"T"H :; I. ) 

f>~tv (;((:1'v t-1- ~(o,.."' f6 c.fZ,L. £. r;c. TP'P 'D ~. 
~~11.o-010~ ' 

/; vF-trY C LJ>.-A1 +- c, I c....1 @OC\\O 
Ii-> 

?rf FF t...~SS Cfl/r .. ' C.fl~QI U G. ~41'1,.; ' _'j_ l'I / 

fv!W c;tL.-rf ~~o\<' · c4.) SM CJHC.~_~s~ ~ . It" '-,._ y <:. IJl>Aff9 

' D~ ~l~c...F- w1£ 0 , ... 4?~0t@>8 t ~' \ "'5 I . Ir~ 

f'rS ~O\/'fl co Lf;'.£-'\'"' $ P<.... 0 
~rJll.A>'iL.P G (ZJ~D Z,l.14 f"O ~ ~ '- 11 

1 r-o{t- C.r ' ~ "' 
\7 V P<fl-1 {i.C h-fl• 'J 

,.,.,..,,,,~~ T "i I ._:'> 1.:9 ( 
f<e_ --rl'rt A/ I M.- 5 

) ~ (..O 

"~ WL-/~'-µ/.P.~e->~-u..lf ··-.N'? ,.,... 
\"'\. ~ "> T TD c.,µf<.! ( 

' 
- <Y ll . f'»P.. "( (3~ ·7 AS A--Bovr- P j;l.Ci lfi-0 • 0 

, 
Iv D~ Grt~\r,; k %t..IC «t=-L f< I VJ F-mf1 r<t.r-o -

P£U~K 
v~ r. ~ft~l'f8'/ >M/ 6~() I_/.- 0 

I · : 

AS M; v vr., /j j 

(,Vp~{~'() 
~°ZCC) 1.•t.q f-1 s 

/' -' I f> 

'3-P fl. K. f'"ll'<rKJYISft.. ( '1'"'1,_ 

r-v''l~Jµf.Uail n 

M O I '7.-r ~ frCU'r'1 OJ-n.J\ u 
I 

I~ rv Vv~ 41-~t A(, ~f..C-. " N-1~\ +OLtV~ ;_ 
~ 

r • 
AS ~0\/1E D ~c 1 o ,.:.fi n-, .. ~ f'lr-w O Co 1.1 T . (..." ~ C.v rf71vCS 0 

. ~ ....... ._._...J .. - ,,... 
. I t-J ( . D<WNWH.P fJ.f /< f.o CO(lc -r 

• . 
'V / ,, 

0 
• When rock coring, enter rock brokeness. 

u Include monitor reading in 6 foot inteNals @ borehole. Increase reading frequency If elevated reponse read. 

Remarks: 2 5 - Z-1-!f'F t'?i:MM ~ tti<- 't'ft' L {'3itµ fl1t:=.O g ,;µs£. 
sc~~ ,, - 9 

Drilling Area 
Background (ppm): 1..--o -.o-.I 

Converted to Well : Well l.D. #: 5 7 b uJa 8 Yes x No ----



Tetra Tech NUS, Inc. BORING LOG 
PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

SWMU 57 POL RFI NAPR 
112G03371 
GeoEnviroTech, Inc. 

Page_of_ 

BORING No.: f 7' 6 L? 
DATE: ~J-12__ 
GEOLOGIST: --F ........ ..,,~__,....... .......... W____,(l ..... ~----
DRILLER: ~ • t.JU&..16 ~ 

MATERIAL DESCRIPTION PIO/FID Reeding (ppm) 

S.mplt Depth Blows I 
No. and (Ft.) 6" or 
Type or or RQD 

ROD Run No. (%) 

S-( 

S-2.. 

ll'f / 
. / 

I/ 
I/ 

Sample 
Recovery/ 

Sample 
Length 

Lithology 
Change 

(Depth/Ft.) Soll Density/ 
or Consistency 

Screened or Color 
Interval Rock 

Hardness 

• When rock coring, enter rock brokeness. 

Material Classification 

. . 

•• Include monitor reading In 6 foot Intervals @ borehole. Increase reading fr uency if elevated reponse read. 

Remarks: Z'' ...,. 't' ~ ~'-19fitlf:. 

Yes Converted to Well: No X -#-l.-_ 

. 

u 
s 
c 
s 
• 

Remarks 

Q 

'' 5nctcr 

... 

Drilling Area 
Background (ppm):[Q:=l 



[ I t) Tetra Tech NUS, Inc. BORING LOG Page_of_ 

BORING No.: 5'7 S!3(S PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

~ Depth Blows/ Sample 
'ND. Mid (Ft.) &"or Recovery I 
~or or RQD Sample 

RQI) Run No. (%) Length 

~-( I/ 
7__ I/ 
I/ 

"f / Y-4' 
S'· '-

. 
/ 

(/J / 
/ 

~ / ~ 
~3 / 

LO / 
/ 

l2- / ~ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
I/ 
/ 
/ 
/ 

SWMU 57 POL RFI NAPR 
11 2G03371 
GeoEnvirofech, Inc. 

DATE: -=-~-----:J.....-:;~L.:2.. ......... ~~~~~~ 
GEOLOGIST: t=ito tJ. iSlr>WSM-

Cl£e r~~e, Gi>to DRILLER: A . UU#..1£1::-

MATERIAL DESCRIPTION PID/FID Reading (ppm) 

Lithology u 
Change s 

(Depth/Ft.) Soil Density/ N :. 
"' 

m 
or Consistency c Remarks i .. 0 CD • Sc,..ned or Color Material Classificatlon s E 0. ~ ... 

Interval Rock .. E ! ~ 
* Cl) .. 0 

~ Hardness Cl) m 

e,iz.i ) ~~J-5 ( <-7"' ~ ~"~~w()tt', 
~ \rp;..Q't Pt:. [3U.W C~'f .t.St<-r t='- et100 . c9 

lllll lt ~TIFF- ·~ '~fL.,lt:~~t..v'~ "! ~I'( 
UJ'-'-~ · 
1:..,-i.A l~e>!I 

~--~-. ~ --- ..._.,., ~rJC( (,(/A~ ~I ~l1o'7 "?.:"; 0 
q-~ ..-&fW (. "\ ~.&? , L- r-' . 

' ' . 
OQ_~ 5M 9'fi.Ch~""' () . f',.. .. ~LI!! ..,£LJl, . ' . • ~t,..IW~/id-0 "'"~ 

• .. .. . ~ () . \' . 
' ·" I ~ ' A5~0\/F ll""\ 

.. vr;(l.1 . . 
~ p~J v~, ... ---- ~lC4\t... lJ . ... ,,, 

·\• lo' L- \.. /~5l'-T ' F~ ... (') •I -
w~rrr-o•ry 

et:><t\C. 
RtiFU~~@.. efU-.1\ rw.~,,... 

t '2., t ~./tYC.fl.b 

f?>Wf ~LAZ CC'ltfl... 

O~P'1l 
l "l_.( 

ce;';f_~ 
~7,6l9l0\"L 

k'c12.0 

• When rock coring, enter rock brokeness. 

~ Include monitor reading In 6 foot intervals@ borehole. Increase reading frequency If elevated reponse read. 

Remarks: 1,. )('( 1 IM~ Cc:Sn.4 GV/f~c... 'SLf:M'f> 
( . 

Converted to Well: Yes No_.,...)<...__ 

Drilling Area 
Background (ppm): 1.--e>--. 



[ I l) Tetra Tech NUS, Inc. BORING LOG Page---\-of_ 

BORING No.: 575B23/ 576WO G\ 
DATE: ~l---......... 5:_-~\_=t:=---------
GEOLOGIST: f"~so w. ~ {:::;..f'/" .s E rt.. 

PROJECT NAME: SWMU 57 POL RFI NAPR 
PROJECT NUMBER: 112G03371 
DRILLING COMPANY: ..,,G~e-o-E~n-v~ir_,o f"""e-c~h-, ~,n-c-. --
DRILLING RIG: G,~of>(tOBf ~600 : DRILLER: A<3R~~M·1.'\ NU f..JG- ""h-

MATERIAL DESCRIPTION PIOIFIO Reading (ppm) 

Sample Depth Blows/ Sample Lithology u 
No.and (Ft.) &• or Recovery/ Change s 
Type or or RQD Sample {Depth/Ft.) Soll Density/ fl! ' i.i c • ..! RQD Run No. (%) Length or Consistency Remarks Q. .. ID • 0 

Screened or Color Material Classlflcatlon s E Q. s:. .. 
Rock .. E ! ..! 

Interval • II) .. 0 'C 
Hardness II) ID c 

$-~ 

./· ·. ·~ --it-----~v-----, ----------

• When rock coring, enter rock brokeness. 

•• Include monitor reading In 6 foot intervals@ borehole. Increase reading frequency if elevated reponse read. 

Remarks: lf/ )C 7-'\ CJA-Clt-C> CO(tE 5 PL f'O{t U'f/.'f()(..OG.'1" "-·-'-t .. 
:> r t.... m '2.o, Cot.Jv5't_.n>-o -T"t!!t HS~ 

Converted to Well: Yes No ----

Drilling Area 
Background (ppm): ..... I --. 



C-5 MONITORING WELL CONSTRUCTION SHEETS



OVERBURDEN 
MONITORING WELL SHEET 

STICK-UP 

'it£U. NO.: S 7' WO 9 

Tetra Tech NUS, Inc. 

PROJECT :)W lf\'t u '57 Rf'.[ LOCATION WA--PR... DRILLER J.a.n A ' "-· Nuu=-~ 
PROJECT NO. lt2-60337 ( BORING 575B{"7 DRIWNG on-/ J-ISA DATE BEGUN v-t:;- l'- DATE COMPLETED r;-7- I L MElliOD 
FIELD GEOLOGIST Ft!:.f5..Q CJ. }. .,_ R 1.\nA.t s fZ-(1..._ I 

DEVELOPMENT 
GROUND ELEVATION DATUM MElHOD s_u(U;.t£/._Puvi.e 

• ELEVATION/HEIGHT OF TOP OF SURFACE CASING: I 

ELEVATION/HEIGHT OF TOP OF RISER PIPE: I 

~ ~ 
t , 

.. ' TYPE OF SURFACE SEAL: 3")(~~,, . ~ v CC:> A.! c..(t.~ \E eA-0 
I.D. OF SURFACE CASING: "ru SQ 
TYPE OF SURFACE CASING: s 1 F--€..'-

RISER PIPE I.D.; 1 '' 
TYPE OF RISER PIPE: 
P ~c.. 'SC.IA. c.r o 

BOREHOLE DIAMETER: .- Z3 /IJ 

TYPE OF BACKFIU.: f O (l... I LA-u~'J c~~r 
{lo~ 

I 

J'J' I 
ELEVA TI ON/DEPTH TOP OF SEAL: L 
TYPE OF SEAL: l)~.vTOtvl ~ c..rsrc:o 

Gr'?fl..c"1uL~(l.... 
/ 7' DEPTH TOP OF SAND PACK: t"' i:I r ·:1 :. 

•: 
::: I (·:· :::i ELEVATION/DEPTH 11 ((· 
·:·; TOP OF SCREEN: L J·:· -,:;. - :~~ Pv f' TYPE OF SCREEN: c... t"' 
:~1 r - , 

~=~ - ::: SLOT SIZE LENGTH: 0010 v IQ - x 
(·:· - :::f z ,, J·:· - :::f 

I.D. OF SCREEN: r::: ''i 
t"' - i:1 
t"' - fr.I 

r - ~i ... 
:. - ... 

:;.1 
f: - ~f 
I:.: - "'j 

OF SAND PACK: 2°L 3<::> <; lL.l CA.. t·:· - :,:;i 
TYPE C>rf\..)/) f - ·,:. 

t"' - :::1 ~l>c<'-D ~/?IW +. <ilklC&CO. 'FL.. r - .,I 
- ::: 

Ll 1 ( r .. ELEVATION/DEPTH BO TI OM Of SCREEN: i&mfr.!.~~~~im~~t 
t(:::::::~ii:::::::;.:::::.:il::J 

ELEVATION/DEPTH BOTIOM OF SAND PACK: L2'l' 1::::::(::::::::4;.:::::::::. 
ti:::±:~:±:::::::±::il:::::: BACKFILL MA lERIAL BELOW SAND: t:i'"""""''•"' 
1·:·: 
15:. 

-~fil~B&:~ ELEVATION/DEPTH Of' HOLE: t.2Cf' 



WELL NO.: 57 (;,, lU 0 j 

Tetra Tech NUS, Inc. 

OVERBURDEN 
MONITORING WELL SHEET 

STICK-UP 

PROJECT ~w V\.I\ u 5" 7 Rf 1. LOCATION N'A--e tZ DRILLER .112.nA.,• -~ Nu~+ 

~~~G Of'T / I-I SA , PROJECT NO. lt2..60 .~3<1 BORING 57$'3>2:3 
DATE BEGUN {;-15'"'- L'-- DATE COMPLETED (;-!:=- 11... 

DEVELOPMENT :j_ 
METHOD surU.~ PUVl-f P 

FIELD GEOLOGIST Ert.P-o (( J .. (?~s~ 
GROUND ELEVATION DATUM 

~----..---+- ELEVATION/l-IEIGHT OF TOP OF SURFACE CASING: _ _._/ __ 

..----.-..----+- ELEVATION/l-IEIGHT OF TOP OF RISER PIPE: 

~ ( , ' 
: '. ".----TYPE OF SURFACE SEAL: 3 )(°?>'If? / r Colt.Jgt.CZ.TE. PA-O 

,/; 

..s-----+- I.D. OF SURF ACE CASING: 'r SQ 
lYPE OF SURFACE CASING: S TRIS'-

..., , , 
&+----+- RISER PIPE I.D.: ""-

TYPE OF RISER P""'I,,..;PE'""':'----------

p VC SC.I-(, 'to 
vi----- BOREHOLE OIAMETER:_-_~___,/...._/J..__ ___ _ 

! 
'-----TYPE OF BACKFILL: Por=-rt..wn Cir::.Mtt&r 
~ &Clo"\ 
I.I 
I.I 
I.I 
I.I 
---- ELEVATION/DEPTH TOP OF SEAL: 

----+- lYPE OF SEAL: B~.c./j~tvl fF-. Cf£ TC. o 
G@..tJ LIL!!(?.. 

I 

a' 
I I 

JI I 

;.23 ( 

I Z3 ( 

2 . I 
I 3 



C-6 SAMPLE LOG SHEETS - GROUNDWATER



\ 

( I L) Telra Tech NUS, loo GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: SWMU 57 POL RFI NAPR 
Project No.: 112G03371 CTO JM54 

~~~~~~~~~~~~~~ 

O Domestic Well Data 
[x] Monitoring Well Data 
O Other Well Type: 
O QA Sample Type: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 

Page \ of '2 

57GW01-0'2 (0 l?., 
57GW01 

[x] Low Concentration 
O High Concentration 

$AM~~HN$ ~.!\rAi:::=:::;:::::;::::=::=:::::::l1H:=: :::::: :::=(nm=:::::::':'::::::'::::::::'::::::::::::::=::::1:::::::::::::::::::nH1:11:::::::=:::::::=:=:=::::::::::::::::::::::=:=:::m'':1n:= :::1:::: ::::::=::::::::::::::::::::: 

Date: 0 {g / 10 J 11- pH S.C. Temp. Turbidity DO ORP Sal TDS 
Time: l 6"1. ~ Standard mS/cm 0c NTU fTll!/L mV ppt g/L 

Method: LowFlow lt'H~S° 'f,1) ~.'3\ 01Cf2.. o ,oo 7..S"CI( 'S'.C. to,""Z.1.f 
~li!R~~: p~t.4;~ :=: u::::::::m1::n=:=:=:= :::= ::::rn1:w==: : mtn:::::f:n:: ::n: ::::::' n':::=:::::::::::::::::==::::::: ::::: =:=:=::::::::::::::::::::::::::::::::::::::::u:@:1:wHHHmrn:mtHH?:::::::::::n::=::::: 

Date: Oh/ lo J 1-z_ 
Method: Bladder pump 

Monitor Reading (ppm): tJ 

Well Casing Diameter & Material 

Type: 2" PVC 

Volume 

Total Well Depth (TD): 22' bgs , l,1--
Static Water Level (WL): 1' (& !r - l S, '7 S--

pH s.c. Temp. (C) 

One Casing Volume(gal/L): fJ/:'r ~ 

Start Purge (hrs): O'f o () ~ ..-
End Purge (hrs): t 0 "2. S- ............... .......-
Total Purge Time (min): g S'" .-- .,,,,, 
Total Vol. Purged (gaO n L ~ 

Analysis Preservative 
APP IX Total Metals• HN03 4° 

Turbidity DO Salinity 

Container Requirements 
1 liter HOPE plastic container 

APP IXPCBs 4• (2) 1 L Glass amber glass 

• collect both dissolved (filtered) and total metals if turbidity is greater than 50 NTUs 

l. ~ ~-\-' c.,I'- 'V f 
S ~\vj 
'(v~ 

( °""~ :.+ ; o~ 
\\) \,«j ~ 

TDS 

Collected 

~ri~: 1~ ~P.P.li~~;:(~:~l~l]l]l]l]llllll:j:ll]l;!];;:%m:::::1:::!:n:n:::: :!::::::::::::u1:::n1n::::::::H=:::::::::::1:: Signature(s): 

MS/MSD Duplicate ID No.: 

v 



\ 

[ I L) Tetra Tech NUS, '"' GROUNDWATER SAMPLE LOG SHEET 

Page_ of_ 

Project Site Name: SWMU 57 POL RFI NAPR Sample ID No.: 57GW02- t%.O'"t l '-
Project No.: _1_12_G_0_33_7_1_C_T_O_J_M_54 ______ _ Sample Location: 57GW02 

Sampled By: F-1(-Ft2--fA-/_R_l¥'!_$_\-qt_-
D Domestic Well Data 
[x] Monitoring Well Data 
D Other Well Type: 

C.O.C. No.: 09' 'f£" 

D QA Sample Type: 

Type of Sample: 
[x] Low Concentration 
D High Concentration 

~M.;i.!~1ri1~».A.<TAi!iH!i!i!!HlH!:i:::i::::'•'::::':::::i::'::::::::::::::i::::::i''•:':'::• ''''i'•••:i:':i:::::::::::::::::=:=:=::::=::::::=:i:'':::::::::i:::::::i:::•:::::::::i:i:rn:Y::::•i!::•:::::::i::rn::rnrnn::i:H:::::::: 
Date: /; - Cf - I £_ pH S.C. Temp. Turbidity DO ORP Sal TDS 

Time: I 2-. ~ ~ Standard mS/cm 0c NTU mg/L mV ppt 2/L 

Method: Low Flow C. '-/ {) .:J. 5", u 3 /. ~1) I 6 o ~ '-111? I~. L it:; . .,-
P:!iJ~~);jP.~'l'.~!!J):::::=:j'j!'!!!' ! '''•:::=::::::::::::::::::::::::::::::::::::::::::::::::::::w::m::::::::''::•:::':':::,::::::::::::::::1:1:::n:::::::!:i::::::n:::::::::::::::::::!m!H::::::::::::=::::.:.,_,,;:::'::::::::::,:.: 
Date: /,. - CJ - f L Volume pH S.C. Temp. (C) Turbidity DO Salinity TDS 

Method: Bladder pump 

Monitor Reading (ppm): 0 

Well Casing Diameter & Material 

Type: 2" PVC 

Total Well Depth (TD): 25' bgs :2' ', <2.C11l'V ~ .... 

Static Water Level (WL): ) \ eo 
One Casing Volume(gal/L):~ !tN'-Af/~ 
Start Purge (hrs): I 0 2.~ 
End Purge (hrs): \ 2- ~) 

Total PurgeTime(min): \2.. 7~ ...,......v-
Total Vol. Purged (gal/L): l IJ ..R._ ~ 

Analysis Preservative 

APP IX Metals* HN03 4• 

APP IXPCBs 4• 

APP IX SVOCs include LL PAHs 4• 

1_,............ 

Container Requirements 

1 liter HOPE plastic container 

(2) 1 L Glass amber glass 

(2) 1 L Glass amber glass 

• collect both dissolved (filtered) and total metals if turbidity is greater than 50 NTUs " , ')./.'2 D 

2LBV -
-- ~ b 

) I I 

MS/MSD 

A/(J 

Duplicate ID No.: 

/Vb 

Collected 

v 
~ 

~ 



[ I L) Tetra Tod> NUS, loo GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: SWMU 57 POL RFI NAPR 

Project No.: 112G03371 CTO JM54 
~~~~~~~~~~~~~-

O Domestic Well Data 
[x) Monitoring Well Data 
O Other Well Type: 
O QA Sample Type: 

Page l of L, 

Sample ID No.: 57GW04- 6 (p OC\,l 'l_ 
Sample Location: 57GW04 

Sampled By: 
C.O.C. No.: 
Type of Sample: 

[x] Low Concentration 
O High Concentration 

~~~~,N~f ~~r~~;~~~rniHnHnnnw~n~n~nmmmm~~~n~i~nnmtnnn~utHHHiunuinn~rn nn~ ·::: :: ::·· .::=:=::::::.:::::::::::::::::::::: ::::: . :::::HHHWH)nn~n~~~mmHHHHmm~n~nwinm~n~~H 

Date: lo/~/ rz_ pH S.C. Temp. Turbidity DO ORP Sal TDS 

Time: I --f) 5" D Standard mS/cm 0c NTU mg/L mV ppt g/L 

Method: LowFlow ;,(oJ 5,qJ 1.1 .&I c:y.-s-~ • ,CIO '-lo, l·C:W ?·"/2-
t,i;J~~~J~~'l'.4~::::tm!~liU!:!iiii!::::{n::;;j:i:!:}{:i:::::m::t:W}m::::t:mnm::::rnmn:n: :•:•:•:•:•:::•:•:il!:::•:::•:::::!!!l!!!!!H!!HliW~iH'!]!l;Hi •:••::•:~ :• U • ::•:=:••••••::•:•:•:=:•:•:•:• ::• 
Date: t§/ 'f/ rL 
Method: Bladder pump 

Monitor Reading (ppm): 0 1 C:> 
Well Casing Diameter & Material 

Type: 2" PVC 

Total Well Depth (TD}: 22' bgs 

Static Water Level (Wl): l(p, 'ff, 
One Casing Volume(gal/L): fJ /ic-
Start Purge (hrs): \ "l. '4 0 

End Purge (hrs): \ 1 ~ ~ 
Total Purge Time (min): 1 () 

Volume 

Total Vol. Purged (galO (, ~ L ~ 

Analysis 

APP IX Metals* 

APP IXPCBs 

pH s.c. Temp. (C) Turbidity DO Salinity 

Preservative Container Requirements 

HN03 4" 1 liter HOPE plastic container 
4• (2) 1 l Glass amber glass 

• collect both dissolved (filtered) and total metals if turbidity is greater than 50 NTUs 

1 ~{"1 IV'- G-iooJ 
\'v~ ~ 

Stt <!le vf> -

MS/MSD Duplicate ID No.: 

TDS 

Collected 



[ j L) Tetra Tech NUS, If'<' GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: SWMU 57 POL RFl NAPR 
Project No.: 112G03371 CTO JM54 

[] Domestic Well Data 
[x] Monitoring Well Data 
[] Other Well Type: 
[] QA Sample Type: 

Page of 

Sample ID No.: 57GW05-(1t r-i<1 l / 
Sample Location: 57GW05 \ 
Sampled By: l="~~O ~AMS~ 
C.O.C. No.: OCf 4£ \ 
Type of Sample: 

[x] Low Concentration 
[] High Concentration 

~~~IN~f~.1'<T:AH<=Yl=:://!!/!:j:inilWHHlilili%HYHU!\>>•:::)jijl}:lWfl~•::::c\::;::n////:\:::::)j(!/)))//)/)))))}> 
Date: f:. ·- Gf - I l_. pH S.C. Temp. Turbidity DO ORP Sal TDS 

Time: /{,,? O Standard mS/cm 0c NTU mg/L mV ppt g/L 

Method: Low Flow '1 ~' 4 '"'5. \1.t 2.. 'l. 4f.l I~ 0 . Q 0 - 5"$' I· Co ·-z.. . 0 I 
~J;J~f*-iPA:tAi ::;:~::::u:::::=:==={:;:::::::;:: :;;;:;:;:v:~:: : =t •: .,. >::t ::::?f=::mn1mwrn;u:u:::u::m:Hi:1:nn:u::::::::::::i::uu::::::::::::::::u::::::::::::urnunn::u::HI::::::::::::::::w:::::: 
Date: I: - q · ( L Volume pH S.C. Temp. (C) Turbidity DO Salinity TDS 

Method: Bladder pump ~ 
Monitor Reading (ppm): 0 
Well casing Diameter & Material 

Type: 2" PVC 

Total Well Depth (TO): 21' bgs ._ ~. S-11' V<" 
Static Water Level (WL): 17. ~ 

.-.v 

One Casing Volume(gal/L): /.Jk ~ 
Start Purge (hrs):~ / '7'5 ~ J..ftc- ./"" -
End Purge (hrs): I re 2. 0 ............. v 

Total Purge Time (min): S><t fko. _ v 
Total Vol. Purged (gal/L): G .JL ,...,........... 

Analysis Preservative Container Requirements 

APP IX Metals* HN03 4" 1 liter HOPE plastic container 

APP IXPCBs 4• 2 x 1 L Glass amber glass 

APP IX SVOCs include LL PAHs 4• 2 x 1 L Glass amber glass 

APP IXVOCs HCL 4° 3 x 40mL glass vial 

.. 

• collect both dissolved (filtered) and total metals if turbidity is greater than 50 NTUs 

.i~:? 
l 1 . <a 

- J: l 

Collected 

v 
v 
v 
v 



GROUNDWATER SAMPLE LOG SHEET ( I L) Tetra Teoh NUS, loo 

Page_l of~ 

Project Site Name: SWMU 57 POL RFI NAPR Sample ID No.: 57GW07- OfooC\ l J. 
Project No.: 112G03371 CTO JM54 

~~~~~~~~~~~~-

O Domestic Well Data 
[x] Monitoring Well Data 
O Other Well Type: 
O QA Sample Type: 

Sample Location: 57GW07 

Sampled By: 
C.O.C. No,: 
Type of Sample: 

[x] Low Concentration 
0 High Concentration 

~AMP.~O·~!)!P'.41'AilH:i:w;:rnl!!i!Hi!!!!!!!!U!Hit![![![![![![i[[[[[![![![l[!@jjj!jjjH!!!! 'i!!!!!j!['[!!!j!!!l!!!!!!!l!!!j!j!]!!!!!!!! !!!j!]r!!:t!'!!!j![![![![![!!![!f!f!f!j!!!!!j!f!!!!!!jf!!!l!!!l' ' !!!j'j!j!j!j=!Hif!!i!!li!![H 

Date: 0 (o / O '1/ I -'- pH S.C. Temp. Turbidity DO ORP Sal TDS 

Time: I (D L.( S'" Standard mS/cm °C NTU mg/L mV ppt g/L 

Method: • Low Flow ' ) , --t ) 'IUJ. l '1. €-. ~$' "l f • '1 0 , o c. Li '2. l '1 · 5" '!>'.I I 
~p~~~! PA:i'.:4~!!!!!i!HlH!!Hil!j!l!j!j!j!!!!!!!!!H!H!!HH!!!!!nf1HHH!lH!lH!lil'!i!!!;]!l'!!!!!!j![!l!!!!!!!!!!!!!!!!!l!l!l!l!j![![!l!l!lH!l!lt\l!il!!!!'!'!'!'!!Hl!l!l'!!!!!'!!l!!![!l!lil'l!l ! !!]!!!! ! ! ! U!!!! !!!!!!!!!'!'!!!'!!l!l 

Date: ~l'i/12.. Volume pH s.c. Temp. (C) Turbidity DO Salinity 

Method: Bladder pump 

Monitor Reading (ppm): () 10 
Well Casing Diameter & Material ~ 
Type: 2" PVC ~ 
Total Well Depth (TD): 29' bgs ~ v-
Static Water Level (WL): L J, J 'i ~ 

One Casing Volume(gal/L): ~A ~ 
Start Purge (hrs): \ li { 0 __...-.,.. 

End Purge (hrs): I lo 4 S'" ~ ,.....-
Total Purge Time (min): l t S" ,,.... v-
Total Vol. Purged (galO I ~ L. ~ 

Analysis Preservative Container Requirements 

APP IX Metals• HN03 4° 1 liter HOPE plastic container 

APP IXPCBs 4• (2) 1 L Glass amber glass 

• collect both dissolved (filtered) and total metals if turbidity is greater than 50 NTUs 

P{J~ ~+ ~ "2 l1' l.?7s 
t vJ ~il - '2.. 11 ~tt'c.~ vp 

J ~l v~ f ~ ~ood OJ'1.d .Qv~cJ1~""~( C aV'-J/ fro,,._ 

~i.~~H~~P.ili!l~~~l.~:::~~nt:~rn;:::~;;::nn:j~!H!i!!il'!i! =:::: ::: : : : ::::::=:::::nnn:\!\!l!~::=:::=:;::::::=::::::,::1:::1:::1: signature(s): 

TDS 

Collected 

MS/MSD Duplicate ID No.: 

~~~ 
u 



[ I L) Te .. Teoh NUS, loo GROUNDWATER SAMPLE LOG SHEET 

Page_ of 

Project Site Name: SWMU 57 POL RFI NAPR 
Project No.: 112G03371 CTO JM54 

Sample ID No.: 
Sample Location: 

57GWOS- 0<i> I l I<-
57GW08 

O Domestic Well Data 
[x] Monitoring Well Data 
O Other Well Type: 
O QA Sample Type: 

~~~~~~~~~~~~~-

Sampled By: 
C.O.C. No.: 
Type of Sample: 

[x] Low Concentration 
O High Concentration 

~~.,~·~~P.~r~tr)Utn;1;rn111111;1;n1nH'!1'::1:Hrnil~jjlj;jjj<::uu = ::==:'''':=n:;:,:nr::::::::===n::n:==:::r:=:::=::, 1:;;1:1::::n11:1:H ::::::::::::n::::::::::n1:H1:1:1:1:::11nnrnHrnm@~1i;1Hm:n!:=::: 
Date: G - I { - IL pH S.C. Temp. Turbidity DO ORP Sal TDS 

Time: 0 Cf 5 0 Standard mS/cm 0c NTU mg/L mV ppt 21'L 

Method: Low Flow (,,., • 7 C::.... q_ '3 (p 'lH. '-( I I q I"?. \ ~ { 't Cf 5 . ~ r:. D <-
f:~Ri:;~i~~'t,~~rnmnUHtHmt!tt::il!l!i!iUHH!iifif!:if !Iif':HiMiHHJ;HiiiH!lfnHtnnnH!iH!~Hi![\tfif!l!iHHH!tHilHlH!i!lllll]!ll]l]lji)!j![!j!j!f ![l;ij!j!j!f if ill!l!l!!ll!!l!lU!l !l[HHHlHH!jitHlH!~mti 
Date: G;- [ { · l 1- Volume pH S.C. Temp. (C) Turbidity DO Salinity TDS 

Method: Bladder pump ~ 
Monitor Reading (ppm): 0 
Well Casing Diameter & Material 

Type: 2" PVC 

Total Well Depth (TO): 3 l .C.5"" 
Static Water Level (WL):?./),,'6'1 

One Casing Volume(gal/L): l.J~ 

Start Purge (hrs): RO I 
End Purge (hrs): 0 er ':5 D 
Total Purge Time (min): l I { ~ ~ 
Total Vol. Purged (gal/L): J I..£.. ~ 

Analysis Preservative 

APP IX Metals• HN03 4° 

APP IX PCBs 4• 

APP IXSVOCs 4• 
APP IXVOCs HCL 4° 

Container Requirements 

1 liter HOPE plastic container 

2 x 1 L Glass amber glass 

2 x 1 L Glass amber glass 

3 x 40mL glass vial 

• coll?f\ ~ot)'l dissolved (filtered) and total metals if turbidity is greater than 50 NTUs 

3 1,i7 
,2o~<Ev 
' 1<> ·1 '1 

Collected 



[ I t] Tetra Ted> NUS, loo GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: SWMU 57 POL RFI NAPR 
Project No.: 112G03371 CTO JM54 

O Domestic Well Data 
[x] Monitoring Well Data 
O Other Well Type: 
O QA Sample Type: 

~~~~~~~~~~~~~-

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 

Page of 

57GW09· 0" lOll.. 
57GW09 

[x] Low Concentration 
O High Concentration 

~w.~1NG!P..Act:Ail;:;Jt:::;:;:;:;:::;::::::;;;:1;1:1:1;1;;:1;;:::Hrn:1:1;::r:1;:;::::::; : 1 : ::::::::::::::::::1;m;m::r:rn::::::::::::::::::;H:;:::;:::;:;:;:::;::::'::;1;::1rnm:1::::;:::rnn:nrnm:;::::rn::::::::::1:::1 

Date: /,,. - I 0- I 7 pH S.C. Temp. Turbidity DO ORP Sal TDS 

Time: 11 \ ~ Standard mS/cm 0c NTU mg/L mV PDt g/L 

Method: Low Flow 1. 1'1 i: ZB ~, 30 'tO O .O (:, /Cf 2..3 "Z. 7 '1 
e,u~(1;t;:q~;:~::rn:;':':::: : =u:::;1::::::::;:::::=:::::::::::::::=1:H::1:1:';.: ::1;:::;1:t;:::u;::uH:i:\1:1ut1<=::(U:':::1:::1::u;1:1=::::::1:H:::::::::::::::::::=:=;::::;:;1;;:;:';/::1n:1:;::;1::::n::::::::::;n: 

Date: C, - I 0 - I L 
Method: Bladder pump 

Monitor Reading (ppm): 13 ,,-
Well Casing Diameter & Material 

Type: 2" PVC 

Volume 

Total Well Depth (TD):J.~OST f\/C. 
Static Water Level (WL): \ / , 0 Z T PV C. 

One Casing Volume(gal/L): fJf\ 
Start Purge (hrs): 0 <:t. C>S-
End Purge (hrs): J f / ~ 

pH s.c. 

Total Purge Time (min): / '10t11,J _..........v-
Total Vol. Purged (gal/L):/O f' .1.-~ 

Analysis Preservative 

APP IX Metals' HN03 4° 

APP IX PCBs 4• 

APP IXSVOCs 4• 

APP IXVOCs HCL 4° 

Temp. (C) Turbidity DO Salinity 

I~ 

Container Requirements 

1 liter HOPE plastic container 

2 x 1 L Glass amber glass 

2 x 1 L Glass amber glass 

3 x 40mL glass vial 

• collect both dissolved (filtered) and total metals if turbidity is greater than 50 NTUs 

2'c..08 
\, , 0 '-

Cf. DCP 

~!~~H~~P.Ii~•~~m;nn:r:rn:rnnHHn;m:;;HHiH~m~t:m;;;H;;~~;::m;Hmrn:;n;::ii~m~f:;::';~'';'':~::i:''.':1;: s 1gnature(s): 

MS/MSD Duplicate ID No.: - - - .A , ---- -

TDS 

_) . .......---

Collected 

v 
v 
v,, 
v 



\ 

GROUNDWATER SAMPLE LOG SHEET [ I L) Tetra Ted> NUS, loc 

Page _l_ of -i..._ 

Project Site Name: SWMU 57 POL RFI NAPR 
Project No.: 112G03371 CTO JM54 

Sample ID No.: 
Sample Location: 

13GW07- C>(.d'\ I 2-
13GW07 

D Domestic Well Data 
[x] Monitoring Well Data 
D Other Well Type: 
O QA Sample Type: 

~~~~~~~~~~~~~~ 

Sampled By: 
C.O.C. No.: 
Type of Sample: 

[x] Low Concentration 
D High Concentration 

~~*'~INJ:;1P..4iTAii!!!!!: •:!:! : ! ! i:! ;.ii!:::'···:::.·. : . :: : ; . :::::::H::::,:::i:':!:!:!m!:!:!m!rnHn!:!:::u:,: .;. ;:::: .: ::::::;:!:!::::::::::::j!j![!lH!HmH![![!:!:!:!:!::u:::::::::@fjj!:•:!• f:: : ;!!H!jHIWl\!;im~j 

Date: ~ ~/ 6 Cf /I 2- pH S.C. Temp. Turbidity DO ORP Sal TDS 

Time: \1, €"v Standard mS/cm 0c NTU mg/L mV ppt g/L 

Method: Low Flow 'i', CfS h .~ ')..'f , lo't L\.51- O,o() ~~ "'2. (o.1 1. ~o 
P:liJR~~! P:A:T.~~ :::::: := ::i:::• : i :i : :: ::ij!j! f!j:: :=:••:::i:•:':•:':=:::::!fl!HHmrnrn:m::!:H!:!:!:!:!:!:!:!!!:!:!!!!!!::!:::::::::::::unH;:t!:=:!:!rn!i!tH:!mHntrmH:u.:•i•i!i• ••• :i:~: • 'ilJi :: : ••••::iii 
Date: t> '4 I O '1112 Volume pH s.c. Temp. (C) Turbidity DO Salinity TDS 

Method: Bladder pump ~ 
Monitor Reading (ppm): O, 0 _...V" 

Well Casing Diameter & Material ~ 
Type: 2" PVC ~ 
Total Well Depth (TD): <; '2 . "ls' ~ 

v-

Static Water Level (WL): t '. S ( ~ 
One Casing Volume(gal/L): lJ~ ~ 
Start Purge (hrs): '0 IS" 
End Purge (hrs): 'I S 0 
Total Purge Time (min): 'f $' 
Total Vol. Purged (gall'» '2:~ .1 ! ,~ 

Analysis Preservative Container Requirements Collected 

APP IX Metals· HN03 4° 1 liter HOPE plastic container 

APP IXPCBs 4• (2) 1 L Glass amber glass 

• collect both dissolved (filtered) and total metals if turbidity Is greater than 50 NTUs 

~.\-1 Cr~ v p - 1.- h ""-' .(,.,l \ b~C; 

\711V'AP~ ® 7..1 .1..5", Tb::~2.'1.~J\,t0 c., 

J \7 hi j ~vii'- cA-< c~ { ~ l &A-- 5 cs> o J. ( c~cLi' h ' ~ 
~~*~i!MiPP.li~l>~:• :::::::j;j• !: : i i•:'i:i(n:::::::::i:'!i: :::iii•i::iii:i :'!iii i:••i:•: i:iii:i:::::::!::j:::•:::::::::::::::!•): Signature(s): 

MS/MSD Duplicate ID No.: 



C-7 MONITORING WELL DEVELOPMENT RECORDS



· ( j L) Tetra Tech NUS, Inc MONITORING WELL DEVELOPMENT RECORD Page _of __ 

. . 
• Well: 5 7 (.;,.{JJ 0 °\. Depth ;o Bottom (ft.): ~" • .( 0 , . Respqnsible Personnel: f °Z W W l?A-tll.< .)fV Z_ 

Site: _sw_M_u_s_7 __ .. __ ~_ Static Water Level Before (ft. ):J#:ZG"~ii?Q·co.: ...;.G...;..eo...;..E;_;,nv...;..ir...;..oT.;...;;e...;..ch..;.:.., ...;..ln...;..c. _______ _ 
Date Installed: (,· ,.-- l '2- Static WateF Levef. After (ft.): .. :_/ti:!! <:fL Project Name: _P-'-OL~RF_l ...;..N...;..AP...;..R~--------
Date Developed: (;-7- l "1- · Screen Length (ft.): tor Project Number: _11=2...;..G0;...;.3-'-37_1...;..CT.;_;O;.....;J...;.M...;..54~-------
Dev. Method: "'11Mf Spe~ific Ca?acity: ~t'"~ f~u.A, S 02/t' - {. «5' 1!"'<-
Pump Typ~:. \kVPt:.- SVf'J. Casing ID (1n.): 2-~ pu!M.PEO O<t'f fl-f lC..~ Dl$C:H~~ (6'1.J) 

~(i,.I'> 1"D rl6c.ov1WL_ 
Time Estimated Cumulative Water Level Temperature pH Specific Turbidity 

Sediment Water Readings (Degrees C} Conductance (NTU) 
Remarks (odor, color-, etc.) Thickness Volume (Ft. below TOC) (Units~ 

(Ft.) {Gal.) 
~ 

/1r>c, 
~ - ""°· ~ . 

Q ':. ! L-/ l'Vt.1A/ ;;,-,,,;u 

~°l-5' ~/lie-ti- Z2..)0 30. (2- 1.ll '-t. tt°t 377 
(. 

0 
ll>OS -t-7~ 1'2..L'- 31? ~3 7.3G Lf.27 t'ff ITDS~Z..73 ~Mo. .:.?..J,.,t:oW--
\0~2. n --\~.G" .;2 . .'2.:) ~ 30. '3CJ 7,r10 ~.If /2.~'f ,0 S'AlYlZ..;A ed~1BJ f)U:2,J?,• 

r\O'-"l. - 2..1. 0 21l.. 2.'L 30. 2'2. ·z s-r 4:.n rt I Z.'1> lO 2. 2g:f .\ z.3, ~ 2.'17 
/D 't I 0 ~ :i._o. ~ l 2c 77 7'io trD9 '/ 2 ~ l LCi 2 3 ~'of-/ 22.."f 3.(,3 
I I),., 2. 0 . .::;"> jo9? 7 3(,, '1.oi/z 'BS- 2..b I I l 2. 4 D.lf z.z.;-1 3,,7L 
lo 'i J zo,2-o · 30,~q 7J(, t o'-1I2 'ft> 23 2. 11 ~ill t j 2 l '-f 3. "~ 

( 
' I ~ r C""". V'lll. Pt-~J-.r> KJ~ V ,.,/ 

/0'5tHrt.5 



( IL) Tetra Tech NUS, Inc MONITORING WELL DEVELOPMENT RECORD Page_ of __ 

Well: 3'" 7 Gwo S Depth to Bottom (ft.): ,j l .. zo1J\1 C...Responsible Personnel: ft..E-9 LlJ ., {<~~ 
Site: SWMU 57 Static Water Level Before (ft.): ~g Co.: GeoEnvlte.Tech, Inc. 
Date Installed: Static Water Level After (ft.): ~O.?~roject Name: -PO-L-RF ..... l .,,....NA_P_R ________ _ 

Date Developed: Screen Length (ft.): (0 Project Number: 112G03371 CTO JM54 " · • ./ 1'\.f 
Dev. Method: u~f Specific Capacity: 517r1LT ~ftM?r?3Sl'iji'/Tt-llC~ 't'C:C:LU'L~ 
Pump Type: l2-Vf2~ '5V011t~ing ID (in.): 2 '-1 (J OC\.OS atE=c..- t° -~Uu f'v(µ,fll.JGh_D, -...-/)~ 

O'lZ.0 5~-17J ~ /.fiile/a.- @>~~I 
Time Estimated Cumulative Wa1er Level Temperature pH 

Sediment Water Readings (Degrees C) 
Thickness Volume (Ft. below TOC) 

(Ft.) (G_a1.) 

OC\'3b ~0~71 ,_JJ)~ J..'t n~ 2'l;? ''f't 
ocr~o J ~ ,r;- 2q.'{c;- c, f/C:, 
O~.'S7... 2~ .. o~ 29 .. °1 'i <O. 'l ( 
JO lO :1.Z.72- 3 tO, 'fi't" G.Gt'\ 
\,OZ,,\ ~2.o/ J\.Oo~ ~,C\t 

10'3\ JJ .,ct,\ 3 L. 't f) "'" ~.Cf ( 
·, o<t l 2- L ~o 3 L'tC, C.88 
10;-\ ~U~J 1I~G'-t ~ Lk S-- C.. .. 9. l 

. ~CJ9..L 

Specific Turbidity 
Conductance (NTU} 
(Units_) 

!W? 
g_7r.~ 'i.~t.. 1«f~ 
8'l~ '£(,C 31 t 
<t'L.. f&J..O(, lHd 
'i~~ ~nca c,5 
Cf.'f&, s.cw ~--( 

<t'fJ .l..00 ~g 
q,G,o ~. Cl r;,o 
C\ 5' C .. O°l S-8 

11'\\femv.r.~i odor, color, etc.) 

Of:.P l 1)0 t!t 
\ L."2... 1 J.B 't L "f: q Prt 
l \ I z .. 'tu £n" 
15~ '·'~, r; '( l -Z \ 3.11 5.'i 
vi.-1 '·''° S .. 1 
va1 fo .. S L\~6'3 
tS I C. .. ~'S,lf 
L 'a~ "· ~ s-rs '> 

C,o'\A..LO'/ _I(_~ I f"hi l, 
~) l <> s l 1-(,ll_A 

, 

~ct, 
~e£e. 
~ qJo u 
6].-
r;ac)7 
~ 

i'-
w,.J 
o#J 
W/'if10{. 

v 
L 

tSClli'L"1 
tfJF-



C-8 LOW FLOW DATA SHEETS



[I L) retraTech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: SWMU 57 POL RFI NAPR WELL ID.: 
PROJECT NUMBER: 112G03371 DATE: O<tJ/Jo/1"'2-

Time Water Level Flow pH Cond. Turb. DO Temp. Salinity ORP Comments 
rtIIBIHWi~lWt~~ ttw:::iililtt.:enil ~-~ 

·~r :·,~.,~ il'Wf$li~~!; 1~~~~ Yttrttrnrr Ktdili.W$j): 1~~--\~1~~ i~~~f:f~~ -r"' DS """~: . ~ .. :tc: :·.* ·-~· ~ 

df'C \'S 1 ~\ 1..GG 8'.,_qf...,. "'""" . t(, kit \5 .. , .. ~ 
G>'to S' 1-i. 5 ~ -z.. c <> ~·51 ~~ s:-· ~ \~~ • • '"'Z 'l 1.e.1-z. fo I 0 ~"14{ <o 1\o ~ T \,,r \» ' " LO 
o"f t(J \ s, t'\ l.. c.c;. ~ . Self ~,. "'"Z. ' '6 l 1° :!» -a..c;s I~ Co ' 1 ~S"S- (p . (o<f 
O't I~ 'S' • (., .. , (.oc:;. eo , CP1 10.1 l <- 3 6. '5"S'" 1..&. "t.'t G, . o "3 ,~ ~. <o"3 
6'11.c l~ . (,&.t (. OCJ ~.(o"l.. {O . C., Yo . Cf c. '1l -i. g, '"' c.. 0 "37 \ (o . $'"(, (f ~~Mi.., t" cc.-.r 
t.> 1'1~ ' "do '\ "'l...CC. (g' lt> 1.. (0· ~ 'icr . r- 6 . "3 I "'t~.~o S'·~ ~'2.3 ~.S") " 

0,\(. ts 
L. "" 

L,.C:O ~.~ ... , 10 , ; 'J<>, '-\ O, IS" -z.~ . 3o S".i ~10 (,.'jJ GJ-e-r 
ot1 'S 1S,lo"\ "2.Co Co . "' '!, fo .~ l~ ,~ 41 ,,o '1,~ .'1! '$", ~ -z. S'! <. .11 
C~4u \ S' ~ \.\ '1... cc, (,do~ \0, 1- 1011 ~ o . o~ "2. 8 ·'S" s.i Z.(,~ (,, 'J 3 
ocr'-' ~ t-:.<P'1 '"2 co Co,~!> I0,2. ~. "l er 0 I ()C> 1.~. 2 S" S'.1 ', "2. {g I ')D 

ld'f ~c. I<• ~4 '2_ •c. (.p I " 14 14'rl 5', <'O 4,oo '1. "b. i. l S ·I ..,_ 14 ~,,-, 

CJ't 5" :';" rs , 
fo "' 

7 _co "' . (,, 3 ) 0, 1 '/ . S~ 6 ,oo ""Z~ · '-' S',, '?.1'1 (J, ' 2'1 
l OOij ii"' , l n"S "20<J w,lPL\ lo, I '2. • -, 0 C>,oo 

2a ''"' 
.s-.1 Z.? i lo, 'Z i.( 

; {) () c.; I J .{/) t.f '1. °' °' Co.(oS' Cf, 'f s- I I &0 0 10"' "ZS\ , 2'1 '9.i 2 )'2. ~.zlP 

~o f ) ,(Q~ t.oo (s,.(o) <f , ., 'f' I . ~o () , Cic;, 2. ~ . z g 5'. (g -z S' l ~ . "'21 
• 0 l I;' '°'. ~ &i '1. C6 lo 1~ 1.I 'i . Cf3 0. "l I c. ,o o '4~111 s. (o L. ~(,, "'' 's iOl.C> l~1foi.t "?..G(S. ~.<ocr C/1YO o. 8tJ <t>,o o "18, ~o s-. (g 7~~ (o. 2'f 
1~~1.~ ' ~ ' (g 5 

""7~ t::- 0 lb ,"') •f ,ct/ 0 . 'J]... r>. oo 2e, JI S.<o '"2..~'1 (o ,"Z.t.f ~AMP<..& 

SIGNATURE(S): ~ 1wr PAGE l.oF'J. 



[ I t) Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: SWMU 57 POL RFI NAPR WELL ID.: 
PROJECT NUMBER: 112G03371 DATE: 

Time Water level Flow ~ Cond. Turb. DO Temp. Salinity ORP !J/.L Comments 
:::!Ktkiilti? mteitlm&v.~to,eu::: :::tMWMinm uar·.·.w.·.·.·.·.·11r ltiitttmuur: itmimi::: iili:ta&tifu&e mr~1111~1: ~11iMA~ .. to.s x·····: .. $.litb I ~?:?:, : ;'::-: J§ 

lO?'f" 7..-Z '(0 Ibo t:; l> ;l '1 . Cf ?(")r) I 71 ~I Z.G. Jc; ( 57 J.'),-J Q-=- Zoo /,..;,.:... J 

IO'ii" ~'L."-iU to (;51 ?s.o zg /. {)(,,, 3t <; 5"" IS'. 1 t;"J 7 I c::; ~ "T?:> I 00....c.JZ-

\11 'f~ 22"~.o ~/) h .Lf fJ 2.'J. l l3. t 1/') .7fb ':31,'i'\ l t:\ . ..., ~ .,,7 I~'") 
lib .s- a.ieo ~() i:. 'lfA 1'1 I ·7,7 "'57 3L'tl I c;, '- Cj ( 7 ,,, (,p 

fllS .J:l_C\, l'O (,-,1 lf b '2?, ( 6. 7 fl}f {p °31.4D I S-.~ ts' Io 15. G, 
It 25'" 2}. ;t:!> go c. Cf) 2,.-. l l:J .. (# c:>.~I '31.'t"1 Jt:;, '( "Jo 'i /'), 7 
\ \ 35 )~ "3S ~o <P . "fl., l.'1.\ 9' • 0 / tlD ~\ ,'-fl) \ ~,3 4-'1<6 l't;", ~ 

\ \i.6 1~ ,_~ "'u G11L ~5. l .3, ~ O.lS 3\ ..5'"~ Ir;. .3 '193 15· v 
l\55' 2') -,~ ~G ,, Co((.) '-'f. \ 2 . 3 D l "f 3 \. ~0 I ~- 3 "t78 ts-. (p 

12.0S- ]. i . 0 0 90 <;., 'i} 2.S. l,.. 2 .S" O, IY 7>\ {,, f3 \5 .~ ..,7''- I~ · " \'2., s- ? "{ ,3 t cao ~.'13 2t?. l 2- l) _O~ 3L7S" ') : '?.. ~~~ 1'7. ~ 
l Z,"Z..) 2 'i .. i.? 2- eu C, "( l '2. s-. I I C>.n A ~I. 73 /t; ' 2- if f? I~ '.F 
n..>o 2.'i . "10 so G '-(O 75. 0 I o.oR "> l -~O I'S. 'l...... ~'Tl Ii;- «1 
11-~~ 2- 'i .~ 8 0 c, '-t {) 2s 0 I D 11 B ~ L9~ /t;. 2... ~c;~ 15. <;"' ( D M ft..- /t-1JiVO flA?c, r:: 

~j; f:. I " ./ 11) I/ I.. <- COIL/I 

SIGNATURE(S): ~.7\o~JJ/f2r~ PAGE_ OF_ 
- v V' 



['Jl:] TetraTech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: SWMU 57 POL RFI NAPR WELL ID.: 
PROJECT NUMBER: 112G03371 DATE: to 11111... 

Time Water Level Flow pH Cond. Turb. DO Temp. Salinity ORP 
<... Comments ·rvJ ~~rt1~t1rrn r~rsit6iiP.lil:woe.1rn: ::tmwii~u niH1u~11r 1:timstirim rrnr•• ~tm&lU~ ft'.•illiiir:: :':tdii.ilH mfmvtrn 

"'LI{~ "~. '-\ ~ '\.r1 1, cs~ 
l1.~<.. H,.L\l qo l.S'i 
f -Z.$"~ ~"1 . Lfce. ~6 ., ,G,6 

SIGNATURE($): C1Ltn.r1A ~ 

~~\ L.1 , \ 
t;'° , {J ~ ~s I .s 
~1 .>'"I '"Li . ~ 

'1, ,) 1 ~la ( ~ 
I, 1"1 ~· J ,o) 

() ' I f., ~" • '" ,_ 

L{o g 1 .. 1{2 

o ,oo Zli. l<:t 

PAGE L OF 2.. 



f Ii:) Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME~ SWMU 57 POL RFI NAPR WELL ID.: ':J 7(,w o~ 
PROJECT NUMBER: 112G03371 DATE: 

Time Water Level Flow pH Cond. Turb. DO Temp. Salinity ORP 3/i. Comments 
fi~iSiili~~t MffitlibiJiW!.flio¢i\i :ian11.rm1~ f&ff§8~1liiN "f.(f .. §Jj«"1lt ii': :m:._',::~m, ~; irnt8mllii; -ttmilir~ :::1ca1i.Jii~i\ .f::l:b,dt~W (~T~~~i~ ID.5 
15"00 L"'J .. C ~7 IZ-~ rn.~1 '3 .~9. 7 s-z._ f .2 \ 30.8, !.~ ~n:;, l.~uw~r.;:n Q -r .. lo o 
t '5 lO \7 qq -errs C.7o 3 '7,? "t.,.O(,... a ./? 3 (). <:.j t)"" / .7 -7,5 l...ow f1t tCQ Q TI~ 7i;-
\ 51,D \l.'lct "it\ C 7D 3-;o I fo D CJ. --( 0 30, :~o I ? 3? · ~ 2 , H 
I<; ~0 \7 qq -, c;- c. ~ ~ s_i..s '-f o 0 . 2.'1 3rl D°I /.7 3 t s5 7.09 
l .. t i.of 0 17ci"1 74:) (,,, PJ 4 -3 2'-f ~"\ n I D ~O.o'-1 / .. 7 :J..o..7 1 A7 
I~ '1 ') I -,< lq 7<" (',, ~'i 3 l..1- 'J... ./ n otoo ~q q7 I ..., 2-.77 2 . 0~ 
1550 17 (, nt 7 ,;; r;, R<i ~ 't. \ 1~ r'> ,Gtl .2ct qz.. {, 7 2 (<) 2- o..,-
l '?S~ l7 'l') IS r; ~y ~ '°I '") !..) o oc:; 1..0f.8~ I. 7 l'D"f 2 . 0'1 
1 moo \~, <t °\ 7c;- /; . 8~ ') , g '2.. "1 0 . 0 c ?.... '1 . 7C, I 7 :J ~ ? C\. '-1 

l ~" Ot;' \ 7 . C\q 7 5 (,., 0'1 3' 11 1 '1 o.o\ 2'1 (d'-f /. 7 - :i 8 2 .03 
l l1 \Q t / _q r-i 7~ &.'31..f ~ .l (, I G ~ o D '1.0f ,c;~ I & -Lf 'I Z.o l-. 
l • I ')" 17.cre, 1c; ~ . g'-{ ~ 1 'i I c.,- f) (.) 0 2"f 5L /. (, -?z._ 7 o2 
IG 10 17 9C\ 7~ C,P/-1 ~ '/ 'i l~ O..oo )C< ~B (,C, -S-1) 1..o \ 

SIGNATURE(S): ~_..;., /J /#//~- --A4/\ PAGE_OF_ 



[T-1:) Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: SWMU 57 POL· RFI NAPR WELL ID.: Sllnwol 
PROJECT NUMBER: 112G03371 DATE: <ti 111 L. 

Time Water Level Flow pH Cond. Turb. DO Temp. Salinity ORP 
Comments 

~~futfilJilli'i i'- : ' ' ':.::;;,~--~-~Ii~'~! ... ·, & B'*'.X.'»'"<~'.·'·<c<s~~t):1r-- ~ttiiltiMJiiiii R~~~lil\Wl !i'idilli.f:Dij ~dlfltl ,:?. ' ·: · : ·'§ ~f:ffiililr :<!< " » ""' ~lllliMi~1::: ":i :. -<;... _ .: r~~ li~ii:~i}@, ~llttlti~ ~:::::·... ~ ~ . :i .~=~~ \05 
l't\°G 'Srll'tfrll 100 g,_~ {)"'"q ~ - \f«' V"'lj T'"' ' ·~ $'~ "Zl · '" \•CS 1.s ~ 1.'fo g,., l 2.;w 10.11 "(. "I 4(, 1 'I.,' A.Io • 16 .&.CC', Vl\kf- R ~o 
\liG C, '7..1 I (j Lt ' 00 1 . S' l ~.4"1 ~ S'1 ""' ~ 'So, ~'i 

f.f. "'' 
t..( S'"l- s.01 Tvc I ;, 

l-s-05 '2-1 ,o'-\ \G Ci •• S'\ i.GI <e,o \,04.. ~.o, Y.1) ll4. 3 ~,o°( 

lS-10 "t.I, c \..\ I GC. '114.C\ e.oe $'fL. 6 . s" "l.q ,'ff# '1· > '1 JCJ S'1 O'J 
(<l\ l 5" 41.\. O' Lot 1 cc 1. &.{cc e.,otf S 1"1 (J, S', '1Cf I 'ti 0 \of c S- \.{ J f S°'dO 
'; "le- '2.f t C Lo( lG C> l1't~ ~. 1.Co S' '-'I o. s-<o -Z.'f ' 1 l.f '-i I ~ '-{1..~ s-. 20 
l~"t, C\' -i,\ , oi.-\ I<>" '11\.f{; ~ . 1.'3 ~a' 0 1"'"'>) '-'t ,(',~ '-1." 4 'l.. \ S', }q 
\'S1 6 2 ) '0; 1GO ' 1 11./<;" a. 7-I ~t \ o .1.& '1.Cf 1 s l Y.~ '11, S'di 
\S1~ "l\, G'"\ J6C. i,L\,. e.t.e ~'11 0,1! "'Z. 't . 'i , '11~ 1.t 1 "6 s. 'l 
151.\6 1.\1 Ci.\ JCO -z,11s S 1 "Z.O tl\~ 

"" 5 
4?.1, 50 t.I, s 'ii'& s.n 

l$~,. 2)1 0 5' '(; 0 , ,"#Lf a . !.e. ?.10 O , \ ~ '2.'l I t..\f 4, S" '-\ , 0 
S'· '" i~S" '2..),6 $' I c>c. 

1, LI ' e . Z.o l ~~ (?) I 6 ""S -Zct. "3 2. t.-t . s- 'i / 1 5"', J (.. 
\~~~ "Z.l10 r l c.c., ';' L/"1 ~11.0 .iS'L o,o"f .tl-r '3< 4,~ Lfl 8 S't I/, 
\l. Gt; 1.\. c ~ 1~c ,, 4 '1 ~ . Z.o toe. C\ o,o\ ?_q ~l "i. S" '111 S'r I/ &-'\i., V' I~ 4 ... cW.c ~ 
Ila 6 ~ 'l.\. c~ fCIJ u 1 Lf"' !,"'L \ °'" .~ O , GO z. C\, 2." 4.5" <..f 1.0 s-.11 u 
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[ ib]TetraTechNUS, Inc LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: SWMU 57 POL RFI NAPR WELL ID.: 
PROJECT NUMBER: 112G03371 DATE: 

Time Water Level Flow pH Cond. Turb. DO Temp. Salinity ORP 
Comments 
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["'Fl:) Tetra Tech NUS, Inc. LOW FLOW PURGE DAT A SHEET 

PROJECT SITE NAME: SWMU 57 POL RFI NAPR WELL ID.: 57(, tdcg 
PROJECT NUMBER: 112G03371 DATE: (, - 10 - 11_ 

Time Water Level Flow pH Cond. Turb. DO Temp. Salinity ORP 
Comments 
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[ it) retraTech Nus, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: SWMU 57 POL RFI NAPR WELL ID.: 
PROJECT NUMBER: 112G03371 DATE: 0~/ o'l //1.. 

Time Water Level Flow pH Cond. Turb. DO Temp. Salinity ORP 
Comments 
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C-9 EQUIPMENT CALIBRATION SHEETS



[ll:)Tetra Tech NUS, Inc. EQUIPMENT CALIBRATION LOG 

PROJECT NAME : SWMU 57 POL RFI NAPR INSTRUMENT NAME/MODEL: Turbidity Meter 

SITE NAME: NAPR Puerto Rico MANUFACTURER: LaMotte -Z. 0 "2.Q e 
PROJECT No.: 112G03371 CTOJM54 SERIAL NUMBER: 

Pate Instrument Person 11 - NTU Readinqs 10 - NTU Readings Calibration Remarks 
of 1.0. Performing Pre- Post- Pre- Post- Standard and 

Calibration Number Calibration calibration calibration calibration calibration (Lot No.) Comments 
...... .. hlimm nm · --"'' ' ' ! •rr···;:;;,;,;::;:r•; ···..i;: .,, ... ,,,,_,,,,,,_ ,.,;r,,_ ::.; ··•'11.l 1 li'H'·!!1 JI I I,!, )jh'•:".' 1 •••• .:~•fli!fn 1111m1 !!!!! !!! f ,-

~ '"' " 

{g/1/n. i lV-- )L 0 - 0~ o.oo lo, 5"(: (0, o) / 
fcffo/ Z ~i 0-w K. 01DS" 0 ,oo ll .1_ b.co 

(p/11// 'L j ~\C- O,o(o O 4 olJ lo. 01- \OcOO 



[11:)Tetra Tech NUS, Inc. EQUIPMENT CALIBRATION LOG 

PROJECT NAME : SWMU 57 POL RFI NAPR INSTRUMENT NAME/MODEL: Water Quality Meter tJ - 5c)b 0 

SITE NAME: NAPR Puerto Rico MANUFACTURER: 

PROJECT No.: 112G03371 CTO JM54 SERIAL NUMBER: 

Remarks Date Person 1--_P_RE_-_CA_L~IB_RA_T_IO_N_R_EA_D_IN_G_S ---'"_PO_S_T_-C_A~Ll_BRA_T_IO_N_R_E_AD_l_NG_S--i Calibration 
of Performing pH Cond. pH Cond. Standard 

Calibration Calibration (Standard) (mS/cm) DO (mg/L) (Standard) (mS/cm) DO (mg/L) (Lot No.) 
and 

Comments 

&/7fal ~ 4,07 Lf_Z) 0 8 13 Lr.() \ 1.so 9. ) L-f 

G(s/1L ~w~ '-(,OL '-f,S L n>.OL '-t.v l Lr, 5 0 8. l 0 I I 

(p/'f/fl (A) )l_ r'-1 ,/ ~ ~ .1 ' Cf.IS-- L\ .oo '-1. € ' " 1 c. O • c 
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((J//0/11 c,v.; fL lf ,a? y ~2 q ~- 2, I ~ .. co L} r S-l ~ :i1 I { 

(o/llJ 12.. Cw\£- q,o S '1 - <o ~ '::> t\ . l ~ to\ . o I 4.n 8 . ~ 3 



['11:)Tetra Teoh NUS, Inc. EQUIPMENT CALIBRATION LOG 

PROJECT NAME : SWMU 57 POL RFI NAPR INSTRUMENT NAME/MODEL: PIO 

SITE NAME: NAPR Puerto Rico MANUFACTURER: 

PROJECT No.: 112G03371 CTO JM54 SERIAL NUMBER: \\ D Q O C:\:0 I 

Date Instrument Person Zero Reading Span Reading Calibration Remarks 
of l.D. Performing Pre- Post- Pre- Post- Standard and 

Calibration Number Calibration calibration calibration calibration calibration (Lot No.) Comments 
• ~ ;:> 
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[i:t::)Tetra Tech NUS, Inc. EQUIPMENT CALIBRATION LOG 

PROJECT NAME : SWMU 57 POL RFI NAPR INSTRUMENT NAME/MODEL: 

SITE NAME: 

PROJECT No. : 

Date Instrument 
of l.D. 

Calibration Number 

Ct, I rt( f 1. .-i_ 

NAPR Puerto Rico MANUFACTURER: La Motte 

112G03371 CTOJM54 SERIAL NUMBER: 

Person 
Performing 
Calibration 

0 - NTU Readings 10 - NTU Readings Calibration 
Pre- Post- Pre- Post- Standard 

calibration calibration calibration calibration {Lot No.) 

(),GO 0 ,OCJ lOJ , J'i 
o J<>o (o , l/ Io. <ro 

Turbidity Meter 

Remarks 
and 

Comments 



(i:t;) retraTech NUS, Inc. EQUIPMENT CALIBRATION LOG 

PROJECT NAME : SWMU 57 POL RFI NAPR INSTRUMENT NAME/MODEL: Water Quality Meter U - ~ a e 0 

SITE NAME: NAPR Puerto Rico MANUFACl URER: 

PROJECT No.: 112G03371 CTO JM54 SERIAL NUMBER: 

Date Person 1--_..:.P_..:.R=-E--=-C_..:.ALc.,..IB_RA_..:._..:.T_..:.IO_N_R...;.;,;E_..:.A-=-D_..:.IN-=-G..;..S--"i---;.P..:...:Oc...:cS_..:.T-c...:cC_..:.AL;;..;.IB=-RA..:..;..;.T..:...:IO:...:...N_..:.R.;..::E::._A=-D;.;...INc...:cG-=-S--1 Calibration 
of Performing pH Cond. pH Cond. Standard 

Calibration Calibration (Standard) (mS/cm) DO (mg/L) (Standard) (mS/cm) DO (mg/L) (Lot No.) 

'-) ,, 0 

Remar1<s 
and 

Comments 



C-10 SAMPLE LOG SHEETS– QC



( i l] Tetra Tech NUS, Inc QA SAMPLE LOG SHEET 

Project Site Name: 
Project Number: 
Sample Location: 
QA Sample Type: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

[x] Trip Blank 
[] Source Water Blank 

Page_ of_ 

Sample ID Number: TB - 0 Ci 0 ~ l 'Z. -0 I 
Sampled By: Fred W . Ramser 

C.O.C. Number: 0 °l '1 ( 

[] Rinsate Blank 
[] Other Blank 

~~~~~~~~~-

::$~N!P4iN~toAmA:::::::::i:::::m~:i::::::::: : ::' ::::: : ::::::::::::rnrn::n::::::::::::::::::: ilWATS.8:$~U$.¢~:rn:i:i:i:i:::i:::i::::::::t::::1::;:::::1:11::;;:::;:)); , HHHtlti!i:Hllt!:l:' 

Date: C,-l_ - \'"L 
Time: o cc oo 
Method: From Lab. 

Analysis Preservative 

voes (VS260TCL) Cool 4°C & HCI 

VOA low Soil TB NaHS04 

VOA med soil TB MeOH 

[x] Laboratory Prepared 0 Tap 
D Fire Hydrant D Purchased 

D Other 
~~~~~~~~~~~~~~ 

Container Requirements Collected 

3 X 40 ml Vials YES {NO~ 
2 X 40 ml Vials cYEf)/ NO 
1 X 40 ml Vials (?ES) NO 



Tetra Tech NUS, Inc. QA SAMPLE LOG SHEET 

Project Site Name: 
Project Number: 
Sample Location: 
QA Sample Type: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

[x) Trip Blank 
O Source Water Blank 

Page of 

Sample ID Number: TB - OG, 0 7\ l.- - O L 
Sampled By: Fred W. Ramser 
C.O.C. Number: O q 'i (__ 

D Rinsate Blank 
D Other Blank 

---------~ 

::$A1i1u~~iti.~::r.>AtA;:::::::::::::::::::::::::::::i;m:wHlmmrnm:m:j:~lili:i:=:::::::::: !'WAt~R:$pµ8,c~::=::::::::::::::::uH:rmrnrn:l:::H::nrn:H:m:::::i:imrm:w 

Date: ~ -7-\'L [x] Laboratory Prepared D Tap 
Time: D Purchased D Fire Hydrant 
Method: From Lab. D Other-------- ------

Analysis Preservative Container Requirements Collectad:::-
voes (V8260TCL) Cool 4°C & HCI 3 X 40 ml Vials YESPNO 
VOA low soil TB NaHS04 2 X 40 ml Vials "'VE.sJrmJ 
VOA med soil TB MeOH 1 X 40 ml Vials 1"'YES)NO -

Signature(s): 

~~ 

:) 



[ I L) Tetra Teoh NUS.Inc. QA SAMPLE LOG SHEET 

Project Site Name: 
Project Number: 
Sample Location: 
QA Sample Type: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

[x] Trip Blank 
[] Source Water Blank 

Date: G- '1- L1-
Time: OfV<) 
Method: From Lab. 

Analysis Preservative 
voes (V8260TCL) Cool 4°C & HCI 

VOA low soil TB NaHS04 

VOA med soil TB Me OH 

Page_ of_ 

Sample ID Number: TB -000 j \ 2--0 3. 
Sampled By: Fred W . Ramser 

C.O.C. Number: 

[] Rinsate Blank 
[] Other Blank 

~~~~~~~~~~ 

[x] Laboratory Prepared 0 Tap 
D Purchased 0 Fire Hydrant 

D Other ~~~~~~~~~~~~~~ 

Container Requirements Collected 
3 X 40 ml Vials "'YES}/NO 
2 X 40 ml Vlals YES{NcV 

1 X 40 ml Vlals YES(NO 

Signature(s): 

~Y?"Q.b~-~-A~~ -



[ 1 l) Tetra Tech NUS, Inc. QA SAMPLE LOG SHEET 

Project Site Name: 

Project Number: 
Sample Location: 
QA Sample Type: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

D Trip Blank 
D Source Water Blank 

Date: 6/6/2012 
Time: 1400 hrs 
Method: Macro Core tool and plastic sleeve 

Product Name: Reagent Grade Water 
Supplier: Scientific Sales - ------- - --
Man u fact u re r: NERL -----------
0 rd er Number: na -----------
Lot Number: 80099 -----------Expiration Date: __ s_e_..p_-1_2 ______ _ 

Analysis Preservative 
APP IX Metals• HN03 

APP IXPCBs None 
APP IX SVOCs + L l f A. l-{·c, None 

APP IXVOCs HCL 

Page of 

Sample ID Number: EB-060612-01 
Sampled By: Fred Ramser -----------c. o. c. Number: 941 -----------

[x] Rinsate Blank 
D Other Blank ________ _ _ 

O Laboratory Prepared 
[x] Purchased 
O Other 

0 Tap 
O Fire Hydrant 

---------------

Media Type: DPT soil -----------
Equipment Used: DPT Macro Core and sleeve 
Equipment Type: 

0 Dedicated 
[x] Reusable 

Container Requirements 
HOPE 

Amber Glass 

Amber Glass 

3 X 40 ml Vials 

Signature(s): 

~~~ 

Collected 

~NO 
6'EsJ NO 
tY~S)NO 
(YEs) NO 



Tetra Tech NUS, Inc. QA SAMPLE LOG SHEET 

Project Site Name: 
Project Number: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

Sample Location: 
QA Sample Type: 

0 Trip Blank 
U Source Water Blank 

Date: 6/8/2012 
Time: 1450 hrs 
Method: Hand Auger 

Product Name: Reagent Grade Water 

Supplier: Scientific Sales 

Manufacturer: NERL 

Order Number: na 

Lot Number: 80099 

Expiration Date: __ s_e_.p_-1_2 ______ _ 

Analysis Preservat ive 

APP IX Metals* HN03 

APP IXPCBs None 

APP IXSVOCs None 

APP IXVOCs HCL 

Page of 

Sample ID Number: EB-060812-02 

Sampled By: Fred Ramser -------- --C. O. C. Number: 944 ------ ----
[x] Rinsate Blank 
0 Other Blank _________ _ 

D Laboratory Prepared 0 Tap 
O Fire Hydrant [x] Purchased 

D Other --------------

Media Type: Soil 

Equipment Used: Hand Auger 

Equipment Type: 

D Dedicated 

[x] Reusable 

Container Requirements Collected 

HOPE tyES~O 
Amber Glass (YEsJ/ NO 

Amber Glass _.LYESPNO 

3 X 40 ml Vials ~YNO 
-...__/ 

~e(s): /////J 
·~.£dff ~~~~ 

v, ' 



[ 1 l] Tetra Tech NUS, Inc. QA SAMPLE LOG SHEET 

Project Site Name: 
Project Number: 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 
Sample Location: 
QA Sample Type: 

0 Trip Blank 
0 Source Water Blank 

Date: 6/10/2012 
Time: 1200 
Method: Bladder Pump 

Product Name: Reagent Grade Water 
Supplier: Scientific Sales 

----------~ Manufacturer: NERL 
----------~ Order Number: na 
----------~ 

Lot Number: 59169 
----------~ 

Expiration Date: Jul-12 
----------~ 

Analysis Preservative 
APP IX Metals* HN03 
APP IX PCBs None 

APP IX SVOCs "-"LL- f'kH S None 
APP IXVOCs HCL 

Page of 

Sample ID Number: EB-061012-03 
Sampled By: Fred Ramser - ---------
C. O. C. Number: 945 ----------

[x] Rinsate Blank 
0 Other Blank _________ _ 

O Laboratory Prepared 0 Tap 
[x] Purchased O Fire Hydrant 

O Other--------------

Media Type: 
Equipment Used: 
Equipment Type: 

Groundwater 
Bladder Pump 

O Dedicated 
[x] Reusable 

Container ReQuirements 
HOPE 

Amber Glass 

Amber Glass 

3 X 40 ml Vials 

Signature(s): 

0 
- -A 

Collected 
~YES) NO 

~YESJ)NO 
"YEsiNO 

YES JI NO 



C-11 SAMPLE LOG SHEETS – IDW



( IL) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

0 Surface Soil 
D Subsurface Soil 
O Sediment 

SWMU 57 POL RFI NAPR 

112G03371 CTO JM54 

Page of 

Sample ID No.: IDW-060812-01 
Sample Location: SWMU 57 

~~~~~~~~ 

Sampled By: Fred Ramser 

C.O.C. No.: 944 
~~~~~~~~ 

Type of Sample: 
[x] Other: Composite sample from three 55-gal drums. [x] Low Concentration 

D High Concentration O QA Sample Type: 

Date: 6/8/12 Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: 1315 

Method: Direct fill NA Yellow brown Sand, Silt and Clay moist 
Monitor Reading (ppm): 0 

Date: 

Method: 

Monitor Readings 

(Range in ppm): 

Time 

Analysis 

TCLP voes 
TCLP lnorganlcs plus RCI 

Depth Color Description (Sand, Silt, Clay, Moist~ 

Container Requirements Collected Other 

4 oz 
8 oz 



[ 1 l) To•a Tech NUS, lno GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: SWMU 57 POL RFI NAPR 
Project No.: 112G03371 CTO JM54 --------------

D Domestic Well Data 
D Monitoring Well Data 
[x] Other Well Type: IDW sample collected from one 55-gal drum 
D QA Sample Type: 

Page_ of _ 

Sample ID No.: IDW-061012-01 
Sample Location: SWMU 57 --------Sampled By: Fred Ramser 
C.O.C. No.: 945 --------Type of Sample: 

[x] Low Concentration 
D High Concentration 

$AM~(1Ns:~~rAn;nv:;:=:::::i:::::::::i:::::1:::::::::1:1:i:::m:i:::::::::i:::::1:1::nY::n:::::n1=•='•••:=1:•:1:'=•:::i:i::n:i:::}:y::::=:••:•:•••:•r:•:=•1=::;:::u••••'••=::u1:::1::::;nmnHn•~•Ut•t:t:t::;Ht 
Date: 6/10/2012 pH S.C. Temp. Turbidity DO ORP Sal TDS 

Time: 1050 hrs Standard mS/cm 0c NTU mg/L mV ppt g/L 

Method: Direct fill w/pump na na na na na na na na 

~liJR~~PAT.~•i•!•Hl:l~••Ui''iii•::•:::::1:::::::1:::•:1:::•:::::::::1:::::::::::::::1:1:::::=:::::in=:=':: ==••=:::::=:::::::::::::::=::j'i'l • l=':::::::::::•:•=::::1::::::::=::1:::1:::1:1:::1::u::::i:.;'HlW%l•lHH•l:::;:1:nH=::: 

Date: / Volume pH s.c. Temp. (C) Turbidity DO Salinity TDS 

Method: Bladder pump / 

Monitor Reading (ppm): 0 / 

Well Casing Diameter ~aterial 
Type: 2" PVC / 

Total Well Depth v(o): 
Static Water L¢el (WL): 

One CasinQJ101ume(gal/L): 

Start Pur./e (hrs): 

End P./rge (hrs): 

Tot.ifl' Purge Time (min): 

l:r6tal Vol. Purged (gal/L): ~ 

Analysis Preservative Container Requirements Collected 

Reactive CN and Sulfide, and pH None 4° 0.5 liter HOPE plastic container 1/ / 

lgnitability None 4° 250 ml amber glass 

c~r¢te ·!• •~P.i!i.!i~t>.1,w1:•:~=•:::::::•:•:::::::::::::::::•n:H1:::1:::::::)Hi:;j::1::=~~::::::u:::rnn:m::n;~;;nw~:';:''''j' Signature(s): 

MS/MSD Duplicate ID No.: 



C-12 SURVEY DATA



antonio melendez & asociados, p.s.c. 

Att. Linda Klink 
Project Manager 
Tetra Tech Inc. 
661 Andersen Drive 
Pittsburgh, PA, 15220 

REF:Survey of Monitor Wells and Flags 
Naval Activity, Ceiba, Puerto Rico 

Dear Mrs. Klink: 

SURVEY REPORT 

817 Marginal Ext. Forest Hills 
Bayamon, Puerto Rico, 00959 

787-787-6010 787-787-6015 
tony@amapsc.com 

July 9, 2012 

On June 12 of 2012 our survey crew performed measurements for Tetra Tech, Inc. on the project at Roosevelt 
Roads (Naval Activity, Ceiba, Puerto Rico). 
The project consisted of establishing horizontal control tied to the State Plane Coordinate System for Puerto 
Rico and the US Virgin Islands, Lambert Projection, NAD83, Current Epoch of 2007. Horizontal Control was 
established by GPS (Trimble Dual Frequency Receivers). The project was also referred to Monitor Well Number 
57GW01 (Elevation = 118.42 feet). Previously established monitor wells were surveyed at ground level with 
conventional equipments (Nikon Total Station), and elevations at top of pipes were 
measured by the means of differential leveling departing from closed circuits. A Geodetic Sokkia digital level and 
bar code rods were used for the leveling of the Monitor Wells (Bench Marks) and a closure of 0.003' was 
obtained. 
Some discrepancies among the previously published values of some Monitor Wells (Bench Marks) were found, 
and as instructed, BM 57GW01 was used for departure. New elevations were assigned at Monitor Wells (Bench 
Marks). In addition, 2 new Monitor Wells were surveyed (57GW08 and 57GW09), along with several flags and 
the comers of a concrete pad. Only the Bench Marks (top of pipes of Monitor Wells) were measured by 
differential leveling, all other points were surveyed by conventional surveying (Total Station). 

SITE 



·- I 
-

AMA1IO NORTHING EASTING ELEVATION 11 DESCRIPTION REMARKS 

NE 804334.27 939505.05 122.77 CURB CONCRETE PAD 

NE 804334.19 939505.80 123.25 GROUND GROUND LEVEL 

SE 804220.60 939373.42 123.27 GROUND GROUND LEVEL 

SE 804221.35 939373.59 122.69 CURB CONCRETE PAD 

SW 804299.84 939306.12 122.19 CURB CONCRETE PAD 

SW 804299.79 939305.53 122.68 GROUND GROUND LEVEL 

NW 804413.16 939437.76 123.11 GROUND GROUND LEVEL 

NW 804412.29 939437.58 122.80 CURB CONCRETE PAD 

12 804250.37 939416.47 122.68 57-SB-32 FLAG AT GROUND 

13 804210.80 939438.98 127.74 57-SB-33 FLAG AT GROUND 

14 804224.22 939405.44 122.38 57-SB-36 FLAG AT GROUND 

15 804299.48 939296.03 121.16 57-SB-34 FLAG AT GROUND 

57-GW-07 AT 

16 804269.67 939308.60 121.32 GROUND OLD MONITOR 

124.05 57-GW-07-BM OLD MONITOR-TOP OF PIPE 

18 804248.16 939287.62 126.42 57-SB-19 FLAG AT GROUND 

19 804260.22 939252.64 127.75 57-SB-37 FLAG AT GROUND 

20 804284.14 939254.63 120.38 57-SB-18 FLAG AT GROUND 

21 804300.99 939260.25 118.36 57-SB-17 FLAG AT GROUND 

22 804317.57 939276.15 118.35 57-SB-15 FLAG AT GROUND 

23 804295.77 939232.91 118.85 57-SB-35 FLAG AT GROUND 

25 804299.26 939277.72 121.10 57-GW-8 AT GROUND NEW M ONITOR 

123.97 57-GW-8-BM NEW MONITOR-TOP OF PIPE 

57-GW-01 AT 

26 804380.04 939227.20 115.60 GROUND OLD MONITOR 

OLD MONITOR USED AS BENCH 

118.42 57-GW-01-BM MARK 

57-GW-09 AT 

27 804369.24 939299.78 117.35 GROUND NEW MONITOR 

120.09 57-GW-09-BM NEW MONITOR-TOP OF PIPE 

57-GW-05 AT 

30 804338.18 939306.67 118.42 GROUND OLD MONITOR 

120.91 57-GW-05-BM OLD M ONITOR-TOP OF PIPE 

13-GW-07 AT 

31 804485.67 939400.00 118.80 GROUND OLD MONITOR 

121.55 13-GW-07-BM OLD MONITOR-TOP OF PIPE 

57-GW-02 AT 

32 804432.08 939429.21 122.34 GROUND OLD MONITOR 

124.61 57-GW-02-BM OLD MONITOR-TOP OF PIPE 

33 804378.99 939376.94 118.87 57-GW-13 FLAG ON GROUND 

34 804355.21 939347.47 118.65 57-SW-14 FLAG ON GROUND 

I hereby certify correct, 



C-13 CHAIN OF CUSTORY RECORDS



(1':) TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER N~ 0941 PAGE OF __ 

P;OJECT NO: • l ~:AP'~ PROJECT MANAGER ~JONE NUMBER ~RATORV NAME AND c~;;cT: .l (J~I I 7 ( _..0331 \ Lu.toll. ~t..I ~~ 2 - C/1-I- B~ Ii" D ~ Hn t , Au1tt, . . · w . \Ltv 
SAMPLERS (SIGNATURE) FIELD OPERATIONS LEADER PHONE NUMBER ADDRESS 

~ \- \(. E o lAJ 'RJ~n'\Sa;'R.. 4112-~21-88~8 too l~ 11 /.JOL.OC '< I 1J k 'i' 
-Lt .A CARRIER/WAYBILL NUMBER CITY, STATE ., -

Feo E. ~ ~7'17 237>7 30'1 \ 5 '-AA B/)re o u {, '"" l\1e e; '-l 07 l-, -
CONTAINER TYPE / \!t / '-' /~ h /u /~fi 7 PLASTIC IP) or GLASS IG\ 

STANDARD TAT Ql 0 PRESERVATIVE ?~fl A/{_ Rv/fY / RUSH TAT 0 0 

n 24 hr. D 48 hr. n 72hr. D 7 dav 0 14dav Q USED 
fl) 

0 

~- -~ J;f' t ~ 0 fl) 
fl) x « ~ v~ v':" 1\• v rJ 5pJ337 

.._. 
0 

... w 

[ :t: w ~ v ..,.G ~ ..,~ C.<Jf' ~ - ... en ::E 
~ ~~oY-"' ·~ tf~. ~? to d' 0 g 11. 

~ z 
::c w 0 z 

f'J % ... a ~ J:::--.. 0 ~ %~ ~ " ~.<'.,.,J'I- ~a"I- .:, ..l 0 11. ::E >< o <!H l u 
~ w 

~ 
w--- u. wa: < a a:- ...I a:i a. 0 v~ ~Wl//fJ~°/iJ11 ~ti) 0 Q. ... . ...J~:& 

0 0 ~~ 0 0 0 COAIEHTS O> 
TIME SAMPLE ID ...J ... Ill Uc.:IU z 

<.,/{, O'lDO \\3-0G,O'=> \~ -O' - - - ~ c:. - 3 3 - - - - - -
I 

5 7 s C3 \ ~ - ooo \ ~7 ()C\00 S~<o 0 I So 6 (a ~ I I - I - -
oq10 s 7 s a 'ls, - ,., 1 o _, i f I ~ so bi {g '3 ( I - I - -
0920 '.i1S~\fa-091' I \ ~ t i so 6, ~ ~ ( ( I - --
\~O f-B-Ol:0~12.-0 \ - - - ('\:JC - 9 -- l - 2- - .3 2-. 

\2.2.S- 57~13-i_t;-Ooo t l~'i'7 z.,- 0 l ~o b, 2 - I - - - - r 
1-Z.&.tO 57 SS2 '1 - ooo \ 9}2'1 0 \ so G. 2.- - \ - - - - ' \300 57~'2.C--000 I St~ 0 I 5(.) 6, 

... 
<- - \ - - -. - \ 

\~2.0 57562'8 ' COO \ S'f;2P- 0 I l5u 6, 2-. - I - - - - I 
\'33o 575629 -ooo ' 1<;(329 0 l 5o Gt 2. - r - - - - l 

l't20 575.6 3i - ooo' Sf33l 0 l So G, 2- - I - - - - I 
/'f30 575!517 - ooo t ~P,J7 ('~ ' SD 6 2 - I - - - - f 

.. (g/r. /'15() 5 7513 ?:() - 0 06 \ 51;]0 0 l 5<.> Crt 2- - ' - - - - ( 
:: f . RFillinUISHED.Jfj / p _ .1.A _/)fl 

faA-:t ·- l "°L ~Z?io 1. RECEIVED BY Ff o J; ><- A CIC{~ DATE TIME 
_ L n , , 

~ 2. R~QUISHEO BY lJATE TIME 2. RECEIV~_/ ~I'?-cJ-.. TIME 
:;: O~c"OO 
~ 3. RELINQUISHED BY DATE TIME 3. RECEM3:1B'rv DATE TIME 

; ~OMMENTS 

DISTRIBUTION: WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) PINK (FILE COPY) 4/02R 



('1':) TETRA TECH NUS, INC. 

--- ~ . 
PAGe_f_oF 3 CHAIN OF CUSTODY I NUMBER N~ 0942 

FACILITY: r!/ONE NUMBER 
8 

S"" 
"Z.. ... ~ I Pr-f 11- · 1 - ~ 6 

~~ 
PHONE NUMBER 

'f 1 i. -4 1 , , a 2i3 ca 
C(3'f7 02._ 

STANDARD TAT t5 
RUSHTAT O a 
0 24 hr. 0 48 hr. 0 72 hr. Q 

"' 0 

~ 
~ ~ 0 Cl) 

5 F>'-11Cf/ 
en ~ a::: 
0 w 

[ :z: z ... en :::e 
~ SF3L/d-O 9 a. ~- z 

:z: w 0 z z I- Q ~ i= (;i (,) 0 0 Q. 2 u 
i= w 

§ 
>< fd -· 0 «- 11. w a::: < -1 mi a. 0 

~ ~ (,) ll. I- . .... ~· :::e 
9 0 .s; U o ~ o ci 

C> TIME ... Ul :::e lij U C11 U z 

6 I I I - -
I I t -

~ \ l l f -- - -
0 so \ \ \ - -
I l I t ,.. 

I I I -
I I I - - - -
I ' I - - --.. 

I - - ._ 

l I - -
l -

to Co \ ( - -
1. RECEIVED BY .-:;: ,;,o E l c., le:. ut' DATE TIME 

DISTRIBUTION: WHITE (ACCOMPANIES SAMPLE) YELLOW (FIE~LD COPY) PINK (FILE COPY) 4/02R 



rll:J TETRA TECH NUS, INC. CHAIN OF CUSTODY 
--- ... -

I NUMBER N~ 0943 PAGE 2.oF 3 

STANDARD TAT cJ 
RUSHTATO a 
0 24hr. 0 48hr. 72hr. 0 7da 14 da 0 

(I) 
Q 

5F3YJ<t/ 
[ :i 0 ,,, 

rJ 
Cl) :c a: 
0 tu w 

[ :c z - I- Cl) ::E 
~ 0 SF3'-l~O 9 a. :i z 

J: w 0 z 
N z Q ~ >=a-u 0 0 a. :IE u 

~ w >< o_ 
Wet'. Q ~ «-- ~ma. u. 

0 
<:i 0 D. !;( c..i ..J ~ ::E 0 9 0 0 0 0 O> 

TIME I- m :r: ti <JCICJ z 

0 SD G l 2. 
- - Su G ~ 
I 3 so G, z__,,. 

0 5o G- ( 

S?it l 3 D I I 
t I () 50 '2.> { I 

~c?tct l 3 so I I I 
0 ' SD J I I 
I 3 So 

0 l So { I 
- So I I 
\ 51) ) I 
l so ( I 

DATE TIME 

WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) PINK (FILE COPY) 4/02R 



( ·~ TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER 
--- .. -

N~ 0944 · PAGE 3 OF 3 
pi\2%0377{ I F~~l~rt. eROJECT Mf(t.GER 

LI /Jo A /.,/ t.J{C 
c.{HONE NUMBER 

I l..-<=t 2(- eG SO 
LABORATORY NAME AND CONTACT: 
~~HP1µ :\. CR\'31,V 

SAMPLERS (SIGNATURE) FIELD OPERATIONS LEADER PHONE NUMBER ADDRESS 

$,JuJI/~ frL~ w ~/nM ~1"! '-t l 2..-'t 2. f -ffiJe ~00 T°rc.C(..(1VoLcG'( U/A·y 
CARRIER/WAYBILL NUMBER CITY, STATE 

P GD E)<- 97-;r,, q7:,'f 7 s-g 07- Sc:: A(l_ Sb <lOvltrt "1e o'-107'1 
CONTAINER TYPE //////// .... _,. PLASTIC (p) or GLASS lGl 

STANDARD TA/ID' u 
PRESERVATIVE d~Y / A3~~~L/ RUSHTAT0 a 

D 24 hr. D 48 hr. n 12 hr. 0 7dav n 14dav Q USED 

"' 0 

~~'l ~~ /:J71/~v ~ [ !i 0 ti) 

SF:>Yf1/ 
Cl) x « 

v v; Iv " j' ?. '':I. \Y I- w - ~ 
x 0 w z 

~ .. ~.)'(}~ e~l""' ~ ~ "~ o~ ~v ,j.d3 C'(.., ti: ti) :e < Q 8 
~ 

z t-

SF3'-fd0 ~ 
w 0 z ~~ ~ l( ~· ~ ~ Q..0 (\) z Q j;;: ........ 0 0 0. ::E u~~ (,J ~ ">~ ~ ~ ~· j:: w 
~ 

>< 
WO! Q ii:- ~ma.. u.. 

V' #Jf ~q_4- ~ ~~ CfWJITS 
< 0 

~:i u 0. ..... ..I~;: 
0 0 0 <u 0 0 a 

0>- TIME SAMPLE ID "" I- m :eti UCHJ z 

r;/8 L<=>6D c:, 7sr;;'"( ... co~ l ~~~'{ 0 \ So G ' 3 t t l - - - -
• \~3S" S 7SG -,y - o \ o:?> f t I b so G ~ ~ I l I - - - -

l\oc t; 7 SB 3~ - r1oc l <:,,,(3 }c; 0 l So 6, G ; I I t - - - -
'\?>a 5"75017 - ooo l 'i;(l37 0 \ so ~ 6 3 ( I I - - - -
\WO S75B"X,-ooo t cfa1G 0 [ 50 c;, ~ ~ I { { - - - -
l'i50 EB-6'10912- OL - - QC.. (..,, 5 - - - - 3 I 2 2.. -

G,/c;, l 315" \\)l.J..l-0~0$\ '1- -o \ so c - ~ * l+~Lf>Vt>A - - - ..L - CL..P 11..J· _,,.. 1,. +K,~ ._ 
-

\ ~ 
~ 1. R~ ~~E~AZ. .. (J"'- ~-rz.. ['~hi) 1. RECEIVED BYf" r-o ~ ~ p \ C-\C:.... 

DATE TIME 

C 2. RELINQUISHED BY ~ ~ DA~/.n0/iZ:, 
ff). LI '/. 'J~'/O 2. RECEIVED BYd~ 

~~ ~~qp~ ~ .'(f'l 
.... ,3. RELINQUISHED sv· DA"JIE 

, 
TIME 3. RECEIVED BY - - DAl'E TIME 

~JOMMENTS 

DISTRIBUTION. WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) PINK (FILE COPY) 4/02R 



t it) TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER N~ 0945 PAGE_/_ oF _ f _ 

pr1°1Er~ 0°11 1 , I k:'~'~R PROJECT M\( GER PHONE NUMBER ~ORATORY NAME AND CONTACT: 
I 111. 1 ()~ LuJlc "'t t1-- C\ <.I- ~t;t;"O o-..otwn•, 1 :'\. n e B11 ... I 

"3:~~ 
FIELD OPERATIONS LEADER PHONE NUMBER ADDRESS 

FR.r:o lid. RA-M.;~ 4(l -9tl -883'a. lDO WC\-1UO U:J ~ "( 11 IA-Y 
CARRIER/WAYBILL NUMBER CITY, STATE 

FED E~ 87L.J7 1 ;,s1 ~c q" Sc. Mt (3(.)tl Ouc. '-' VV\ E. CY-( o 7 4 
CONTAINER TYPE / C:f. fa /t.:>/&./C/~ / / - - PLASTIC (P) or GLASS IG\ 

STANDARD TAT f!i. 0 
PRESERVATIVE R~~*Xo%vV// RUSH TAT 0 a 

0 24 hr. D 4Bhr. D 12 hr. D 7 dav D 14 dav Q USED 
II) 

~ 
~ 

0 

~~ I~-[ 0 UJ 

'> F- 3 '1Lf?--
:c « 

0 Iii w 

[ ;:; z 
I- UJ 

== ~ dt o~ rj?-: ~d" ~ u<::J~Ju Q.~~~ ; 

Q 0.. 
~ z 

:c w 0 z z ... c ~ i= S'u 0 ~ ~ ~ ~ c,;~ ,J ~;(" 0 C1.. :E 0 

~ 
w 0 x o _ ..... ~ ~ if~ ' v'" w« c ii: - WID O.. "" ~~ 0 a. s I- ' :1~2 0 

~y~ ~Q.. ~ '4:-~.J~~ 0 0 ~t 0 0 ci COlllENfS Q)-
TIME SAMPLE ID ... I- ID 0 t!) 0 z 

6/9 0800 T6-<1loC\ l 1--r.., "\ - - - Qc f (t6\"'t 
L-"'6 3 3 - - -

12 ?>5""' 5'7,Wo2.- 0 l.OCJ t '2.. lr~~m. - - GW 6t s- - I 2.. z_ 

l ~'Z.O ~71 ... u.JOq ..0"09 \ '1.. l~Zric: - - c.w G 8 3 I z ?__ 

IG2S- FD .. 01.-.nq l? -n ( - - - b't) G, 8 5 I z '-
\\SD \ 3>bW07-0G0'1 ,., 

\~ - [,uJ ~ 3 - I 2.. l..t1.!0i - -
\(o«ts' f:;J 7 fuW07 -Dl0<1 t.., ~' lh.io7 - - (d.J) G, 3 - \ - z.. 

(,lei \3J)O 576wott-o<At,ct17 ;7 
~ .. •O"t - - GIJ.1 ~ 3 - . \ - 2--

4 0 \O'?S" IS7"t.Jn\- Olo\O \'-.. l 301 - - ClU G ·~ - \ - L. -, 

r.17Jo't 8 \ \\ 5'" l 1'7~W ec::r - 0'7\t;;) l"2-. - - GUJ {n 3 l z_ z.. 
1050 TnAJ-D~IDrL -6 \ - - - ~l() c z_ - - - - t t 

"' 0 \ZOC:> EC3 -t)~lo\'2..-C?3 - - - G?c.. 6 8 3 \ 2.. z.. 
'J 

I ,, O"t5D 57/..11>09.> - Ot:. \ \ 17 57n9 " W - - l{.,fJJ ("Tl ~tot q 3 " >f ~ Ru~ ~s /'fVl.SD 
... 
: 1. RELi~ _;; ~y -;T// re.a D~E J'~3n 1. REcE1vEoav F~nEx /Pl C Y UP DATE TIME 

~ 1lf'\ --11-17-
.... )2. RELINQUISHED BY DATE TIME 2. RECEIV~ /ff ~TE Tl~;/S-- . ~ i;t-P-
\ )3. RELINQUISHED BY DATE TIME 3. RECEIVED<B"r Ppt'..,... DATE TIME 

: ;soMMENTS 

DISTRIBUTION: WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) PINK (FILE COPY) 4/02R 
rno&• t.rn Tttt.n r~ nn-t 



C-14 IDW DISPOSAL MANIFEST 
  



,. 

NON-HAZARDOUS SPECIAL WASTE & ASBESTOS MANIFEST 

If waste is asbestos waste. complete Sections I, II, Ill and IV 
If waste is NOT asbestos waste, complete Sections I, II and Ill 

I. GENERATOR (Generator completes la-r) 
a. Generator's US EPA ID Number I b. Manifest Document Number c. Page 1 of 

d. Generator's Name and Location: e. Generator's Mailing Address: . ~ i~tT 
. 

{{ij ' -f'-!. • • 'I l j_ ) 
. v , .. 

r- > 

'P t: . f ~ • . . t 
f. Phone: Q. Phone: 
If owner of the generating facility differs from the generator, provide: 

h. Owner's Name: i. Owner's Phone No.: 

j. Waste Profile # k. Exp. Date I. Waste Shipping Name and m. Containers n. Total 
Description No. Type Quantity 

4217131 )71J. 04/14 
...... .. .:i.~ Soil 

~1 ·201/ ----.iplin~ 

i 

o . Unit 
WWol 

GENERATOR'S CERTIFICATION: I hereby certify that the above named material is not a hazardous waste as defined by 40 CFR 261 or any applicable 
state law, has been properly desciibed, classified and packaged, and is in proper condition for transportation according to applicable regulations; AND, if this 
waste is a treatment residue of a previously restricted hazardous waste subject to the Land Disposal Restrictions. I certify and warrant that the waste has 
been treated in a'ccordance with the reauirementS· of 40 CFR 268 and is no lonQer a tiazardous waste as defined by 40 CFR 261. 

I 
I 

I I 

' 
• ~ - • • . -·· 

o. Generator Authorized' Aaent Name (Print) I a. SionattJte r. Date 

II. TRANSPORTER Generator com 
.l'I 

a. Transporter's Name and Address: 
t : . , ."t'>.' El" t , ' ·r• 

..s • ..,. ~~ ·)!',. 
'- .,.Y /' I £QI Ut!.tefi, i' ~ r .. >u4....,. 

b. Phone: '187• H3&-1lUi 

I 
c. Oriver Name (Print) d. Signature 

Ill. DESTINATION (Generator complete llla-c and Destination Site completes llld-Q) 
a. Disposal Facility and Site Address: (787) 841-7775 c. US EPA Number d. Discrepancy Indication Space: 

PONCE LANDFILL 
AVE. BARAMA YA #500 IDF-58-0008 PONCE, P.R. 00732 

b. 
I herebv certifv that the above named material has been acceoted and to the best of mv knowledae the foreaoina is true and accurate. 

e. Name of Authorized Aoent (Print) f. Sionature Q. Date 

IV. ASBESTOS (Generator completes IVa-f and Operator complete IVg-i) 
a. Operator's Name and Address: c. Responsible Agency Name and Address: 

b. Phone: d. Phone: 
e. Special Handling Instructions and Additional Information: 

...,_ 

f. 0 Friable 0 Non-Friable 0 Both % Friable % Non-Friable 

OPERA TOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by proper shipping name 
and are classified, packed, marked and labeled and are in all respects in proper condition for transport by highway according to applicable international and 
national governmental regulations. 

I 
a . Ooerator's Name and Title (Print\ h. Sianature I i. Date 
*Operator refers to the company which owns, leases, operates, controls, or supervises the facility being demolished or renovated, or the demolition or 
renovation operation or both 

REV05/10 GENERATOR'-RETAIN AW·F11APR 



APPENDIX D

PHOTOGRAPH LOG



Select Photograph from Phase I RFI (Baker, 2010) 
SWMU 57 - POL Drum Storage Area 

Naval Activity Puerto Rico 
Ceiba, Puerto Rico 

 

1 of 17 

 

 

 
Photo 001: SWMU 57 concrete pad, view looking south.  Photo taken 1/27/10 by Baker (Baker, 2010). 

 

 

 
Photo 002: Former loading dock, concrete pad in background, looking southeast.  Photo taken 1/28/10 by 

Baker (Baker, 2010). 



Full RFI Photographic Log, 06/2012  
SWMU 57 - POL Drum Storage Area 

Naval Activity Puerto Rico 
Ceiba, Puerto Rico 
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 Photo 003: Outboard motor cover in debris area (Facing North) (06/2012) 

 

Photo 004: Construction timbers in debris area (Facing West) (06/2012) 
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Photo 005: Electrical line detached from pole (Facing West) (06/2012) 

 

Photo 006: Electrical line cut (Facing West) (06/2012) 
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Photo 007: Steel pipe protruding from ground in debris area (Facing South) (06/2012) 

 

Photo 008: Concrete block in debris area (Facing South) (06/2012) 
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Photo 009: Various trash pieces in debris area (Facing North) (06/2012) 

 

Photo 010: Screen filter in debris area (Facing East) (06/2012) 
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Photo 011: Glass and pieces of screen in debris area (Facing South) (06/2012) 

 

Photo 012: Pipe protruding from ground in debris area (Facing North) (06/2012) 
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Photo 013: Corroded drum in debris area (Facing South) (06/2012) 

 

Photo 014: Corroded drum in debris area (Facing North) (06/2012) 
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Photo 015: Electrical box in debris area (Facing East) (06/2012) 

 

Photo 016: Plastic pipe in debris area (Facing East) (06/2012) 
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Photo 017: 6-inch diameter PVC pipe in debris area (Facing East) (06/2012) 

 

Photo 018: Old battery in debris area (Facing South) (06/2012) 
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Photo 019: Old battery in debris area (Facing North) (06/2012) 

 

Photo 020: Construction timbers in debris area (Facing South) (06/2012) 
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Photo 021: Corroded drums in debris area (Facing South-West) (06/2012) 

 

Photo 022: Scrap metal debris in debris area (Facing North-East) (06/2012) 
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Photo 023: Corroded drum in debris area (Facing West) (06/2012) 

 

Photo 024: Corroded drum in debris area (Facing East) (06/2012) 
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Photo 025: Scrap metal, possibly an auto muffler, in debris area (Facing West) (06/2012) 

 

Photo 026: Scrap metal, possibly an auto muffler, in debris area (Facing East) (06/2012) 
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Photo 027: Rubber tubing/hose in debris area (Facing South) (06/2012) 

 

Photo 028: Rubber tubing/hose in debris area (Facing South-West) (06/2012) 
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Photo 029: Corroded drum in debris area (Facing East) (06/2012) 

 

Photo 030: Corroded drum in debris area (Facing South) (06/2012) 
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Photo 031 Bottom of corroded drum in debris area (Facing East) (06/2012) 

 

Photo 032: Old battery in debris area (Facing North) (06/2012) 
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Photo 033: Old battery in debris area (Facing North) (06/2012) 
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