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Acronyms and Abbreviations

AGVIQ-CH2M HILL AGVIQ-CH2M HILL Joint Venture III
ATSDR Agency for Toxic Substances and Disease Registry
Baker Baker Environmental, Inc.
bgs below ground surface
CAO Corrective Action Objective
CMS Corrective Measures Study
DPT Geoprobe™ direct-push sampling techniques
Empirical
EPA U.S. Environmental Protection Agency
mg/kg milligrams per kilogram
MS/MSD matrix spike/matrix spike duplicate
NAPR Naval Activity Puerto Rico
NAVFAC SE Naval Facilities Engineering Command Southeast
ND non-detect
PAH polynuclear aromatic hydrocarbon
QA quality assurance
QC quality control
SWMU solid waste management unit
TWFF Tow Way Fuel Farm
UCL95% upper-bound confidence limits at 95 percent
UFP-SAP Uniform Federal Policy - Sampling and Analysis Plan
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1.0 0Site and Project Introduction

AGVIQ-CH2M HILL Joint Venture III (AGVIQ-CH2M HILL) was contracted by the
Department of the Navy, Naval Facilities Engineering Command Southeast (NAVFAC SE),
under Contract No. N62470-08-D-1006, Task Order JM04, to implement corrective measures
at Solid Waste Management Units (SWMU) 7 and 8 located at the Tow Way Fuel Farm
(TWFF), Naval Activity Puerto Rico (NAPR), Ceiba, Puerto Rico. This Corrective Measures
Study (CMS) Addendum describes the soil sampling procedures and results of the soil
delineation activities performed between January 22, 2009, and July 15, 2009. Sampling was
performed in three areas of the site where the polynuclear aromatic hydrocarbon (PAH)
compounds benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, indeno(1,2,3-
cd)pyrene, and the element arsenic exceeded the corrective action objectives (CAOs)
established in the CMS prepared by Baker Environmental, Inc. (Baker) in November 2005.
Excavation of the upper 2-feet of soil was proposed in the CMS to remove the contamination
from three areas of concern. The U.S. Environmental Protection Agency (EPA) approved the
CMS for implementation in February 2006.

The objectives of the sampling were to:

 Refine the limits of excavation because the three areas of concern as presented in the
CMS were based on the extrapolation of a limited set of soil analytical data.

 Determine the current concentrations of the PAH compounds benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene in the upper 2 feet of soil
because the possibility exists that concentrations may have decreased through biological
degradation and are now below the applicable CAOs.

 Determine if arsenic concentrations in the upper 2 feet of soil fall within the range of
background concentrations for the island of Puerto Rico, and/or are present at
concentrations that are statistically below the CAO. If so, the area of arsenic
contamination requiring excavation may be smaller in size or may not be required.

In order to meet these objectives, the following tasks were performed:

 Marked the locations of the soil delineation sampling points by establishing grids over
the three areas of concern targeted for excavation in the CMS.

 Collected soil samples from the upper 2-feet of soil using a direct push technology (DPT)
drill rig. In areas were a DPT drill rig could not be used due to steep changes in
topography or because of physical obstructions, samples were collected using a hand
auger.

 Submitted soil samples from 18 borings for the analysis of the PAH compounds
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene
using EPA Method 8270C.

 Submitted soil samples from 72 borings for the analysis of arsenic using EPA
Method 6010B.
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 Grouted the holes upon completion.

 Retained the services of a professionally licensed land surveyor to survey the horizontal
locations and vertical elevations of the boreholes relative to previously established
benchmarks.

The CMS Addendum is organized as follows:

 Site and Project Introduction

 Summary of Field Investigation Procedures

 Discussion of Results

 Conclusions and Recommendations

1.1 5BSite Description and Project Background

NAPR occupies over 8,600 acres at the northeastern most portion of Puerto Rico along the
Vieques Passage (Figure 1-1). The northern entrance to NAPR is about 35 miles east, along
the coastal road (Route 3), from San Juan. The facility was commissioned in 1943 as a Naval
Operations Base, but was re-designated a Naval Station in 1957.

The TWFF is located on a hillside along Forrestal Drive north of Ensenada Honda
(Figure 1-2). The final CMS Report, prepared by Baker in November 2005, presented CAOs
and remedial approaches to address cleanup of soil and groundwater at multiple SWMUs
across the NAPR, including SWMU 7/8. The EPA approved the CMS for implementation in
February 2006.

The regulatory-approved remedial action to address soil contamination at SWMU 7/8
includes the excavation of the upper 2-feet of soil in three areas of concern where the PAH
compounds benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, indeno(1,2,3-
cd)pyrene, and arsenic exceeded their respective CAOs. The CAOs for the contaminants of
concern are presented in Table 1-1. Baker developed the CAOs using an industrial
classification risk-exposure scenario involving construction worker contact with surface and
subsurface soil.

Figures 1-3 through 1-7 illustrate areas where Baker determined arsenic, benzo(a)-
anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene) exceeded
the CAOs. These figures were obtained from the EPA-approved CMS. The data presented in
the CMS indicated that the vertical extent soil contamination above the CAOs was limited to
the upper 2 feet of soil. Using the Natural Neighbor interpolation approach of the computer
model GMS v5.1, Baker estimated the areal extent of contamination requiring excavation
through the extrapolation of a limited set of soil analytical data. The three areas of concern
requiring excavation based on Baker’s modeling effort are shown on Figure 1-8.

Because the areas requiring excavation were based on modeling results, AGVIQ-
CH2M HILL prepared a Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP)
and Work Plan to perform a pre-excavation delineation of SWMU 7/8 to verify the limits of
excavation described in the CMS, and to determine if arsenic is naturally occurring or is a
result of past practices used by the Navy. The UFP-SAP and Work Plan were submitted to
the Navy during the first quarter of 2009 and approved for implementation in April 2009.
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TABLE 1-1
Soil CAOs

Chemical
Maximum Observed

Concentration
Surface

Soil CAO*
Subsurface
Soil CAO*

Total Soil
CAO**

Arsenic 3.4 2.65 NA NA

Benzo(a)anthracene 6J 2.9 NA 73

Benzo(a)pyrene 23J 2.9 7.3 7.3

Benzo(b)fluoranthene 5.9J 2.9 NA 73

Indeno(1,2,3-cd)pyrene 5.3J 2.9 NA 73

CAO Corrective Action Objective
* Based on industrial worker protection
** Based on construction worker protection
J Estimated
NA Not Applicable
All values reported in milligrams per kilogram (mg/kg).
Surface Soil – 0 to 2 feet
Subsurface Soil – 0 to 10 feet

1.2 6BJustification and Rationale for Pre-excavation Delineation
Activities

The CMS recommended excavation to remove contaminants in the upper 2 feet of soil.
However, the size of the three excavation areas were calculated by Baker using a computer
model, and the data used in the model were collected prior to 2005. Therefore, it is likely
that the excavation areas will differ in size and/or shape than those depicted in the CMS.
Therefore, AGVIQ-CH2M HILL recommended the collection of additional soil samples in
the three excavation areas to verify the horizontal extent of contamination prior to
mobilizing excavation equipment to the field.
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FIGURE 1-3 
Surface Soil with Arsenic Above CAO
Corrective Measures Study - Final Report
Tow Way Fuel Farm, Puerto Rico

Source: Baker Environmental, Inc. Revised Final CMS Final Report for TWFF. November 22, 2005
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FIGURE 1-4 
Surface Soil with Benzo(a)anthracene Above CAO
Corrective Measures Study - Final Report
Tow Way Fuel Farm, Puerto Rico

Source: Baker Environmental, Inc. Revised Final CMS Final Report for TWFF. November 22, 2005
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FIGURE 1-5 
Surface Soil with Benzo(a)fluoranthene Above CAO
Corrective Measures Study - Final Report
Tow Way Fuel Farm, Puerto Rico

Source: Baker Environmental, Inc. Revised Final CMS Final Report for TWFF. November 22, 2005
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FIGURE 1-6 
Surface Soil with Indeno(1,2,3-cd)pyrene Above CAO
Corrective Measures Study - Final Report
Tow Way Fuel Farm, Puerto Rico

Source: Baker Environmental, Inc. Revised Final CMS Final Report for TWFF. November 22, 2005
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FIGURE 1-7
Total (Surface and Subsurface) Soil with Benzo(a)pyrene 
Above CAO
Corrective Measures Study - Final Report
Tow Way Fuel Farm, Puerto Rico

Source: Baker Environmental, Inc. Revised Final CMS Final Report for TWFF. November 22, 2005
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2.0 1BSummary of Field Investigation Procedures

This section describes the work procedures that were used between January 22, 2009, and
July 15, 2009 to verify the limits of excavation.

2.1 8B Pre-excavation Sample Grid

On January 22 and 23, 2009, AGVIQ-CH2M HILL personnel marked the locations of the
sampling grids over the three areas of concern identified in the CMS. A grid spacing of
50 feet was used, and was developed following the EPA’s publication entitled, Preparation of
Soil Sampling Protocols: Sampling Techniques and Strategies (EPA, 1992). The grid was laid out
using a Topcon® transit and engineers tape. During the fieldwork, AGVIQ-CH2M HILL
personnel attempted to install the sampling points in the locations as presented in the UFP-
SAP and Work Plan(see Figure 2-1). However, due to the presence of obstructions (tanks
and piping) and variations in topography (steep hillsides), several of the sampling locations
had to be either moved or omitted. The actual sample locations are depicted on Figure 2-2.

2.2 8B Pre-Excavation Soil Sampling Procedures

Soil sampling activities were conducted between June 1 and 4, 2009. The work was
performed in accordance with the Navy approved UFP-SAP and Work Plan. Prior to
beginning any intrusive work, each borehole was cleared for underground utility
obstructions by One Vision, Inc. of Kennesaw, Georgia.

In areas accessible by vehicle, a truck-mounted DPT rig was used to collect continuous soil
samples from the upper 2-feet of soil (0 to 2 feet below ground surface [bgs]). A hand auger
was used to collect soil samples from the upper 2 feet of soil in areas that could not be
accessed by the drill rig. The DPT and hand auger work was performed by
GeoEnvironTech, Inc. of Guaynabo, Puerto Rico. The DPT work was performed using a
5410 model Geoprobe® drill rig. Upon retrieval of each soil sample, the AGVIQ-CH2M HILL
geologist visually inspected the sample and described the lithology encountered. Lithologic
information for each sample point is summarized on Table 2-1. The soil was homogenized
by placing the soil in a stainless steel bowl and mixing the soil using a stainless steel spoon.
The homogenized soil was transferred to 4-ounce glass jars provided by the laboratory for
chemical analysis. All samples were analyzed for arsenic using EPA Method 6010B, and
select samples were analyzed for benzo(a)anthracene, benzo(a)pyrene, benzo(b)-
fluoranthene, and indeno(1,2,3-cd)pyrene using EPA Method 8270C. The analyses
performed at each sample location are shown on Figure 2-2 and test results are included in
Table 2-1. As illustrated on Figure 2-2, samples from locations A24 and B7 were not
analyzed for PAHs due to the observed presence of asphalt in the soil, which is a common
source of PAH compounds. Therefore, the samples from locations A24 and B7 were only
analyzed for arsenic.
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The samples were labeled using the alphanumeric coordinate system depicted on Figure 2-2.
Sample nomenclature consisted of the task order number, the alphanumeric coordinate,
sample depth, and sampling date. For example, a sample was collected at location B10 on
June 4, 2009; therefore, the sample identification (ID) is JM04-B10(2.0)-060409.

The soil samples were logged, stored in 4-ounce glass jars, wrapped in bubble wrap, double-
sealed in Ziploc® bags, and packed on ice for shipment to Empirical Laboratories, Inc.,
located in Nashville, Tennessee, following standard chain-of-custody procedures.
Laboratory data sheets and chain-of-custody records are included in Appendix A.

A total of 72 soil samples were collected during the pre-excavation delineation sampling
event. For quality assurance/quality control (QA/QC) purposes, 15 additional samples
were submitted for QA/QC analysis. These samples included 3 matrix spike/matrix spike
duplicates (MS/MSDs), 7 duplicate samples, and 5 equipment blanks.

2.3 8BBorehole Abandonment

Upon completion of the work, the DPT and hand auger boreholes were filled with a
Portland cement/grout slurry containing 3 to 5 percent bentonite.

2.4 8BSurveying

Following the completion of sampling activities, each sample location was surveyed
(horizontal location and vertical elevation) by Pedro J. Davila Colon of PJDC, Inc., a Puerto
Rico licensed land surveyor. The surveying work was performed between July 2, 2009, and
July 15, 2009. Locations were surveyed relative to previously established benchmarks.
Coordinate data for each sampling location are presented on Table 2-1.
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TABLE 2-1
Pre-Excavation Soil Delineation Sample Summary at SWMU 7/8 (June 2009)
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3.0 2BDiscussion of Results

Analytical results are summarized in Table 3-1, and the laboratory reports are included in
Appendix A. Data for the analyses were reviewed for adherence to the analytical protocols
presented in the approved UFP-SAP and WP. All analytical results were validated or
qualified by a Puerto Rican chemist, an AGVIQ-CH2M HILL certified chemist, and a third
party validator in accordance with the guidance provided in the Department of Defense
Quality Systems Manual - Version 3 Final (based on National Environmental Laboratory
Accreditation Conference Voted Version 5 – June 2003) presented in the UFP-SAP.

3.1 17BPAH

A total of 18 samples were collected and analyzed for PAH compounds (benzo(a)-
anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene). PAHs
were not detected in the upper 2 feet of soil. PAH results are summarized on Table 3-1 and
sample locations are illustrated on Figure 2-2.

3.2 18BArsenic

A total of 72 samples were collected and analyzed for arsenic. Arsenic was detected in 69 of
the 72 samples at concentrations ranging from 0.81J (C2) to 4.3 mg/kg (B23). Of the 69
samples collected, arsenic was detected above the CAO of 2.65 milligrams per kilogram
(mg/kg) in the following nine borings: A30, B9, B14, B23, B26, C3, C7, C9, and C12. Arsenic
results are summarized on Table 3-1 and Figure 3-1 highlights the sample locations where
arsenic exceeded the CAO of 2.65 mg/kg.

Baker developed a CAO for arsenic based on a statistical estimate using the analytical
results from 21 “background” surface soil samples collected in areas that exhibited limited
disturbance as a result of Navy Operations. Areas of “limited disturbance” were defined by
the presence of native flora and fauna (Baker, 2006). The samples collected by Baker had
arsenic concentrations ranging between non-detect (ND) and 3.4 mg/kg (Baker, 1997 and
Baker, 2005). During the recent sampling work performed by AGVIQ-CH2M HILL (72
samples versus 21 samples), arsenic concentrations ranged from 0.81J to 4.3 mg/kg. AGVIQ-
CH2M HILL calculated the average and median arsenic concentrations to be 1.9 mg/kg and
1.8 mg/kg, respectively.

Published reports indicated that arsenic is a common naturally-occurring element present in
soil on the island of Puerto Rico. A 2003 study performed by the Agency for Toxic
Substances and Disease Registry (ASTDR) indicated arsenic occurs in soil on the island of
Puerto Rico at concentrations ranging from 1 to 22 mg/kg (ATSDR, 2003). Arsenic is not a
contaminant of fuel oils such as those formerly used at the TWFF, and no other metals were
identified in Baker’s work as a contaminant of concern.

Based on the limited test results used by Baker to calculate the CAO for arsenic, the fact that
arsenic is a naturally occurring element in soil, and the evaluation of recent test results,
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AGVIQ-CH2M HILL elected to perform a statistical evaluation using the larger data set to
determine if soil excavation is necessary to remove arsenic. For the evaluation, AGVIQ-
CH2M HILL compared the background sample results from the CMS against those obtained
in June 2009. Arsenic results for soil within the TWFF were estimated for the upper-bound
estimate of the mean (e.g., upper-bound confident limits at 95 percent [UCL95%]), and these
values were compared against the UCL95% mean of the background arsenic to statistically
evaluate whether arsenic is of natural origin or was introduced as a result of past naval
activities. At locations where the UCL 95% for TWFF exceeds both UCL 95% background
levels and the 2.65 mg/kg arsenic CAO, excavation will be necessary to remove the arsenic-
impacted soil. However, if UCL95% values are below the CAO (also a statistically estimated
value) excavation is not required.

Our evaluation of the arsenic data indicates the following:

 The detected concentrations in site soil indicated a range between 0.81J mg/kg to
4.3 mg/kg. Typically, larger data sets for naturally occurring inorganic chemicals such
as the soil delineation data set which includes 72 sample locations, will have a greater
variation and wider distribution in concentration ranges.

 The maximum detected concentration (4.3 mg/kg in location B23) is located adjacent to
a roadway and away from former tank areas; the second highest concentration
(detection of 4.1 mg/kg in location B26) is located in a separate area on the northern end
of Area B. Both samples are separated by several samples with low arsenic levels. Based
on the June 2009 analytical results, the detected arsenic is randomly distributed across
the site (Figure 3-1).

 The highest levels of arsenic are detected in samples located outside of the CMS
designated source areas (indicated as Areas A, B, and C on Figure 3-1).

 Overall distribution of arsenic across the three areas of concern is random and does not
indicate a distinct distribution pattern; this distribution is most likely representative of
soil mineralogy of the area and the fact that shallow bedrock was excavated and spread
on the site during tank construction.

 The statistical estimation of the arsenic data calculated separately for Areas A, B, and C
has a UCL95% ranging between 1.9 to 2.5 mg/kg (Table 3-2).

 The arsenic distribution is similar among the majority of samples collected across the
site, with no elevated or “source” area. Thus, detected arsenic appears to be related to
the natural soil variability due to mineralogy and does not indicate a site-specific
release.

 The Q-Q plots of both normal and lognormal data presented in Figures 3-2 and 3-3
estimate correlation coefficient values (R2) of 0.914 (normal) and 0.987 (lognormal),
which are substantially greater than 0.5. These R2 values indicate the arsenic data are
well correlated between various samples and do not indicate a skewed distribution that
is typical of site-specific releases.
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 The maximum detected arsenic concentration of 4.3 mg/kg is not identified as a “hot
spot,” as it is below three times the target CAO value of 8.0 mg/kg (2.65 mg/kg * 3).
Thus, no extremely elevated area is identified for arsenic at SWMU 7/8.

 The CAO selected for arsenic was based on the surface soil background level for arsenic
of 2.65 mg/kg. The current comparable statistical value (UCL95%) value for arsenic is
2.5 mg/kg, indicating site arsenic levels are within background levels and do not exceed
the surface soil CAO.
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TABLE 3-1
Soil Delineation Analytical Results at SWMU 7/8 (June 2009)
Roosevelt Roads Naval Station, Puerto Rico

Station
ID

Sample ID

Sample
Depth Arsenic

Benzo (a)
Anthracene

Benzo (a)
Pyrene

Benzo (b)
Fluoranthene

Indeno
(1,2,3-cd)
Pyrene

feet mg/kg mg/kg mg/kg mg/kg mg/kg

CAOs in Surface Soil (mg/kg)* 2.65 2.9 2.9 2.9 2.9

A1 JM04-A1(2.0)-060309 0 - 2 1.4J --- --- --- ---

A2 JM04-A2(2.0)-060309 0 - 2 1.6J --- --- --- ---

A3 NA --- --- --- --- --- ---

A4 NA --- --- --- --- --- ---

A5 NA --- --- --- --- --- ---

A6 JM04-A6(2.0)-060309 0 - 2 1.3J --- --- --- ---

A7 JM04-A7(2.0)-060309 0 - 2 1.1J --- --- --- ---

A8 JM04-A8(2.0)-060309 0 - 2 2.2J --- --- --- ---

A9 JM04-A9(2.0)-060409 0 - 2 1.4J --- --- --- ---

A10 JM04-A10(2.0)-060409 0 - 2 2.5U --- --- --- ---

A11 JM04-A11(2.0)-060309 0 - 2 1.7J --- --- --- ---

A12 JM04-A12a(2.0)-060309 0 - 2 1.6J --- --- --- ---

A13 NA --- --- --- --- --- ---

A14 JM04-A14(2.0)-060309 0 - 2 1J 2.2UJ 2.2UJ 2.2UJ 2.2UJ

A15 JM04-A15(2.0)-060209 0 - 2 1.7J 2.2UJ 2.2UJ 2.2UJ 2.2UJ

A16 JM04-A16(2.0)-060209 0 - 2 1.6J --- --- --- ---

A17 JM04-A17(2.0)-060409 0 - 2 2J --- --- --- ---

A18 JM04-A18(2.0)-060409 0 - 2 2.3J --- --- --- ---

A19 JM04-A19(2.0)-060309 0 - 2 2.4J --- --- --- ---

A20 JM04-A20(2.0)-060309 0 - 2 2.4J --- --- --- ---

A21 NA --- --- --- --- --- ---

A22 JM04-A22(2.0)-060309 0 - 2 1.7J 2.0UJ 2.0UJ 2.0UJ 2.0UJ

A23 JM04-A23(2.0)-060309 0 - 2 2.1J 2.2UJ 2.2UJ 2.2UJ 2.2UJ

A24 JM04-A24(2.0)-060209 0 - 2 1.2J Asphalt Present in Sample

A25 JM04-A25(2.0)-060209 0 - 2 2.4 --- --- --- ---

A26 JM04-A26(2.0)-060409 0 - 2 2.1J --- --- --- ---

A27 JM04-A27(2.0)-060409 0 - 2 1.2J --- --- --- ---

A28 JM04-A28(2.0)-060209 0 - 2 1.9J 2.4UJ 2.4UJ 2.4UJ 2.4UJ

A29 JM04-A29(2.0)-060209 0 - 2 1.7J 2.1UJ 2.1UJ 2.1UJ 2.1UJ

A30 JM04-A30(2.0)-060209 0 - 2 3J --- --- --- ---

A31 JM04-A31(2.0)-060209 0 - 2 1.6J --- --- --- ---

A32 JM04-A32(2.0)-060209 0 - 2 1.7J --- --- --- ---

A33 JM04-A33(2.0)-060209 0 - 2 2.4J --- --- --- ---

A34 JM04-A34(2.0)-060209 0 - 2 1.4J --- --- --- ---

A35 JM04-A35a(2.0)-060209 0 - 2 1.9J --- --- --- ---

A36 JM04-A36(2.0)-060209 0 - 2 1.8J --- --- --- ---

A37 JM04-A37(2.0)-060209 0 - 2 1.5J --- --- --- ---

A38 NA --- --- --- --- --- ---

A39 JM04-A39(2.0)-060209 0 - 2 1.8J 2.4UJ 2.4UJ 2.4UJ 2.4UJ

A40 JM04-A40(2.0)-060209 0 - 2 1.7J 1.9UJ 1.9UJ 1.9UJ 1.9UJ

A41 JM04-A41(2.0)-060209 0 - 2 0.95J 1.8UJ 1.8UJ 1.8UJ 1.8UJ
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TABLE 3-1
Soil Delineation Analytical Results at SWMU 7/8 (June 2009)
Roosevelt Roads Naval Station, Puerto Rico

Station
ID

Sample ID

Sample
Depth Arsenic

Benzo (a)
Anthracene

Benzo (a)
Pyrene

Benzo (b)
Fluoranthene

Indeno
(1,2,3-cd)
Pyrene

feet mg/kg mg/kg mg/kg mg/kg mg/kg

CAOs in Surface Soil (mg/kg)* 2.65 2.9 2.9 2.9 2.9

A42 NA --- --- --- --- --- ---

A43 NA --- --- --- --- --- ---

A44 NA --- --- --- --- --- ---

A45 NA --- --- --- --- --- ---

B1 JM04-B1(2.0)-060409 0 - 2 2.6U 2.2UJ 2.2UJ 2.2UJ 2.2UJ

B2 JM04-B2(2.0)-060409 0 - 2 1.7J 2.1UJ 2.1UJ 2.1UJ 2.1UJ

B3 JM04-B3(2.0)-060409 0 - 2 1.8J 2.2UJ 2.2UJ 2.2UJ 2.2UJ

B4 JM04-B4(2.0)-060409 0 - 2 1.3J 2.0UJ 2.0UJ 2.0UJ 2.0UJ

B5 JM04-B5(2.0)-060409 0 - 2 1.8J 2.0UJ 2.0UJ 2.0UJ 2.0UJ

B6 JM04-B6(2.0)-060409 0 - 2 1.9J 2.2UJ 2.2UJ 2.2UJ 2.2UJ

B7 JM04-B7(2.0)-060409 0 - 2 2.2J Asphalt Present in Sample

B8 JM04-B8(2.0)-060409 0 - 2 1.2J --- --- --- ---

B9 JM04-B9(2.0)-060409 0 - 2 2.7 --- --- --- ---

B10 JM04-B10(2.0)-060409 0 - 2 2.1J --- --- --- ---

B11 JM04-B11(2.0)-060409 0 - 2 1.5J --- --- --- ---

B12 JM04-B12(2.0)-060409 0 - 2 2.1J --- --- --- ---

B13 JM04-B13(2.0)-060409 0 - 2 2.3U --- --- --- ---

B14 JM04-B14(2.0)-060409 0 - 2 2.8 --- --- --- ---

B15 JM04-B15(2.0)-060409 0 - 2 1.3J --- --- --- ---

B16 NA --- --- --- --- --- ---

B17 NA --- --- --- --- --- ---

B18 JM04-B18(2.0)-060409 0 - 2 1.5J --- --- --- ---

B19 JM04-B19(2.0)-060409 0 - 2 1.8J --- --- --- ---

B20 NA --- --- --- --- --- ---

B21 NA --- --- --- --- --- ---

B22 JM04-B22(2.0)-060409 0 - 2 1.5J --- --- --- ---

B23 JM04-B23(2.0)-060409 0 - 2 4.3 --- --- --- ---

B24 JM04-B24(2.0)-060409 0 - 2 1.5J --- --- --- ---

B25 JM04-B25(2.0)-060409 0 - 2 1.2J 1.9UJ 1.9UJ 1.9UJ 1.9UJ

B26 JM04-B26(2.0)-060409 0 - 2 4.1 2.3UJ 2.3UJ 2.3UJ 2.3UJ

B27 JM04-B27(2.0)-060409 0 - 2 1.9J 2.0UJ 2.0UJ 2.0UJ 2.0UJ

C1 JM04-C1(2.0)-060109 0 - 2 2.2J --- --- --- ---

C2 JM04-C2(2.0)-060109 0 - 2 0.81J --- --- --- ---

C3 JM04-C3(2.0)-060109 0 - 2 2.8 --- --- --- ---

C4 NA --- --- --- --- --- ---

C5 JM04-C5(2.0)-060109 0 - 2 1.9J --- --- --- ---

C6 JM04-C6(2.0)-060109 0 - 2 2.3 --- --- --- ---

C7 JM04-C7a(2.0)-060109 0 - 2 3.2 --- --- --- ---

C8 JM04-C8a(2.0)-060109 0 - 2 2J --- --- --- ---

C9 JM04-C9(2.0)-060109 0 - 2 3 --- --- --- ---

C10 JM04-C10(2.0)-060109 0 - 2 1.7J --- --- --- ---

C11 JM04-C11(2.0)-060109 0 - 2 1.7J --- --- --- ---
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TABLE 3-1
Soil Delineation Analytical Results at SWMU 7/8 (June 2009)
Roosevelt Roads Naval Station, Puerto Rico

Station
ID

Sample ID

Sample
Depth Arsenic

Benzo (a)
Anthracene

Benzo (a)
Pyrene

Benzo (b)
Fluoranthene

Indeno
(1,2,3-cd)
Pyrene

feet mg/kg mg/kg mg/kg mg/kg mg/kg

CAOs in Surface Soil (mg/kg)* 2.65 2.9 2.9 2.9 2.9

C12 JM04-C12(2.0)-060109 0 - 2 2.9 --- --- --- ---

C13 JM04-C13a(2.0)-060109 0 - 2 1.6J --- --- --- ---

C14 JM04-C14(2.0)-060109 0 - 2 1.8J --- --- --- ---

C15 JM04-C15(2.0)-060109 0 - 2 2.5J --- --- --- ---

C16 NA --- --- --- --- --- ---

--- = No data collected

NA = not accessible

J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample.

U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.

UJ = The analyte was below the reported sample quantitation limit. However, the reported value is approximate.

mg/kg = milligrams per kilogram

µg/kg = micrograms per kilogram

Bold indicates the analyte was detected

Shading indicates the analyte exceeded screening criteria

* Screening Levels obtained from "Revised Final Corrective Measures Study Final Report", November 22, 2005 (Table 1-1)
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TABLE 3-2
Data Summary for Areas A, B, and C at SWMU7/8

Area
N of

Samples
N of

Detects Min Max Mean Data Distribution UCL95%

Area A 35 34 0.95 3 1.8 95% KM (t) UCL 1.9

Area B 23 21 1.2 4.3 2.0 95% KM (BCA) UCL 2.2

Area C 14 14 0.81 3.2 2.2 95% Student's-t UCL 2.5

All (A,B&C) 72 69 0.81 4.3 1.9 95% KM (BCA) UCL 2.0

Note:

The estimated UCL95% levels are less than the target CAO of 2.65 mg/kg.
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FIGURE 3-2 
Arsenic Distribution Plot Across SWMU 7/8: Normal Data
Tow Way Fuel Farm
Naval Station Roosevelt Roads, Puerto Rico
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FIGURE 3-3 
Arsenic Distribution Plot Across SWMU 7/8: Lognormal Data
Tow Way Fuel Farm
Naval Station Roosevelt Roads, Puerto Rico
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4.0 Conclusions and Recommendations

4.1 18B Conclusions

Based on the field and analytical data collected from the SWMU 7/8 area, the following
conclusions were made:

 PAHs were not detected in the upper 2 feet in the areas of concern indicated by the
CMS.

 Arsenic was detected across the site in 69 out of 72 surface soil samples. However,
results of a statistical evaluation indicate the current comparable statistical value
(UCL95%) for arsenic is 2.5 mg/kg. Therefore, site arsenic levels are within background
levels and are below the CAO of 2.65 mg/kg.

4.2 18B Recommendations

Based on the analytical results for the surface soil samples, there is no soil contamination at
the site that requires corrective actions. PAH concentrations are below detection limits and
do not present human or ecological exposure concern. Therefore, no further action at
SWMU 7/8 is recommended for PAHs in site soils.

Based on the extensive sampling conducted across the site, detected arsenic is randomly
distributed across the site. The distribution patterns indicate absence of specific elevated
areas, and statistical evaluation of the data indicate site arsenic upper-bound estimates are
between 1.9 mg/kg and 2.5 mg/kg, which are below the CAO target level of 2.65 mg/kg.
No single detection is indicative of extremely elevated values. Therefore, the detected
arsenic levels at SWMU 7/8 are considered naturally occurring within the surface soil and
no further action is recommended for arsenic in site soils.
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APPENDIX A

Soil Laboratory Analytical Results
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