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1.0 INTRODUCTION 

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI), for Operable 

Unit No.2 (OU2), has been prepared by Baker Environmental, Inc. (Baker) for the Naval Facilities 

Engineering Command, Atlantic Division (LANTDIV) under the LANTDIV Comprehensive 

Long-Term Environmental Action Navy Program (CLEAN). 

On October 20, 1994, a Final RCRA Part B permit was issued by United States Environmental 

Protection Agency (USEPA) Region II to Naval Station Roosevelt Roads (NSRR). This permit 

contains requirements for RFI activities at 24 solid waste management units (SWMUs) and 3 Areas 

of Concern (AOC). Prior to 1993, environmental activities at NSRR, exclusive of underground 

storage tanks (USTs), were conducted in compliance with Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA) regulations under the Department of the Navy's 

(DaN's) Installation Restoration (IR) Program. The RCRA Part B permit, issued for the Defense 

Reutilization Management Office (DRMO) at NSRR, included provisions for corrective action under 

the Hazardous and Solid Waste Amendments (HSWA) provisions ofRCRA . 

The various SWMUs and AOCs at NSRR have been grouped together into OUs based on similarity 

of investigation scope, geography, or similarity of contaminants potentially released (Figure 1-1 ). 

This report pertains to part of OU2 which is comprised of: 

• SWMU 7- Tow Way Fuel Farm (TWFF) 

• SWMU 8- TWFF Sludge Disposal Pits 

These SWMUs, along with SWMU 9- Tanks 212-217, originally were grouped together because 

all are fuel management areas which are relatively close to one another. This report will focus on 

SWMUs 7 and 8 due to additional sampling requirements at SWMU 9. The investigation discussion 

and conclusions for SWMU 9 will be submitted under a separate cover. In addition, SWMUs 7 and 

8 have been combined (with USEPA concurrence) into a single SWMU 7/8. This was done due to 

the concurrent releases from the two SWMUs, the releases were of generally the same material, and 

were in the same area . 
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This report is organized into six additional sections. Section 2.0 provides a description of the 

Station and historical background. Section 3.0 describes the field activities undertaken during the 

RFI at SWMU 7/8. It also describes the purpose of the study of individual media, sampling 

procedures, sampling locations for all media and quality control (QC) conducted during sampling 

activities. 

Section 4.0 presents the physical features of the combined SWMU 7/8 investigated. This section 

discusses the surface features, meteorology, surface water hydrology, geology, soil, and 

hydrogeology. Section 5.0 discusses the nature and extent of contamination found at the site in 

terms of the results of the field sampling activities conducted as part of this RFI and all 

investigations at SWMU 7/8 to date. This section also includes a description of potential sources 

of contamination and possible migration pathways. Section 6.0 presents the human health risk 

assessment conducted for the various sites. A summary and conclusions are presented in Section 7.0 

which also summarizes the nature and extent of contamination and potential human health impacts 

associated with the sites. In addition, conclusions pertaining to future work at SWMU 7/8 are 

discussed . 

l-2 
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2.0 STATION BACKGROUND 

This section contains a description of the Station, NSRR background history, and a summary of 

previous investigations. 

2.1 Station Description 

NSRR occupies part of the northern side of the east coast of Puerto Rico, along Vieques Passage 

with Vieques Island lying to the east about 10 miles from the harbor entrance. The northern entrance 

to NSRR is about 35 miles east along the coast road (Route 3) from San Juan. The closest large 

town is Fajardo (population approximately 37,000), which is about 10 miles north ofNSRR on 

Route 3. Ceiba (population approximately 17,000) adjoins the west boundary ofNSRR. 

NSRR occupies over 33,500 acres at the northeastern most portion of Puerto Rico. NSRR has 

administrative and command responsibilities for operations separated from the main base on 

Vieques Island . 

NSRR was commissioned in 1943 as a Naval Operations Base, and finally redesignated a Naval 

Station in 1957. The primary mission ofNSRR today is provision of full support for Atlantic Fleet 

weapons training and development activities. 

2.2 SWMU 7- Tow Way Fuel Farm 

The TWFF is located on a hillside along Forrestal Road north of Ensenada Honda. Constructed 

prior to 1957, the fuel farm originally consisted of nine USTs containing diesel fuel marine (DFM) 

and jet fuel (JP-5). That number has since been reduced to seven (Figure 2-1) by the removal of two 

tanks. Data obtained from previous reports indicate that the USTs have been used solely for the 

storage of marine fuel and jet fuel since their construction. 

2.3 SWMU 8- Tow Way Fuel Farm Sludge Disposal Pits 

Prior to RCRA regulations, it was common industry practice to dispose of accumulated sludge 

material in excavated pits adjacent to the tanks during tank cleaning operations. This practice was 
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apparently employed by TWFF personnel prior to the current practice of disposal by a licensed 

contractor. Previous investigations were unable to locate evidence of the pits; however, SWMU 8 

was included in the permit as a full RFI site. 

2.4 Fuel Loss History 

There have been numerous spills of small and large quantities of fuels stored in the TWFF. The 

known fuel loss history according to O'Brien & Gere (1992) is summarized as follows: 

• 195711958 - Approximately 420,000 gallons of Bunker C fuel leaked from UST 

No. 82. 

• 1960s/1970s/1980s- A cumulative volume of approximately 420,000 gallons of 

fuel leaked from UST Nos. 56A and 56B during this time period. 

• 

• 

197111972 -Approximately 3,900 to 7,500 cubic yards of Bunker C fuel-sludge was 

removed from USTNos. 83 and 1080 and was buried in pits excavated adjacent to 

the USTs. 

1978- Approximately 65,000 gallons of diesel fuel leaked from UST No. 1080 . 

Approximately 10,000 gallons were recovered during cleanup operations. 

• 1986 - Approximately 91,000 gallons of JP-5 leaked from UST No. 85. 

Approximately 32,000 gallons were recovered by various methods. 

Seven fuel storage tanks are located north of Tow Way Road on a hill overlooking Ensenada Honda. 

As referenced from the NEESA report 13-051, September 1984, spills, leaks, and sludge disposal 

have occurred here since 1957. The following paragraphs provide more detail for the above billeted 

items. 

In 1957 or 1958, a fuel line to Tank 82leaked, resulting in a spill of Bunker C fuel. It is estimated 

that approximately 420,000 gallons of Bunker C fuel leaked from the storage tank. The oil spill 
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followed a path downhill toward the harbor in a southwesterly direction towards Ensenada Honda, 

extending to the shoreline and the Ensenada Honda mangrove swamp across the harbor. 

From approximately the 1960s through the 1980s, it is also estimated that approximately 

420,000 gallons of fuel spilled from Tanks 56A and 56B onto the surrounding soil over a 15- to 

20-year period. The tanks were replaced in February 1984. A dark fuel-stained soil was present 

around the old tanks. Isolated pools of oil from the spills and leaks were evident on the groundwater 

that seeped into the holes where the tanks had been removed. 

Between 1971 and 1972, Tanks 83 and 1080 were cleaned and the Bunker C fuel-sludge was 

emptied into two pits dug within a 100-foot radius of the tanks. One pit was dug approximately 

100 feet in circumference and 10 to 20 feet in depth near Tank 83; the second pit was 50 feet in 

circumference and 10 to 20 feet in depth near Tank 1080. It is estimated that 3,900 to 7,500 cubic 

yards of Bunker C fuel-sludge were cleaned from the tanks and disposed of at the site in these pits. 

In 1978 a leak occurred at Tank 1080, resulting in the release of approximately 65,000 gallons of 

diesel fuel from the tank. It is estimated that about 10,000 gallons were recovered during cleanup 

operations. 

In November 1986, Tank 85 leaked approximately 91,000 gallons of JP-5. Approximately 

12,000 gallons were recovered on land and 10,000 gallons were recovered from water. Another 

10,000 gallons were trapped in sand under the tank. As a result, approximately 59,000 gallons were 

unaccounted for during the spill. 

The seven USTs are located in the Upper TWFF, which is on an area of higher elevation than the 

Lower TWFF. The Upper and Lower TWFFs are separated by Forrestal Drive. Based on the TWFF 

topography and historic groundwater flow directions, fuel leaking from the USTs and associated 

piping flows to the southwest towards Ensenada Honda. However, the free-product plume at the site 

does not extend to Ensenada Honda, it pools at the base of the hill that separates the Lower and 

Upper TWFFs. 

One spill event of over 100,000 gallons of fuel caused fuel to enter Ensenada Honda directly. It was 

known prior to the start of RFI investigations that free product was present in the subsurface floating 
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on the groundwater surface (active remediation of this condition is underway). For this reason, the 

TWFF was included in the Corrective Action portion of the RCRA permit as a SWMU requiring a 

full RFI. 

2.5 Summary of Previous Investigations 

Numerous environmental investigations have been conducted at NSRR; however, this section deals 

only with those associated with SMWU 7/8. 

2.5.1 Initial Assessment Study 

As part of the Navy-wide program to manage past disposal sites through the Navy Assessment and 

Control oflnstallation Pollutants (NACIP), NSRR was designated for an Initial Assessment Study 

(lAS) in 1982. Conducted in 1983 and 1984 by Greenleaf/Telesca Planners, Engineers, Architects 

(Miami, Florida) and Ecology and Environment (Buffalo, New York), the lAS consisted of a records 

search at various government agencies, national and regional archives, and United States Geological 

Society (USGS); an on-site survey; and personnel interviews. The study identified 16 sites that 

warranted further study under NACIP including SWMU 7/8 (formerly referred to as IR Site 12). 

2.5.2 Confirmation Study 

In May 1986, a Confirmation Study (CS) was performed by Environmental Science and Engineering 

(ESE) of Gainesville, Florida. Fifteen ofthe 16 sites identified in the lAS were investigated as part 

of this study including SMWU 7/8. This study consisted of two rounds of sample collection from 

the 15 sites. Completed in April 1988, the CS indicated 14 sites, including SWMU 7/8, required 

additional investigation. The quality of data obtained during the CS is questionable and; therefore, 

no conclusions regarding conditions at any of the sites investigated can be drawn on the basis of this 

information. 

2.5.3 Underground Fuel Investigation 

This investigation was a groundwater and soil assessment conducted by O'Brien and Gere 

Engineers, Inc. in 1991. The study included the installation of ten soil borings (B-1 through B-1 0) 
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to an average depth of 15 feet below ground surface (bgs) and 18 monitoring wells (UGW -1 through 

UGW-18) at SWMU 7/8 (Figure 2-1) to define the extent of groundwater contamination, free 

floating product, and soil contamination. Soil borings B-1 and B-2 were sampled for subsurface soil 

from 5 feet above the water table to the water table and com posited into one sample for laboratory 

analysis. Soil borings B-3 through B-10 were sampled for subsurface soil. Soil from a depth of 10 

to 16 feet bgs was composited into one sample for laboratory analysis. In addition, two samples 

collected which exhibited the highest photoionization detector (PID) reading in each soil boring 

were submitted for laboratory analysis. The soil samples were analyzed for total organic halogens 

(TOX), toxicity metals, flash point, and total petroleum hydrocarbon (TPH). 

The monitoring wells installed between February 1991 and March 1991 were constructed of 2-inch 

inside diameter (ID) polyvinyl chloride (PVC) and designated UGW-1 through UGW-18. One 

round of groundwater samples were collected and analyzed for volatile aromatic and unsaturated 

organic compounds (USEPA Method 503.1) and lead. In addition, in situ tests were conducted in 

II monitoring wells to determine site hydraulic conductivity, newly existing monitoring wells were 

surveyed with the elevations tied into the U. S. Geological Survey datum, and two rounds of 

groundwater and product thickness measurements were collected (March 29 and April 4, 1991 ). 

Semi-confined aquifer conditions were encountered in nine monitoring wells (UGW-1, UGW-3, 

UGW-4, UGW-8, UGW-9, UGW-10, UGW-12, UGW-13, and UGW-14). At each of these 

locations, the monitoring well screen was placed across the top of the aquifer (first encountered 

saturated conditions); however, with time, the water level and/or product layer was found to occur 

above the well screen. The field investigation defined the extent of free floating product, but only 

partially defined the extent of groundwater and soil contamination. Data collected and figures from 

the report are presented in Appendix A. Soil boring logs and well construction information are 

presented in Appendix B. 

2.5.4 Preliminary Site Assessment Underground Storage Tank Site No. 443 

A limited site assessment was completed by Law Environmentai-Caribe in 1992 in the area 

surrounding a leaking 550-gallon waste oil tank which had failed a tightness test. This tank was 

located approximately 100 feet west of monitoring well UGW -18 along Forrestal Drive (Figure 2-1 ) . 

Three soil borings (443-B0-01, 443-B0-02, and 443-B0-03) were advanced to a depth of 
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20 feet bgs surrounding the tank (Figure 2-1 ). One soil sample with highest OVA reading from each 

soil boring was sent to the laboratory and analyzed for benzene, toluene, ethylbenzene, and total 

xylenes (BTEX) and TPH. The soil samples which were sent had a strong hydrocarbon odor. 

Laboratory TPH analyses indicated concentrations in the soil in excess of the Puerto Rico 

Environmental Quality Board (PREQB) standard of 100 milligrams per kilogram (mg/kg). 

Horizontal and vertical extent of soil contamination was not determined for the soil underlaying and 

surrounding the 443 UST site. Data collected and figures from the report are presented in Appendix 

A. Soil boring logs are presented in Appendix B. 

2.5.5 Draft Corrective Action Plan 

A senes of four soil borings, TWSB-1 through TWSB-4 (Figure 2-1 ), were installed in 

November 1992 at the TWFF to support preparation of a Draft Corrective Action Plan (CAP) which 

was submitted by Law Environmental-Caribe in October 1993. These four borings were advanced 

to depths ranging from 8 feet to 19 feet with 4 inch outside diameter (OD), hollow-stem augers. 

Two of the soil borings were located just north of Forrestal Drive in the vicinity of existing 

monitoring wells UGW-3 and UGW-14. The remaining soil borings were located south ofForrestal 

Drive in the vicinity of existing monitoring wells GW-4 and UGW-18. Each soil boring was 

sampled for subsurface soil from 5 feet above the water table to the water table and composited into 

one sample for laboratory analysis. Soil samples were analyzed for Toxicity Characteristic Leaching 

Procedure (TCLP) metals, TOX, flash point, and TPH. The report noted that soil from only one 

boring (TWSB-4) contained TPH concentration in excess ofPREQB standards (100 mglkg). All 

other soil sample results were below this standard. 

Groundwater samples were collected from 11 monitoring wells (UGW-3, UGW-6, UGW-7, UGW-8, 

UGW-10, UGW-11, UGW-15, UGW-18, GW-02, GW-03, and GW-06) and analyzed for volatile 

aromatic and unsaturated organic compounds (USEPA Method 502.2 and 503.1), lead, and TPH. 

Groundwater and product thickness measurements were conducted with a interface probe for four 

consecutive months (August 31, September 28, November 17, and December 12, 1992). Screened 

intervals for nine monitoring wells (UGW-1, UGW-3, UGW-4, UGW-8, UGW-9, UGW-10, 

UGW-12, UGW-13, and UGW-14) were confirmed to be below the measured groundwater and/or 

free product elevations. Free product was detected in nine monitoring wells (UGW-1, UGW-2, 
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UGW-4, UGW-5, UGW-12, UGW-13, UGW-14, UGW-17, andGW-04). Freeproductwasdetected 

in UGW-2 in 1992, but was not detected in 1991 measurements. 

It was concluded that the horizontal extent of free product had not been adequately determined. A 

four phased CAP was proposed to include monthly groundwater and product measurements and 

quarterly groundwater collection of groundwater samples analyzed for BTEX, lead, and TPH. Data 

collected and figures from the report are presented in Appendix A. Soil boring logs are presented 

in Appendix B. 

2.5.6 Site Characterization and CAP 

A site characterization study was completed by Blasland, Bouck, and Lee, Inc. (BB&L) in 

April 1994. This investigation was designed to define the extent of contamination in soil and 

groundwater at the TWFF through the installation of seven soil borings, eight monitoring wells, 

performance of wellhead tests, and preparation of a site-specific risk assessment. 

The field work was conducted from November to December 1993. Seven soil borings (BBSB-1 

through BBSB-7) were installed to delineate the outermost boundary of soil contamination and were 

completed to the water table (Figure 2-1 ). Select soil samples were submitted to the laboratory for 

BTEX and TPH confirmatory analysis based on field screening results. The results from the field 

screening and laboratory were below 100 mg/kg PREQB TPH contamination level. Groundwater 

samples were collected from the open borehole and analyzed for volatile organic compounds 

(VOCs) and TPH in the field. Confirmatory groundwater samples for BBSB-1, BBSB-6, and 

BBSB-7 were sent to the laboratory. If the groundwater in the soil boring was determined to be 

outside of the free product area, a groundwater monitoring well was installed. Soil boring BBSB-4 

was the only soil boring to be drilled within the free product area and a monitoring well was not 

installed in the soil boring. Soil boring BBSB-5 was installed further from the TWFF than BBSB-4 

to insure the extent of groundwater effect was defined. Six monitoring wells were installed to the 

top of the water table (UGW-19, UGW-20, UGW-21, UGW-23, UGW-24, and UGW-25). One 

monitoring well was installed as a deep monitoring well (UGW-26) 40 feet below the water table. 

Monitoring well UGW-22 was installed in the center of the free product plume as a 6-inch 

monitoring well to accurately estimate the thickness of the free-floating product on top of the water 

table. The eight newly installed monitoring wells (UGW-19 through UGW-26) and ten existing 
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monitoring wells (UGW-6 through UGW-11, UGW-15, UGW-16, UGW-18, and GW-02) that did 

not contain free product were sampled and analyzed for VOCs and TPH. 

Other field activities included collecting groundwater and product elevations in on-site monitoring 

wells, conducting an aquifer performance test (APT) in monitoring well UGW-22, conducting one 

in situ test (rising head) in four monitoring wells (UGW-5, UGW-6, UGW-7, and UGW-18), 

performing free product bail-down tests in four monitoring wells (UGW-4, UGW-5, UGW-12, and 

UGW -17), performing preliminary product recovery rate tests, and conducting a double-ring 

infiltrometer test. The in situ tests and the APT indicates permeability of sediment in the TWFF is 

too low to support a conventional groundwater recovery system. The product bail down tests 

indicated the majority of free product was located in a relatively small area north ofForrestal Drive 

in the vicinity of UST-s 56A/56B and monitoring wells UGW-1, UGW-5, and UGW-22 (see 

Section 5.0 for current conditions). 

Results of the investigation showed that contamination in the soil and groundwater is confined to 

the general area of the TWFF and has not migrated into Ensenada Honda. The configuration of the 

groundwater plume generally conforms to the location of fuel distribution lines from the tanks and 

is primarily diesel fuel and JP-5 fuel. Also reported in the study was the indication that site soil and 

bedrock are of low permeability which inhibits migration of contaminants beyond the boundaries 

of the fuel farm. The volume of contaminated soil at the TWFF was estimated to be 2 million feetl, 

contaminated groundwater was estimated to be between 3.5 and 11.1 million gallons, and free 

product was estimated to be between 100,000 and 243,000 gallons based on the product thickness 

map and an assumed soil porosity of 0.3. The true thickness of free product ranges from a few 

inches in perimeter monitoring wells to less than three feet in the center of the plume. The vertical 

and horizontal extent of free-product and groundwater contamination plume was defined within the 

TWFF, except on the hill east of the Upper TWFF and north of Forestall Drive due to steep terrain 

and dense vegetation. The report recommended that remediation should concentrate on the free 

product layer on the groundwater table due to the low migration rates of the soil and groundwater 

contamination plumes. Data collected and figures from the report are presented in Appendix A. Soil 

boring logs and well construction information are presented in Appendix B. 
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Data collected during this investigation was used in the preparation of a Corrective Action Plan 

(BB&L, September 1994). Alternatives discussed in this CAP included passive surface skimming, 

hand bailing, and active skimming. 

2.5. 7 Multi-Stage Product Recovery Test Report 

A formal report for multi-stage product recovery test was submitted by Terra Vac on March 25, 

1996. Terra Vac conducted a single, dual, and three-phase testing of free product recovery systems. 

Single phase recovery is free product only pumping (i.e., free product only); two-phase recovery is 

vacuum enhanced free product only pumping (i.e., free product and vapors); three-phase recovery 

is vacuum enhanced groundwater and free product recovery (i.e., free product, vapors, and 

groundwater). The purpose ofthe tests was to determine the best available technology to enhance 

free product recovery without causing the product to spread further. Concerns were expressed by 

the USEP A that upward spreading of product might occur by wicking-up the product under vacuum 

extraction methods or smearing the product to lower depths by lowering the water table during 

simultaneous product and groundwater pumping. To address USEPA concerns, low level pumping 

techniques were used to maintain minor groundwater elevation reduction. The scope of work 

included soil testing, measurement of water and product levels, product recovery rates, installation 

and testing of recovery systems and evaluation of radius of influence and capture zone. 

A product-only (one-phase) recovery system was installed in seven existing monitoring wells on site 

(UGW-1, UGW-3, UGW-4, UGW-5, UGW-12, UGW-13,and UGW-17)aspresentedonFigure2-l. 

Advantages of a skimmer-type system are that the product is the predominant fluid recovered and 

hence the cost of treatment and/or disposal of recovered water is saved. Other advantages include 

low power requirements and operations may be based on intrinsically safe electrical or air operated 

systems. This was a passive system since it does not provide any driving force for product to move 

toward the well; it operates essentially in hydrostatic conditions. The system was limited by the rate 

at which product drains into the well from the capillary fringe. Without any additional driving force, 

other than gravity, product moves very slowly from the formation, especially in low permeability 

formations which are present at the site. In addition, the radius of influence of such a system is very 

limited; typically a few inches to a few feet. Product goes into a holding tank where the levels are 

monitored such that the pumping system will shut down at 90% of the capacity of the tank. The 
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system was "turned on" on February 4, 1994. Monitoring well UGW-1 had the greatest thickness 

of free product measured. 

Product thickness in monitoring well UGW-25 had increased 214 percent from January to 

August 1995. This report recommended that installation of a recovery system in UGW-25 should 

be considered at this time to control the expanding free product plume. 

Pneumatic pumps (two-phase) were installed in seven monitoring wells (UGW-1, UGW-4, UGW-5, 

UGW-12, UGW-13, UGW-17, and UGW-22) in July until September 14, 1995. On September 

14 the system was shut down in preparation for installation of seven new recovery systems 

(three-phase). During the installation of the seven new recovery system wells, 69 soil samples were 

collected. The soil samples were sent to a contract laboratory for TPH analysis. The seven new 

recovery systems were installed in six new 4-inch wells identified as PW -1 through PW -6 and one 

new 2-inch monitoring well labeled as MW-1. Three additional 2-inch wells were installed as 

monitoring wells and were identified as MW-2, MW-3, and MW-4 (Figure 2-1). Well installation 

took place from September 11 to September 27, 1995. One of the reasons for installing new wells 

was to identify the impact of free product pumping in nearby monitoring wells over the previous 

three years. If the free product only pumping systems were effective, the surrounding area would 

contain no free product in these monitoring wells. Also, measurement of the product/water interface 

could be assessed under various operating conditions as requested by the USEP A. Phase 1 testing 

of these wells recovered 30 gallons of product. Based on the results of Phase I and the estimated 

spill volume of243,000 gallons, it would take 44 years or more to recover the total volume of spilled 

product and would take approximately 270 wells spaced 15 feet to recover the free product at the 

site. 

The total amount of product recovered from the project start was 12,630 gallons. Monitoring well 

UGW-4 had the largest product layer in September 1995. In this report, Terra Vac determined that 

the product layer across the site appeared to have reached a steady state even though there was still 

a substantial product level. It appeared the product recovery system had reached its capture capacity 

in the present configuration. Terra Vac indicated that the installation of vacuum assisted recovery 

system (V ARS) had the potential to greatly increase the recovery rate at the site. 
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Phase 2 testing began on October 10, 1995. The Phase 2 system used product recovery with product 

only pumps as in Phase 1 with the simultaneous addition of vacuum extraction (soil vapor 

extraction). The Phase 2 process was designed to extract a negative relative pressure within the well 

to enhance the flow of fluids into the recovery wells. If the system, as tested, was allowed to operate 

at these rates for 1 year and assuming product would freely migrate towards the capture zones, 

potentially 28,700 gallons of product would be recovered. This represents a 420 percent increase 

in product recovery over the "product only" system while reducing the recovered water to product 

ratio by 75 percent. Based on the estimated spill volume of243,000 gallons, it was estimated that 

recovery would take 8.5 years or more to recover the total volume. With the radius of influence 

(ROI) of the vacuum system, spreading or smearing of the free product would be controlled as the 

hydrocarbons would either evaporate and be recovered in the vapor phase or migrate along the 

differential pressure gradient toward the extraction wells where they would be recovered at much 

higher rates in the liquid phase. 

On October 17 and 18, 1995, Phase 3 testing began. The Phase 3 system included lowering vacuum 

hoses or pipes into the product and/or groundwater and connecting to the vacuum source at the 

wellhead. No independent product recovery pumps were required. The vacuum source provided 

the driving force to lift the fluids from the borehole. The vacuum further induces subsurface airflow 

and provides the velocity required to maintain fluid flow without flooding the intake which is below 

the static fluid level (i.e., some amount of airflow is required to lift the fluids to the surface). The 

entrainment process is used to recover groundwater, product, and vapors simultaneously. Free 

product recovery is optimized by adjusting the depth of the entrainment hoses so they recover as 

much of the product and vapor and as little of the groundwater as possible. The results of the test 

indicated that if the system, as tested, was allowed to operated for 1 year and assuming product 

would freely migrate towards the capture zones, potentially 49, 100 gallons of product would be 

recovered. Based on the estimated spill volume of243,000 gallons, it would take 5 years or more 

to recover the total volume. This represented a 70 percent increase in recovery rates over the two 

phase recovery test and a 800 percent increase over the product-only, total fluids recovery system. 

Also, for all of the tests it was determined that the shape of the capture zone is not radially 

symmetric around the respective test wells, but rather is eccentric, typical of the pattern associated 

with highly fractured rock. Formal delineation of capture zones are inconclusive due to the 

heterogeneities and natural fluctuations in the water table . 
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The previous system configuration was shut down on October 27, 1995, pending contract 

authorization. On December 20, 1995 the Vacuum Extraction Unit used during the Multi-Phase 

testing was demobilized from the site. There were no operations of the free product recovery system 

in November and December 1995. On January 24, 1996 the free product recovery systems were 

prepared and tested for operations. January 25, 1996 the seven free product recovery systems began 

operations in wells PW-1, PW-2, PW-3, PW-4, PW-5, PW-6, and MW-1. Well PW-6 had the 

largest product thickness measured. 

On March 30, 1996 the system was shut down as requested by the Navy representatives. The water 

discharge hose from the oil/water separator developed a leak in the section that crosses the road. 

The damage was caused by vehicular traffic. April 18, 1996 repairs were made to the hose by 

cutting out the damaged section and splicing in a new section. 

On August 1, 1996, the entire system was shut down by request ofNavy representatives. On August 

1, 1996 product samples were collected from the product holding Tank Band Tank C. The samples 

were sent to the laboratory for RCRA metals analysis. The product was determined to be 

non-hazardous. On August 23, 1996 the system was restarted with three phase vacuum recovery 

systems installed in monitoring wells, UGW-1, UGW-4, UGW-12, and UGW-13. On August 26 

· the system was found not to be running. The most likely reason was a power outage by unknown 

sources. The total amount of free product removed from January to August 1996 with the system 

was 20 gallons. Well UGW-4 had the greatest product thickness from February through 

August 1996. The V ARS product recovery system was demonstrated to be significantly more 

effective by 1400 percent than the skimmer system. 

2.5.8 Closure Report For Tank 56A/B 

Reliable Mechanical, Inc. issued a Closure Report for Tank 56 in November 1996. The 

2-10,000 gallon steel tanks were located underground in front of Building 56. These tanks were 

used by the U.S. Navy as storage for diesel fuel that was to be loaded into tanker trucks for use at 

remote locations. The tanks were filled by a remote 6-inch underground fuel line that had been 

replaced. New 2-inch fiberglass pipes in 3-inch containment pipes were installed. Two new, 

15,000 gallon double walled USTs were installed and outfitted with electronic overfill protection, 

interstitial leak detection piping, sump leak detection, and electronic gauging. Four soil samples 

2-12 



• 

• 

• 

were colleted (two at the tank ends, one in the tank middle area, and one from the stockpiled soil 

from the excavation) from each tank excavation and three soil samples were collected along the 

pipeline excavation for a total of 11 soil samples which were analyzed for TPH and BTEX by a 

certified, on-site mobile laboratory. Contaminated soil (329 tons) was bioremediated and disposed 

as a non-regulated disposal. Data collected and figures from the report are presented in Appendix A. 

2.5.9 Project Close-Out Report Interim Corrective Measure Free Product Recovery System 

ICHOR Services, Inc. (formerly PDGES) issued the Project Close-Out Report on February 24, 1997 

for J.A. Jones Environmental Services. The primary objective was to address the identified product 

plume at the TWFF. Secondary objectives include controlling the product plume to minimize 

migration of the plume to the south and collect as much free product as practical at the TWFF. The 

installation plan was developed in accordance with Response to Comment No. 5 contained in the 

"Response to USEPA's Comments dated June 20, 1996 and September 13, 1996, TWFF" prepared 

by BB&L dated September 26, 1996. The recovery wells were positioned within the limits of the 

free-floating product plume to maximize recovery. Product was to be recovered with eight 

pneumatic operated product recovery wells (RW -1 through RW -8, Figure 2-1 ). Seven of the wells 

were newly installed (6-inch ID installed in a 12-inch OD soil boring) and one pump was to be 

located in existing monitoring well UGW-22 (RW-3). The recovery pump was ultimately not 

installed in well UGW-22 because product did not accumulate significantly in this well. However, 

a well vault and piping is installed to this well so that a pump may be added in the future should 

product thickness increase. Mobilization of the project was delayed until an installation plan to 

address USEPA comments was prepared. Free product (285 gallons) was removed from the· 

recovery wells from December 1996 through February 1997. 

ICHOR Services, Inc. issued the Pre-Final Operation and Maintenance Manual on April9, 1997 for 

J.A. Jones Environmental Services. 

2.5.10 Other Letter Reports Submitted 

J. F. Martinez & Co. and Alto I Environmental Services, Inc. performed emergency repair to a 

12-inch DFM fuel line at TWFF area according to the Project Status Report #1 on April29, 1997 . 
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Appendix A presents data collected and figures. Appendix C presents the complete report pertaining 

to the emergency repair operations and the oversight report. 

The project was executed in two phases. The first comprised soil and pipe integrity testing, replace 

1,850 linear feet of damaged pipe at tunnel, and contamination and debris removal. The second 

consisted of repair by replacement ofthe piping as described below. 

1. Remove ruptured pipe from utility tunnel. 

2. Provide hydropressure testing to the remaining underground piping. 

3. If piping passes the hydropressure testing then proceed to replace the 150 linear feet 
at the tunnel, hydro test the complete pipe section including the new pipe section 
again, perform soil and ultrasonic testing. 

4. If piping does not pass the hydropressure testing, perform ultrasonic and soil 
testing, according to applicable project scope items, and wait for instructions. 

The program included the following tasks: test pit excavation, soil sampling, replacement of 

150 linear foot DFM Pipe (12-inch diameter), and restoration of tunnel and excavated areas . 

Thirteen test pits were excavated to expose the main DFM pipe and assess pipe and soil conditions. 

Test pits were excavated to a maximum depth of 12 bgs. No groundwater was encountered. Soil 

screening was conducted for organic vapor concentrations. Thirteen soil samples (S-1 through S-13, 

one per excavation) were collected from the bottom and center of each excavation at a depth of 

5-12 feet bgs at the DFM pipe area (Figure 2-1). Three soil sample results (S-11, S-12, and S-13) 

were not provided in the Project Status Report. Soil samples were collected from the backhoe's 

bucket and analyzed for TPH and BTEX. Two composite soil samples were collected from the 

excavated soil piles and analyzed for full RCRA TCLP analysis (VOCs, SVOCs, total metals, 

reactivity, corrosivity, and ignitability). Strong hydrocarbon odor was perceived in soil. TPH 

concentrations ranged from 122 to 43,400 mg/kg in soil samples (S-1 through S-10, D-1, and D-2) 

which exceeded USEPA and PREQB regulatory levels. The soil piles did not have hazardous 

characteristics. The existing fuel line was cut just up gradient and just downgradient of the tunnel. 

The cut section of pipe was removed from the tunnel. This section was replaced and the line was 

subsequently pressure tested. The removed section of pipe was noticeably corroded in areas, and 

a strong petroleum odor was evident in the tunnel. Furthermore, product was reportedly observed 

on the tunnel floor prior to the cutting of the pipe. Based on conversations with Activity personnel, 
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the presence of product in the vadose zone and shallow groundwater is attributable to past 

storage/spills - not related to the main fuel line that is being repaired. Product stored in the past 

includes JP-5 jet fuel, No. 6 fuel oil, and diesel fuel. Two types of fuel are currently stored at the 

fuel farm including JP-5 jet fuel and DFM. Another potential source of contamination is the 

overflowing of the valve pit which is located upgradient from the tunnel. Product was not observed 

seeping from the exposed fuel line, no cracks, holes, or voids were noted in the fuel line. The most 

severe soil staining was observed above the level of the pipe. 

A site visit memorandum was prepared by Baker for the existing fuel line inspection. Baker was on 

site to provide environmental and health and safety services. Baker did not observe any evidence 

substantiating that the fuel line was leaking at the excavated pit locations. For example, product was 

not observed seeping from the exposed fuel line, no cracks, holes, or voids were noted in the fuel 

line, and the most severe soil staining was observed above the level of the pipe. The soil 

immediately underlying the fuel line at test pits 2 and 3 was discolored; however, this may be 

attributable to a spill issuing from another source or to the color of the backfill material. A very 

small seepage face of dark brown product was observed just below the pipe at the north end of test 

pit 9. Heavy staining of soil was observed in test pits 1, 8, and 10. Slight staining of soil was 

observed in test pits 2, 3, and 9. No staining was observed in test pits 4, 5, 6, and 7. The test pit 

locations are presented on Figure 2-1 at locations S-1 through S-13. Five samples were collected 

of product. Samples 97-DFM-01 and 97-JP5-01 were collected from the fuel farm sampling tap and 

contain fresh DFM and JP-5 jet fuel, respectively. One sample of unknown product (97-VP-01) was 

collected from the valve pit north of the tunnel. Two samples were collected from test pit numbers 

1 (97-PIT01-W01) and 10 (97-PITIO-W01), which represented the two most contaminated test pits 

based on visual observations. The unknown samples closely matched the fingerprint of sample 

97-DFM-01. The laboratory reports that it appears that some weathering has occurred to the three 

unknown samples based on the loss of the early portion of the fingerprint. The amount of 

weathering appeared to be the greatest in sample 97-PIT01-W01 and the least in sample 97-VP-01. 

The site visit memorandum and laboratory report, including the chromatograph, is presented in 

Appendix C . 
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3.0 STATION INVESTIGATION 

The following section presents a description of the activities conducted at SWMU 7/8 during this 

field investigation. These activities included a geophysical investigation, surface and subsurface soil 

sampling, monitoring well installation, groundwater sampling, wellhead testing, tidal study, and 

limited pump tests. Also included is a description of the procedures employed during sampling. All 

investigations performed and the methodologies used were in accordance with the approved RFI 

Work Plan. 

The discussion of field investigations presents the two original SWMUs, 7 and 8, separately. This 

was done for ease of presentation especially regarding subsurface investigations and tabular 

summaries of data. While this separation was made in this section, the data from all investigations 

has been combined and used as a single database for interpretation of site conditions, nature and 

extent of contamination, and human health risk assessment, the results of which are described in 

subsequent sections (Sections 5.0 and 6.0). 

3.1 Geophysical Investigation 

A geophysical investigation was conducted at the Upper Tow Way, by GeoPhex, Ltd., to provide 

information regarding the locations of former fuel sludge disposal pits. This investigation used a 

combination of both electromagnetic (EM) terrain conductivity and ground penetrating radar (GPR) 

surveys. The geophysical report prepared by GeoPhex, Ltd. is provided in Appendix D. 

Prior to collecting geophysical data, an initial 50-foot grid was established in the Upper Tow Way. 

GPR data was acquired within the mowed areas of the SWMU and transects cut into the vegetation 

for access. GPR data was collected using two systems; a 500 mega hertz (MHz) monostatic 

(transmitter and receiver housed together) antenna, and a 100 MHz bistatic (transmitter and receiver 

housed separately) antenna. Data collected using the 500 MHz antenna indicated that the pulse was 

severely attenuated by the surface and subsurface soil resulting in poor penetration of the radar 

signal. The radar signal rarely penetrated deeper than 30 inches and was unpredictable. The bistatic 

radar ( 100 MHz) typically increases the reflectivity of planar targets in the subsurface over the 500 

MHz antenna. This method detected penetration depths of as much as 60 inches, however, the 

resolving power of near surface targets decreased. 
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The soil at the Upper Tow Way is a combination of dredge material and weathered volcanic rock 

derived from a gabbro bedrock. Gabbros are characteristically high in maffic minerals such as 

olivine, pyroxines, amphiboles, and mica. These minerals are predominantly iron, magnesium, and 

titanium in content. The high reflective nature of the mineral content in the surface and subsurface 

soil masked (or attenuated) the GPR signal thus preventing the detection of any sludge disposal pits. 

Due to the lack of useable GPR data, EM data (using the GEM-2, at 1,530 Hz and 7,290 Hz 

frequencies) was collected at SWMU 7/8. The high frequency anomalous features detected in the 

field were all correlated to surficial features (e.g., concrete vaults) or known locations of 

underground piping or conduit. Additionally, the close proximity of cultural features such as 

overhead power lines greatly affected the conductivity data. As a result, there were no fuel sludge 

disposal pits identified by the EM data. 

During the performance of the field investigation, the USEP A was kept fully apprised of the 

problems associated with the geophysics. The change to full EM coverage with bistatic radar used 

only at EM anomalies was discussed with, and approved by, USEPA representatives during repeated 

telephone conference calls held during the time of the field effort . 

3.2 Sampling Activities at SWMU 7- Tow Way Fuel Farm 

Field activities associated with SWMU 7 included the advancement of three soil borings (7SB01 

through 7SB03), installation of four bedrock monitoring wells (7MW01A, 7MW02A, 7MW03, and 

7MW04), wellhead testing of selected existing monitoring wells and the bedrock monitoring wells, 

performance of a tidal study, and the performance of two limited groundwater pumping tests. Figure 

3-1 presents the locations of the samples collected from SWMU 7 while Table 3-1 presents a 

summary of the sampling and analytical program. 

3.2.1 Shallow Boring Program 

The three shallow soil borings (Figure 3-1) were advanced, located within the free product plume, 

with the purpose of assessing whether subsurface soil above and below the water table was 

contaminated with petroleum hydrocarbons. A description of the drilling and sampling procedures 
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are presented in Section 3.5. Descriptions of the subsurface conditions encountered at these borings 

are presented in Section 4.0. Boring Jogs for these holes are presented in Appendix B. 

A single surface soil sample was collected at each boring location for use in the human health risk 

assessment (Section 6.0). The work plans specified as many as three subsurface samples were to 

be collected from above and below the water table based on visual observations and/or screening 

criteria. At each of the three soil borings, there were no visible signs of contamination nor were 

there positive responses from the PID in the vadose zone. Therefore, only one soil sample from 

above the water table was collected in each soil boring. Two subsurface soil samples were collected 

from below the water table at soil boring 7SB02, and no subsurface soil samples were collected from 

below the water table at soil borings 7SBO 1 and 7SB03. As presented in Table 3-1, these samples 

were analyzed for VOCs, semivolatile organic compounds (SVOCs), RCRA metals, and TPH (gas 

and diesel fractions). 

3.2.2 Deep Boring Program 

The deep boring program was designed to examine bedrock beneath the SWMU 7 for number and 

condition of fractures (e.g., joints, stress relief fractures) and, ultimately, to characterize bedrock 

groundwater. 

Soil sampling of the overburden included the collection of a surface soil sample from each location 

along with two subsurface soil samples at four locations (7MW01 through 7MW04). One soil 

sample was collected from the zone immediately above the water table while the second sample was 

collected from the interval between the ground surface and the sample above the water table. A total 

of eight subsurface soil samples were collected from the deep borings. As with the shallow boring 

samples, the deep boring soil samples were analyzed for VOCs, SVOCs, RCRA metals, and TPH 

(gas and diesel fractions). Sampling procedures are discussed in Section 3.5 while physical 

descriptions, based on the boring and well logs, are presented in Section 4.0. Well Construction 

Completion Records are presented in Appendix B. 

Initially, the program called for the coring of a minimum of 25 feet of bedrock at each of the four 

deep monitoring wells. Coring was attempted at two locations with little success. Because of 

tectonic activity, the upper reaches of the volcanic rock was highly displaced. This displacement 
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included uplifting to the surface and the formation of a complex fracture and jointing system which 

was subsequently eroded. This erosion and fracturing created a zone in which standard coring 

techniques could not retrieve representative samples of the bedrock. Two locations were tried; 

7MW01 was located at the bottom of the Tow Way slope while the other, 7MW04 was near the top 

of the slope. This was done to see if site conditions changed significantly across the area. 

Following the advancement of the deep boring 7MWO 1 to bedrock, coring operations began. Coring 

operations were attempted over a period of seven working days. Operations initially involved coring 

through 3-114 inch hollow-stem augers but the annular space between the augers and drill rods 

prevented proper circulation of the drilling water. The augers were removed and replaced with NW 

sized drill rods for use as temporary casing. Even though this change allowed for better circulation 

of drilling water, core recoveries were still low due to the fracturing of the bedrock. Because the 

bedrock was so heavily fractured, small pieces of core would jam inside the core barrel thus 

preventing additional core from entering the core barrel. Removing this blocked core involved 

removing the core barrel from the borehole (from depths of 60 or more feet), dismantling the barrel, 

removing the blockage, and reassembling the barrel. At this point activities were moved to the 

location for 7MW04. A total of five working days were involved in attempting to core at this 

location with the same results as location 7MW01. USEPA personnel were present on site and 

witnessed coring operations at location 7MW04. Following communications with USEPA Region II 

regarding the continuing problems associated with rock coring at this site, coring operations were 

suspended and were replaced by air rotary techniques. Air rotary techniques were used to advance 

all four deep borings to their final depths. 

Complications arose during air rotary drilling at location 7MW01. These complications resulted 

from the leakage of overburden groundwater into bedrock which necessitated the installation of 

surface casing. Further complications were encountered when the drilling air did not return up 

through the surface casing but instead came up through the overburden, heaved the ground surface, 

and created large fissures in the soil. This location was ultimately abandoned by grouting the 

original hole and relocating to the west (designated as 7MW01A) as shown of Figure 3-1. 

Additional problems were encountered while drilling at location 7MW02. The soil boring was 

advanced at its originally staked location, however, it was abandoned after reaching bedrock because 

the air rotary rig could not gain access to the location due its large size and sloping terrain. 
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Therefore, a second location was drilled using air rotary at a point approximately 15 feet to the west 

(7MW02A). At this new location, bedrock was encountered at a depth of approximately 6 feet. 

Upon reaching boring completion depth, each boring was converted into a monitoring well. Each 

of the four new bedrock monitoring wells and seven selected shallow monitoring wells (Table 3-1) 

were sampled for VOCs, SVOCs, and dissolved RCRA metals. 

Associated with monitoring wells 7MW01A and 7MW02A were a series of piezometers advanced 

to the base of overburden water table. At 7MW01A, a single piezometer was installed southwest 

of the monitoring well to provide information during the limited pumping test. Additional 

piezometers were not necessary at this location since there were adjacent, existing shallow 

monitoring wells which were used as water level monitoring points during the pumping tests. A 

series of three piezometers were installed southwest of 7MW02A, at various depths, within the 

shallow water table for use during the pumping tests. Figure 3-2 presents the locations of sampling 

points from the RFI and previous investigations discussed in Section 2.5. 

3.2.3 Tidal Study 

Near the end of the field investigation a tidal study was conducted in order to assess the possible 

effects of the changing tides on the elevation and movement of shallow groundwater. This test 

involved obtaining near continuous measurements of water levels within selected shallow 

monitoring wells and water levels in Ensenada Honda for a period of 48 hours. Test procedures are 

presented in Section 3.6.5. 

3.2.4 Limited Pumping Tests 

Following completion of the bedrock monitoring wells and tidal study, a limited pumping test was 

performed at two stations; wells 7MWO lA and 7MW02A. The tests were designed to assess 

hydrogeologic conditions within the bedrock water table and attempt to determine if a hydraulic 

connection exists between groundwater in the overburden and in the bedrock. Section 3.6.6 presents 

a description of the pump test procedures . 

3-5 



• 

I 

I 

3.3 Sampling Activities at SWMU 8 - TWFF Disposal Pits 

Originally in the approved RFI Work Plan, two test trenches (8TT01 and 8TT02) and nine test pits 

(8TP01 through 8TP09) were designated. When the field investigation at SWMU 8 was executed, 

the test pits locations were actually treated as test trenches. The sample designations were not 

changed and the locations ofthe test pits/trenches are shown on Figure 3-1. These locations were 

chosen to address three areas identified by NSRR site personnel during the field investigations and 

possible other pits within the TWFF that may have been used for sludge disposal. Initially, test 

trench and test pit locations were to have been indicated by the geophysical investigation, however, 

due to subsurface conditions and cultural features, buried disposal pits could not be identified. 

Therefore, trench/pit excavations were performed at locations identified by base personnel as areas 

of disposal and at the locations identified in the work plans, which were selected based on their areal 

location near the various tanks. 

As specified in the work plans, up to as many as three subsurface soil samples were to be collected 

from each test pit; one of disposed sludge material, one soil sample two feet below the sludge, and 

one soil sample from immediately above the water table. Sampling at the test trenches may have 

included up to as many as six subsurface samples collected at ten foot intervals along the trench axis. 

Based on the conditions encountered during the field investigation, waste material was observed at 

only three locations; 8TP02, 8TP03, and 8TP07 (Figure 3-1 ). Excavations at the remaining locations 

did not encounter buried wastes. Of the 11 locations excavated, a total of 13 subsurface soil samples 

were collected as summarized on Table 3-1. 

Additionally, a series of four surface soil samples were collected to assist in the assessment of 

human health risk. These samples, 8SS01 through 8SS04, corresponded with test pits/trenches 

8TP07, 8TP03, 8TP08, and 8TP09, respectively. 

Each soil sample was analyzed for VOCs, SVOCs, RCRA metals, and TPH (gas and diesel). Test 

pit/trench records are presented in Appendix B. 
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3.4 Background Sampling Activities 

A series of four shallow background monitoring wells (BGMWO 1 through BGMW04) were installed 

as part of this investigation near the northeast border of the Activity. These monitoring wells were 

positioned along Boxer Road between the entrances to Air Operations and the Crash Crew facility. 

The monitoring well locations are presented on Figure 3-3 and Well Construction Completion 

Records are presented in Appendix B. The background monitoring wells were installed in 

undisturbed, wooded areas along the east side of the realigned Boxer Drive. The location of the 

background monitoring wells was described in the approved RFI Work Plans as near the perimeter 

fence north of Gate 2 (Section 4.3 of the Data Collection Quality Assurance Plan). It was not 

possible to locate the monitoring wells along the west side of Boxer Drive since the ground had been 

disturbed during the road realignment; therefore, the monitoring wells were positioned in an area 

east of the road to ensure that the monitoring wells were in undisturbed soil. The area of the 

background monitoring wells is heavily wooded and has historically been used as a buffer zone 

between the Station's northeast perimeter fence and the air field . 

The locations where background monitoring wells were placed were selected based on the ability 

to provide samples representative of background that is unaffected by site activities. Boxer Drive 

is the perimeter road around the outermost boundary of the Station. This represents the furthest 

point possible away from Station activities that is in a direct upgradient groundwater location to the 

majority of the SWMUs and AOCs (based on regional hydrogeological information). The SWMU 

closest to any of the background monitoring wells is SWMU 14 (Fire Training Pit) which is 

approximately 1,800 feet away (Figure 3-3). It should be noted that no releases were found to be 

associated with this unit when investigated during OUl, 6, and 7 Phase I RFis. Based on these 

conditions, the background locations appear capable of providing sampling data that is 

representative and unaffected by Station activities. 

Surface, subsurface soil, and groundwater samples were collected from each location in a manner 

consistent with those collected at the other SWMUs (Table 3-2). All of the background samples 

were analyzed for the full Appendix IX parameter list (Table 3-3). The background data was 

compared to the concentrations reported from the SWMU for assessment of potential contamination 

and determining chemicals of potential concern (COPCs) for use in the risk assessment. 
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3.5 Soil Investigation 

The following subsections present a description of the procedures employed in collecting both 

surface and subsurface soil samples during this investigation. 

3.5.1 Drilling Procedures 

Overburden drilling and sampling was accomplished using 3-1/4 inch ID hollow-stem augers and 

3-inch, nominal diameter, split-spoons advanced in accordance with American Society for Testing 

and Materials (ASTM) Method D-1586. Subsurface soil samples were collected continuously 

beginning at a depth of two feet bgs. Once the borehole was advanced to its target depth at each 

monitoring well location, it was reamed with 6-1/4 inch ID hollow-stem augers to allow for the 

placement of backfill materials (i.e., sand and bentonite). A PVC bottom plug or 6-inch center bit 

was used during reaming to prevent soil cuttings from entering the augers. In some cases these 

measures did not prevent cuttings from entering the augers which necessitated removing and 

cleaning the augers and redrilling . 

Overburden drilling for the four deep bedrock monitoring wells installed was accomplished in the 

same manner. Initially, bedrock coring, using a NX core barrel and potable water as the medium, 

was attempted. For the reasons discussed in Section 3.2, coring operations were suspended and air 

rotary drilling was employed to complete the borings. Air rotary drilling was performed using a 

5-112 inch OD down-hole hammer and compressed air. The compressed air was oil-free to prevent 

potential contamination of bedrock groundwater. Air rotary drilling was performed until 

groundwater was encountered. Depth to groundwater was determined by advancing the borehole 

approximately 15 feet (length of drill rods) and letting the borehole "sit" to observe if groundwater 

entered the boring. Once groundwater was encountered, the boring was advanced an additional 10 

to 15 feet to allow for well screen placement. 

In the immediate vicinity of two of the bedrock monitoring wells installed (7MW01A and 

7MW02A), a series of shallow piezometers were installed for use during the limited pumping tests. 

These piezometers were advanced, without sampling, to their final depths using the 3-1/4 inch ID 

hollow-stem augers. Target depths were determined based on the soil samples collected from the 

adjacent bedrock well. 
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Borehole information pertaining to soil and bedrock classification, environmental sampling depths, 

and depth to groundwater measurements were recorded on soil boring logs and well completion 

records (Appendix B). Soil cuttings, discarded split-spoon samples, and rock cuttings were 

removed from the boring location and placed in a roll-off box located adjacent to the 

decontamination pad. This material was sampled and the analyses used to establish proper disposal. 

3.5.2 Surface Soil Sampling Procedures 

Surface soil samples were collected using decontaminated stainless steel spoons. Prior to sample 

collection, vegetation (grass and roots) was removed from the location. Surface soil samples were 

collected to a depth of one foot as required by USEPA Region II guidelines. Soil collected for VOC 

analysis was placed directly into the laboratory prepared container without homogenizing to prevent 

volatilization. Soil collected for other analyses was placed in new aluminum pie pans, homogenized, 

and placed in their respective containers beginning with SVOCs followed by (if applicable) 

pesticides/PCBs, herbicides, dioxins, TPH, and finally inorganic analyses (metals, sulfides, and 

cyanide). Samples were kept in coolers on ice and under strict chain-of-custody until delivered to 

the laboratory. Chain-of-custody forms for environmental media sampled during this investigation, 

including the background monitoring well locations, are provided in Appendix E. 

3.5.3 Subsurface Soil Sampling Procedures 

Subsurface soil samples were collected from the soil borings and test pits/trenches. Soil samples 

from the soil borings and monitoring wells were collected using 3-inch nominal diameter split­

spoons. After the split-spoons were removed from the borehole they were opened and immediately 

screened using a PID. Each sample was then tightly wrapped in aluminum foil until soil sampling 

operations were completed. The samples selected for analysis (based on the criteria contained 

within the approved RFI Work Plans) were opened and representative portions placed directly into 

the container for VOCs using decontaminated stainless steel spoons. The remaining sample was 

then homogenized in the aluminum foil and placed into containers beginning with the organic 

analyses and ending with the inorganic analyses. Samples were kept in coolers on ice and under 

strict chain-of-custody until delivered to the laboratory . 

3-9 



• 

• 

• 

Test trenches at the various SWMUs were excavated using a rubber-tired backhoe with a 24-inch 

bucket. Trench dimensions varied between locations with the length ranging between approximately 

13 to 108 feet and depths ranging from approximately 1 to 12 feet bgs. 

The sampling scheme devised for the test pits/trenches included the collection of any disposed 

sludge and one sample from a point approximately two feet below the disposed sludge and at ten 

foot intervals along the trench axis for a maximum of two sludge samples per trench. A third 

subsurface soil sample was to be collected just above the water table, if encountered. Additionally, 

a cross trench would be excavated with disposed sludge samples collected at ten foot intervals, if 

sludge was encountered in the original excavation. 

Soil samples obtained during test trench activities were collected either from the excavated soil 

stockpile or directly from the backhoe bucket. In either case, soil was placed in sample containers 

using decontaminated stainless steel spoons. 

3.6 Groundwater Investigation 

The groundwater investigation included the installation, development, and sampling of monitoring 

wells along with the performance of wellhead tests, tidal study, and limited pumping tests. Each of 

these activities is discussed below. 

3.6.1 Monitoring Well and Piezometer Installation Procedures 

Each monitoring well, both shallow and deep, was constructed of2-inch nominal diameter, Schedule 

40, flush-joint and threaded PVC casing, screen, and threaded bottom cap. Screen lengths varied 

between locations depending on borehole depth and thickness of the water-bearing zone. Screen 

lengths ranged from a minimum of 10 feet of 0.01 0-inch, machine slotted screen to a maximum of 

40 feet. Table 3-4 presents a summary of the soil boring and well construction details, including the 

background monitoring wells. 

The annulus surrounding the well screen was backfilled with sand to a minimum of two feet above 

the top of the screen. Thickness of the sand pack varied between locations based on screen length 

and to ensure that the full water table zone was spanned. A bentonite pellet seal, with a minimum 
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thickness of 1 foot (all but one monitoring well had seals of2 feet or more), was placed above the 

sand pack and hydrated using potable water. At deep monitoring wells 7MW01A and 7MW04 a 

bentonite slurry was tremied into location above the sand. The remaining annulus was backfilled 

to the ground surface with a cement-bentonite grout. An above-ground, steel protective casing was 

installed at the top of each well and cemented into a 3-foot x 3-foot concrete pad. Additionally, four 

5-foot long steel posts were installed around the pad to prevent damage to the well and protective 

casing. The posts and pads were painted a bright yellow color. 

The piezometers installed were constructed in much the same way as the monitoring wells with the 

exception that l-inch nominal diameter PVC casing and screen was used. Five feet ofO.OlO-inch 

slotted screen was used at each location. Sand and bentonite were introduced into the borehole 

annulus in the same manner as the monitoring wells, however, there was no cement-bentonite grout 

used. The annulus above the bentonite was backfilled with soil cuttings and no protective casings 

were installed. Each piezometer was completed flush with the ground surface. 

3.6.2 Well Development Procedures 

Following well construction and curing of the bentonite and grout seals (i.e., typically 24 hours or 

more), each newly installed monitoring well was developed to remove fine-grained sediment from 

the screen and to establish interconnection between the well and formation. Well development also 

was performed at the existing monitoring wells scheduled for sampling as a part of this 

investigation. Development was performed using disposable polyethylene bailers and clean rope 

dedicated to each well to minimize the potential for cross-contamination. 

Prior to well development, water levels from each well were measured. The total depth also was 

recorded from each well to the nearest 0.1-foot using a steel tape. Water level data and total depth 

measurements were used to calculate the volume of water to be evacuated. A minimum of three to 

five well volumes were purged from each well with measurements of pH, temperature, and specific 

conductivity recorded prior to development and after each well volume. Development continued 

until three consecutive measurements were within 10 percent of each other. The measurements were 

recorded in field log books and transferred to Well Development Forms provided in Appendix F, 

including the background monitoring wells . 
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Development water was temporarily stored in 55-gallon steel drums and ultimately transferred to 

a tanker located at the decontamination pad. The water in the tanker was sampled and analyzed to 

determine proper disposal. 

3.6.3 Groundwater Sampling 

Prior to groundwater sampling, water level and total depth measurements were collected from the 

well in order to calculate well volumes. A minimum of three to five well volumes were purged from 

each well prior to sampling using a disposable bailer and clean rope. Measurements of pH, 

temperature, and specific conductance were made prior to purging and after each well volume to 

ensure the groundwater stabilized before sampling. Purging was considered complete when three 

successive measurements were within 10 percent of each other. 

Groundwater samples were introduced into laboratory-prepared containers directly from the 

sampling device. Sample bottles for the VOC analysis were filled first, followed by (if applicable) 

SVOCs, pesticides/PCBs, herbicides, dioxins, and finally the inorganic analyses. Samples analyzed 

for dissolved metals were collected in laboratory-prepared containers and filtered prior to placement 

in preserved containers. Samples were filtered and preserved in the field using a peristaltic pump 

and 45 micron, in-line filter. Groundwater samples were kept in coolers on ice and under strict 

chain-of-custody until delivered to the laboratory. 

3.6.4 Wellhead Testing Procedures 

Each monitoring well sampled during this investigation had in-situ hydraulic conductivity tests 

("slug tests") performed after groundwater samples had been collected. These tests allowed for the 

approximation of aquifer hydraulic conductivities in the vicinity immediately surrounding the wells. 

Each test was conducted by installing a pressure transducer, attached to an electronic recording 

device (Hermit ™ data logger), into the well to record the water level data. The first part of the test 

(falling head) involved introducing a PVC slug into the water table and recording the measurements 

as the water level fell to its original elevation. Once the static water level in the well stabilized, the 

slug was removed and the rising head test initiated. Data was recorded in the data logger and later 

downloaded, in the field, to a personal computer. The slug test data is presented in Appendix G . 

Results of the slug tests are discussed in further detail in Section 4.4. 
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3.6.5 Tidal Study Testing Procedures 

The tidal study was conducted by installing a series of pressure transducers and data loggers at three 

locations. Prior to placing the pressure transducer at the Fuel Pier (Pier 1), a two-inch nominal 

diameter PVC casing and screen were secured to one of the pilings near the end of the pier. The 

PVC consisted of 5 feet of screen and 25 feet of casing. A pressure transducer was inserted into the 

PVC to a point approximately 2 feet above the top of the screen. The purpose of the PVC was to 

minimize wave action so as to allow for more accurate water level measurements in Ensenada 

Honda. The PVC casing and screen were removed at the end of the test. Each of the three data 

loggers were set to record water level readings at 1 0-minute intervals while hand measurements were 

recorded at the remaining locations at 60 minute intervals. The tidal study was performed for a 

period of 48 hours. 

Groundwater level measurements were collected at selected locations using data loggers and 

pressure transducers installed in the selected monitoring wells. These locations included UGW-4, 

UGW-8, and Pier 1 (Figure 3-1). Locations where water levels were measured by hand using 

electronic water level meters included: 

• GW-03 

• UGW-2 

• UGW-3 

• UGW-6 

• UGW-14 

• UGW-15 

• UGW-20 

• UGW-25 

Following completion of the tidal study, the data loggers were removed from their locations and the 

acquired data was downloaded to a personal computer. The hand measurements were recorded into 

a single field log book and later entered into a spreadsheet format. Results of the tidal study are 

discussed in Section 4.4 . 
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3.6.6 Limited Pumping Tests 

The two limited pumping tests were each conducted in the same manner as the tidal study 

(Section 3.6.5). In both cases, pressure transducers were installed in selected monitoring wells 

surrounding the pumping well. These transducers were connected to data loggers for measurement 

collection. A submersible pump was installed in the pumping well at a point above the transducer 

and within the screen interval. 

Prior to initiating the pumping test, a short step test was conducted in order to establish the apparent 

optimal pumping rate for the test without dewatering the pumping well. During the step test, the 

well was pumped at a low flow rate (typically 1 to 2 gallons per minute) for approximately 

30 minutes before being increased. The pumping rates were then incrementally increased (in 

1 gallon/minute intervals) until the water level in the well began to reach the level of the pump 

intake. During this time, the observation wells were monitored for any response to the pumping 

well. Based on the pumping rates and response in the observation wells, the 'optimal' rate that 

provided the maximum amount of drawdown in the pumping well yet initiated a response in the 

observation wells was estimated. 

The pumping portion of the step test usually lasted approximately four hours followed by a recovery 

test. The actual pumping test did not begin until all locations had recovered to their original water 

levels. 

The pumping tests were performed by pumping the wells for a period of 24 hours followed by a 

recovery portion. The recovery portion continued until all stations had reached a water level within 

10 percent oftheir original measurement. Pump test data is presented in Appendix H while the test 

results are discussed in Section 4.4. 

3. 7 Quality Assurance/Quality Control Sampling Procedures 

Extensive field quality assurance/quality control (QA/QC) samples were collected during the 

sampling program. These samples were obtained to: ( 1) ensure that decontamination procedures 

were properly implemented (i.e., equipment rinsate blanks); (2) evaluate field methodology 

(i.e., duplicate samples); (3) establish field ambient background conditions (i.e., field blanks); and, 
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( 4) evaluate whether cross-contamination occurred during sampling and/or shipping (i.e., trip 

blanks). 

Several types of field QA/QC samples were collected and analyzed including duplicate samples, 

equipment rinsate samples, field blanks, and trip blanks. These QA/QC samples are defined below: 

• Duplicate Sample (D): Two samples collected simultaneously into separate 

containers from the same source under identical conditions. One duplicate sample 

was collected for every 10 (10 percent) environmental samples collected for each 

media type. 

• Equipment Rinsate Blank Sample (RB): Sample obtained by running laboratory 

supplied deionized water over/through sample collection equipment after it was 

decontaminated. These samples were used to determine if decontamination 

procedures were adequate . 

• Field Blank (FB): Sample obtained from each water source utilized during the field 

program. The water sources used during the field program included: laboratory 

supplied deionized water utilized to collect equipment rinsate blanks; store bought 

distilled water utilized for decontamination, and potable water. 

• Trip Blank (TB): Trip blanks were prepared at the laboratory and shipped with the 

sample containers. Trip blanks were packaged for shipment with the other VOC 

samples and sent for analysis. At no time after their preparation were the trip blank 

sample containers opened before they reached the laboratory. At least one trip 

blank per shipping cooler was sent to the laboratory for VOC analysis. 

3.8 Decontamination Procedures 

Decontamination procedures performed in the field were conducted in accordance with USEP A 

Region II guidelines . 
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For routine sample collection equipment, the following steps were implemented: 

• Clean with potable water and low-phosphate detergent 

• Tap water rinse 

• I 0 percent nitric acid solution rinse 

• Tap water rinse 

• Methanol followed by a hexane or an acetone rinse 

• Analyte-free deionized water rinse 

• Air dry 

• Wrap in aluminum foil, shiny side out, for storage or transport 

This decontamination procedure was performed on stainless steel sampling spoons and the 

split-spoon samplers used in drilling operations in accordance with Baker's standard operating 

procedure (SOP) F502. Decontamination of heavy equipment (i.e., hollow-stem augers, drill rods, 

and backhoe bucket) was performed by rinsing with potable water to remove soil followed by steam 

cleaning in accordance with SOP FSOI as contained in the approved RFI Work Plan . 
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SWMU Sample Media 

7 Surface Soil 

Subsurface Soil 

• • 
TABLE 3-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
RFISWMU7/8 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Sample Depth 
Sample Designation (ft) Sample Date 

7SB01-00 0-1 3/21196 

7SB02-00 0-1 3/21196 

7SB03-00 0-1 3/21196 

7MW01-00 0-1 3/21196 

7MW02-00 0-1 3/21196 

7MW03-00 0-1 3/21196 

7MW04-00 0-1 3/21/96 

7SB01-04 8.0-10.0 3/27/96 

7SB01-05 10.0-12.0 3/27/96 

7SB01-08 16.0-18.0 3/27/96 

7SB01-11 22.0-24.0 3/27/96 

7SB02-03 6.0-8.0 4/2/96 

7SB02-06 12.0-14.0 4/2/96 

7SB02-07 14.0-16.0 4/2/96 

7SB03-06 12.0-13.0 4/25/96 

7SB03-08 16.0-17.0 4/25/96 

7MW01-07 14.0-15.0 3/27/96 

~MW01-12 +Duplicate 24.0-25.2 3/27/96 

~MW02-11 + Duplicate 22.0-24.0 4/9/96 

7MW02-17 34.0-36.0 4/9/96 

7MW03-04 + Duplicate 8.0-10.0 4/8/96 

7MW03-06 12.0-12.5 4/8/96 

rMW04-07 + Duplicate 14.0-14.5 4/4/96 

7MW04-11 22.0-22.5 4/4/96 

Analytical Parameters 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 

VOC, SVOC, RCRA metals, TPH (gas and diesel) 
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SWMU Sample Media 

7 Groundwater 

8 Surface Soil 

• 
TABLE 3-1 (Continued) 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
RFISWMU7/8 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Sample Depth 
Sample Designation (ft) Sample Date 

7MW01A NA 5/5/96 

7MW02A + Duplicate NA 4/23/96 

7MW03 NA 4/23/96 

7MW04 NA 4/19/96 

UGW-2 NA 3/23/96 

UGW-3 NA 3/23/96 

UGW-7 NA 3/23/96 

UGW-10 NA 3/23/96 

UGW-16 NA 3/23/96 

UGW-20 NA 3/23/96 

GW-03 NA 3/23/96 

8SS01 0-1 4/4/96 

8SS02 0-1 4/4/96 

8SS03 + Duplicate 0-1 4/4/96 

8SS04 0-1 4/4/96 

8TP02-0 1 + Duplicate 0-0.5 4/2/96 
(Sludge Material) 

8TP03-00 0-0.5 4/3/96 
(Sludge Material) 

8TP07-00 0-1 4/4/96 
(Sludge Material) 

Analytical Parameters 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, Dissolved RCRA Metals 

VOC, SVOC, RCRA Metals, TPH (gas and diesel) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel) 
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SWMU Sample Media 

8 Subsurface Soil 

• • 
TABLE 3-1 (Continued) 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
RFISWMU7/8 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Sample Depth 
Samj>le Designation (ft) Sample Date 

STPOl-04 7.0-7.5 4/2/96 

8TP02-02 3.0 4/2/96 

8TP03-0l 3.0 4/3/96 

8TP03-02 4.0-5.0 4/3/96 

8TP04-03 7.0 4/3/96 

8TP06-0l 3.0 4/3/96 

8TP06-04 + Duplicate 8.0 4/3/96 

8TP07-01 2 4/4/96 

8TP07-04 7 4/4/96 

8TP07-05 12 4/4/96 

Analytical Parameters 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel) 

VOC, SVOC, RCRA Metals, TPH (gas and diesel ) 
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Location Sample Media 

Background Surface Soil 

Subsurface Soil 

Groundwater 

Note: NA- not applicable 
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TABLE3-2 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
BACKGROUND 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Sample Sample Sample 
Designation Depth (ft) Date 

BGMW01-00 0-1 4/4/96 

BGMW02-00 0-1 4/4/96 

BGMW03-00 0-1 4/4/96 

BGMW04-00 0-1 4/4/96 

BGMW01-04 8.0-10.0 4/23/96 

BGMW01-06 12.0-14.0 4/23/96 

BGMW02-05 10.0-12.0 4/22/96 

BGMW02-08 16.0-18.0 4/22/96 

BGMW03-03 6.0-8.0 4/12/96 

BGMW03-04 8.0-10.0 4/12/96 

BGMW04-02 4.0-6.0 4/24/96 

BGMW04-04 8.0-10.0 4/24/96 

BGMW01 NA 4/27/96 

BGMW02 NA 4/27/96 

BGMW03 NA 4116/96 

BGMW04 NA 4/12/96 

Analytical Parameters 

Appendix IX List 

Appendix IX List 

Appendix IX List 

Appendix IX List 

Appendix IX List 

Appendix IX List 

Appendix IX List 

Appendix IX List 

Appendix IX List 

Appendix IX List 

Appendix IX List 

Appendix IX List 

Appendix IX List (Total and Dissolved) 

Appendix IX List (Total and Dissolved) 

Appendix IX List (Total and Dissolved) 

Appendix IX List (Total and Dissolved) 
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TABLE3-3 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Quantitation Limits* 

Water Low Soil 
Volatiles (f.lg/L) (flg/kg) 

Acetone 100 100 

Acetonitrile 100 100 

Acrolein 5 5 

Acrylonitrile 5 5 

Methyl Chloride 100 100 

Benzene 5 5 

Bromodichloromethane 10 10 

Bromoform 5 5 

Bromomethane 10 10 

Carbon Disulfide 5 5 

Carbon Tetrachloride 5 5 

Chlorobenzene 5 5 

2-Chloro-1 ,3-butadiene 5 5 

Chloroethane 10 10 

Chlorodibromomethane 5 5 

Chloroform 5 5 

Chloromethane 10 10 

3-Chloropropene 5 5 

1,2-Dibromo-3-chloropropane 5 5 

Dibromomethane 5 5 

trans-1 ,4-Dichloro-2-butene 100 100 

Dichlorodifluoromethane 5 5 

Dibromomethane 5 5 

1, 1-Dichloroethane 5 5 

1 ,2-Dichloroethane 5 5 

trans-1 ,2-Dichloroethylene 5 5 

1, 1-Dichloroethylene 5 5 

Dichloromethane 5 5 

1,2-Dichloropropane 5 5 

cis-1,3-Dichloropropene 5 5 

trans-1 ,3-Dichloropropene 5 5 

1 ,4-Dioxane 150 150 
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Method Number 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 

8240 
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Volatiles 

Ethyl benzene 

Ethyl cyanide 

Ethyl methacrylate 

2-Hexanone 

Iodomethane 

Isobutyl alcohol 

Methacrylonitrile 

Methyl ethyl ketone 

Methyl methacrylate 

4-Methyl-2-pentanone 

Pentachloroethane 

Stryene 

1,1, 1,2-Tetrachloroethane 

1,1 ,2,2-Tetrachloroethane 

Tetrachloroethene 

Toluene 

1, 1,1-Trichloroethane 

1,1 ,2-Trichloroethane 

Trichloroethene 

Trichlorofluoromethane 

1 ,2,3-Trichloropropane 

Vinyl Acetate 

Vinyl Chloride 

Xylene 

TABLE 3-3 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Quantitation Limits* 

Water Low Soil 
(!J.g/L) (!J.g/kg) Method Number 

5 5 8240 

100 100 8240 

5 5 8240 

50 50 8240 

5 5 8240 

50 50 8240 

100 100 8240 

100 100 8240 

5 50 8240 

50 50 8240 

10 10 8240 

5 5 8240 

5 5 8240 

5 5 8240 

5 5 8240 

5 5 8240 

5 5 8240 

5 5 8240 

5 5 8240 

5 NA 8240 

5 5 8240 

50 50 8240 

10 10 8240 

5 5 8240 

Quantitation limits listed for soil/sediment are based on wet weight. The quantitation limits 
calculated by the laboratory for soiVsediment, calculated on dry weight basis, will be higher . 
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TABLE 3-3 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Quantitation Limits* 

Water Low Soil 
Semivolatiles (J.lg/L) (J.lg/kg) Method Number 

Acenaphthene 10 660 8270 

Acenaphthylene 10 660 8270 

Acetophenone 10 NA 8270 

2-Acetylaminofluorene 20 NA 8270 

4-Aminobiphenyl 20 NA 8270 

Aniline 10 NA 8270 

Anthracene 10 660 8270 

Aramite 20 NA 8270 

Benzo( a )anthracene 10 660 8270 

Benzo(b )fluoranthene 10 660 8270 

Benzo(k)fluoranthene 10 660 8270 

Benzo(g,h,i)perylene 10 660 8270 

Benzo( a )pyrene 10 660 8270 

Benzyl alcohol 20 1,300 8270 

Bis(2-chloroethoxyl)methane 10 660 8270 

Bis(2-ch1oroethyl)ether 10 660 8270 

Bis(2-chloro-1-methyl ethyl)ether 10 660 8270 

Bis(2-ethylhexyl)phthalate 10 660 8270 

4-Bromophenyl phenyl ether 10 660 8270 

Butyl benzyl phthalate 10 660 8270 

p-Chloroaniline 20 1,300 8270 

Chlorobenzilate 10 NA 8270 

p-Chloro-m-cresol 20 1,300 8270 

2-Chloronaphthalene 10 660 8270 

2-Chlorophenol 10 660 8270 

4-Chlorophenyl phenyl ether 10 660 8270 

Chrysene 10 660 8270 

o,m,p-Cresol 10 660 8270 

Diallate 10 NA 8270 

Dibenzofuran 10 660 8270 

Di-n-butyl phthalate 10 660 8270 

Dibenzo(a,h)anthracene 10 660 8270 
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TABLE 3-3 (Continued) 

METHODPERFORMANCELDflTS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Quantitation Limits* 

Water Low Soil 
Semivolatiles (flg/L) (flg/kg) Method Number 

o-Dichlorobenzene 10 660 8270 

m-Dichlorobenzene 10 660 8270 

p-Dichlorobenzene 10 660 8270 

3 ,3'-Dichlorobenzidine 20 1,300 8270 

2,4-Dichlorophenol 10 660 8270 

2,6-Dichlorophenol 10 NA 8270 

Diethylphthalate 10 660 8270 

Dimethoate 20 NA 8270 

p-(Dimethylamino )azobenzene 10 NA 8270 

7,12-Dimethyl benz(a)anthracene 10 NA 8270 

3,3-Dimethyl benzidine 10 NA 8270 

Dimethylphenenthylamine 10 NA 8270 

2,4-Dimethylphenol 10 660 8270 

Dimethyl phthalate 10 660 8270 

m-Dinitrobenzene 20 NA 8270 

4, 6-Dinitro-o-creso 1 50 3,300 8270 

2,4-Dinitrophenol 50 3,300 8270 

2,4-Dinitrotoluene 10 660 8270 

2,6-Dinitrotoluene 10 660 8270 

Di-n-octylphthalate 10 660 8270 

Diphenylamine 10 NA 8270 

Di-n-propylnitrosamine 10 NA 8270 

Ethylmethanesulfonate 20 NA 8270 

Fluoranthene 10 660 8270 

Fluorene 10 660 8270 

Hexachlorobenzene 10 660 8270 

Hexachlorobutadiene 10 660 8270 

Hexachlorocyclopentadiene 10 660 8270 

Hexachloroethane 10 660 8270 

Hexachloropropene 10 NA 8270 

Indeno( 1 ,2,3-cd)pyrene 10 660 8270 

Isodrin 20 NA 8270 
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TABLE 3-3 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Quantitation Limits* 

Water Low Soil 
Semivolatiles (Jlg/L) (Jlg/kg) Method Number 

Isophorone 10 660 8270 

Isosafrole 10 NA 8270 

Kepone 20 NA 8270 

Methapyrilene 100 NA 8270 

3-Methylcho1anthrene 10 NA 8270 

Methyl methanesulfonate 10 NA 8270 

2-Methy1naphtha1ene 10 660 8270 

Naphthalene 10 660 8270 

1 ,4-Naphthoquinone 10 NA 8270 

1-Naphthy1amine 10 NA 8270 

2-Naphthy1amine 10 NA 8270 

o-N itroani1ine 50 3,300 8270 

m-Nitroani1ine 50 3,300 8270 

p-Nitroaniline 20 NA 8270 

Nitrobenzene 10 660 8270 

o-Nitrophenol 10 660 8270 

p-Nitrophenol 50 3,300 8270 

4-Nitroquinoline-1-oxide 40 NA 8270 

n-Nitrosodi-n-butylamine 10 NA 8270 

n-Nitrosodiethy1amine 20 NA 8270 

n~Nitrosodimethylamine 20 NA 8270 

n-Nitrosodiphenylamine 10 660 8270 

n-Nitrosomethylethylamine 20 NA 8270 

n-N itrosomorpholine 10 NA 8270 

n-Nitrosopiperidine 20 NA 8270 

n-Nitrosopyrrolidine 40 NA 8270 

5-Nitro-o-toluidine 10 NA 8270 

Pentachlorobenzene 10 NA 8270 

Pentachloronitrobenzene 20 NA 8270 

Pentachlorophenol 50 3,300 8270 

Phenacetin 20 ND 8270 

Phenanthrene 10 660 8270 
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TABLE 3-3 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Quantitation Limits* 

Water Low Soil 
Semivolatiles (~giL) (~g/kg) Method Number 

Phenol 10 660 8270 

Ph orate 10 NA 8270 

p-Phenylenediamine 10 NA 8270 

2-PicolinPronamidee 10 NA 8270 

Pyrene 10 660 8270 

Pyridine 10 NA 8270 

Safrole 10 NA 8270 

1 ,2,4,5-Tetrachlorobenzene 10 NA 8270 

2,3,4,6-Tetrachlorophenol 10 NA 8270 

o-Toluidine 10 NA 8270 

1 ,2,4-Trichlorobenzene 10 660 8270 

2,4,5-Trichlorophenol 10 660 8270 

2,4,6-Trichlorophenol 10 660 8270 

0,0,0-Triethyl-Phosphorotrioate 10 NA 8270 

sym-Trinitrobenzene 10 660 8270 

Quantitation limits listed for soil/sediment are based on wet weight. The quantitation limits 
calculated by the laboratory for soil/sediment, calculated on dry weight basis, will be higher. 
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TABLE 3-3 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Quantitation Limits<'> 

Water Low Soil 
Pesticides (~giL) (~g/kg) Method Number 

Aldrin 0.04 2.7 8080 

Alpha-BHC 0.03 2 8080 

beta-BHC 0.06 4 8080 

delta-BHC 0.09 6 8080 

Lindane 0.05 1.7 8080 

Chlordane 0.14 9.4 8080 

4,4'-DDT 0.12 8 8080 

4,4'-DDE 0.04 2.7 8080 

4,4'-DDD 0.11 7.4 8080 

Dieldrin 0.02 1.3 8080 

Endosulfan I 0.14 9.4 8080 

Endosulfan II 0.04 2.7 8080 

Endosulfan sulfate 0.66 44 8080 

Endrin 0.06 4 8080 

Toxaphene 2.4 160 8080 

Endrin Aldehyde 0.1 3.3 8080 

Heptachlor 0.03 2 8080 

Heptachlor epoxide 0.83 56 8080 

Methyoxychlor 1.8 120 8080 

Aroclor-1 016 NA NA 8080 

Aroclor-1221 NA NA 8080 

Aroclor-1232 NA NA 8080 

Aroclor-1242 0.65 44 8080 

Aroclor-1248 NA NA 8080 

Aroclor-1254 NA NA 8080 

Aroclor-1260 NA NA 8080 

<'> Practical Quantitation Limits taken from "Test Methods for Evaluating Solid Wastes," 
USEPA, SW -846, November 1986. 

NA Not Available 
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TABLE 3-3 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Quantitation Limits 

Water Low Soil 
Dioxins (SW-846 Method 8280) (f.lg/L) (f.lglkg) Method Number 

PCDD's 0.01 NA 8280 

PCDF's 0.01 NA 8280 

2,3,7,8-TCDD 0.005 0.17 8280 
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Analyte 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Tin 

Vanadium 

Cyanide 

Sulfide 

TABLE 3-3 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

MDL 
Method Number (~giL) Method Description 

6010 32 Inductively Cupled Plasma 

7060 1 AA Graphite Furnace 

6010 2 Inductively Coupled Plasma 

6010 0.3 Inductively Coupled Plasma 

6010 4 Inductively Coupled Plasma 

6010 7 Inductively Coupled Plasma 

6010 7 Inductively Coupled Plasma 

6010 6 Inductively Coupled Plasma 

7421 1 AA Graphite Furnace 

7470 0.2 Cold Vapor AA 

6010 40 Inductively Coupled Plasma 

7741 2 AA Graphite Furnace 

6010 7 Inductively Coupled Plasma 

7841 1 AA Graphite Furnace 

6010 1,000 Inductively Coupled Plasma 

6010 8 Inductively Coupled Plasma 

9010 5 Colorimetric 

9030 1,000 Titrimetric, Iodine 

K IPROD\SRN-RPT\2005\CT0-0277\RFIIT ABJ-3. WPD 
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TABLE 3-3 (Continued) 

METHOD PERFORMANCE LIMITS 
APPENDIX IX COMPOUND LIST AND CONTRACT 

REQUIRED QUANTITATION LIMITS (CRQL) 

Practical Quantitation Limits 

Water Soil/Sediment 
Chlorinated Herbicides (~giL) (~g/kg) Method Number 

2,4-Dichlorophenoxyacetic acid 12 804 8150 

Dinoseb 0.7 46.9 8150 

2,4,5-T 2 134 8150 

Silvex 1.7 11.4 8150 

K:IPROD\SRN-RPT\200S\CT0-0277\RFI\3-3.TAB 
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Well 
SMWU Number 

7 7SB01 

7SB02 

7SB03 

7MW01 

7MW01A 

7MW02 

7MW02A 

7MW03 

7MW04 

Background BGMW01 

BGMW02 

BGMW03 

BGMW04 

Note: NA- not applicable 

• 
TABLE3-4 

SUMMARY OF SOIL BORING AND WELL CONSTRUCTION DETAILS 
RFISWMU7/8 

Top of PVC 
Casing 

Elevation* 
(feet above msl) 

NA 

NA 

NA 

NA 

128.43 

NA 

148.53 

179.33 

182.59 

168.64 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Ground 
Surface 

Elevation Boring Depth to Well 
(feet above Depth Bedrock Depth 

msl) (feet bgs) (feet bgs) (feet bgs) 

118.61 26.4 26.4 NA 

108.00 24.7 24.7 NA 

112.00 22 NA NA 

117.98 64.7 50 NA 

125.80 70 40 69 

146.07 61.0 61.0 NA 

145.57 63 5 60 

176.98 137 25 134 

180.65 106 31.5 106 

166.40 30 NA 30 

166.83 35 NA 35 

163.29 28 NA 27.3 

162.50 30 NA 30 

Screen 
Interval 

Depth (ft bgs) 

NA 

NA 

NA 

NA 

49.0-69.0 

NA 

40.0-60.0 

94.0- 134.0 

96.0- 106.0 

10.0- 30.0 

15.0- 35.0 

7.3- 27.3 

10.0- 30.0 

* Elevations are based on a 100 foot above msl datum. 

• 

Sand Pack Bentonite 
Interval Interval 

(feet bgs) (feet bgs) 

NA NA 

NA NA 

NA NA 

NA NA 

47.0-70.0 44.0-47.0 

NA NA 

38.0-63.0 36.0-38.0 

91.7- 134.0 88.3- 91.7 

76.8- 106.0 20.0-76.8 

7.0- 30.0 5.0- 7.0 

13.0- 35.0 11.0- 13.0 

5.3 - 27.3 4.3 - 5.3 

8.0-30.0 6.0- 8.0 
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4.0 PHYSICAL CHARACTERISTICS OF STUDY AREA 

The physical setting ofNSRR was documented in the 1984 lAS (NEESA Document 13-051). This 

information is summarized below. 

4.1 Climatology 

The climate of the Roosevelt Roads area 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 center ofwhich is in the vicinity of30° North, 30° West. 

The prevailing wind direction reflects the easterly trade winds. The area receives a surface flow 

varying between the northeast to the southeast about 75 percent of the year, and as much as 

95 percent of the time in July when the easterly winds are strongest. The differential heating of the 

land and sea during the day tends to give a more northerly component to the flow on the northern 

side of the island and a more southerly component on the southern side. During the night, a land 

breeze causes a prevailing southeasterly flow in the north and a prevailing northeasterly flow over 

the southern coast. 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. 

Uniform temperatures prevail, with small diurnal ranges as a result of insular exposure and the 

relatively small land areas. The warmest months are August and September, while the coolest are 

January and February. Mean annual maximum temperatures range from 82.0 degrees 

Fahrenheit CF) 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 highest maximum temperature recorded was 95°F, while 

the lowest minimum was 59°F. Rain usually occurs at least nine days in every month, with an 

average of 60 inches per year although a dry winter season occurs from December through April. 

About 22 thunderstorm-days occur per year, with maximum frequencies of three days per month 

from May through October. 

In late summer, the mean sky cover begins a steady decrease from a monthly maximum average of 

6.5-tenths coverage in September to a minimum monthly average of 4.4-tenths coverage in February. 
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From March through August, the monthly average clouds over increases steadily from 4.5- to 

6.0-tenths coverage during the period. Over the open sea, a maximum of clouds (usually broken 

stratocumulus) occurs during early morning, with the skies clearing or becoming scattered with 

cumulus by afternoon. Completely clear or overcast skies are rare during daylight hours, while clear 

skies frequently occur at night. 

The hurricane season is from mid-June through mid-September; maximum winds exceed 95 knots 

during severe hurricanes. An average of two tropical storms per year occur in the study area, one 

of which usually reaches hurricane intensity. 

4.2 Topography 

The regional area of Roosevelt Roads 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 the station, elevations range from sea level to approximately 295 feet. 

Immediately to the north of the NSRR boundary, the hills rise abruptly to heights of 800 to 

1,050 feet above sea level, with the tallest peak located within two kilometers of the station 

boundary. There is a series of three hilly areas on the station, two of which separate the southern 

airfield area from the Port/Industrial, Housing and Personnel Support areas. The third set of hills 

is in the Bundy area. These ridge lines not only separate sections of the station, but dictate the 

degree of allowable development. The ridge line south of the airfield provides an excellent barrier 

which effectively decreases the aircraft-generated noise which reaches the Unaccompanied Enlisted 

Personnel Housing areas to an acceptable level. Relief is low along the shoreline. Lagoons and 

mangrove swamps are common. 

4.3 Geology 

The following subsections present a description of the general geology at NSRR as well as 

site-specific geologic information obtained at SWMU 7/8 . 
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4.3.1 Soil 

The soil associations found at the station are predominantly of two types typical of humid areas, 

namely the Swamps-Marshes Association and the Mabi-Rio-Arriba-Cayagua Association, as well 

as the Descalabrado-Guayama Association, which is typical of dry areas. In addition, isolated areas 

of the Caguabo-Mucara-Naranjito Association, the Coloso-Toa-Bajura Association, and the 

Jacana-Amelia-Fratemidad Association are found on the Station. 

The Swamps-Marshes and Mabi-Rio-Arriba-Cayagua associations cover over one half of the 

Station's surface area and are equally distributed. The remaining area is covered primarily by the 

Descalabrado-Guayama and Caguabo-Mucara-Naranjito Associations. 

The Swamps-Marshes Association consists of deep, very poorly drained soil. 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 soil is sandy or clayey, and 

contains organic materials from decaying mangrove trees. This is 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. 

The Mabi-Rio-Arriba-Cayagua Association consists generally of deep, somewhat poorly drained and 

moderately well-drained, nearly level to moderately steep soil found on foot and side slopes, terraces 

and alluvial fans. Soil of this association at the Station is basically clayey. 

The Descalabrado-Guayama Association generally consists of shallow, well-drained, strongly 

sloping to very steep soil on volcanic uplands. Soil of this association is found primarily in the hilly 

areas located directly inland and adjacent to the soil of the Swamps-Marshes Association. 

The Caguabo-Mucara-Naranjito Association consists generally of shallow and moderately deep, 

well-drained, sloping to very steep soil on volcanic uplands. This association consists of soil which 

formed in residual material that weathered from volcanic rocks. This association is represented at 

the Station by soil of the Sabana series, which is found on the side slopes and the hilly terrain west 

of Langley Drive in the Fort Bundy area. The soil is suited for pasture and woodland. Steep slopes, 
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susceptibility to erosion, and depth to bedrock are the main limitations for farming and for recreation 

and urban areas. 

The Coloso-Toa-Bajura Association consists of deep, moderately well drained to poorly drained, 

nearly level soil found on floodplains. This soil association extends along the western boundary of 

the Station and around the airfield. The soil of this association formed in fine-textured and 

moderately fine-textured sediment of mixed origin on floodplains. The Coloso soil is deep and 

somewhat poorly drained; the Toa soil is deep and moderately well drained; and the Bajura soil and 

Maunabo soil are deep and poorly drained. The Reilly soil, also part of this association, is shallow 

sand and gravel and are excessively drained; they lie adjacent to streams. The minor soil are 

Talante, Vivi, Fortuna, Vega Alta and Vega Baja. The Talante, Vivi, Fortuna and Vega Baja soil 

are found on floodplains, while the Vega Alta soil occupies slightly higher positions on terraces. 

The Jacana-Amelia-Fratemidad Association consists generally of moderately deep and deep, 

well-drained and moderately well-drained, nearly level to strongly sloping soil on terraces, alluvial 

fans and foot slopes. This association is represented at the Station by soil of the Jacana series, which 

consist of moderately deep, well-drained soil found on the foot slopes and low rolling hills along 

Langley Drive and just east of the airfield. This soil formed in fine-textured sediment and residuum 

derived from basic volcanic rocks. 

4.3.2 Regional Geology 

The underlying geology of the Station 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 limestones 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 drowning that resulted from the tilting . 
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In addition to the predominant volcanic and sedimentary rock, the northwestern and western sectors 

of the base are underlain by unconsolidated alluvial and older deposits from the Quaternary period. 

The primary geologic formations on and near NSRR are various beach deposits, alluvium, quartz 

diorite and granodiorite, quartz keratophyre, the Daguao Formation, and the Figuera Lava. The 

Station is traversed by the Pefia Pobre fault zone. 

4.3.3 Site Geology SWMU 7/8 

The description of the geology of the SWMU 7/8 area presented in this section is based on the 

information derived from the wells and borings installed during this RFI as well as from wells 

installed from previous investigations, as discussed in detail in Section 2.5. Table 4-1 provides a 

summary of the wells and borings at SWMU 7/8 including well designation, date installed, 

installation company and some additional general information. The locations of each of these soil 

borings and monitoring wells are shown on Figures 3-2 and 4-1. Boring and well construction logs 

are provided in Appendix B . 

The geology in the SWMU 7/8 area can be divided into three categories: an upper zone of fill 

material; a zone of residual soil (weathered rock); and bedrock. The upper zone of fill material is 

comprised of light gray to brown, fine to medium grained sand with varying amounts of silt and 

clay. The composition of this unit varies considerably across the site with areas of predominately 

fine to medium grained sand (i.e., at well locations UGW-24 and UGW-2) to areas with larger 

amounts of silt and clay (i.e., at well locations UGW-4, UGW-6 and UGW-15). This upper zone 

of fill material is generally encountered at the ground surface to depths below the ground surface 

ranging from 2 feet (7MW-04) to over 25 feet (UGW-12 and UGW-17). However, this unit is 

locally absent, such as in the eastern portion in the site in the vicinity of well UGW -19. The source 

of the fill material has not been definitively determined but it is most likely either natural soil 

excavated during tank construction or dredge material from Ensenada Honda. 

Underlying the fill zone is a relatively thick layer of residual soil (formed in place by the in situ 

decomposition of bedrock). This residual soil was encountered at each of the soil borings and 

monitoring wells advanced at the site. This zone is comprised of a mottled green, gray, white, and 

brown clayey silt to silty clay with fine to coarse sand and rock fragments. With depth, the 
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percentage of rock fragments steadily increases in a clay-silt matrix until the zone grades to 

weathered rock fragments with occasional clay seams and eventually to competent bedrock. 

Laterally, the relative amounts of silt, clay and sand are variable and gradational across the site with 

some areas consisting of a larger amount of silt and clay (i.e., UGW -1 and UGW -8) and other areas 

having larger amounts of fine to coarse sand (i.e., UGW-24 and UGW-2). The thickness of this unit 

also is variable and in places is in excess of 40 feet (i.e., UGW-24, UGW-2 and 7MW02). One 

subsurface soil sample (7SB03-02; 2 to 4 feet) was submitted for classification analysis based on 

the Unified Soil Classification System (USCS). This analysis resulted in a CL (sandy and silty 

clays) classification. Complete soil classification test results are presented in Appendix I. 

The third zone identified at the site consists of bedrock. The bedrock in wells 7MW01 and 7MW04 

was described as a medium to dark grey gabbro, very broken to broken, massively bedded, hard to 

very hard and highly fractured due to tectonic deformation and subsequent weathering. Core 

recoveries from these two wells ranged from 0 to 100 percent; however, Rock Quality Designations 

(RQD) were measured at 0 percent (no core piece greater than four inches in length). Based on the 

boring logs for wells 7MWO 1 and 7MW04, bedrock in the lower elevations in the southern portion 

of the SWMU 7/8 area exhibited a higher degree of fracturing than the northern, higher elevation 

portion of the site. 

It should be emphasized that there is not a well defined contact between the residual soil and the 

bedrock; rather, there is a gradational change of decreased weathering and fracturing with increasing 

depth. Because of this gradational change and a lack of a consistent borehole logging protocol 

between the various studies that have been conducted at the site (the inability to advance hollow 

stem augers during drilling [auger refusal] is typically, although not consistently used as the 

arbitrary distinction of the top of rock), the top of bedrock has not been fully defined. While this 

is the case, the distinction is not critical since the top of rock designation is arbitrary and the entire 

mass of soil, residuum, and upper bedrock has essentially the same general characteristics. 

Cross sections were developed to illustrate the geology for the SWMU 7/8 vicinity. The locations 

of the cross sections are shown on Figure 4-1; cross sections A-A' through D-D' are shown on 

Figures 4-2 through 4-4. Each of the three units, as described in the preceding paragraphs are 

graphically illustrated on these sections. 
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Based on the depth to bedrock, as indicated by auger refusal and as illustrated on Figure 4-4, Cross 

Section C-C', the TWFF appears to be situated over a buried valley, fault or fracture zone. 

Sufficient information regarding the depth to bedrock is not currently available to confirm this 

interpretation; however, as shown in Section 4.4.2, this does not appear to impact groundwater 

movement across the site. 

4.4 Hydrology 

The following sections present a description of the hydrologic conditions that exist at NSRR. Both 

regional conditions and site specific conditions at SWMU 7/8 are discussed. 

4.4.1 Regional Hydrology 

The surface water that flows across the northeastern plain of Puerto Rico, where the Station is 

located, originate on the eastern slopes of the Sierra de Luquillo mountains. Surface runoff is 

channeled into various rivers and streams which eventually flow into the Caribbean Sea. The 

Daguao River and Quebrada Seca Stream (a tributary to Rio Daguao) collect surface water from the 

hills immediately north of the Station and, in periods of heavy rain, on-Station flooding 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 the Station's northern boundary, has 

significantly increased the surface runoff reaching the Station, causing ponding and erosion in the 

Boxer Drive area. Boxer Drive, for a major portion of its length, is subject to surface water flooding, 

as are Hangar 200 and AIMD Hangar 379 and adjacent apron areas. This condition has been 

alleviated by the construction of the new highway (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, seawater flooding results from storms, wind, and abnormally high tides. 

The tidal ranges in the Roosevelt Roads area are rather small, with a maximum spring range of less 

than three feet. The tides are semidiurnal and have a usual range of about one foot in the main 

harbor of the Station . 
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Little information exists concerning the geohydrology ofNSRR. The only known potential sources 

of groundwater lie in lenticular beds of clay, sand and gravel, and rock fragments which occur at a 

depth of less than 30 meters. Wtt'Wet&~fiiVe~~ developed on-base from these layers. Stmle wells 

..r:~tf. dlWetoped u~t of·ttte''Station in Ceiba, some three kilometers from Station 

W:t81t11 'itl~S,~,. were ~"dUe-to high levels of salinity. 

The quality of surface water is variable, reflecting the drainage area through which the water flows. 

Generally, surface water has high turbidities and bio-organics (naturally occurring organics, such 

as decay products of vegetable and animal matter) due to the periodic heavy rains which can easily 

erode soil from steep slopes, exposed areas, and disturbed stream beds. 

Water from alluvial aquifers along the coast of the Station 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. 

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. 

De~~ potable water treatment plant receives DftW water from the Rio Blanco through a 

:21:~iMhMib1brced e<mcrete pipe that replaced the 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 Station 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 with a 

total capacity of 520,000 gallons. 

'ftiJ,'~ bas: been s8rYed for over 30 years· by the present 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 rate of 1.3 mgd 

on average. ~~ tlfpre-ehtorination, coagulation sedimentation, filtration, and post­

'~eatiou . 
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The single potable water supply system provides water to all industrial operations at the facility . 

The water supply is low in hardness and, therefore, is an excellent source for industrial uses, 

particularly in boiler operation and maintenance. 

Three hundred acres are used for pasture land near Gate 1 and are irrigated as needed. Extensive 

sprinkling of lawns and green areas is evident throughout the Station. 

4.4.2 SWMU 7/8 - Hydrogeology 

Groundwater at SWMU 7/8 was encountered in both the residual soil and in the bedrock. As 

indicated in Section 4.3.3, the residual soil grades to weathered rock and then to rock with depth. 

There is no distinct physical or hydraulic boundary between these two units; they are therefore 

considered as one hydrogeologic unit. 

Also as discussed in Section 4.3.3, the variable nature of the residual soil in the SWMU 7/8 vicinity 

(lateral variations in the silt and sand content) results in localized perched groundwater zones and 

localized confined groundwater conditions. As an example, semi-confining conditions are apparent 

on the logs for wells UGW-1, UGW-6, and UGW-24. 

The pattern of groundwater flow in the residual soil/bedrock hydrogeologic unit is illustrated in 

Figures 4-5 and 4-6. Figure 4-5 provides a contour map of the groundwater surface based on 

groundwater elevation measurements collected on May 10, 1996 (refer also to Table 4-2). Based 

on the information provided in this figure, the upgradient portion of this site appears to be to the 

northeast with groundwater flow generally to the southwest. There are radial components of flow 

to the west, south and southeast as well. The average calculated hydraulic gradient is 0.0149 ft/ft 

to the southwest. Appendix J presents the gradient calculations. 

The depth to groundwater is variable across the site depending on topographic elevation. Based on 

the May 10, 1996 data, as shown on Figure 4-5, the measured groundwater elevation (feet above 

mean sea level plus 100 feet) ranges from 97.59 feet in UGW-20 to 106.3 feet in UGW-2, whereas 

the topographic elevation ranges from 109.21 feet in UGW 20 to 160.03 feet in UGW-2. Using 

these numbers, the range in depth to groundwater is approximately 12 feet to 54 feet. As would be 
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expected, groundwater appears to be further below the surface at higher topographic elevations in 

the north and northeast portion of the site. 

Figure 4-6 and Table 4-3 illustrates the groundwater elevations based on February 25, 1997 

groundwater elevation measurements. This figure shows the same general flow pattern, from the 

northeast to the southwest as Figure 4-5; however, ~-ofme~~ng Welts in the 'SOuth 

_,...,.Piflteftt~oltof,-;.-,~dearly be•seon as a localized phenomena. 

4.4.2.1 Tidal Study 

Prior to initiation of the limited pumping tests, a tidal study was conducted to determine how tidal 

changes in Ensenada Honda affect groundwater flow at SWMU 7/8. The tidal study was conducted 

over a 48-hour period from May 1, 1996 to May 3, 1996. Results of the Tidal Study are presented 

on three hydrographs, Figure 4-7. Each hydrograph presents the data collected from Ensenada 

Honda on which the well data from wells UGW-2, UGW-3, UGW-4, UGW-6, UGW-8, UGW-14, 

UGW-15, UGW-20, UGW-24 and GW-03 is superimposed. These wells are all screened in the 

residual soil-bedrock hydrogeologic unit. 

A review of the hydrographs show some fluctuations in the groundwater measurements. Tidal 

changes (difference between high and low tides) during the test ranged from 0.45 feet to 1.2 feet. 

Fluctuations between high and low readings at all stations were generally less than 0.1 feet 

indicating that tidal changes do not significantly affect the flow of groundwater at SWMU 7/8. 

Peaks and troughs in the groundwater measurements tend to occur approximately one-half cycle 

after high/low tide. As can be seen by the hydrographs, a slight decrease in overall depth to water 

measurements was recorded approximately 1600 minutes (or 26.5 hours) into the test. This general 

increase may be in response to a 0.27 inch rainfall event which occurred on April28, 1996 (prior 

to the tidal study). 

Overall, there appears to be only a slight groundwater response to the changes in tide that does not 

suggest a strong influence on groundwater flow. The main force in groundwater movement at 

SWMU 7/8 is the steep hydraulic gradient which is influenced by site topography. Additionally, a 

tidal change of between 0.45 feet and 1.2 feet does not appear to have the magnitude to significantly 
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affect groundwater flow resulting in a significant increase in contaminant transport during periods 

of low tide. 

A number of seawalls have been constructed along the southern edge of the site, adjacent to 

Ensenada Honda. The depth of these seawalls and other construction details are not currently 

available and their impact on groundwater flow in the southern portion of the site has not been fully 

defined. However, based on the information provided on Figure 4-5, the seawalls do not appear to 

have a substantial impact on groundwater flow north ofForrestal Drive. 

4.4.2.2 Wellhead Test Results 

Wellhead testing at SWMU 7/8 consisted of the performance of slug tests and limited pump tests 

at selected locations. Slug tests were conducted at monitoring wells GW-03, UGW-3, UGW-7, 

UGW-16 and UGW-20. Limited pump tests were performed on two newly installed bedrock 

wells: 7MW01A and 7MW02A. 

Table 4-4 presents the results of the slug tests conducted during this investigation. Hydraulic 

conductivity values (K) from the rising head tests ranged from 2.51 feet per day (ft/day) at GW-03 

to 47.06 ft/day at UGW-7. This range ofvalues is within the typical range ofpermeabilities (0.03 to 

300ft/day) for a silty sand (Freeze and Cherry, 1979). An average hydraulic conductivity value of 

15.27 ft/day was calculated from the data. Assuming an aquifer thickness (b) of 30 feet, 

transmissivity values (T=Kb) ranged from 75ft/day to 1,412 ft/day. An average transmissivity value 

of 458 ft/day was calculated. 

The primary purpose of the limited pump tests was to confirm the assumption that the residual soil 

and bedrock act as a single hydrogeologic unit. Drawdown and recovery curves for the pumping and 

observation wells are presented in Appendix H. One of the limited pump tests was conducted on 

well 7MW01A; this well penetrates the bedrock portion of the hydrogeologic unit. Water levels 

in the residual soil observation wells 470MW1, 470MW3, GW-02 and piezometer 7MW01ATP1 

each showed a noticeable response indicating a substantial hydraulic connection between the 

residual soil and the bedrock. As shown on Figure 4-8, the greatest amount of drawdown 

(approximately 3 feet) was noted at piezometer 7MW01ATP1, located approximately 25 feet 

southwest of the pumping well. Monitoring well GW-02, located approximately 135 feet southeast 
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of the pumping well exhibited a drawdown of 1.6 feet. At wells 470MW1 and 470MW3, both 

located approximately 35 feet from the pumping well, recorded drawdowns of 0.27 and 2 feet, 

respectively, were measured. The bedrock observation well, UGW-25 showed a drawdown of 

0.22 feet. The greatest amount of influence from this pumping test appears to be to the south­

southwest (hydraulically downgradient), as shown on Figure 4-8. 

Hydraulic conductivity, transmissivity and storativity were calculated from the recovery data from 

pumping well7MW01A using AQTESOLV (Geraghty and Miller, 1995) incorporating the Bower 

and Rice (1976), Hantush-Jacob (1955) (with no storage in the aquitard) and the Theis (1935) (under 

confined conditions) methods of analysis. Results of this analysis are shown on Table 4-4. A 

hydraulic conductivity of 1.17 x 1 o·2 ftlday was calculated using the Bower and Rice method. 

Transmissivity values from the Hantush-Jacob and Theis methods were very similar with calculated 

values of288.6 ft2/day and 288.5 ft2/day, respectively. Storativity values also were similar with the 

Hantush-Jacob method providing a value of 308.8 and the Theis method providing a value of 317.7. 

Analysis of the pumping and recovery data collected from UGW-25 showed average values for 

transmissivity and storativity from the Hantush-Jacob method of 957 ft2/day and 8.2 x 1 o-3
, 

respectively. The Theis method provided an average transmissivity of 959 ft2/day and a storativity 

of 8.2 x 10·3• 

Similar results were noted from the second pump test, conducted in the bedrock well 7MW02A in 

that a direct connection between the residual soil and the bedrock was observed. Wells monitored 

during this test included UGW-3, UGW-14 and UGW-25 (refer to Figure 4-1 for the location of 

these wells). In addition, three piezometers were installed to bedrock in a line southwest of 7MW02 

at distances of25 feet (7MW02TP 1 ), 45 feet (7MW02TP2) and 60 feet (7MW02TP3). A continuous 

pumping rate of 1.5 gpm was maintained at 7MW02A throughout the test. Drawdown was noted 

at two of the three piezometers installed adjacent to 7MW02A. Piezometer 7MW02TP2 began to 

show a response approximately 18 minutes into the test and exhibited a maximum drawdown of 0.8 

feet. Piezometer 7MW02TP3 began responding after approximately 450 minutes with a maximum 

recorded drawdown of0.75 feet. The third piezometer, 7MW02TP1 was dry. Wells UGW-3 and 

UGW-14, located 150 feet and 125 feet from 7MW02A, respectively, did not show any response to 

the pumping of7MW02A. The bedrock monitoring well, UGW-23, located approximately 100 feet 

east of the pumping well appeared to begin responding to pumping approximately 630 minutes after 

initiation of the test; however, a drawdown of only 0.14 feet was measured. This apparent 
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drawdown may be influence from the pumping well or diurnal changes in water levels. The 

relatively low response in the piezometers and the lack of response in monitoring wells UGW-3 and 

UGW-14 may be due to the low pumping rate ofthe test. 

The recovery data from 7MW02A was analyzed using the Bower and Rice method for slug tests. 

This analysis indicated an average hydraulic conductivity of 4.69 x 10"2 ft/day. 

Data collected during these two limited pump tests shows a direct hydraulic connection between the 

residual soil and the bedrock confirming the assumption that this system is acting as one 

hydrogeologic unit. 
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Well 
Identification 

Number 

470MW1 

470MW3 

GW-02 

GW-03 

GW-04 

GW-06 

B-1/UGW-1 

B-2 

B-3 

B-4 

B-5 

B-6 

B-7 

B-8 

B-9 

B-10/UGW-2 

UGW-1/B-1 

UGW-2/B-10 

UGW-3 

UGW-4 

UGW-5 

UGW-6 

UGW-7 

TABLE 4-1 

SUMMARY OF SOIL BORINGS AND MONITORING WELLS ORDER OF INSTALLATION 
TOW WAY FUEL FARM 

NAVAL STATION ROOSEVELT ROADS 
CEIBA, PUERTO RICO 

Date Installation Diameter General 
Installed Company (inches) Information 

unknown unknown unknown USTRemoval 

unknown unknown unknown USTRemoval 

unknown unknown unknown Confirmation Study - requires verification 

unknown unknown unknown Confirmation Study - requires verification 

unknown unknown unknown Confirmation Study - requires verification 

unknown unknown unknown Confirmation Study - requires verification 

February 1991 O'Brien and Gere Soil Boring Underground Fuel Investigation 

February 1991 O'Brien and Gere Soil Boring Underground Fuel Investigation 

February 1991 O'Brien and Gere Soil Boring Underground Fuel Investigation 

February 1991 O'Brien and Gere Soil Boring Underground Fuel Investigation 

February 1991 O'Brien and Gere Soil Boring Underground Fuel Investigation 

February 1991 O'Brien and Gere Soil Boring Underground Fuel Investigation 

February 1991 O'Brien and Gere Soil Boring Underground Fuel Investigation 

February 1991 O'Brien and Gere Soil Boring Underground Fuel Investigation 

February 1991 O'Brien and Gere Soil Boring Underground Fuel Investigation 

February 1991 O'Brien and Gere Soil Boring Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

K:IPRODISRN-RP'I\200S\CT0-0277\RFI\4-I.TAB 
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Well 
Identification 

Number 

UGW-8 

UGW-9 

UGW-10 

UGW-11 

UGW-12 

UGW-13 

UGW-14 

UGW-15 

UGW-16 

UGW-17 

UGW-18 

443-B0-1 

443-B0-2 

443-B0-3 

TWSB-1 

TWSB-2 

TWSB-3 

TWSB-4 

BBSB-1 

BBSB-2 

BBSB-3 

BBSB-4 

BBSB-5 

• 
TABLE 4-1 (Continued) 

SUMMARY OF SOIL BORINGS AND MONITORING WELLS ORDER OF INSTALLATION 
TOW WAY FUEL FARM 

NAVAL STATION ROOSEVELT ROADS 
CEIBA, PUERTO RICO 

Date Installation Diameter General 
Installed Company (inches) Information 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

February 1991 O'Brien and Gere 2 Underground Fuel Investigation 

November 1992 Law Environmental Soil Boring Preliminary Site Assessment UST Site No. 443 

November 1992 Law Environmental Soil Boring Preliminary Site Assessment UST Site No. 443 

November 1992 Law Environmental Soil Boring Preliminary Site Assessment UST Site No. 443 

November 1992 Law Environmental Soil Boring Corrective Action Plan 

November 1992 Law Environmental Soil Boring Corrective Action Plan 

November 1992 Law Environmental Soil Boring Corrective Action Plan 

November 1992 Law Environmental Soil Boring Corrective Action Plan 

November 1993 BB&L Soil Boring Site Characterization Study 

November 1993 BB&L Soil Boring Site Characterization Study 

November 1993 BB&L Soil Boring Site Characterization Study 

November 1993 BB&L Soil Boring Site Characterization Study 

November 1993 BB&L Soil Boring Site Characterization Study 
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TABLE 4-1 (Continued) 

SUMMARY OF SOIL BORINGS AND MONITORING WELLS ORDER OF INSTALLATION 
TOW WAY FUEL FARM 

Well 
Identification Date 

Number Installed 

BBSB-6 November 1993 

BBSB-7 November 1993 

UGW-19 April1994 

UGW-20 April1994 

UGW-21 April1994 

UGW-22 April1994 

UGW-23 April1994 

UGW-24 April1994 

UGW-25 April1994 

UGW-26 April1994 

PW-1 September 1995 

PW-2 September 1995 

PW-3 September 1995 

PW-4 September 1995 

PW-5 September 1995 

PW-6 September 1995 

MW-1 September 1995 

MW-2 September 1995 

MW-3 September 1995 

MW-4 September 1995 

BGMW-01 April1996 

BGMW-02 April1996 

BGMW-03 AJ>fil 1996 

K:\PRODISRN-RP1\200S\CT0-0277\RFI\4-1. TAB 
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NAVAL STATION ROOSEVELT ROADS 
CEIBA, PUERTO RICO 

Installation Diameter General 
Company (inches) Information 

BB&L Soil Boring Site Characterization Study 

BB&L Soil Boring Site Characterization Study 

BB&L 2 Site Characterization Study 

BB&L 2 Site Characterization Study 

BB&L 2 Site Characterization Study 

BB&L 6 Site Characterization Study 

BB&L 2 Site Characterization Study 

BB&L 2 Site Characterization Study 

BB&L 2 Site Characterization Study 

BB&L 2 Site Characterization Study 

Terra Vac 4 Product recovery wells 

Terra Vac 4 Product recovery wells 

Terra Vac 4 Product recovery wells 

Terra Vac 4 Product recovery wells 

Terra Vac 4 Product recovery wells 

Terra Vac 4 Product recovery wells 

Terra Vac 2 Wells to monitor effects of recovery system 

Terra Vac 2 Wells to monitor effects of recovery system 

Terra Vac 2 Wells to monitor effects of recovery system 

Terra Vac 2 Wells to monitor effects of recovery system 

Baker Environmental 2 RCRA Facility Investigation 

Baker Environmental 2 RCRA Facility Investigation 

Baker Environmental 2 RCRA Facility Investigation 

• 
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Well 
Identification 

Number 

BGMW-04 

7MW01 

7MW01A 

7MW02 

7MW02A 

7MW03 

7MW04 

7SB01 

7SB02 

7SB03 

RW-1 

RW-2 

RW-3/UGW-22 

RW-4 

RW-5 

RW-6 

RW-7 

RW-8 

• • 
TABLE 4-1 (Continued) 

SUMMARY OF SOIL BORINGS AND MONITORING WELLS ORDER OF INSTALLATION 
TOWWAYFUELFARM 

NAVAL STATION ROOSEVELT ROADS 
CEIBA, PUERTO RICO 

Date Installation Diameter General 
Installed Company (inches) Information 

April1996 Baker Environmental 2 RCRA Facility Investigation 

April1996 Baker Environmental Soil Boring RCRA Facility Investigation 

April1996 Baker Environmental 2 RCRA Facility Investigation 

April1996 Baker Environmental Soil Boring RCRA Facility Investigation 

April1996 Baker Environmental 2 RCRA Facility Investigation 

April1996 Baker Environmental 2 RCRA Facility Investigation 

April1996 Baker Environmental 2 RCRA Facility Investigation 

April1996 Baker Environmental Soil Boring RCRA Facility Investigation 

April1996 Baker Environmental Soil Boring RCRA Facility Investigation 

April1996 Baker Environmental Soil Boring RCRA Facility Investigation 

October 1996 ICHOR 6 Installed for Interim Corrective Measure Product Recovery System 

October 1996 ICHOR 6 Installed for Interim Corrective Measure Product Recovery System 

October 1996 ICHOR 6 Installed for Interim Corrective Measure Product Recovery System 

October 1996 ICHOR 6 Installed for Interim Corrective Measure Product Recovery System 

October 1996 ICHOR 6 Installed for Interim Corrective Measure Product Recovery System 

October 1996 ICHOR 6 Installed for Interim Corrective Measure Product Recovery System 

October 1996 ICHOR 6 Installed for Interim Corrective Measure Product Recovery System 

October 1996 ICHOR 6 Installed for Interim Corrective Measure Product Recovery System 
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Well Number 

UGW-2 

UGW-3 

UGW-4 

UGW-6 

UGW-7 

UGW-8 

UGW-10 

UGW-11 

UGW-12 

UGW-13 

UGW-14 

UGW-15 

UGW-16 

UGW-17 

UGW-18 

UGW-19 

UGW-20 

UGW-23 

UGW-24 

UGW-25 

GW02 

GW03 

470MW1 

470MW3 

7MW01A 

7MW02 

7MW03 

7MW04 

Notes: 

TABLE 4-2 

SUMMARY OF GROUNDWATER ELEVATIONS 
AS OF MAY 10, 1996 

RFI SWMU 7/8- TOW WAY FUEL FARM 
NAVAL STATION ROOSEVELT ROADS 

CEIBA, PUERTO RICO 

Top of PVC Casing Ground Surface 
Elevation Elevation Depth to Water 

(ft. MSL)(J> (ft. MSL)(J> (ft./bgs) 

161.93 160.03 55.63 

124.76 122.63 26.53 

120.21 118.6 26.68 

111.24 109.23 10.69 

109.81 108.2 •• 
110.03 108.34 8.59 

110.5 108.65 9.78 

109.45 107.55 9.17 

113.97 112.17 19.58 

113.34 111.44 19.1 

119.25 117.51 17.05 

112.33 110.41 12.27 

113.63 111.83 13.09 

112.28 110.62 15.19 

114.28 112.75 13.6 

112.27 110.55 15.07 

111.92 109.21 14.33 

169.2 165.91 65.87 

178.94 176.17 74.28 

153.92 151.31 52.62 

113.57 111.49 11.97 

113.18 110.89 11.59 

133.2 130.16 31.25 

123.17 120.58 21.42 

128.43 130.16 26.68 

148.53 145.57 45.23 

179.33 176.98 73.33 

182.59 180.65 79.45 

<1> Elevations given are feet (ft.) above mean sea level (MSL) plus 100 feet. 
bgs = below ground surface 

K:IPROD\SRN-RP1\200SICT0-0277\RFI\4-2. TAB 

Groundwater 
Elevation 

(ft. MSL)(I) 

106.3 

98.23 

93.53 

100.55 

101.03 

101.44 

100.72 

100.28 

94.39 

94.24 

102.2 

100.06 

100.54 

97.09 

100.68 

97.2 

97.59 

103.33 

104.66 

101.3 

101.6 

101.59 

101.95 

101.75 

101.75 

103.3 

106 

103.14 
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Top of 
Casing Depth to 

Monitoring Elevation Product 
Well (ft-msl) (ft) 

RW-1 15.22 

RW~2 12.03 

RW-4 8.8 

RW-5 8.29 

RW-6 8.09 

RW-7 8.6 

RW-8 8.49 

UGW-1 16.3 12.56 

UGW-2 61.9 54.73 

UGW-3 24.8 19.61 

UGW-4 20.2 14.69 

UGW-5 16 10.48 

UGW-6 11.2 --
UGW-7 9.8 7.65 

UGW-8 10 7.56 

UGW-9 9.2 7.65 

UGW-10 10.5 8.35 

UGW-11 9.5 8.65 

UGW-12 14 9.61 

• 
TABLE 4-3 

MONITORING WELL MEASUREMENTS 
TOW WAY FUEL FARM 

NAVAL STATION ROOSEVELT ROADS 
CEIBA, PUERTO RICO 

Date: 01128/97 

Depth to Apparent 
Water Product 

(ft) Thickness (ft) 

23.32 8.1 

12.93 0.9 

9.17 0.37 

8.56 0.27 

8.26 0.17 

9.12 0.52 

8.8 0.31 

14.91 2.35 

54.73 0 

25.71 6.1 

26 11.31 

12.83 2.35 

-- 0 

7.65 0 

7.56 0 

7.65 0 

9.35 1 

8.65 0 

18.8 9.19 

Data taken from ICHOR Quarterly Progress Report, April 14, 1997 

• 

Date: 02/25/97 

Depth to Depth to Apparent 
Product Water Product 

(ft) (ft) Thickness (ft) 

16.65 19.63 2.98 

14.3 14.85 0.55 

8.8 8.8 0 

8.7 9.25 0.55 

8.5 8.67 0.17 

7.35 7.72 0.37 

8.8 9.05 0.25 

12.9 15.8 2.9 

54.73 54.73 0 

19.8 25.78 5.98 

14.71 26.02 11.31 

8.2 8.5 0.3 

8.11 8.24 0.13 

llff --~' 
0 

7.54 7.54 0 

7.64 7.64 0 

9.34 9.34 0 

8.88 8.88 0 

9.6 16.6 7 



• 

Top of 
Casing Depth to 

Monitoring Elevation Product 
Well (ft-msl) (ft) 

UGW-13 13.3 10.23 

UGW-14 19.2 15.9 

UGW-15 12.3 11.73 

UGW-16 13.8 12.38 

UGW-17 12.3 9.94 

UGW-18 14.3 12.77 

UGW-19 12.3 10.25 

UGW-20 11.9 11.61 

UGW-21 13.3 11.74 

UGW-22 15.2 5.34 

UGW-23 69.2 64.57 

UGW-24 78.9 74.95 

UGW-25 53.9 49.38 

UGW-26 14.5 8.3 

470 MW-1 78.04 

470MW-3 72.17 

MW-1 11.2 

MW-2 10.85 

MW-3 13.48 

• 
TABLE 4-3 (Continued) 

MONITORING WELL MEASUREMENTS 
TOW WAY FUEL FARM 

NAVAL STATION ROOSEVELT ROADS 
CEIBA, PUERTO RICO 

Date: 01128/97 

Depth to Apparent Depth to 
Water Product Product 

(ft) Thickness (ft) (ft) 

17.9 7.67 10.23 

15.9 0 15.88 

11.73 0 11.7 

12.38 0 12.37 

14.74 4.8 9.92 

12.77 0 12.5 

14 3.75 10.19 

11.61 0 11.57 

13.89 2.15 11.69 

5.34 0 5.6 

64.57 0 64.5 

74.95 0 74.95 

50.96 1.58 49.38 

8.3 0 8.27 

78.04 0 78 

72.17 0 72.17 

11.2 0 11 

10.85 0 10.5 

15.73 2.25 13.6 

Data taken from ICHOR Quarterly Progress Report, April14, 1997 

• 

Date: 02/25/97 

Depth to Apparent 
Water Product 

(ft) Thickness (ft) 

17.8 7.57 

15.88 0 

11.7 0 

12.37 0 

14.74 4.82 

12.5 0 

13.93 3.74 

11.57 0 

13.63 1.94 

5.6 0 

64.5 0 

74.95 0 

50.49 1.11 

8.27 0 

78 0 

72.17 0 

11 0 

10.5 0 

16.1 2.5 



• 

Top of 
Casing Depth to 

Monitoring Elevation Product 
Well (ft-msl) (ft) 

MW-4 9.8 

PW-1 9.1 

PW-2 11.24 

PW-3 13.28 

PW-4 11.84 

PW-5 13.03 

PW-6 12.28 

• 
TABLE 4-3 (Continued) 

MONITORING WELL MEASUREMENTS 
TOW WAY FUEL FARM 

NAVAL STATION ROOSEVELT ROADS 
CEIBA, PUERTO RICO 

Date: 01/28/97 

Depth to Apparent Depth to 
Water Product Product 

(ft) Thickness (ft) (ft) 

12.1 2.3 10.9 

9.1 0 9 

12.1 0.86 11.3 

16.95 3.67 13.33 

13.58 1.74 11.64 

16.13 3.1 12.96 

23 10.72 12.33 

Data taken from ICHOR Quarterly Progress Report, April14, 1997 

• 

Date: 02/25/97 

Depth to Apparent 
Water Product 

(ft) Thickness (ft) 

13.2 2.3 

9 0 

12 0.7 

17.55 4.22 

13.58 1.94 

18.75 5.79 

23.26 10.93 
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Well Number Well Head Test 

GW03 Slug Test 

UGW-3 Slug Test 

UGW-7 Slug Test 

UGW-16 Slug Test 

UGW-20 Slug Test 

UGW-25 Pump Test 

7MW01A Pump Test 

7MW02A Pump Test 

K:IPROD\SRN-RPT\200S\CT0-0277\RFI\4-4 .TAB 
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TABLE 4-4 

SUMMARY OF WELLHEAD TEST DATA 
RFI SWMU 7/8- TOW WAY FUEL FARM 
NAVAL STATION ROOSEVELT ROADS 

CEIBA, PUERTO RICO 

Hydraulic Conductivity (K) (ft/day) 
Bouwer and Rice Hantush - Jacob 

Transmissivity 
Falling Head Rising Head (ft2/day) Storativity 

7.59 2.51 -- --
-- 4.17 -- --
-- 47.06 -- --
-- 10.31 -- --
-- 12.34 -- --
-- -- 957 8.2 X 10·3 

-- 1.17 X 10·2 288.6 308.8 

-- 4.69 X 10·2 3 --

• 

Theis 

Transmissivity 
(ft2/day) Storativity 

-- --
-- --
-- --
-- --
-- --

959 8.2 X 10·3 

288.5 317.7 

-- --
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5.0 NATURE AND EXTENT OF CONTAMINATION 

This section presents a overview of chemical analytical results obtained from samples taken during 

multiple field investigations at the site performed by Baker and other firms. The objective of this 

section is to characterize the nature and assess the extent of potential site contamination. The 

delineation of the extent includes previous sampling results to fully define the extent of potential 

contamination. SWMU characterization data was obtained through sample collection and analysis 

of the surface and subsurface soil and groundwater. SWMUs 7 and 8 are discussed separately in 

terms of sampling results; however, all data from both SWMUs has been used to interpret site 

conditions. 

SWMU-specific sample results presented in the following sections have been compared to several 

criteria. Organic compounds detected in soil samples were compared to their respective risk based' 

concentrations (RBCs) for both residential and industrial conditions as determined by USEP A 

Region III (May 30, 1996). Inorganic compounds were compared to the RBCs as well as 

background levels. Background levels were broken down into two categories: maximum 

background concentration and the average background concentration plus two standard deviations . 

Organic compounds detected in the groundwater samples were compared to their respective tap 

water RBCs as well as the federal maximum contaminant levels (MCLs). Inorganic compounds 

were compared to the RBCs, MCLs, maximum background concentrations, and average background 

concentrations plus two standard deviations. 

Appendix E presents the chain-of-custody forms while Appendices K and L presents the analytical 

results and frequency of detections and quality assurance/quality control results, respectively. 

5.1 Background Conditions 

Background samples collected during this investigation included surface and subsurface soil and 

groundwater. These samples were obtained from a series of four background monitoring wells 

installed along Boxer Road northwest of the Crash Crew area (details of the background sampling 

locations are provided in Section 3.4). The background samples were analyzed for the full 

Appendix IX parameter list. Tables 5-1 through 5-6 presents the results of the analytical testing of 

background samples . 
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5.1.1 Surface Soil 

Table 5-1 shows those organic compounds detected in the surface soil samples collected from the 

four background monitoring wells. There were no VOCs detected in this sample set, however, three 

SVOCs were detected in one of the samples, BGMWOl-00. In this sample fluoranthene, 

butylbenzylphthalate, and bis(2-ethylhexyl)phthalate were detected at concentrations of 46J 

micrograms per kilogram (J.lg/kg), 62J J.lg/kg, and 92J J.lg/kg, respectively. None of these 

concentrations exceeded their respective RBCs (residential or, industrial). 

Ofthe inorganic compounds detected in the surface soil samples, only the compounds arsenic and 

beryllium exceeded their RBC for residential soil (0.43 mg/kg and 0.15 mg/kg, respectively). A 

review of Table 5-2 shows that exceedences occurred in samples BGMW01-00, BGMW03-00, and 

BGMW04-00. Arsenic concentrations ranged from 1.2 mg/kg at BGMW01-00 to 1.8 mg/kg at 

BGMW04-00. Beryllium concentrations ranged from 0.21 mg/kg at BGMW04-00 to 0.36 mg/kg 

at BGMW01-00. Further review shows that these concentrations are below the RBCs 3.8 mg/kg 

(arsenic) and 1.3 mg/kg (beryllium) for industrial soil. 

5.1.2 Subsurface Soil 

Trace concentrations of organic compounds (VOCs, SVOCs, pesticides, and dioxin) were detected 

in this sample set as shown Table 5-3. Detected compounds included xylene (VOC), 

di-n-butylphthalate (SVOC), 2,4,5-T (herbicide), and total HXCDD (dioxin). Of these compounds, 

one dioxin, total HXCDD, exceeded the residential soil RBC of0.1 J.lg/kg in sample BGMW03-03 

with an estimated concentration of 0.31J J.lg/kg. This concentration was below the industrial soil 

RBC of 0.9 J.lg/kg. No other compound in the sample set exceeded either the residential or industrial 

soil RBC. 

A comparison of background inorganic concentrations to the residential RBCs shows that two 

compounds, arsenic and beryllium, exceeded criteria (Table 5-4). Arsenic exceeded in all of the 

samples except BGMWO 1-06 (nondetect). Concentrations ranged from 0. 71 mg/kg at BGMW02-05 

to 2.4J mg/kg at BGMW03-03. Beryllium exceeded in all samples except BGMW03-03 and 

BGMW04-04. Concentrations of beryllium exceeding the residential RBC ranged from 0.25 mg/kg 

5-2 



• 

• 

• 

at BGMW03-04 to 0.74 mg/kg at BGMW02-08. All inorganic concentrations in this sample set 

were below their respective industrial soil RBCs. 

5.1.3 Groundwater 

A total of three SVOCs were detected in this sample set and include dimethylphthalate, 

bis(2-ethylhexyl)phthalate, and acetophenone (Table 5-5). Only sample BGMW03 exhibited 

concentrations for bis(2-ethylhexyl)phthalate (7J micrograms per liter [f.lg/L]) and acetophenone (lJ 

f.lg/L) in excess oftap water RBCs (4.8 f.lg/L and 0.042 f.1g/L, respectively). Only the concentration 

for bis(2-ethylhexyl)phthalate exceeded the MCL of 6 f.1g/L. All other organic compound 

concentrations were below their respective RBC and MCL concentrations. 

Table 5-6 presents those inorganic compounds detected in the background groundwater samples for 

both the total and dissolved fractions. From the total fraction, arsenic concentrations from 

BGMW03 (1.7J f.lg/L) and BGMW04 (3.6 f.lg/L) exceeded the tap water RBC of0.0445 f.lg/L. These 

concentrations were below the MCL of 50 f.1g/L. A beryllium concentration of 2.3 f.lg/L in 

BGMW04 and 2.0 f.lg/L in BGMWO 1 exceeded the tap water RBC of 0.016 f.lg/L, but were below 

the MCL of 4 f.1g/L. Cadmium in BGMW01 (7.5 f.1g/L) was the only sample to exceed its MCL 

(5 f.lg/L) in this sample set. Vanadium in sample BGMW04 exceeded the tap water RBC of 

260 f.1g/L with a concentration of 549 f.lg/L. Currently, there is no MCL for this element. There 

were no dissolved inorganic concentrations which exceeded either the tap water RBCs or MCLs. 

5.2 SWMU 7- Tow Way Fuel Farm 

Samples collected from this site included seven surface soil samples, 17 subsurface soil samples, 

and 11 groundwater samples. Soil samples were analyzed for Appendix IX VOCs, SVOCs, RCRA 

metals, TPH (gas and diesel). Table 5-7 presents those organic compounds detected in the surface 

soil while Table 5-8 shows inorganic compounds detected. Tables 5-9 and 5-10 show those organic 

and inorganic compounds detected in the subsurface soil samples. Tables 5-11 and 5-12 correspond 

to the organic and inorganic compounds detected in the groundwater samples. A graphical 

presentation of the detected compounds in the environmental samples which exceed the screening 
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criteria or were selected as COPCs in the risk assessment (Section 6.0) are shown on Figures 5-1 

through 5-9. Each media is individually discussed below. 

5.2.1 Surface Soil 

Figures 5-1 and 5-2 show the locations of samples and detected compounds found in the surface soil 

sample set which exceed the screening criteria or were selected as COPCs in the risk assessment 

(Section 6.0). It should be noted that sample 7MW01-00 was collected from the location of 

7MW01. Sample 7SB03-00 was collected from the location north ofForrestal Drive where the soil 

boring (7SB03) was originally located. The final location of soil boring 7SB03 was actually placed 

south ofForrestal Drive between existing wells UGW-16 and UGW-18 due to close proximity of 

utilities north ofForrestal Drive. 

Only three samples (of seven total) from this set exhibited VOC or SVOC concentrations above the 

method detection limits (Table 5-7). These samples included 7MWO 1-00, 7MW02-00, and 

7MW03-00. Of the VOCs, low concentrations of acetone (54J Jlg/kg, 7MW03-00) and total xylene 

(2J Jlg/kg, 7MW02-00) were detected. Surface soil sample 7MW03-00 exhibited the greatest 

number of detections; however, only benzo(a)pyrene, detected at a concentration of 130J Jlg/kg, was 

found to be in excess of the residential soil RBC (88 Jlg/kg). All other organic compound 

concentrations were below both the residential and industrial soil RBCs. TPH (gasoline) was 

detected in one surface soil sample, 7SB03-00, at a concentration of 19J Jlg/kg. This concentration 

is well below the 100 mg/kg clean-up standard established by the PREQB. There were no reported 

concentration ofTPH (diesel) above the method detection limits. 

Inorganic compounds detected in the surface soil sample set are presented on Table 5-8. Inorganic 

compounds in the surface soil samples collected which exceed the screening criteria or were selected 

as COPCs in the risk assessment (Section 6.0) are presented on Figure 5-2. Arsenic was detected 

in excess of the residential soil RBC (0.43 mg/kg) in five of the seven samples. Concentrations 

ranged from 0.75 mg/kg in sample 7SB03-00 to 1.1 mg/kg in samples 7MW01-00, 7SB01-00, and 

7SB02-00. The reported concentrations from these samples were below the industrial soil RBC, 

maximum background, and average background plus two standard deviations. Barium exceeded 

both the maximum background (169 mg/kg) and average plus two standard deviations (205.5 mg/kg) 
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in sample 7MW03-00 with a concentration of 342 mg/kg; however, this level was below the RBC 

for residential and industrial soil. Beryllium concentrations in all of the samples, except 7SB03-00, 

exceed the residential RBC of0.15 mg/kg. Concentrations ranged from 0.21 mg/kg in 7SB02-00 

to 1.8 mglkg in 7MW03-00. The beryllium concentration in 7MW03-00 also exceeded all remaining 

criteria. Sample 7MW02-00 exceeded the maximum background level of 0.36 mg/kg. 

Cadmium was detected in each of the surface soil samples, with the exception of 7MW03-00, at 

concentrations in excess of both background screening levels which were nondetect. Concentrations 

ranged from 0.022 mg/kg at 7MW04-00 to 0.55 mg/kg at 7SB02-00, however, these concentrations 

were well below the residential RBC of 39 mg/kg. Chromium exceeded both background screening 

levels in sample 7MW03-00 with a concentration of 64.9J mglkg, but was below the residential RBC 

of 390 mglkg. The surface sample 7MW02-00 exhibited a cobalt concentration of 30.4J mg/kg that 

is greater than the maximum background level of30.2 mg/kg; however, this concentration was less 

than all the other screening levels. A lead concentration in sample 7SB02-00 of 20.3 mg/kg 

exceeded both background screening levels. The maximum background level for lead (10.9 mg/kg) 

was exceeded in samples 7MW01-00 (15.1 mglkg), 7MW03-00 (13.2 mg/kg), 7SB01-00 

(13.1 mg/kg), and 7SB03-00 (14.7 mg/kg), but were below the average concentration plus two 

standard deviations. Both background screening levels for nickel were exceeded in 7MWO 1-00, 

7MW02-00, and 7MW03-00 with concentrations of 24.9 mg/kg, 17.6 mg/kg, and 25.4 mg/kg, 

respectively. 7SB01-00 contained nickel in excess of the maximum background with a 

concentration of 11.7 mg/kg. These nickel concentrations were below both the residential RBC 

(1600 mg/kg) and industrial RBC (41,000 mglkg). 

Summary 

Low levels of organic compounds, mostly polyaromatic hydrocarbons (PAHs), were detected in 

three samples; their concentrations were below the applicable residential and industrial RBC. The 

only exception to this occurred in sample 7MW03-00 where benzo(a)pyrene exceeded the residential 

RBC. Some inorganic compounds were reported in excess of the background screening levels and 

residential RBCs, however, only beryllium in sample 7MW03-00 slightly exceeded the industrial 

RBC. Inorganic concentrations in excess of background criteria may be related to the nature of the 

soil at the site. Much of the surface soil at the site was derived from dredge material from Ensenada 
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Honda and may contain naturally higher inorganic concentrations than the background soil. 

Additionally, site soil generally has been derived from gabbro which contains a greater concentration 

of heavy metals. 

5.2.2 Subsurface Soil 

Of the 21 subsurface soil samples (including four duplicate samples) submitted for analysis, nine 

did not report any VOCs or SVOCs above the method detection limits (Table 5-9). This includes 

both samples collected from soil boring 7SB03 located south of Forrestal Drive between existing 

wells UGW-16 and UGW-18 (Figure 5-3). Ofthe organic compounds detected in the sample set, 

only one compound, benzo(a)pyrene exceeded the residential RBC. This occurred in sample 

7SB02-03 (depth of 6 to 8 feet bgs) with a concentration of 290J J.lg/kg. This sample also contained 

the greatest number of detections with 12. It should be noted that the second sample from this 

boring, 7SB02-06 from a depth of 12 to 14 feet bgs, did not report any concentration above the 

method detection limits. The next highest number of detections occurred in boring 7SB01 located 

southwest of Tank 85 where a total of four subsurface soil samples were collected . 

Samples 7SB01-05 (10 to 12 feet bgs) and 7SB01-08 (16 to 18 feet bgs) both reported six detections. 

Although these borings reported the highest number of detections, their concentrations were below 

both the residential and industrial RBCs. 

TPH (diesel) was detected in a total of five samples from two locations in excess of the PREQB 

standard of 100 mg/kg. These locations included 7MW01 and 7SB01. At 7MW01 the sample 

collected from a depth of 14 to 16 feet bgs showed a TPH concentration of 420 mg/kg while the 

duplicate sample 7MW01-12D (24 to 26 feet bgs) showed a concentration of 120J mg/kg. The upper 

sample from 7MW01 (14 to 15 feet bgs) was situated roughly 13 feet above the water table (depth 

of27 feet bgs) with a PID reading of 124 parts per million (ppm) recorded. Sample 7MW01-12 was 

collected immediately above the water table with a PID reading of 2.5 ppm. Three of the four 

samples collected from 7SBO 1 contained concentrations greater than the standard. These samples 

included 7SBO 1-05 ( 10 to 12 feet bgs ), 7SBO 1-08 ( 16 to 18 feet bgs ), and 7SBO 1-11 (22 to 24 feet 

bgs) with concentrations of 410 mg/kg, 5 50 mg/kg , and 4400 mg/kg, respectively. Groundwater 

at 7SBO 1 was encountered at a depth of 26 feet bgs which is immediately below sample 7SBO 1-11 . 
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The TPH concentrations detected above the water table (7SBO l-05 and -08) may be related to past 

releases from Tank 85 or its associated piping. 

Inorganic compounds in the subsurface soil samples collected which exceed the screening criteria 

or were selected as COPCs in the risk assessment (Section 6.0) are presented on Figure 5-4. Of the 

six RCRA metals which had detected concentrations presented on Table 5-10, arsenic was the only 

one found to exceed its residential RBC (0.43 mg/kg). These included 7SB01-04 (8 to 10 feet bgs) 

at 0.81 mglkg, 7SB01-05 (10 to 12 feet bgs) at 0.44 mg/kg, 7SB02-07 (14 to 16 feet bgs) at 

0. 72 mg/kg, 7SB03-08 (16 to 17 feet bgs) at l.lJ mglkg, and 7MW04-07D (14 to 14.5 feet bgs) at 

0.51J mg/kg. Each of these concentrations were below all other screening criteria. Cadmium 

exceeded both background criteria in one sample 7SB03-06 (12 to 13 feet bgs) with a concentration 

of 0.93 mg/kg, but was below both residential and industrial RBCs. The maximum background 

level for cadmium (0.62 mglkg) was minimally exceeded in two additional samples 7SBO 1-11 (22 to 

24 feet bgs) and 7SB03-08 (16 to 17 feet bgs) with concentrations of 0.63 mglkg and 0.67 mglkg, 

respectively. Lead exceeded both background screening levels in subsurface soil sample 7MW02-17 

with a concentration of 13J mg/kg, but was below both the residential and industrial RBCs. Four 

samples exceeded both background criteria for silver including 7SB02-06 (12 to 14 feet bgs) at 

0.41 mg/kg, 7MW02-11 (22 to 24 feet bgs) at 0.53 mg/kg, 7MW03-06 (12 to 12.5 feet bgs) at 

0.78 mg/kg, and 7MW04-07 (14 to 14.5 feet bgs) at 0.49 mg/kg. None of the samples within this 

set contained concentrations in excess of the industrial soil RBCs. 

As shown by this sample set, several SVOCs (mostly PAHs) were detected. These detections 

occurred mostly at boring locations 7SBO 1, 7SB02, and to a lesser extent 7MWO 1. The locations 

of these borings are generally downslope of the fuel farm in an area where previous investigations 

have shown contamination to be present. The concentrations of these compounds were below the 

RBCs for industrial soil. Generally, the data appears to indicate that residual impacts from past 

spills, as they affect subsurface soil, lessens northward. 

5.2.3 Groundwater 

Eleven groundwater samples from SWMU 7 were analyzed for Appendix IX VOCs, SVOCs, and 

dissolved RCRA metals. Organic compound concentrations are presented on Table 5-ll and 
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Figure 5-5 which exceed the screening criteria or were selected as COPCs in the risk assessment 

(Section 6.0) while inorganic concentrations are presented on Table 5-12 and Figure 5-6 which 

exceed the screening criteria or were selected as COPCs in the risk assessment (Section 6.0). 

Monitoring weli7MW01A was the only location where VOCs were detected including methylene 

chloride, chloroform, ethylbenzene, and xylene. Methylene chloride exceeded both the tap water 

RBC (4.1 Jlg/L) and the MCL (5 Jlg/L) with a concentration of6 Jlg/L. Chloroform was detected 

at a concentration of 6 Jlg/L which was in excess of the tap water RBC, but less than the MCL. 

SVOCs, mostly related to PAHs, were detected at each station with the exception of 7MW03. Of 

the compounds detected only bis(2-ethylhexyl)phtha1ate in sample UGW -10 (7 J Jlg/L) exceeded the 

tap water RBC of 4.8 Jlg/L and the MCL of 6 Jlg/L. A review of Table 5-11 shows that monitoring 

wells UGW-1 0 and UGW -2 exhibited the greatest number of maximum concentrations of SVOCs 

with three each. UGW-3 detected the maximum concentration for two compounds, naphthalene and 

fluorene. The above detected compounds, methylene chloride, chloroform, and bis 

(2-ethylhexyl)phthalate, are not fuel related compounds, but are typical laboratory artifacts. Based 

on the site's history (it has always been used for the storage of fuels and not solvents or plasticizers), 

it is believed that the detection of these compounds is related to laboratory activities as opposed to 

being site related. 

Table 5-12 presents the analytical results of the dissolved inorganics. When compared to the tap 

water RBCs, only one compound, arsenic at monitoring well location UGW-20 (with a concentration 

of6.6 Jlg/L) exceeded the RBC of0.045 Jlg/L. This arsenic value also exceeded both background 

screening levels. Barium exceeded both background criteria in four of the groundwater samples 

including 7MW01A, 7MW03, UGW-2, and UGW-20. Concentrations ranged from 187 Jlg/L at 

7MW03 to 1070 Jlg/L at UGW-20. Barium was detected in sample 7MW04 at a concentration of 

160 Jlg/L which exceeded the maximum background level of 148 Jlg/L. The MCL for barium is 

2000 Jlg/L, which was not exceeded in any groundwater sample. Cadmium in UGW-2 (5.8 Jlg/L) 

was the only compound to exceed the MCL (5 Jlg/L) as well as both background screening levels. 

Three additional samples exceeded both background screening levels (nondetect) including 7MW03 

(4.6 Jlg/L), GW-03 (3.2 Jlg/L), and UGW-20 (3.4 Jlg/L). Lead concentrations that exceeded both 

background screening levels were found in samples 7MW01A (2.5J Jlg/L), UGW-2 (4.8J Jlg/L), and 

UGW-3 (1.8 Jlg/L). These concentrations did not exceed the MCL for lead. Mercury exceeded 
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background screening levels in samples 7MW03 and UGW-7 with concentration of0.37 11g!L and 

O.IIJ 11g/L, respectively. Both of these concentrations were below the federal MCL of2 11g/L. 

Summary 

The organic compounds detected, although present at levels well below their tap water RBCs and 

MCLs, does show that site operations have impacted this media. The relative lack of volatile 

organic compounds in the groundwater and the presence of multiple PAHs at low concentrations 

would appear to indicate residual contamination related to historical spills/releases that have been 

subjected to attenuation through natural biological degradation. This observation is supported by 

the general increase in the number of detections shown toward the downslope (south) center of the 

TWFF. A natural collection point for spills would be expected in this area based on the topography 

and underlying geology. This is supported by the analytical findings. The exception to this 

observation is the detection of contaminants at well UGW-10 located east of Pier 1 and in close 

proximity to the distribution lines. Contaminants at this location is most likely associated with or 

following the distribution lines . 

5.3 SWMV 8 - TWFF Disposal Pits 

A total of 11 test pits/trenches were excavated in the TWFF area. From these test pits/trenches, four 

surface soil samples and 14 subsurface soil samples (from six test pits) were collected. Subsurface 

soil samples were not collected from 8TT01, 8TT02, 8TP05, 8TP08, and 8TP09 since there was no 

evidence of a disposal pit seen at these locations. All SWMU 8 soil samples were analyzed for 

Appendix IX VOCs, SVOCs, RCRA metals, and TPH (gas and diesel). 

5.3.1 Surface Soil 

The five surface soil samples (including one duplicate) were collected in association with the 

excavation of selected test pits. Surface soil samples and their associated test pits included: 

• 8SSOI -8TP07 

• 8SS02 - 8TP03 
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8SS03 - 8TP08 

8SS04- 8TP09 

Table 5-13 and Figure 5-1 present those organic compounds detected in the sample set which exceed 

the screening criteria or were selected as COPCs in the risk assessment (Section 6.0) while 

Table 5-14 and Figure 5-8 show those inorganic compounds detected which exceed the screening 

criteria or were selected as COPCs in the risk assessment (Section 6.0). 

The only VOC detected in this soil sample set was acetone in sample 8SS03D at a concentration of 

22 Jlg/kg. This concentration did not exceed either the residential or industrial RBCs and is believed 

to be a laboratory artifact rather than site related. SVOCs were detected in three of the five samples 

including 8SS01, 8SS02, and 8SS04. Sample 8SS01 exhibited the greatest number of SVOC 

detections as well as the highest concentrations in the soil sample set. 8SS02 detected 

benzo(g,h,i)perylene at a concentration of 70J Jlg/kg. Sample 8SS04 detected 41J Jlg/kg of 

benzo(b )fluoranthene. All concentrations of the compounds detected were below the applicable 

residential and industrial RBCs . 

Arsenic levels exceeded the residential RBC (0.43 Jlg/kg) in each of the five samples, but were less 

than the industrial soil RBC (3.8 mglkg). One of these samples, 8SS01, exceeded the maximum 

background level of 1.8 Jlg/kg with a concentration of2.2 Jlg/kg. Cadmium concentration in 8SS02 

exceeded both background screening levels with a concentration of 0.28 Jlg/kg, but was lower than 

both RBCs. Arsenic (2.2 mg/kg) and lead (13.1 mg/kg) in surface soil sample 8SS01 also exceeded 

the maximum background screening level. 

5.3.2 Subsurface Soil 

Analytical data for the subsurface soil samples ate presented on Table 5-15 and Figure 5-8 for the 

organic compounds and Table 5-16 and Figure 5-9 for the inorganic compounds which exceed the 

screening criteria or were selected as COPCs in the risk assessment (Section 6.0). Each separate test 

pit is discussed individually since the findings widely vary . 

5-10 



• 

• 

• 

Test Pit 8TPO 1 

Test pit 8TP01 was excavated to a total depth of7.5 feet bgs and total length of26 feet. A single 

sample was collected from test pit 8TPO 1 from a depth of 7 to 7.5 feet bgs based on an elevated PID 

reading (3 ppm). This sample, 8TP01-04, was found to contain ethylbenzene and xylene at 

concentrations of 89 J.l.g/kg and 650 J.l.g/kg, respectively. Both of these concentrations were below 

their respective residential and industrial RBCs. This sample also contained TPH gas and diesel 

concentrations of7,400 J.l.g/kg and 3,000 mglkg, respectively. The diesel concentration is in excess 

of the PREQB standard of 100 mg/kg. Detectable concentrations of naphthalene, 

2-methylnaphthalene, dibenzofuran, fluorene, and phenanthrene were reported in this sample, but 

they did not exceed any screening criteria. 

Among the inorganic compounds detected in sample 8TP01-04, arsenic was the only compound to 

exceed the residential RBC (0.43 mglkg) with a concentration of 1.6 mglkg. Lead slightly exceeded 

the maximum background level ( 6.6 mglkg) with a concentration of 6. 7 mg/kg. Selenium exceeded 

both background screening levels with a concentration of 1. 7 J mg/kg. All reported concentrations 

for the soil samples were below the applicable industrial soil RBCs. 

Test Pit 8TP02 

Test pit 8TP02 was excavated to a total depth of 11 feet bgs and total length of 61 feet. During the 

excavation of8TP02 (located north of Tank 84 and west of Tank 1080) a black, tar-like, substance 

was encountered at a depth of approximately one foot bgs. A sample of this material was collected 

for analysis and, although no VOCs were detected, TPH diesel was detected at a concentration of 

290J mg/kg. This diesel concentration was in excess of the PREQB standard. Several SVOCs were 

detected in this sample; however, only two compounds exceeded both RBCs. These compounds 

were benzo(a)anthracene (1,700J J.l.g/kg) and benzo(a)pyrene (23,000J J.l.g/kg). The other samples 

from this test pit (8TP02-02 and 8TP02-06) from a depth of 3 feet bgs and 11 feet bgs, respectively, 

was found to not contain any compound concentrations above the method detection limits. In an 

attempt to define the extent of the tar-like substance, a second trench was excavated adjacent to and 

north of 8TP02. This second trench had an excavated length of 26 feet to a depth of 3 feet bgs . 
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There was no evidence of the tar-like substance observed in this second pit indicting that this 

substance is apparently confined to a small area immediately at 8TP02. 

The subsurface soil samples from 8TP02 contained concentrations of arsenic which exceeded the 

residential RBC. One sample, 8TP02-01, also exceeded both background criteria. Lead exceeded 

both background criteria in the soil samples with levels of 55.7 mglkg in 8TP02-01, 48.4 mg/kg in 

8TP02-01D, and 12.2 mg/kg in sample 8TP02-02. Mercury and selenium exceeded the average 

background plus two standard deviations in sample 8TP02-02 with concentrations of 0.17 mg/kg and 

1.1J mglkg, respectively. None of the concentrations reported for the samples from this test pit 

exceeded the applicable industrial soil RBCs. 

Test Pit 8TP03 

Test pit 8TP03, comprised of two separate trenches, was excavated south of Tank 83. The first 

trench was excavated in a north-south direction (total depth of 1 foot bgs and total length of91 feet) 

while the second trench (total depth of 6 feet bgs and total length of 40 feet) bisected the first in an 

east-west direction. A total of three environmental samples were collected. Samples were collected 

from depths of zero to one foot, one foot, and four feet bgs. The north-south trench encountered a 

concrete slab at a depth of one foot bgs. The overlying soil contained patches of a tar-like substance 

from which the uppermost sample was collected. This sample did not contain detectable 

concentrations of VOCs, but did exhibit a TPH diesel concentration of 280J mg/kg, which is in 

excess of the PREQB standard. Of the SVOCs detected, benzo(a)anthracene and 

benzo(b )fluoranthene were reported at levels exceeding the residential RBCs, but below the 

industrial RBCs with concentrations of 6,000J J.lg/kg and 3,200 J.lg/kg, respectively. Benzo(a)pyrene 

was reported at a concentration (12,000J J.lg/kg) exceeding the residential and industrial RBCs. The 

second sample was collected from the east half of the bisecting trench of a sandy material used as 

pipe backfill containing visible product (refer to the test pit record for 8TP03 in Appendix B). The 

pipe and sand backfill were encountered roughly at a depth of three feet bgs. This sample, 

8TP03-0 1, contained a TPH diesel concentration of 31 OJ mg/kg. No VOCs were found above the 

method detection limits. Two of the SVOCs detected were reported in excess of the residential 

RBC: benzo(b)fluoranthene (5,900J J.lg/kg) and indeno(l,2,3-cd)pyrene (5,300J J.lg/kg). 

Benzo( a )pyrene was detected in excess of both RBCs at a concentration of 7 ,400J J.lg/kg. The third 
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sample (8TP03-02) was collected from the west half of the bisecting trench immediately above the 

water table which was encountered at a depth of approximately five feet bgs. This sample was found 

not to contain any organic compounds above the method detection limits. Groundwater at this 

location was observed to contain free product. Groundwater and free product were encountered in 

the west bisecting trench at a depth of approximately five feet bgs. 

Samples 8TP03-00 and 8TP03-02 were found to contain arsenic concentrations of 1.9 mglkg and 

0.89 mglkg, respectively, both in excess of the residential RBC (0.43 mglkg). These concentrations 

were below both background screening levels and the industrial RBC. Lead in sample 8TP03-00 

(45.3 mg/kg) exceeded both background screening levels, but was below both the residential and 

industrial RBCs. 

Test Pit 8TP04 

Test pit 8TP01 was excavated to a total depth of7.0 feet bgs and total length of27 feet. A single 

sample was collected from 8TP04 located west of Tank 1080. There were no visible signs of 

contamination at this location. At a depth of seven feet bgs, elevated PID readings were detected 

apparently emanating from a green, clayey soil. A sample of this material was obtained and was 

found to contain TPH diesel at a concentration of 4,500J mglkg; no VOCs were detected. Several 

SVOCs were detected in the sample, but at levels well below the residential and industrial RBCs. 

There were no inorganic compounds reported in excess of background screening levels or residential 

and industrial RBCs. 

Test Pit 8TP06 

Test pit 8TP06 was excavated southwest of Tank 1082. Test pit 8TP06 was excavated to a total 

depth of 8 feet bgs and total length of 13 feet. Two samples were collected at depths of three feet 

and eight feet bgs. Sample 8TP06-0 1 was collected from a brown clay emitting a petroleum odor. 

Sample 8TP06-04 was collected as a confirmatory sample to determine if potential contamination 

was present below the brown clay. The uppermost sample was found to contain ethylbenzene and 

xylene concentrations of690J flg/kg and 5,800 flg/kg, respectively. A TPH diesel concentration of 

22,000 mglkg also was reported in excess of the PREQB standard. Of the four SVOCs detected in 
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the sample, none were reported in excess of the residential or industrial RBCs. The deeper sample 

from this test pit (8TP06-04) showed generally decreasing contaminant concentrations. Xylene was 

detected at a concentration of 850 J.lg/kg and TPH diesel was reported at 8,900J mg/kg. Three 

SVOCs were detected, naphthalene, 2-methylnaphthalene, and phenanthrene, at concentrations 

below all the applicable screening criteria. 

Inorganic analytical results for 8TP06 indicated barium in sample 8TP06-0 1 slightly exceeding the 

maximum background level (246 mg/kg) with a concentration of271 mg/kg. All other inorganic 

concentrations were below the background screening and RBC levels. 

Test Pit 8TP07 

Test pit 8TP07, located southeast of Tank 83, was excavated as a trench with a total length of 

108 feet and a total depth of 12 feet bgs. From this excavation a total of four environmental samples 

were collected. These included 8TP07-00 (zero to one foot bgs), 8TP07-01 (two feet bgs), 8TP07-04 

(seven feet bgs), and 8TP07-05 (12 feet bgs). Sample 8TP07-00 was collected from a dark brown 

topsoil layer that contained visible small pockets of tar-like material. Table 5-15 presents the VOCs 

detected in the sample. All of these concentrations were below screening criteria. TPH diesel was 

detected at a concentration of6,500 mg/kg which is in excess ofthe PREQB standard. Only one 

SVOC, benzo(a)pyrene, exceeded both RBC screening criteria with a concentration of 4,0001 J.lg/kg. 

The sample at a depth of two feet bgs was collected from a zone of brown sand with lenses of white 

putty-like material. This sample was found to contain concentrations of acetone and carbon 

disulfide below applicable screening levels. TPH diesel in the sample was found at a concentration 

of 1,500 mg/kg. The SVOCs detected were present at generally lower concentrations than those 

seen in the uppermost sample with only one of the compounds (benzo(a)anthracene at 908J mg/kg) 

found at a concentration exceeding the residential RBC. 

Soil encountered below a depth of seven feet bgs consisted of a gray sand with lenses of black 

tar-like material. Analysis of the sample taken from this area was found to contain concentrations 

of ethylbenzene and xylene of7,700 J!g/kg and 5,500 J!g/kg, respectively. A TPH diesel level of 
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18,000 mg/kg was detected. Although several SVOCs were detected, none were found at 

concentrations in excess of either the residential or industrial RBC screening criteria. 

The deepest sample collected, 8TP07-05 (12 feet bgs), was found not to contain any compound 

above the method detection limits. Sample 8TP07-05 was collected as a confirmatory sample to 

assess the soil underlying sample 8TP07-04 which contained possible contamination. 

Arsenic was found in all four samples from 8TP07 at concentrations which exceeded the residential 

RBC. Concentrations ranged from 0.45 mg/kg in sample 8TP07-05 to 3.7 mglkg in sample 

8TP07 -1. Reported levels in samples 8TP07 -00 and 8TP07 -01 exceeded both background screening 

levels. Barium in sample 8TP07-05 was found at a level exceeding the maximum background 

screening level of246 mglkg, with a concentration of278 mglkg. Lead exceeded both background 

screening levels in samples 8TP07-00 and 8TP07-04 with concentrations of 47.2 mg/kg and 

70 mg/kg, respectively. A mercury concentration of 0.53 mg/kg exceeded both background 

screening levels in sample 8TP07-04. With the exception of arsenic, inorganic compound levels in 

these samples were below the residential soil RBCs. 

Summaty 

Of the 11 test pits excavated at the site, only six contained visible or field monitoring equipment 

evidence of potential contamination and were sampled. During this phase of the field investigation 

there were no actual disposal pits encountered. The majority of contamination was found in the 

form of lenses or patches of tar-like material. Although disposal pits were not found, the data 

indicates that fuel related constituents are present in the site soils in discrete areas. The data also 

shows that TPH diesel concentrations exceeded the PREQB standards in at least one sample at each 

of the test pits from which samples were obtained. Of the organic compounds detected, only two, 

benzo(a)anthracene and benzo(a)pyrene, were found at concentrations exceeding applicable 

industrial soil RBCs. The locations found to contain the majority of fuel related constituents are 

located near the center ofthe upper portion of the fuel farm . 
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5.4 Complete Data Set Analysis 

This subsection discusses all of the data collected including that collected from the most recent 

investigations and the previous reports presented in Section 2.0. A result of these studies has been 

the installation of 53 monitoring wells/recovery wells, 4 background monitoring wells, and 

27 additional soil borings. The combined data is presented in Tables 5-17 through 5-25 including 

the depths of the samples, if applicable. The installation order for the wells and soil borings is 

summarized on Table 5-26. Figure 3-2 presents the location of the sampling points to 

include: surface soil sampling locations, soil borings, test pits/trenches, monitoring wells, and 

product recovery wells. Overall site topography with the sampling locations is presented on 

Figure 4-1. The data presented in this section have been used in the risk assessment (Section 6.0) 

for COPC selection. 

5.4.1 Site-Wide Surface Soil 

Surface soil samples discussed contain samples only from the recent RFI field effort; previous 

investigations did not report any surface soil sample results. The sample results are presented on 

Table 5-17 which combine the results from the SWMU 7 and 8 sampling efforts. All of the included 

organic and inorganic compound data was validated by an independent, third party validator. 

Organic Results 

Surface soil samples were collected from 0- to 1-feet bgs and included soil boring, surface soil, and 

test pit/trench samples (sludge material). Three surface soil samples exceeded the residential soil 

RBC level (880 Jlg/kg) for benzo(a)anthracene (6,000 to 17,000 Jlg/kg), four samples exceeded the 

residential soil RBC level (88 Jlg/kg) for benzo(a)pyrene (130 to 23,000 Jlg/kg), and one sample 

exceeded the residential soil RBC (880 Jlg/kg) for benzo(b )tluoranthene (3,200 Jlg/kg). Two surface 

soil samples exceeded the industrial soil RBC level (7800 Jlg/kg) for benzo(a)anthracene 

(17,000 Jlg/kg) and three samples exceeded the industrial soil RBC (780 Jlg/kg) for benzo(a)pyrene 

( 4,000 to 23,000 Jlg/kg). TPH-diesel was only detected in the sludge material sampled from the 

0- to 1-foot bgs depth in the test pits/trenches (four samples) in concentrations ranging from 

280,0001 Jlg/kg to 7,000,000 Jlg/kg. A concentration of TPH-gasoline was only detected in one 
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surface soil sample, 7SB03-00, at a concentration of 19J Jlglkg. Those compounds which were 

above the RBC levels are included as COPCs in the risk assessment (Section 6.0). 

Figures 5-10 through 5-20 present isopleth maps for each of the compounds which were detected 

three or more times in three or more locations. Only the locations which were sampled are presented 

on the figures. The organic compounds which have isopleth maps include acetone, 

2-methylnaphthalene, benzo( a)anthracene, benzo( a )pyrene, benzo(b )fluoranthene, 

benzo(g,h,i)perylene, chrysene, fluoranthene, phenanthrene, pyrene, and total TPH. Most of the 

detections were widely scattered across the site and isoconcentration contours could not be 

interpreted. Benzo(a)pyrene and pyrene were the only organic compounds for which figures with 

isoconcentration contours were produced. The contours were based on the highest detected 

concentration at the sample location. Test pit/trench samples for surface soil (8TP02-01, 8TP03-00, 

and 8TP07-00) had detections which were not indicative of the site. These samples were collected 

in sludge material at the surface of the test pits/trenches. In most cases, the corresponding surface 

soil sample (8SS02 for 8TP02 and SSSO 1 for 8TP07) had very low level detected concentrations or 

did not have any detected concentrations for the same constituents. The majority of the organic 

compounds were detected in the three sludge material samples. 

Inorganic Results 

Surface soil samples had detected concentrations which exceeded the residential soil RBC for 

arsenic and beryllium, the industrial soil RBC for beryllium, and the maximum background surface 

soil detected and the background plus two times the standard deviations for arsenic, barium, 

beryllium, cadmium, chromium, lead, mercury, and nickel. The surface soil samples also had 

detected concentrations which exceeded the maximum background surface soil detected for cobalt. 

These concentrations are presented on Table 5-18. Arsenic, beryllium, chromium, and vanadium 

are included as COPCs in the risk assessment (Section 6.0). 
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5.4.2 Site-Wide Subsurface Soil Above the Groundwater Table 

Organic Results 

Subsurface soil samples discussed are from the recent RFI field effort as well as previous 

investigations which reported subsurface soil sample results for organic compounds. The sample 

results are presented on Table 5-19 which combine the results from the SWMU 7 and 8 sampling 

efforts as well as the previous sampling efforts. All of the RFI data was validated by an 

independent, third party validator; however, the results of previous investigation may not have been 

subjected to validation. 

Subsurface soil samples were collected from one foot bgs to the groundwater table and included soil 

boring/monitoring well and test pit/trench samples. These samples were picked from the vadose 

zone based on the site-wide groundwater table encountered, not the occasional perched water which 

is not consistent across the site . 

One subsurface soil sample (8TP07-01, 2 feet bgs) exceeded the residential soil RBC level 

(880 Jlg/kg) for benzo(a)anthracene (980 Jlg/kg), two samples exceeded the residential soil RBC 

level (88 Jlg/kg) for benzo(a)pyrene (290 to 7,400 Jlg/kg), one sample (8TP03-01, 3 feet bgs) 

exceeded the residential soil RBC (880 Jlg/kg) for benzo(b)fluoranthene (5,900 Jlg/kg), and one 

sample (8TP03-01, 3 feet bgs) exceeded the residential soil RBC (880 Jlg/kg) for 

indeno(1,2,3-cd)pyrene (5,300J Jlg/kg). One subsurface soil (8TP03-01, 3 feet bgs) sample exceeded 

the industrial soil RBC level (780 Jlg/kg) for benzo(a)pyrene (7,400 Jlg/kg). TPH-diesel was 

detected in 15 of 26 subsurface soil samples in concentrations ranging from 4,500J Jlg/kg to 

22,000,000 Jlg/kg. A concentration of TPH-gasoline was only detected in one subsurface soil 

sample, 8TP01-04 (7.0 to 7.5 feet bgs), at a concentration of7,400 Jlg/kg. Many samples from the 

previous investigations were analyzed for total TPH (not defined as diesel or gasoline) and were 

detected in 79 of 85 samples in a concentration range of 1,600 Jlg/kg to 26,800,000 Jlg/kg. Sixteen 

samples also were sampled for recoverable TPH. Ten of the 16 samples had detected concentrations 

which ranged from 668,000 Jlg/kg to 121,429,000 Jlg/kg. The detected compounds which were 

above the soil RBC levels in addition to other compounds are included as COPCs in the risk 

assessment (Section 6.0) . 
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Figures 5-21 through 5-30 present isopleth maps for each ofthe compounds which were detected 

three or more times in three or more locations. Only the locations which were sampled are presented 

on the figures. If multiple depths had detected concentrations ofthe same organic compound, the 

greatest detection was used for the mapping. The organic compounds which have isopleth maps 

include acetone, BTEX, 2-methylnaphthalene, anthracene, chrysene, fluorene, naphthalene, 

phenanthrene, pyrene, and total TPH. Most of the concentrations detected were widely scattered 

across the site and at various depths; therefore, isoconcentration contours could not be interpreted. 

2-Methylnaphthalene, fluorene, naphthalene, and phenanthrene were the only organic compounds 

for which figures with isoconcentration contours were produced. The contours were based on the 

highest detected concentration at the sample locations (i.e., if three subsurface soil samples were 

collected within one soil boring, the highest detected value was used in the isoconcentration figure). 

The majority of the organic compounds were detected in the test pit/trench samples from 8TP03, 

8TP06, and 8TP07. The TPH isoconcentration map depicts TPH in soil across the majority of 

SWMU 7/8 at various depths. 

Inorganic Results 

The subsurface soil samples discussed regarding inorganic constituents contain samples only from 

the RFI field effort; previous investigations did not report any subsurface soil sample results for 

inorganics. The sample results are presented on Table 5-20 which combine the results from the 

SWMU 7 and 8 sampling efforts. All of the included inorganics data was validated by an 

independent, third party validator. 

Subsurface soil samples collected had detected concentrations which exceeded the residential soil 

RBC for arsenic and the maximum background surface soil detected and the background plus two 

times the standard deviations for arsenic, cadmium, lead, mercury, selenium, and silver. The 

subsurface soil samples also had detected concentrations which exceeded the maximum background 

surface soil detected for barium. There were no detected concentration of inorganics which 

exceeded the industrial soil RBCs. These concentrations are presented on Table 5-20. Arsenic and 

chromium are included as COPCs in the risk assessment (Section 6.0) . 
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5.4.3 Site-Wide Subsurface Soil Below the Groundwater Table 

Organic Results 

Subsurface soil samples discussed are from the RFI field effort as well as other previous 

investigations which reported subsurface soil sample results for organic compounds. The sample 

results are presented on Table 5-21 which combine the results from the SWMU 7 and 8 sampling 

efforts as well as the previous sampling efforts. All of the RFI data was validated by an 

independent, third party validator; however, the results of previous investigations may not have been 

subjected to validation. 

Sub~urface soil samples included in this discussion are those collected from below the groundwater 

table and include soil boring/monitoring well samples. The samples selected are based on the site 

groundwater table encountered, not the occasional perched water which is not consistent across the 

site . 

There were no detected concentrations of organic compounds which exceeded the residential or 

industrial soil RBCs. TPH-diesel was detected in 6 of 6 subsurface soil samples in concentrations 

ranging from 11,000 J.lg/kg to 4,400,000 J.lg/kg. Some samples from previous investigations were 

analyzed for total TPH (not defined as diesel or gasoline) and were detected in 33 of33 samples in 

a concentration range of96,000 J.lg/kg to 48,158,000 J.lg/kg. 

This data has not been graphically depicted because of the lack of data points and the fact that 

extensive analyses of groundwater were performed (the results of which are presented on appropriate 

figures) that provide information regarding the likely exposure pathway. 

Inorganic Results 

The subsurface soil samples discussed for inorganics contain samples only from the RFI field effort; 

previous investigations did not report any subsurface soil sample results for inorganics. The sample 

results are presented on Table 5-22. Only SWMU 7 results are in this data set due to the lack of 
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samples at SWMU 8 below the groundwater table as all of the samples were from test pits/trenches . 

All of the inorganic data discussed was validated by an independent, third party validator. 

Subsurface soil samples had detected concentrations which exceeded the residential soil RBC for 

arsenic and the maximum background subsurface soil detected and the background plus two times 

the standard deviations for lead and silver. The subsurface soil samples also had detected 

concentrations which exceeded the maximum background subsurface soil detected for cadmium. 

There were no detected concentration of in organics which exceeded the industrial RBCs. These 

concentrations are presented on Table 5-22. 

5.4.4 Site-Wide Groundwater 

Organic Results 

Groundwater samples discussed for organic compounds include samples from the RFI field effort 

as well as other previous investigations which reported groundwater sample results for organic 

compounds. The sample results are presented on Table 5-23 which combine the results from the 

SWMU 7 and 8 sampling efforts as well as the previous sampling efforts. All of the RFI data was 

validated by an independent, third party validator; however, data from previous investigations may 

not have been subjected to validation. 

The groundwater samples were sampled during the period of March 1991 through May 1996 and 

many monitoring wells have been sampled more than once. All the data collected for the various 

groundwater sampling efforts are included. Note that as discussed in Section 4.4.2, groundwater is 

considered to occur in a single hydrologic unit: the residual soil-bedrock unit. All groundwater 

samples were collected from this hydrostratigraphic zone. 

One groundwater sample (7MW01A) exceeded the tap water RBC level (0.15 Jlg/L) for chloroform 

(6 Jlg/L), one sample (7MW01A) exceeded the tap water RBC level (4.1 Jlg/L) for methylene 

chloride (6 JlgiL), 10 samples exceeded the tap water RBC level (0.36 Jlg/L) for benzene 

(13J to 13,518 Jlg/L), six samples exceeded the tap water RBC level (1,300 Jlg/L) for ethylbenzene 

(3,285 to 95,702 Jlg/L), four samples exceeded the tap water RBC level (750 Jlg/L) for toluene 
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(2,096 to 34,383 flg/L), three samples exceeded the tap water RBC level (12,000 flg/L) for xylenes 

(23,754 to 139,547 flg/L), and one sample (UGW-10) exceeded the tap water RBC level (4.8 flg/L) 

for bis(2-ethylhexyl)phthalate (7J f.lg/L). One groundwater sample (7MW01A) exceeded the MCL 

level (5 f.lg/L) for methylene chloride (6 flg/L), 10 samples exceeded the MCL level (5 flg/L) for 

benzene (13J to 13,518 f.lg/L), seven samples exceeded the MCL level (700 f.lg/L) for ethylbenzene 

(1,112 to 95,702 flg/L), four samples exceeded the MCL level (1,000 f.lg/L) for toluene (2,096 to 

34,383 flg/L), four samples exceeded the MCL level (10,000 f.lg/L) for xylenes (10,697 to 

139,547 flg/L), and one sample (UGW-10) exceeded the MCL level (6 flg/L) for 

bis(2-ethylhexyl)phthalate (7J f.lg/L). TPH-Jet Fuel A (as designated in a previous report) was 

detected in 1 out of 1 groundwater sample at a concentration of 16,000 flg/L and TPH-gasoline at 

a concentration of280 flg/L. Samples from previous investigations were analyzed for total TPH (not 

defined as diesel or gasoline) and were detected in 2 out of7 groundwater samples in a concentration 

range of2,100 flg/L to 4,500 flg/L. Twenty samples also were sampled for recoverable TPH. Two 

of the 20 samples detected concentrations ofTPH which ranged from 1,700 flg/L to 1,800 flg/L. The 

detected compounds which were above the RBC levels (except for bis(2-ethylhexyl)phthalate ), in 

addition to other compounds, are included as COPCs in the risk assessment (Section 6.0). 

Figures 5-31 through 5-39 present isopleth maps for each of the compounds which were detected 

three or more times in three or more locations. Only the locations which were sampled are presented 

on the figures. The organic compounds which have isoconcentration maps include BTEX for 1991 

data results, BTEX for 1993 data results, 2-methylnaphthalene, bis(2-ethylhexyl)phthalate, 

diethylphthalate, dimethylphthalate, naphthalene, phenanthrene, and total TPH. The 

isoconcentration figure for BTEX data results from 1991 when compared to the 1993 results indicate 

that the BTEX plume has generally migrated along Forrestal Drive approximately 225 feet in a 

northwesterly direction. The concentration plume for bis(2-ethylhexyl)phthalate is based on a low 

detected concentration of 7 flg/L which slightly exceeds the screening criteria of 4.8 flg/L for the 

tap water RBC and 6 flg/L for the MCL. The concentration plumes for diethylphalate and 

dimethylphthalate are based on low detected concentrations of 2 flg/L which are well below the tap 

water RBCs of29,000 and 370,000, respectively. The concentration plume contours for naphthalene 

begins in the Upper TWFF and follows the roadway down the hillside (south and east) to Forrestal 

Drive. The concentration plume contours for phenanthrene centers around one detected 

concentration of 140 flg/L in UGW-2 which is well below the tap water RBC of 1,500 flg/L. 
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Inorganic Results 

Total Inorganics 

The groundwater samples discussed for total inorganics contain samples only from other previous 

investigations; the RFI field effort only included analysis of dissolved RCRA metals. The sample 

results are presented on Table 5-24 which combine the results from the previous investigations. All 

of the RFI inorganics data was validated by an independent, third party validator; however, the 

results of previous investigations may not have been subjected to validation. 

Groundwater samples had detected concentrations which exceeded the MCL, the maximum 

background surface soil detected, and the background plus two times the standard deviations for 

lead. The other groundwater sample detected concentrations did not exceed the MCL levels or either 

of the background levels. It should be noted that only one monitoring well (UGW-22) groundwater 

sample was analyzed for inorganics other than lead. The other 25 groundwater samples were only 

analyzed for total lead. These concentrations are presented on Table 5-24. 

Dissolved Inorganics 

The groundwater samples reported for dissolved inorganics contain samples only from the RFI field 

effort since the other previous investigations did not report any groundwater sample results for 

dissolved inorganics. The sample results are presented on Table 5-25. All of the included 

inorganics data was validated by an independent, third party validator. 

Groundwater samples had detected concentrations which exceeded the tap water RBC for arsenic, 

the MCL for cadmium, and the maximum background surface soil detected and the background plus 

two times the standard deviations for arsenic, barium, cadmium, lead, and mercury. These 

concentrations are presented on Table 5-25. Arsenic, barium, and cadmium are included as COPCs 

in the risk assessment (Section 6.0) . 
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5.4.5 Other Results 

An Ecological Risk Assessment was performed for sediment collected in Ensenada Honda for OU7 

(Baker, 1996a). Those sites investigated included SWMUs 1, 2, 3, 7, and 11. The Ecological Risk 

Assessment determined that there was a slight potential for risk to the aquatic environment at 

SWMU 7 based on sediment concentrations of SVOCs, herbicides, and inorganics. Concentrations 

ofbenzo(k)fluoranthene, benzoic acid, chrysene, Silvex, arsenic, cobalt, copper, tin, and vanadium 

were detected in the sediment collected at SWMU 7 slightly greater than effects range-low (ER-L) 

values. None of the detected contaminants exceeded effects range-median (ER-M) values. To be 

conservative, benzo(k)fluoranthene, Silvex, cobalt, tin, and vanadium were retained as contaminants 

of potential concern because there were no screening levels available to indisputably eliminate these 

constituents from further evaluation. It should be noted that SWMU 7/8 is in an industrial area of 

the Station. 

An Interim Correction Measure (ICM) is currently operating at SWMU 7/8 to remove free product 

from the subsurface. A quarterly monitoring report is provided which explains the operation of the 

system, the effectiveness of free product recovery, and discusses possible system improvements. 

The free product phune is currently being influenced by the recovery wells. A free product 

thickness map is presented in Figure 5-40. For further information concerning the occurrence and 

recovery of free product, refer to the quarterly monitoring reports (the first of which was submitted 

June 4, 1997). 

5.4.6 Usability of All Data 

This section identifies the potential problem areas in the data quality and usability when combining 

all the previous report data and using the data to reach decisions concerning the site. The bullets 

below list assumptions used when creating this report and identifies concerns with the combined data 

set. 

• 

• 

Different types of TPH analyses - TPH-diesel, TPH-gasoline, TPH, and 
recoverable TPH were combined for the isopleth maps. 

Not all data was validated . 
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• Incomplete data sets, scattered data sets- when samples were collected from the 
various media (soil and groundwater) they were not analyzed for the same 
constituents. 

• Groundwater samples were obtained during the period of March 1991 through May 
1996 and many monitoring wells have been sampled more than once. 

• Data is up to five years old - the contamination may have moved or been naturally 
attenuated 

• Laboratory analysis methods have changed over time and may slightly change data 
interpretation. 

• Not all monitoring/recovery well locations have been surveyed -some sampling 
locations were located based on photographs and previous report figures 

• Since not all the monitoring/recovery well locations were surveyed, the nearest 
monitoring well's ground elevation were used and contour maps to determine the 
ground elevation for the unsurveyed wells. 

• The isopleth maps are composite and used a wide variety of data since not all the 
same wells were measured/sampled at the same time . 
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LOCATION ~~~t1i.lW4&ttl 
DATE SAMPLED Soils 
DEPTH (ug/kg] 

SEMIVOLATILES (ug/kg) 
FLUORANTHENE 82000000 
BUTYLBENZVLPHTHALATE 410000000 
BIS(2-ETHYLHEXYL)PHTHALA TE 410000 

08/23/96 BGSSO.WK4 

TABLE 5-1 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

BACKGROUND SURFACE SOIL 
CT0-0277, RFI REPORT - OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW01-00 BGMW02-00 BGMW03-00 
04104196 04104196 04104196 

0-1 0-1 0-1 

46J 380U 400 u 
62J 380U 400 u 
92 J 380 u 400 u 

• 
BGMW04-00 

~~iii~&~li~~~ 04104196 
0-1 Soils 

[ug/kg] 

380U 0/4 
380 u 0/4 
380 u 0/4 



• 
LOCATION t~~lt 
DATE SAMPLED Soils 
DEPTH [uglkg] 

SEMIVOLATILES (ug/kg) 
FLUORANTHENE 3100000 
BUTYLBENZVLPHTHALATE 16000000 
BIS(2-ETHYLHEXYL)PHTHALA TE 46000 

08123196 BGSSO.WK4 

• 
TABLE 6-1 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
BACKGROUND SURFACE SOIL 
CT0.()277, RFI REPORT • OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW01-00 BGMW02-00 BGMW03-00 
04104196 04104196 04104196 

0-1 0-1 0-1 

46J 380U 400U 
62J 380U 400U 
92 J 380U 400U 

• 
BGMW04-00 

~itll--~l~!!:l 04104196 
0-1 Soils 

[uglkg] 

380U 0/4 
380U 0/4 
380U 0/4 



• 
LOCATION ~1~~~~~l~~~~1~ 
DATE SAMPLED Soils 
DEPTH [mglkg) 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 3.8 
BARIUM, TOTAL 140000 
BERYLLIUM, TOTAL 1.3 
CHROMIUM, TOTAL 10000 
COBALT, TOTAL 120000 
COPPER, TOTAL 82000 
LEAD, TOTAL NA 
MERCURY, TOTAL 610 
NICKEL, TOTAL 41000 
SELENIUM, TOTAL 10000 
THALLIUM, TOTAL NA 
TIN, TOTAL 1000000 
VANADIUM, TOTAL 14000 
ZINC, TOTAL 610000 

08123/96 BGSSI.WK4 

TABLE 5-2 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS AND CYANIDE 

BACKGROUND SURFACE SOIL 
CT0-0277, RFI REPORT- OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW01-00 BGMW02-00 BGMW03-00 BGMW04-00 
04104196 04104196 04104196 04104196 

0-1 0-1 0-1 0-1 

1.2 0.35 J 1.5 1.8 
169 94.1 35.6 63.7 

0.36 0.1 u 0.28 0.21 
44.1 J 11 J 33.6 J 29.9 J 
30.2 27 9.5 21.2 
98.5 250 57 62.9 
9.6 2.4 6.6 11.9 

0.06 0.04 u 0.07 O.Q7 
10.9 7.8 5.8 8.6 
0.56 J 0.13 UJ 1.2 J 1.1 J 

0.1 J 0.08 u 0.09 UJ 0.09 UJ 
1.3 u 1.2 u 1.4 2.2 

227 123 189 170 
106 J 66.2 J 34.2 J 43.9 J 

• 

®~:i~iiiilm~:~;l~Il 
Soils 

[mglkg) 

0/4 
0/4 
0/4 
0/4 
0/4 
0/4 
NA 
0/4 
0/4 
0/4 
NA 
0/4 
0/4 
0/4 



LOCATION 
DATE SAMPLED 
DEPTH 

TOTAL METALS (mglkg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CHROMIUM, TOTAL 
COBALT, TOTAL 
COPPER, TOTAL 
LEAD, TOTAL 
MERCURY, TOTAL 
NICKEL, TOTAL 
SELENIUM, TOTAL 
THALLIUM, TOTAL 
TIN, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08/23/96 BGSSI.WK4 

;;;;;~m 
Soils 

(mg/kg] 

0.43 
5500 
0.15 
390 
4700 
3100 
400 
23 

1600 
390 
NA 

47000 
550 

23000 

TABLE li-2 (continued) 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS AND CYANIDE 

BACKGROUND SURFACE SOIL 
CT0-0277, RFI REPORT • OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW01-00 
04104196 

0-1 

44.1 J 
30.2 
98.5 
9.6 

0.06 
10.9 
0.56 J 

0.1 J 
1.3 u 

227 
106 J 

BGMW02-00 
04104196 

0-1 

0.35 J 
94.1 

0.1 u 
11 J 
27 

250 
2.4 

0.04 u 
7.8 

0.13 UJ 
0.08 u 

1.2 u 
123 

66.2 J 

BGMW03-00 
04104196 

0-1 

t:l1R~E1f:i1UlM1 
35.6 

m~i~~~~~~w~t~lllll 
33.6 J 

9.5 
57 

6.6 
0.07 

5.8 
1.2 J 

0.09 UJ 
1.4 
189 

34.2 J 

BGMW04-00 
04104196 

0-1 

63.7 
~@Hll~~l~ilil@fi~l 

29.9 J 
21.2 
62.9 
11.9 
0.07 

8.6 
1.1 J 

0.09 UJ 
2.2 
170 

43.9 J 

mi;mTti-1;r~r 
Soils 

(mg/kg] 

3/4 
0/4 
3/4 
0/4 
0/4 
0/4 
0/4 
0/4 
0/4 
0/4 
NA 
0/4 
0/4 
0/4 

• 
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LOCATION 
DATE SAMPLED 
DEPTH 

VOLATILES (uglkg) 
XYLENE (TOTAL) 
SEMIVOLATILES (uglkg) 
DI-N-BUTYLPHTHALA TE 
HERBICIDES (ug/kg) 
2,4,5-T 
DIOXIN (uglkg) 
TOTAL HXCDD 

08123196 BGSBO.WK4 

lli®~Wl 
Soils 

[ug/kg) 

1.00E+09 

200000000 

20000000 

0.9 

BGMW01-04 
04123196 
8.0-10.0 

2J 

440U 

44U 

0.14 u 

• 
TABLE 6-3 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
BACKGROUND SUBSURFACE SOIL 

CT0-0277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW01-06 BGMW02-05 BGMW02-08 
04123196 04122196 04122/96 

12.0-14.0 10.0-12.0 16.0-18.0 

3J 8U 7U 

490U 320 J 470 u 

27 J 53 u 47 u 

0.23 u 0.3 u 0.13 u 

• 

BGMW03-03 BGMW03-04 
04/12/96 04/12/96 
6.0-8.0 8.0-10.0 

7U 2J 

460U 440U 

46U 45U 

0.31 J 0.26 u 



• 

LOCATION 
DATE SAMPLED 
DEPTH 

VOLATILES (ug/kg) 
XYLENE (TOTAL) 
SEMIVOLATILES (uglkg) 
DI-N-BUTYLPHTHALA TE 
HERBICIDES (ug/kg) 
2,4,5-T 
DIOXIN (ug/kg) 
TOTALHXCDD 

08123196 BGSBO.WK4 

BGMW04-02 
04124196 

4.0-6.0 

6U 

420 u 

42 u 

0.35 u 

• 
TABLE 5-3 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
BACKGROUND SUBSURFACE SOIL 

CT0-0277, RFI REPORT - OU#2 
NAVAL STAnON ROOSEVELT ROADS, PUERTO RICO 

BGMW04-04 
04124196 
8.0-10.0 

7U 

420 u 

45U 

0.42 u 

ittw~fiiiii~\ 
Soils 

(uglkg) 

0/8 

0/8 

0/8 

0/8 

2 

• 



• 
LOCATION 
DATE SAMPLED 
DEPTH 

VOLATILES (uglkg) 
XYLENE (TOTAL) 
SEMIVOLATILES (ug/kg) 
DI-N-BUTYLPHTHALA TE 
HERBICIDES (ug/kg) 
2,4,5-T 
DIOXIN (ug/kg) 
TOTALHXCDD 

08123/96 BGSBO.WK4 

~ll]fiilfiffli.m BGMW01-04 
Soils 04123/96 

(ug/kg) 8.0-10.0 

160000000 2J 

7800000 440U 

780000 44U 

0.1 0.14 u 

TABLE 5-3 (continued) 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

BACKGROUND SUBSURFACE SOIL 
CTO-G277, RFI REPORT - OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW01-06 BGMW02-05 BGMW02-08 
04/23/96 04122196 04122/96 

12.0-14.0 10.0-12.0 16.0-18.0 

3 J 8 u 7 u 

490 u 320 J 470 u 

27 J 53 u 47 u 

0.23 u 0.3 u 0.13 u 

• 
BGMW03-03 BGMW03-04 

04/12196 04/12/96 
6.0-8.0 8.0-10.0 

7 u 2J 

460 u 440 u 

46 u 45 u 

ll!ttllll~~~~~lMlMl J 0.26 u 
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LOCATION 
DATE SAMPLED 
DEPTH 

VOLATILES (ug/kg) 
XYLENE (TOTAL) 
SEMIVOLATILES (ug/kg) 
DI-N-BUTYLPHTHALA TE 
HERBICIDES (ug/kg) 
2,4,5-T 
DIOXIN (ug/kg) 
TOTALHXCDD 

08123/96 BGSBO.WK4 

BGMW04-02 
04124196 

4.0-6.0 

6U 

420 u 

42 u 

0.35 u 

TABLE 5-3 (continued) 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

BACKGROUND SUBSURFACE SOIL 
CT0-0277, RFI REPORT- OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW04-04 
04124196 
8.0-10.0 

7U 

420 u 

45U 

0.42 u 

0/8 

0/8 

0/8 

1/8 

2 

• 



• • 
TABLE 5-4 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
BACKGROUND SUBSURFACE SOIL 

CT0-0277, RFI REPORT· OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION jJJmi&f:lf! BGMW01-04 BGMW01-06 BGMW02-05 BGMW02-08 BGMWQ3.03 BGMW03-04 
DATE SAMPLED Soils 04123196 04123196 04122196 04122196 04/12/96 04/12/96 
DEPTH [mglkg] 8.0-10.0 12.0-14.0 10.0-12.0 16.0-18.0 6.0-8.0 8.0-10.0 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 3.8 1.7 0.22 UJ 0.71 J 1 2.4 J 0.76 J 
BARIUM, TOTAL 140000 13 J 243 J 178 J 178J 9.7 3.5 
BERYLLIUM, TOTAL 1.3 0.29 0.7 0.37 0.74 0.15 0.25 
CADMIUM, TOTAL 1000 0.46 0.44 0.4 u 0.62 0.33 UJ 0.33 UJ 
CHROMIUM, TOTAL 10000 101 J 84.1 J 148 J 29.1 J 58.9 R 63.6 R 
COBALT, TOTAL 120000 3.7 14 15.7 42.4 2 4.3 
COPPER, TOTAL 82000 65.3 120 144 131 72.9 R 94.5 R 
LEAD, TOTAL NA 4.8 4.9 3.3 2.6 4.1 J 3.4 J 
MERCURY, TOTAL 610 0.05 u 0.06 u 0.06 u 0.05 u 0.06 UJ 0.17 J 
NICKEL, TOTAL 41000 7.2 39.9 35.6 23 3.7 5.8 
SELENIUM, TOTAL 10000 0.22 J 0.17 UJ 0.19 UJ 0.16 UJ 1.2 J 0.3 UJ 
TIN, TOTAL 1000000 1.4 UJ 3.1 J 1.9 UJ 3.4 J 1.5 UJ 1.5 UJ 
VANADIUM, TOTAL 14000 206 256 373 232 204 260 
ZINC, TOTAL 610000 24.1 J 64.6 J 55.7 J 98.5 J 14 J 23J 

08123/96 BGSBI.WK4 l 



" 
LOCATION 
DATE SAMPLED 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
COBALT, TOTAL 
COPPER, TOTAL 
LEAD, TOTAL 
MERCURY, TOTAL 
NICKEL, TOTAL 
SELENIUM, TOTAL 
TIN, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08123/96 BGSBI.WK4 

BGMW04-02 
04124196 

4.0-6.0 

0.72 
246 J 

0.33 
0.46 
34.7 J 
33.8 
107 

5 
0.06 u 
10.2 
0.37 J 

1.4 UJ 
234 

56.2 J 

-
TABLE 6-4 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
BACKGROUND SUBSURFACE SOIL 

CT0-4277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW04-04 
04/24196 
8.0-10.0 

0.79 
17.3 J 
0.13 
0.43 
10.9 J 
4.1 

37.6 
6.6 

0.06 u 
2.2 

0.16 UJ 
1.5 J 

83.9 
18.4 J 

tnltii~-iliim 
Soils 

[mg/kg) 

2 

0/8 
0/8 
0/8 
0/8 
0/6 
0/8 
0/6 
NA 
0/8 
0/8 
0/8 
0/8 
0/8 
0/8 

• 



• 

LOCATION 
DATE SAMPLED 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
COBALT, TOTAL 
COPPER, TOTAL 
LEAD, TOTAL 
MERCURY, TOTAL 
NICKEL, TOTAL 
SELENIUM, TOTAL 
TIN, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08/23196 BGSBI.WK4 

Soils 
[mglkg) 

0.43 
5500 
0.15 
39 

390 
4700 
3100 
400 
23 

1600 
390 

47000 
550 

23000 

BGMW01-04 
04123/96 
8.0-10.0 

0.46 
101 J 
3.7 

65.3 
4.8 

0.05 u 
7.2 

0.22 J 
1.4 UJ 

206 
24.1 J 

TABLE 5--4 (continued) 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 

BACKGROUND SUBSURFACE SOIL 
CT0-0277, RFI REPORT • OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW01-06 
04123196 

12.0-14.0 

0.22 UJ 
243 J 

~~'*fi'l$"*~~~a~~~ i:$~'$.%":i>"i:i'-~~"{'Y. 
0.44 
84.1 J 

14 
120 
4.9 

0.06 u 
39.9 
0.17 UJ 

3.1 J 
256 

64.6 J 

BGMW02-05 
04122196 

10.0-12.0 

li®W~:WUtli~ J 
178 J 

:-·-:.:.•.-.:.:-:-:-~:;:;*·:tm:~~ 

~M.tft:..'-.~®.~m 
0.4 u 
148 J 
15.7 
144 
3.3 

0.06 u 
35.6 
0.19 UJ 

1.9 UJ 
373 
55.7 J 

BGMW02-08 
04122196 

16.0-18.0 

178 J 
}1l£1li%if§ltt1 

0.62 
29.1 J 
42.4 
131 
2.6 

0.05 u 
23 

0.16 UJ 
3.4 J 

232 
98.5 J 

BGMW03-03 
04112196 
6.0-8.0 

lll~~~~~~~~~~m~~~~J J 
9.7 

0.15 
0.33 UJ 
58.9 R 

2 
72.9 R 

4.1 J 
0.06 UJ 
3.7 
1.2 J 
1.5 UJ 

204 
14 J 

BGMW03-04 
04112196 
8.0-10.0 

~l~~~~~l~l~~~l~l~1ill~~~tlitl1 J 
3.5 

~~~~~i~~~~~l~~~~~~i~;-~ 
0.33 UJ 
63.6 R 
4.3 

94.5 R 
3.4 J 

0.17 J 
5.8 
0.3 UJ 
1.5 UJ 

260 
23J 



• 

LOCATION 
DATE SAMPLED 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
COBALT, TOTAL 
COPPER, TOTAL 
LEAD, TOTAL 
MERCURY, TOTAL 
NICKEL, TOTAL 
SELENIUM, TOTAL 
TIN, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08123/96 BGSBI.WK4 

BGMW04-02 
04124196 

4.0-6.0 

i~~~1ll1ii~~~l1111 
246 J 

0.48 
34.7 J 
33.8 
107 

5 
0.06 u 
10.2 
0.37 J 

1.4 UJ 
234 

56.2 J 

• 
TABLE 5-4 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
BACKGROUND SUBSURFACE SOIL 

CT0-0277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW04-04 
04/24/96 
8.0-10.0 

17.3 J 
0.13 
0.43 
10.9 J 

4.1 
37.6 

6.6 
0.06 u 
2.2 

0.16 UJ 
1.5 J 

83.9 
18.4 J 

:t1m~m~@ 
Soils 

[mglkg) 

718 
0/8 
6/8 
0/8 
016 
0/8 
016 
018 
0/8 
0/8 
0/8 
0/8 
0/8 
0/8 

2 

• 



-
LOCATION 
DATE SAMPLED 

SEMIVOLATILES (ug/L) 
DIMETHYLPHTHALA TE 
BIS(2-ETHYLHEXYL)PHTHALA TE 
ACETOPHENONE 

08123/96 BGGWO.WK4 

~lt~~~-1.\1~~~~~ 
Groundwater 

(ug/L] 

NA 
6 
NA 

BGMW01 
04127/96 

11 u 
11 u 
11 u 

• 
TABLE&-6 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
BACKGROUND GROUNDWATER 
CT0-0277, RFI REPORT - OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW02 BGMW03 
04/27196 04/16/96 

BGMW04 
04/12196 

1 J 3 J 
1 o u ~llW&~m.twmt1 J 
10 u 1 J 

10 u 
10 u 
10 u 

.,.,.~~m.!ffi!~~l!N.* 
l~1~t~~=~;~~~~i.~~~~11*m~~ 

Groundwater 
(ug/L) 
NA 
1/4 
NA 



• 

LOCATION 
DATE SAMPLED 

SEMIVOLAnLES (ug/L) 
DIMETHYLPHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALA TE 
ACETOPHENONE 

08123/96 BGGWO.WK4 

370000 
4.8 

0.042 

BGMW01 
04127/96 

11 u 
11 u 
11 u 

TABLE 6-6 (continued) 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

BACKGROUND GROUNDWATER 
CT0-0277, RFI REPORT - OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW02 
04127/96 

1 J 
10 u 
10 u 

BGMW03 
04116/96 

J 
J 
J 

BGMW04 
04112/96 

10 u 
10 u 
10 u 

0/4 
1/4 
1/4 



• 

LOCATION 
DATE SAMPLED 

TOTAL METALS (ug/L) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
COBALT, TOTAL 
COPPER, TOTAL 
LEAD, TOTAL 
NICKEL, TOTAL 
SELENIUM, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08123/96 BGGWI.WK4 

TABLE 5-6 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 

BACKGROUND GROUNDWATER 

ll®lMilMM BGMW01 
Groundwater 04/27196 

(ug/L) 

50 1.8 u 
2000 275 

4 2 
s 1m~~l~l~l~l~~~~1~1m~r4 

100 54.1 
NA 91.8 

1300 120 
15 4.3 J 
100 73.7 
50 2.8 UJ 
NA 159 
NA 178 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW02 
04127196 

1.8 u 
212 
1.1 u 
2.9 u 
3.1 R 

54.3 
24 

0.9 UJ 
40 
1.4 UJ 

26.8 
95.7 

BGMW03 
04/16/96 

1.7 J 
313 
1.1 u 
2.9 u 

29.4 
55.4 
102 
2.5 J 

26.4 
1.4 UJ 
103 
128 

BGMW04 
04/12/96 

3.6 
612 
2.3 
2.9 u 
92 

83.4 
352 

7 J 
39.4 

3.1 J 
549 
320 

m1mm;w.t;1lil!ll 
Groundwater 

(ug/L) 
0/4 
0/4 
0/4 
1/4 
0/3 
NA 
0/4 
0/4 
0/4 
0/4 
NA 
NA 

• 



• 

LOCATION ~m~-;mp :::«=.-..: ............ -: .. -::::::-::-: 
DATE SAMPLED Groundwater 

[ug/L) 

DISSOLVED METALS (ug/L) 
BARIUM, SOLUBLE 2000 
CHROMIUM, SOLUBLE 100 
COBALT, SOLUBLE NA 
COPPER, SOLUBLE 1300 
NICKEL, SOLUBLE 100 
VANADIUM, SOLUBLE NA 
ZINC, SOLUBLE NA 

08123/96 BGGWID.WK4 I 

• 
TABLE 5-6 (continued) 

DETECTED CONCENTRATIONS OF DISSOLVED INORGANIC COMPOUNDS 
BACKGROUND GROUNDWATER 
CT0-0277, RFI REPORT- OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW01 BGMW02 BGMW03 BGMW04 .}l~'!l~~-e.,~ 04127/96 04127/96 04/16/96 04/12/96 ~~~~~tl~t!~:;, : .... : ..... :~~i~:~1~~: 
Groundwater 

(ug/L) 
82 148 121 126 0/4 

2.6 u 2.6 u 3.7 2.6 u 0/4 
59.4 44.4 11.5 3.9 u NA 

32 2.2 u 2.2 u 2.2 u 0/4 
34.1 35.6 11.1 u 11.1 u 0/4 
2.6 u 2.6 u 2.6 u 8.1 NA 

82.6 60.6 4.4 J 3.8 NA 

• 



• 

LOCATION 
DATE SAMPLED 

TOTAL METALS (ug/L) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
COBALT, TOTAL 
COPPER, TOTAL 
LEAD, TOTAL 
NICKEL, TOTAL 
SELENIUM, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08123/96 BGGWI.WK4 

TABLE 5-6 (continued) 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 

BACKGROUND GROUNDWATER 

ilfHtiRlWi.li.M@ BGMW01 
(ug/L) 04127/96 

0.0445 
2600 
0.016 

18 
180 

2200 
1500 
NA 

730 
180 
260 

11000 

1.8 u 
275 

ffii~~l~~l1~t~~ 
7.5 

54.1 
91.8 
120 
4.3 J 

73.7 
2.8 UJ 
159 
178 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW02 
04127196 

1.8 u 
212 
1.1 u 
2.9 u 
3.1 R 

54.3 
24 

0.9 UJ 
40 
1.4 UJ 

26.8 
95.7 

BGMW03 
04/16196 

~~~~;~~~l~~tB J 
313 
1.1 u 
2.9 u 

29.4 
55.4 
102 
2.5 J 

26.4 
1.4 UJ 
103 
128 

BGMW04 
04112196 

WllMl!lMf.ll@li 
612 

l~l~~~1lMill1~i@l@J.JJ 
2.9 u 
92 

83.4 
352 

7J 
39.4 

3.1 J 
rrrm:m:nr:~~:~~r::mtm:a~~: 

320 

2/4 
0/4 
2/4 
0/4 
013 
0/4 
0/4 
NA 
0/4 
0/4 
1/4 
0/4 

• 



• 
LOCATION ~~-~i 
DATE SAMPLED (ug/L) 

DISSOLVED METALS (ug/L) 
BARIUM, SOLUBLE 2600 
CHROMIUM, SOLUBLE 180 
COBALT, SOLUBLE 2200 
COPPER, SOLUBLE 1500 
NICKEL, SOLUBLE 730 
VANADIUM, SOLUBLE 260 
ZINC, SOLUBLE 11000 

08/23/96 BGGWID.WK4 

• 
TABLE 5-6 (continued) 

DETECTED CONCENTRATIONS OF DISSOLVED INORGANIC COMPOUNDS 
BACKGROUND GROUNDWATER 
CT0-0277, RFI REPORT· OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

BGMW01 BGMW02 BGMW03 BGMW04 

~~~-=~~~~* 04127196 04127196 04116196 04112196 ~~~==:::*===~: .. -: ...... :!: •• -: •• •,•,•, ......... :=:::$~~===~ 
(ug/L) 

82 148 121 126 0/4 
2.6 u 2.6 u 3.7 2.6 u 0/4 

59.4 44.4 11.5 3.9 u 0/4 
32 2.2 u 2.2 u 2.2 u 0/4 

34.1 35.6 11.1 u 11.1 u 0/4 
2.6 u 2.6 u 2.6 u 8.1 0/4 

82.6 60.6 4.4 J 3.8 0/4 

• 



• • • 
TABLE 5-7 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 SURFACE SOIL 

CT0-0277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION ;m~ml 7MW01..QO 7MW02..QO 7MW03-00 7MW04-00 7SB01..QO 7SB02..QO 
SAMPLE DATE Soils 03/21196 03/21196 03/21196 03/21196 03/21196 03/21196 
DEPTH [ug/kg) 0-1 0-1 0-1 0-1 0-1 0-1 

VOLATILES (ug/kg) 
ACETONE 200000000 11 u 11 u 54J 11 u 11 UJ 11 u 
XYLENE (TOTAL) 1.00E+09 5U 2J 5 UJ 5 u 5 UJ 6U 
SEMIVOLATILES (ug/kg) 
FLUORANTHENE 82000000 350 u 66 J 360 350 u 360U 380U 
PYRENE 61000000 350 u 49J 320 J 350 u 360U 380U 
BENZO(A)ANTHRACENE 7800 350 u 360U 160 J 350 u 360U 380U 
CHRYSENE 780000 48J 360U 210 J 350 u 360U 380U 
BENZO(B)FLUORANTHENE 7800 54J 360U 190 J 350 u 360U 380U 
BENZO(K)FLUORANTHENE 78000 350 u 360 u 100 J 350 u 360U 380U 
BENZO(A)PYRENE 780 39 J 360U 130 J 350 u 360U 380U 
INDEN0(1,2,3-CD)PYRENE 7800 350 u 360U 67 J 350 u 360U 380U 
BENZO(G,H,I)PERYLENE 61000000 350 u 360 u 60J 350 u 360U 380U 

08123196 7SSO.WK4 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

VOLATILES (ug/kg) 
ACETONE 
XYLENE (TOTAL) 
SEMIVOLATILES (ug/kg) 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDEN0(1,2,3-CD)PYRENE 
BENZO(G,H,I)PERYLENE 

08123196 7SSO.WK4 

7SB03-00 
03121/96 

0-1 

10 u 
5U 

340U 
340U 
340U 
340U 
340U 
340U 
340U 
340U 
340U 

TABLE 5-7 (continued) 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

SWMU 7 SURFACE SOIL 
CT0-0277, RFI REPORT - OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

iThw~{®~~~ (::;:« ..... ::::::: .................................. -.: ...... •.•.·.~. 

Soils 
(uglkg) 

017 
017 

017 
017 
017 
017 
017 
017 
017 
017 
017 

2 

• 



• 

LOCATION ~~-11 7MW01-00 
SAMPLE DATE Soils 03121/96 
DEPTH (ug/kg) ()..1 

VOLATILES (ug/kg) 
ACETONE 7800000 11 u 
XYLENE (TOTAL) 160000000 5U 
SEMIVOLATILES (ug/kg) 
FLUORANTHENE 3100000 350 u 
PYRENE 2300000 350U 
8ENZO(A)ANTHRACENE 880 350 u 
CHRYSENE 88000 48J 
8ENZ0(8)FLUORANTHENE 880 54J 
8ENZO(K)FLUORANTHENE 8800 350 u 
8ENZO(A)PYRENE 88 39 J 
INDEN0(1 ,2,3-CD)PYRENE 880 350 u 
8ENZO(G,H,I)PERYLENE 2300000 350 u 

08123196 7SSO.WK4 

• 
TABLE 5-7 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 SURFACE SOIL 

CT0-0277, RFI REPORT· OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7MW02-00 7MW03-00 7MW04-00 
03121/96 03121196 03121196 

0-1 0-1 0-1 

11 u 54J 11 u 
2 J 5 UJ 5U 

66J 360 350 u 
49J 320 J 350 u 

360 u 160 J 350 u 
360U 210 J 350 u 
360U 190 J 350 u 
360U 100 J 350 u 
360U ~l~i~~@@f:i~~~t~J).J J 350 u 
360U 67 J 350 u 
360 u 60 J 350 u 

.. 

7S801-00 7S802-00 
03121196 03/21/96 

0-1 ()..1 

11 UJ 11 u 
5 UJ 6U 

360U 380U 
360U 380U 
360U 380U 
360 u 380U 
360U 380U 
360U 380U 
360U 380U 
360U 380U 
360U 380U 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

VOLATILES (uglkg) 
ACETONE 
XYLENE (TOTAL) 
SEMIVOLATILES (uglkg) 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDEN0(1,2,3-CO)PYRENE 
BENZO(G,H,I)PERYLENE 

08123/96 7SSO.WK4 

7SB03-00 
03/21/96 

0-1 

10 u 
5U 

340U 
340U 
340U 
340U 
340U 
340U 
340U 
340U 
340U 

• 
TABLE 6-7 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 SURFACE SOIL 

017 
017 

017 
017 
017 
017 
017 
017 
1/7 
017 
017 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

2 



• 

LOCATION 7MW01-00 
SAMPLE DATE 03/21196 
DEPTH 0-1 

TPH 
GASOLINE (ug/kg) 32 u 
WET CHEMISTRY 
%SOLIDS 92.8 

09/11/96 7SSTPH.WK4 

• 
TABLE 5-7 (continued) 

DETECTED CONCENTRATIONS OF TPH AND WET CHEMISTRY 
SWMU 7 SURFACE SOIL 

CT0-4277 RFI REPORT OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7MW02-00 7MW03-00 7MW04-00 7SB01-00 
03/21/96 03/21/96 03/21/96 03/21/96 

0-1 0-1 0-1 0-1 

33 u 32 u 32 u 32 u 

90.1 95.2 93.2 93.7 

7SB02-00 7SB03-00 
03/21/96 03/21/96 

0-1 0-1 

34U 19 J 

87.9 97.5 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
COBALT, TOTAL 
COPPER, TOTAL 
LEAD, TOTAL 
NICKEL, TOTAL 
SELENIUM, TOTAL 
TIN, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08123/96 7SSI.WK4 

~w~;; I ~=M. : .. , ........ ." .. L bkgnd av+2sd 
Soils surface soil 

[mglkg] [mglkg) 

3.8 2.4625 
140000 205.5343 

1.3 0.4885653 
1000 NO 
10000 57.27342 
120000 40.200532 
82000 298.05311 

NA 15.832923 
41000 12.49361 
10000 1.7825468 

1000000 2.7188753 
14000 263.72736 

610000 126.37435 

TABLE 5-8 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 

SWMU 7 SURFACE SOIL 
CT0-0277, RFI REPORT - OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

bkgnd max 7MW01-00 7MW02-00 
surface soil 03/21/96 03/21/96 

[mg/kg) Q-1 Q-1 

1.8 1.1 0.89 
169 76 J 93.4 J 
0.36 0.22 .oM 
NO U2l .o.25l 

44.1 39.2 J 31.7 J 
30.2 27.3 J ~J 
250 74.7 92.7 
11.9 .15.1 5 
10.9 llill rul 
1.2 0.37 0.31 J 
2.2 1 u 1.4 
227 132 160 
106 54.2 J 79.8 J 

7MW03-00 
03121/96 

Q-1 

7MW04-00 
03121/96 

Q-1 

0.52 u 
87.6 J 
0.23 
0-221 
15.6 J 
21.4 J 
99.7 
4.6 
10 

0.29 u 
0.72 u 
122 

52.5 J 

• 



LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
COBALT, TOTAL 
COPPER, TOTAL 
LEAD, TOTAL 
NICKEL, TOTAL 
SELENIUM, TOTAL 
TIN, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08123/96 7SSI.WK4 

7SB01-00 
03121/96 

0-1 

1.1 
73.7 J 
0.3 

02al 
23.3 J 
20.1 J 
74.3 
.1ll 
ll.Z 
0.44 J 
0.92 u 
110 

64.4J 

• 
TABLE 6-8 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 7 SURFACE SOIL 

CT0-4277, RFI REPORT· OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7SB02-00 7SB03-00 

u~~~i:m~ti&1~r~~~. 03/21/96 03/21/96 
0-1 0-1 Soils 

[mg/kg) 

1.1 0.75 0/7 
64.7 J 60.9 J 0/7 
0.21 0.06 u 1/7 
Q.551 .o.JI 017 
20.6 J 8.7 J 017 
19.5 J 7.3 J 017 
79.1 23.1 017 
.2a.JI ~ NA 

7.8 4.3 017 
0.83 u 0.16 UJ 017 

1.6 1.6 017 
176 42.4 017 

52.6 J 59.8 J 017 

2 

.. 

number exceeding 
blsgcd mal! 

surface soil surface soil 
[mg/kg) (mglkg) 

017 017 
1/7 1/7 
1/7 217 
6/7 6/7 
1/7 1/7 
017 1/7 
017 017 
1/7 517 
3/7 417 
017 017 
017 0/7 
017 017 
017 017 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mglkg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
COBALT, TOTAL 
COPPER, TOTAL 
LEAD, TOTAL 
NICKEL, TOTAL 
SELENIUM, TOTAL 
TIN, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08/23/96 7SSI.WK4 

M'fi.iftiffl&*~ 1MWo1.oo 
Soils 03/21/96 

(mg/kg) 0-1 

0.43 
5500 
0.15 
39 
390 
4700 
3100 
400 
1600 
390 

47000 
550 

23000 

I®Utli®Wiili~ 
76 J 

*1-~1~1~11.'-1~ 
0.42 
39.2 J 
27.3 J 
74.7 
15.1 
24.9 
0.37 

1 u 
132 

54.2 J 

• 
TABLE &-8 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 7 SURFACE SOIL 

CT0-0277, RFI REPORT· OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7MW02-00 
03/21/96 

0-1 

~~I~mtlt1~l~IB 
93.4 J 

§~!~l!HtHl~l@f.ijj 
0.25 
31.7 J 
30.4J 
92.7 

5 
17.6 
0.31 J 

1.4 
160 

79.8 J 

7MW03-00 
03/21/96 

0-1 

0.56 u 
342J 

%iffi%\~l~~illl:1~-~ 
0.22 u 
64.9 J 
28.9 J 
71.9 
13.2 
25.4 
0.16 UJ 

1.1 u 
132 

51.3 J 

7MW04-00 
03/21196 

0-1 

0.52 u 
87.6 J 

~Mi!WMil!MiW~l 
0.22 
15.6 J 
21.4 J 
99.7 

4.6 
10 

0.29 u 
0.72 u 
122 

52.5 J 

7SB01-00 
03/21196 

0-1 

~~l~;~~i~~~~~~~~~~illm~~~~~~~~~~~~~~~~~ 
73.7 J 

MmlM~l~ltlUU!~~ 
0.28 
23.3 J 
20.1 J 
74.3 
13.1 
11.7 
0.44 J 
0.92 u 
110 

64.4 J 

• 

7SB02-00 
03121/96 

0-1 

~ll~~@~lll~llliltlidW\ 
64.7 J 

HIMIIlMIMtWt!t 
0.55 
20.6 J 
19.5 J 
79.1 
20.3 
7.8 

0.83 u 
1.6 

176 
52.6 J 



• 
LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
COBALT, TOTAL 
COPPER, TOTAL 
LEAD, TOTAL 
NICKEL, TOTAL 
SELENIUM, TOTAL 
TIN, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08123196 7SSI.WK4 

7SB03-00 
03/21196 

0-1 

60.9 J 
0.06 u 
0.3 
8.7 J 
7.3 J 

23.1 
14.7 
4.3 

0.16 UJ 
1.6 

42.4 
59.8 J 

• 
TABLE 6-8 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 7 SURFACE SOIL 

CT0-0277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

5/7 
017 
617 
017 
017 
017 
017 
017 
017 
017 
017 
017 
017 

2 

• 



• • • 
TABLE6-8 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION lUfil~lt 7-SB02-03 7-SB02-06 7-SB02-07 7MW01-07 7MW01-12 7MW01-12D 
SAMPLE DATE Soils 04/02/96 04102196 04/02/96 03/27/96 03/27/96 03/27/96 
DEPTH (ug/kg) 6.0-8.0 12.0-14.0 14.0-16.0 14.0-16.0 24.0-26.0 N/A 

VOLATILES (uglkg) 
ACETONE 200000000 120 u 12 u 13 u 11 UJ 12 UJ 12 UJ 
ETHYLBENZENE 200000000 58U 6U 6U 6 u 6U 6U 
XYLENE (TOTAL) 1.00E+09 58U 6U 6U 6U 6U 6U 
SEMIVOLATILES (uglkg) 
NAPHTHALENE 82000000 680 J 400U 420 u 370 u 390 u 400U 
2~ETHYLNAPHTHALENE 82000000 3000 J 400 UJ 420 UJ 1400 390 u 91 J 
ACENAPHTHENE 120000000 750 J 400U 420 u 370 u 390 u 400U 
DIBENZOFURAN 8200000 1900 u 400U 420 u 370 u 390 u 400U 
FLUORENE 82000000 1900 u 400U 420 u 280 J 390 u 400U 
PHENANTHRENE 61000000 1100 J 400U 420 u 330 J 390 u 400U 
ANTHRACENE 610000000 630 J 400U 420 u 370 u 390 u 400U 
DI-N-BUTYLPHTHALA TE 200000000 1900 u 400U 420 u 370 u 390 u 400U 
FLUORANTHENE 82000000 1800 J 400U 420 u 370 u 390 u 400U 
PYRENE · 61000000 1500 J 400U 420 u 370 u 390 u 400U 
BENZO(A)ANTHRACENE 7800 540 J 400U 420 u 370 u 390 u 400U 
CHRYSENE 780000 500 J 400U 420 u 370 u 390 u 400U 
BENZO(B)FLUORANTHENE 7800 440 J 400U 420 u 370 u 390 u 400U 
BENZO(K)FLUORANTHENE 78000 220 J 400U 420 u 370 u 390 u 400U 
BENZO(A)PYRENE 780 290 J 400U 420 u 370 u 390 u 400U 

08/23/96 7SBO.WK4 



• • • 
TABLE 5-8 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

CT0-0277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION 7MW02-11 7MW02-11D 7MW02-17 7MW03-04 7MW03-04D 7MWQ3.06 7MW04-07 
SAMPLE DATE 04109196 04109196 04109196 04108196 04108/96 04108196 04104196 
DEPTH 22.0-24.0 N/A 40.0-42.0 8.0-10.0 N/A 12.0-14.0 14.0-16.0 

VOLATILES (uglkg) 
ACETONE 1900 UJ 1500 u 12 UJ 12 u 12 UJ 12 UJ 12 u 
ETHYLBENZENE 960U 760 u 6U 6U 6U 6U 6U 
XYLENE (TOTAL) 960U 760 u 6U 6U 6U 6U 6U 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE soou 400U 410 u 410 u 400U 370 u 410 u 
2-METHYLNAPHTHALENE 180 J 880 270 J 410 u 400U 370 u 410 UJ 
ACENAPHTHENE soou 400U 410 u 410 u 400U 370 u 410 u 
DIBENZOFURAN soou 400U 410 u 410 u 400U 370 u 410 u 
FLUORENE soou 400U 410 u 410 u 400U 370 u 410 u 
PHENANTHRENE soou 400U 410 u 410 u 400U 370 u 410 u 
ANTHRACENE soou 400U 410 u 410 u 400U 370 u 410 u 
DI-N-BUTYLPHTHALA TE soou 400U 410 u 410 u 400U 170 J 450 
FLUORANTHENE soou 400U 410 u 410 u 400U 370 u 410 u 
PYRENE soou 400U 410 u 410 u 400U 370 u 410 u 
BENZO(A)ANTHRACENE soou 400U 410 u 410 u 400U 370 u 410 u 
CHRYSENE 500U 400U 410 u 410 u 400U 370 u 410 u 
BENZO(B)FLUORANTHENE soou 400U 410 u 410 u 400U 370 u 410 u 
BENZO(K)FLUORANTHENE soou 400U 410 u 410 u 400U 370 u 410 u 
BENZO(A)PYRENE soou 400U 410 u 410 u 400U 370 u 410 u 

08123/96 7SBO.WK4 2 



• • • 
TABLE 6-8 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION 7MW04-07D 7MW04-11 75801-04 75801-05 75801-08 75801-11 75803-06 
SAMPLE DATE 04104196 04104196 03127196 03/27/96 03/27/96 03/27196 04125/96 
DEPTH N/A 22.0-24.0 8.0-10.0 10.0-12.0 16.0-18.0 22.0-24.0 12.0-14.0 

VOLA TILES (uglkg) 
ACETONE 11 u 12 u 17 J 70 J 16 J 66 UJ 11 UJ 
ETHYLBENZENE 6U 6U 7U 33 u 28 2500 R 6U 
XYLENE (TOTAL) 6 u 6U 7U 33 u 12 5800 R 6 u 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 370 u 380U 66 J 1900 360 u 17000 370 u 
2~ETHYLNAPHTHALENE 370 UJ 380 UJ 370 J 5000 360 u 30000 J 370 u 
ACENAPHTHENE 370 u 380U 460U 430U 360U 2200 u 370 u 
DI8ENZOFURAN 370 u 380U 460U 250 J 230 J 930 J 370 u 
FLUORENE 370 u 380U 460U 120 J 120 J 340 J 370 u 
PHENANTHRENE 370 u 380U 460U 100 J 140 J 2200 u 370 u 
ANTHRACENE 370 u 380U 460U 430U 360 u 2200 u 370 u 
DI-N-BUTYLPHTHALA TE 370 u 380U 460U 430U 360 u 2200 u 370 u 
FLUORANTHENE 370 u 380U 460U 430U 360 u 2200 UJ 370 u 
PYRENE 370 u 380 u 460U 430U 360 u 2200 u 370 u 
BENZO(A)ANTHRACENE 370 u 380U 460U 430U 360 u 2200 u 370 u 
CHRYSENE 370 u 380 u 460U 430U . 360 u 2200 u 370 u 
BENZO(B)FLUORANTHENE 370 u 380U 460U 430U 360U 2200 u 370 u 
8ENZO(~FLUORANTHENE 370 u 380U 460U 430U 360 u 2200 u 370 u 
BENZO(A)PYRENE 370 u 380U 460U 430U 360 u 2200 u 370 u 

08123/96 7SBO.WK4 3 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

VOLATILES (ug/kg) 
ACETONE 
ETHYLBENZENE 
XYLENE (TOTAL) 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 
2-METHYLNAPHTHALENE 
ACENAPHTHENE 
DIBENZOFURAN 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
DI-N-BUTYLPHTHALA TE 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 

08/23/96 7SBO.WK4 

7SB03-08 
04125/96 

16.0-18.0 

12 UJ 
6U 
6U 

380U 
380U 
380U 
380U 
380U 
380U 
380U 
380U 
380U 
380 u 
380 u 
380U 
380U 
380 u 
380 u 

TABLE 6-9 (continued) 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

SWMU 7 SUBSURFACE SOIL 
CT0-0277, RFI REPORT • OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

0121 
0/20 
0120 

0/21 
0121 
0121 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 

4 

• 



• • • 
TABLE 1-8 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

CT0-4277, RFI REPORT· OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION tlJti.ita.iBJli~~ 7-SB02-03 7-SB02-06 7-SB02-07 7MW01-07 7MW01-12 7MW01-12D 
SAMPLE DATE Soils 04/02196 04/02196 04/02196 03/27196 03127/96 03/27196 
DEPTH (ug/kg) 6.0-8.0 12.0-14.0 14.0-16.0 14.0-16.0 24.0-26.0 N/A 

VOLATILES (uglkg) 
ACETONE 7800000 120 u 12 u 13 u 11 UJ 12 UJ 12 UJ 
ETHYLBENZENE 7800000 58U 6 u 6U 6U 6 u 6U 
XYLENE (TOTAL) 160000000 58U 6 u 6U 6U 6U 6 u 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 3100000 680J 400U 420 u 370 u 390 u 400U 
2-METHYLNAPHTHALENE 3100000 3000 J 400 UJ 420 UJ 1400 390 u 91 J 
ACENAPHTHENE 4700000 750 J 400U 420 u 370 u 390 u 400U 
DIBENZOFURAN 310000 1900 u 400U 420 u 370 u 390 u 400U 
FLUORENE 3100000 1900 u 400U 420 u 280 J 390 u 400U 
PHENANTHRENE 2300000 1100 J 400U 420 u 330 J 390 u 400U 
ANTHRACENE 23000000 630 J 400U 420 u 370 u 390 u 400U 
DI-N-BUTYLPHTHALA TE 7800000 1900 u 400U 420 u 370 u 390 u 400U 
FLUORANTHENE 3100000 1800 J 400U 420 u 370 u 390 u 400U 
PYRENE 2300000 1500 J 400U 420 u 370 u 390 u 400U 
BENZO(A)ANTHRACENE 880 540 J 400U 420 u 370 u 390 u 400U 
CHRYSENE 88000 500 J 400U 420 u 370 u 390 u 400U 
BENZO(B)FLUORANTHENE 880 440 J 400U 420 u 370 u 390 u 400U 
BENZO(K)FLUORANTHENE 8800 220J 400U 420 u 370 u 390 u 400U 
BENZO(A)PYRENE 88 ilWimmnna;J 400U 420 u 370 u 390 u 400U 

08/23196 7SBO.WK4 



• • • 
TABLE 5-9 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION 7MW02-11 7MW02-11D 7MW02-17 7MW03-04 7MW03-04D 7MW03-00 7MW04-07 
SAMPLE DATE 04109/96 04109/96 04109/96 04108196 04/08/96 04/08/96 04104196 
DEPTH 22.0-24.0 N/A 40.0-42.0 8.0-10.0 N/A 12.0-14.0 14.0-16.0 

VOLATILES (uglkg) 
ACETONE 1900 UJ 1500 u 12 UJ 12 u 12 UJ 12 UJ 12 u 
ETHYLBENZENE 960U 760 u 6U 6U 6U 6U 6U 
XYLENE (TOTAL) 960U 760 u 6 u 6U 6U 6U 6 u 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE soou 400U 410 u 410 u 400U 370 u 410 u 
2-METHYLNAPHTHALENE 180 J 880 270 J 410 u 400U 370 u 410 UJ 
ACENAPHTHENE 500 u 400U 410 u 410 u 400U 370 u 410 u 
DIBENZOFURAN soou 400U 410 u 410 u 400U 370 u 410 u 
FLUORENE soou 400U 410 u 410 u 400U 370 u 410 u 
PHENANTHRENE soou 400U 410 u 410 u 400U 370 u 410 u 
ANTHRACENE 500 u 400U 410 u 410 u 400U 370 u 410 u 
01-N-BUTYLPHTHALA TE soou 400U 410 u 410 u 400U 170 J 450 
FLUORANTHENE soou 400U 410 u 410 u 400U 370 u 410 u 
PYRENE soou 400U 410 u 410 u 400U 370 u 410 u 
BENZO(A)ANTHRACENE 500 u 400U 410 u 410 u 400U 370 u 410 u 
CHRYSENE soou 400U 410 u 410 u 400U 370 u 410 u 
BENZO(B)FLUORANTHENE soou 400U 410 u 410 u 400U 370 u 410 u 
BENZO(~FLUORANTHENE soou 400U 410 u 410 u 400.U 370 u 410 u 
BENZO(A)PYRENE soou 400U 410 u 410 u 400U 370 u 410 u 

08/23/96 7SBO.WK4 2 



• • 
TABLE 5-8 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

CT0-0277, RFI REPORT· OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION 7MW04-07D 7MW04-11 75801-04 75801-05 75801-08 75801-11 75803-06 
5AMPLEDATE 04104196 04104196 03/27196 03/27196 03/27196 03127196 04125196 
DEPTH N/A 22.0.24.0 8.0.10.0 10.0.12.0 16.0.18.0 22.0.24.0 12.0.14.0 

VOLATILES (ug/kg) 
ACETONE 11 u 12 u 17 J 70 J 16 J 66 UJ 11 UJ 
ETHYL8ENZENE 6U 6U 7U 33U 28 2500 R 6 u 
XYLENE (TOTAL) 6U 6U 7U 33 u 12 5800 R 6 u 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 370 u 380U 66 J 1900 360 u 17000 370 u 
2-METHYLNAPHTHALENE 370 UJ 380 UJ 370 J 5000 360 u 30000 J 370 u 
ACENAPHTHENE 370 u 380U 460U 430U 360 u 2200 u 370 u 
018ENZOFURAN 370 u 380U 460U 250 J 230 J 930 J 370 u 
FLUORENE 370 u 380U 460U 120 J 120 J 340 J 370 u 
PHENANTHRENE 370 u 380 u 460U 100 J 140 J 2200 u 370 u 
ANTHRACENE 370 u 380 u 460U 430U 360 u 2200 u 370 u 
DI-N-8UTYLPHTHALA TE 370 u 380U 460U 430U 360 u 2200 u 370 u 
FLUORANTHENE 370 u 380U 460U 430U 360 u 2200 UJ 370 u 
PYRENE 370 u 380 u 460U 430U 360 u 2200 u 370 u 
8ENZO(A)ANTHRACENE 370 u 380U 460U 430U 360 u 2200 u 370 u 
CHRY5ENE 370 u 380 u 460U 430U 360 u 2200 u 370 u 
8ENZ0(8)FLUORANTHENE 370 u 380 u 460U 430U 360 u 2200 u 370 u 
8ENZO(~FLUORANTHENE 370 u 380U 460U 430U 360 u 2200 u 370 u 
8ENZO(A)PYRENE 370 u 380U 460U 430U 360 u 2200 u 370 u 

08123/96 7580.WK4 3 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

VOLATILES (ug/kg) 
ACETONE 
ETHYLBENZENE 
XYLENE (TOTAL) 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 
2-METHYLNAPHTHALENE 
ACENAPHTHENE 
DIBENZOFURAN 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
DI-N-BUTYLPHTHALA TE 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BENZO(B)FLUORANTHENE 
BENZO(~FLUORANTHENE 

BENZO(A)PYRENE 

08/23/96 7SBO.WK4 

78803-08 
04125196 

16.0-18.0 

12 UJ 
6U 
6U 

380U 
380U 
380 u 
380 u 
380U 
380 u 
380 u 
380U 
380 u 
380 u 
380 u 
380 u 
380 u 
380U 
380U 

TABLE 5-9 (continued) 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

SWMU 7 SUBSURFACE SOIL 
CT0-4277, RFI REPORT • OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

m11•il~m 
Soils 

(ug/kg] 

0/21 
0/20 
0/20 

0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
0/21 
1/21 

4 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TPH 
DIESEL FUEL (mglkg) 
WET CHEMISTRY 
%SOLIDS 

09/11/96 7SBTPH.WK4 

7-SB02-03 
04/02196 

6.0-8.0 

480U 

85.9 

• 
TABLE 6-9 (continued) 

DETECTED CONCENTRATIONS OF TPH AND WET CHEMISTRY 
SWMU 7 SUBSURFACE SOIL 
CT0-0277 RFI REPORT OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7-SB02-06 
04102196 
12.0-14.0 

14 

81.4 

7-SB02-07 
04/02196 

14.0-16.0 

6.4 

78.5 

7MW02-11D 
04109/96 

N/A 

16 J 

81.8 

7MW01-07 
03127/96 
14.0-16.0 

420 

88.4 

• 

7MW01-12 
03/27/96 

24.0-26.0 

29J 

83.6 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TPH 
DIESEL FUEL (mglkg) 
WET CHEMISTRY 
%SOLIDS 

09/11/96 7SBTPH.WK4 

7MW01-12D 
03/27/96 

24.0-26.0 

120 J 

82 

TABLE 5-9 (continued) 
DETECTED CONCENTRATIONS OF TPH AND WET CHEMISTRY 

SWMU 7 SUBSURFACE SOIL 
CT0-0277 RFI REPORT OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7MW02-11 
04109/96 

22.0-24.0 

15 J 

65.3 

7MW02-17 
04109/96 

40.0-42.0 

18 

81 

2 

7MW03-04 
04108/96 
8.0-10.0 

5.1 u 

79.6 

7MW03-04D 
04108196 

N/A 

5 UJ 

81.6 

7MW03-06 
04108/96 
12.0-14.0 

4.6 u 

89.3 



• 
TABLE 5-9 (continued) 

DETECTED CONCENTRATIONS OF TPH AND WET CHEMISTRY 
SWMU 7 SUBSURFACE SOIL 
CT0-0277 RFI REPORT OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION 7MWOMJ7 7MW04-07D 7MW04-11 7SB01-04 7SB01-05 7SB01-08 
SAMPLE DATE 04104196 04104196 04104196 03/27/96 03/27/96 03127/96 
DEPTH 14.0-16.0 N/A 22.0-24.0 8.0-10.0 10.0-12.0 16.0-18.0 

TPH 
DIESEL FUEL (mglkg) 4.5 J 4.7 u 4.8 u 11 410 550 
WET CHEMISTRY 
%SOLIDS 80.7 88.4 86.3 71.6 75.9 91.4 

09/11/96 7SBTPH.WK4 3 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TPH 
DIESEL FUEL (mglkg) 
WET CHEMISTRY 
%SOLIDS 

09/11196 7SBTPH.WK4 

7SB01-11 
03/27196 

22.0-24.0 

4400 

76 

• 
TABLE 5-9 (continued) 

DETECTED CONCENTRATIONS OF TPH AND WET CHEMISTRY 
SWMU 7 SUBSURFACE SOIL 
CT0-0277 RFI REPORT OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7SB03-06 
04125/96 

12.0-14.0 

4.7 u 

88.4 

7SB03-08 
04/25/96 

16.0-18.0 

4.8 u 

85.7 

4 

• 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SILVER, TOTAL 

08123/96 7SBI.WK4 

::~-:;l~'lbkg d 2sdl ~~:::::: .... · ............ :::.~ n av+ 
Soils sub. soil 

[mglkg) [mg/kg) 

3.8 2.4383246 
140000 331.22945 
1000 0.7115511 
10000 172.39162 

NA 6.8581292 
10000 NO 

• 
TABLES-10 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

CT0-0277, RFI REPORT- OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

bkgnd max 7-SB02-03 7-SB02-06 7-SB02-07 
sub. soil 04102196 04102196 04102196 
[mg/kg) 6.0-8.0 12.0-14.0 14.0-16.0' 

2.4 0.4 0.51 UJ 0.72 
246 36.2 J 17.1 J 21.7 J 
0.62 0.25 u 0.26 u 0.29 u 
148 7J 6.1 J 10.1 J 
6.6 6.2 2.3 2.5 
NO 0.35 u .Iilli 0.4 u 

• 

7MW01-07 7MW01-12 
03127196 03/27196 

14.0-16.0 24.0-26.0 

0.09 UJ 0.16 J 
41.9 J 204 J 
0.22 u 0.47 
13.5 J 25J 

2 J 1.2 J 
0.31 u 0.29 u 



LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mglkg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SILVER, TOTAL 

08123/96 7SBI.WK4 

7MW01·12D 
03127196 

24.0-26.0 

0.1 UJ 
131 J 

0.55 
32.3 J 
0.97 J 
0.3 u 

TABLE 5-10 (continued) 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 

SWMU 7 SUBSURFACE SOIL 
CT0-0277, RFI REPORT· OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7MW02·11 7MW02-11D 7MW02-17 7MW03-04 
04/09196 04/09/96 04109/96 04108/96 

22.0-24.0 NA 40.0-42.0 8.0-10.0 

0.55 UJ 0.1 UJ 0.14 J 0.16 J 
40.6 46.5 40.2 37.6 
0.34 u 0.22 u 0.25 u 0.33 u 
14.6 J 10.2 J 24.2 J 21.2 J 
0.58 J 0.5 J J..JjJ 5.1 J 
.a.5JI 0.31 u 0.34 u 0.45 u 

2 

7MW03-04D 7MW03-06 
04/08/96 04108/96 

N/A 12.0-14.0 

0.27 J 0.39 J 
61.9 51.5 
0.26 u 0.26 u 
9.8 J 15.4 J 
6.3 J 1.7 J 

0.36 u .o...zal 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SILVER, TOTAL 

08123/96 7SBI.WK4 

7WMI04-07 
04104196 

14.0-16.0 

0.34 J 
12.4 J 
0.34 u 

6.1 J 
1 J 

ul 

• 
TABLE 5-10 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

CT0-4277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7WM/04-07D 7WM/04-11 7SB01-04 7SB01-05 
04104196 04104196 03/27196 03/27/96 

NA 22.0-24.0 8.0-10.0 10.0-12.0 

0.51 J 0.08 UJ 0.81 0.44 
8.2 J 11.5 J n.7 J 108 J 

0.24 u 0.25 u 0.43 0.33 
5.9 J 14.8 J 11.8 J 21.9 J 

0.82 J 4.1 1.8 J 1.5 J 
0.33 u 0.35 u 0.37 u 0.37 u 

3 

7SB01-08 
03127196 

16.0-18.0 

0.34 J 
143 J 

0.22 u 
30.4J 

2.1 J 
0.31 u 

• 

7SB01-11 
03/27/96 

22.0-24.0 

0.1 UJ 
84.5 J 
w 
22.7 J 

1.1 J 
0.39 u 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SILVER, TOTAL 

08123/96 7SBI.WK4 

7SB03-06 
04125196 

12.0-14.0 

0.31 UJ 
24 J 

a..93l 
7.5 J 

0.93 J 
0.37 u 

• 
TABLE 5-10 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

CT0-0277, RFI REPORT· OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7SB03-08 
04125/96 

16.0-18.0 

1.1 J 
16.1 J 
.Q..6Z 

4.9 J 
1.2 

0.37 u 

ill~Jilinfiiil~~~1m nu;~e;::;:ng I 
Soils sub. soil 

[mglkg] [mglkg] 

0/21 
0/21 
0/21 
0/21 
NA 

0/21 

4 

0/21 
0/21 
1/21 
0/21 
1/21 
4/21 

number exceeding 
bkgnd max 
sub. soil 
[mglkg] 

0/21 
0/21 
3/21 
0/21 
1/21 
4/21 

• 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SILVER, TOTAL 

08123/96 7SBI.WK4 

il~Jii.l@ 
Soils 

[mg/kg) 

0.43 
5500 
39 
390 
400 
390 

7-SB02..()3 
04/02/96 

6.0-8.0 

0.4 
36.2 J 
0.25 u 

7J 
6.2 

0.35 u 

• 
TABLE 6·10 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

CT0-0277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7-SB02-06 7-SB02-07 7MW01-07 
04/02/96 04102196 03/27/96 
12.0-14.0 14.0-16.0 14.0-16.0 

0.51 UJ -:-:-:-.\."':>:..;:-~ ...... 
~~Wt.=i~ft..mt.~ ::- J 0.09 UJ 

17.1 J 21.7 J 41.9 J 
0.26 u 0.29 u 0.22 u 

6.1 J 10.1 J 13.5 J 
2.3 2.5 2J 

0.41 0.4 u 0.31 u 

• 

7MW01-12 7MW01-12D 
03/27/96 03127/96 

24.0-26.0 24.0-26.0 

0.16 J 0.1 UJ 
204 J 131 J 
0.47 0.55 

25 J 32.3 J 
1.2 J 0.97 J 

0.29 u 0.3 u 



LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mglkg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SILVER, TOTAL 

08123/96 7SBI.WK4 

7MW02-11 
04109/96 

22.0-24.0 

0.55 UJ 
40.6 
0.34 u 
14.6 J 
0.58 J 
0.53 

TABLE 5-10 (continued) 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 

SWMU 7 SUBSURFACE SOIL 
CT0-0277, RFI REPORT· OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7MW02-11D 7MW02-17 7MW03-04 7MW03-04D 
04109/96 04/09/96 04108196 04108/96 

NA 40.0-42.0 8.0-10.0 N/A 

0.1 UJ 0.14 J 0.16 J 0.27 J 
46.5 40.2 37.6 61.9 
0.22 u 0.25 u 0.33 u 0.26 u 
10.2 J 24.2 J 21.2 J 9.8 J 
0.5 J 13 J 5.1 J 6.3 J 

0.31 u 0.34 u 0.45 u 0.36 u 

2 

• 

7MW03-06 7MW04-07 
04108/96 04104196 
12.0-14.0 14.0-16.0 

0.39 J 0.34 J 
51.5 12.4 J 
0.26 u 0.34 u 
15.4 J 6.1 J 

1.7 J 1 J 
0.78 0.49 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SILVER, TOTAL 

08123/96 7SBI.WK4 

7MW04-07D 
04/04/96 

NA 

\1IlfWMtillliil~~ J 
8.2 J 

0.24 u 
5.9 J 

0.82 J 
0.33 u 

TABLE 11-10 (continued) 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 

SWMU 7 SUBSURFACE SOIL 
CT0-0277, RFI REPORT- OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7MW04-11 7SB01.04 7SB01-05 7SB01.08 
04/04/96 03/27/96 03/27/96 03/27/96 

22.0.24.0 8.0.10.0 10.0.12.0 16.0.18.0 

0.08 UJ m\~M~I~~m\m~Dii:t\ i~m~l~~~;~11~;~~~l~~~ 0.34 
11.5 J n.7 J 108 J 143 
0.25 u 0.43 0.33 0.22 
14.8 J 11.8 J 21.9 J 30.4 

4.1 1.8 J 1.5 J 2.1 
0.35 u 0.37 u 0.37 u 0.31 

3 

• 

7SB01-11 7SB03-06 
03/27/96 04125/96 

22.0.24.0 12.0.14.0 

J 0.1 UJ 0.31 UJ 
J 84.5 J 24 J 
u 0.63 0.93 
J 22.7 J 7.5 J 
J 1.1 J 0.93 J 
u 0.39 u 0.37 u 



• 

LOCATION 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SILVER, TOTAL 

08123/96 7SBI.WK4 

7SB03-08 
04125/96 

16.0-18.0 

16.1 J 
0.67 

4.9 J 
1.2 

0.37 u 

• 
TABLE 5-10 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 7 SUBSURFACE SOIL 

5/21 
0/21 
0/21 
0/21 
0/21 
0/21 

CT0-0277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

4 



• • 
TABLE6-11 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 GROUNDWATER 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION :t::tmm¥Htm 7MW01A 7MW02 7MW03 GW03 7GW04 UGW-2 UGW-3 
DATE SAMPLED Groundwater 05105/96 04/23/96 04123/96 03/23/96 04119/96 03/23/96 03/23/96 

(ug/L) 

VOLATILES (ug/L) 

m:l:lffMrtt:%1!1Ml METHYLENE CHLORIDE 5 5U 5U 5U 5U 250 u 250 u 
CHLOROFORM 100 6 5U 5U 5U 5U 250 u 250 u 
ETHYLBENZENE 700 2J 5U 5U 5U 5U 250 u 250 u 
XYLENE (TOTAL) 10000 46 5U 5U 5U 5U 250 u 250 u 
SEMIVOLATILES (ug/L) 
PHENOL NA 2J 10 u 10 u 210 u 10 u 120 u 10 u 
ISOPHORONE NA 10 u 10 u 10 u 210 u 10 UJ 120 u 10 u 
NAPHTHALENE NA 10 u 10 u 10 u 210 u 10 UJ 180 230 
2-METHYLNAPHTHALENE NA 1 J 10 u 10 u 380 J 10 UJ 790 J 290 
ACENAPHTHENE NA 10 u 10 u 10 u 210 u 10 UJ 120 u 10 u 
FLUORENE NA 10 u 10 u 10 u 210 u 10 UJ 120 u 5 J 
DIMETHYLPHTHALA TE NA 1 J 3J 10 u 210 u 5 J 120 u 10 u 
DIETHYLPHTHALA TE NA 10 u 10 u 10 u 210 u 1 J 120 u 10 u 
PHENANTHRENE NA 10 u 10 u 10 u 210 u 10 UJ 140 2 J 
ANTHRACENE NA 10 u 10 u 10 u 210 u 10 UJ 15 J 10 u 
BIS(2-ETHYLHEXYL)PHTHALA TE 6 6 UJ 10 u 10 u 210 u 10 UJ 120 u 10 u 

08123/96 7GWO.WK4 



• 

LOCATION 
DATE SAMPLED 

VOLATILES (ug/L) 
METHYLENE CHLORIDE 
CHLOROFORM 
ETHYLBENZENE 
XYLENE (TOTAL) 
SEMIVOLATILES (ug/L) 
PHENOL 
ISOPHORONE 
NAPHTHALENE 
2-METHYLNAPHTHALENE 
ACENAPHTHENE 
FLUORENE 
DIMETHYLPHTHALA TE 
DIETHYLPHTHALA TE 
PHENANTHRENE 
ANTHRACENE 
BIS(2-ETHYLHEXYL)PHTHALA TE 

08123196 7GWO.WK4 

UGW-7 
03/23/96 

5 u 
5 u 
5 u 
5 u 

11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
3 J 

TABLE 5-11 (continued) 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

SWMU 7 GROUNDWATER 
CT0-0277, RFI REPORT • OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

UGW-10 UGW-16 UGW-20 

ii~&M.iii1i~~i 03123/96 03123/96 03/23/96 
Groundwater 

(ug/L] 
5 u 5 u 5 u 1/11 
5 u 5 u 5 u 0/11 
5 u 5 u 5 u 0/11 
5 u 5 u 5 u 0/11 

10 u 10 u 11 u NA 
1 J 10 u 11 u NA 

10 u 10 u 11 u NA 
1 J 10 u 11 UJ NA 
1 J 10 u 11 u NA 
4 J 10 u 11 u NA 

10 u 10 u 11 u NA 
2 J 2 J 11 u NA 
1 J 10 u 11 u NA 

10 u 10 u 11 u NA 

Mmtm~~~~m~~~rrrrt~~ J 2 J 1 J 1/11 

2 



• • 
TABLE 5-11 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 GROUNDWATER 

CT0-0277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION tt.iiw.Bl~ 7MW01A 7MW02 7MW03 GW03 7GW04 UGW-2 UGW-3 
DATE SAMPLED (ug/L) 05105196 04123196 04123196 03/23/96 04119/96 03123196 03123196 

VOLATILES (ug/L) 
METHYLENE CHLORIDE 4.1 5U 5U 5U 5U 250 u 250 u 
CHLOROFORM 0.15 5U 5U 5U su 250 u 250 u 
ETHYLBENZENE 1300 2J 5U 5 u 5U 5U 250 u 250 u 
XYLENE (TOTAL) 12000 46 5 u 5 u 5U 5U 250 u 250 u 
SEMIVOLATILES (ug/L) 
PHENOL 22000 2 J 10 u 10 u 210 u 10 u 120 u 10 u 
ISOPHORONE 71 10 u 10 u 10 u 210 u 10 UJ 120 u 10 u 
NAPHTHALENE 1500 10 u 10 u 10 u 210 u 10 UJ 180 230 
2-METHYLNAPHTHALENE 1500 1 J 10 u 10 u 380J 10 UJ 790 J 290 
ACENAPHTHENE 2200 10 u 10 u 10 u 210 u 10 UJ 120 u 10 u 
FLUORENE 1500 10 u 10 u 10 u 210 u 10 UJ 120 u 5 J 
DIMETHYLPHTHALA TE 370000 1 J 3 J 10 u 210 u 5 J 120 u 10 u 
DIETHYLPHTHALA TE 29000 10 u 10 u 10 u 210 u 1 J 120 u 10 u 
PHENANTHRENE 1100 10 u 10 u 10 u 210 u 10 UJ 140 2 J 
ANTHRACENE 11000 10 u 10 u 10 u 210 u 10 UJ 15 J 10 u 
BIS(2-ETHYLHEXYL)PHTHALA TE 4.8 6 UJ 10 u 10 u 210 u 10 UJ 120 u 10 u 

08123/96 7GWO.WK4 



LOCATION UGW-7 
DATE SAMPLED 03/23/96 

VOLATILES (ug/L) 
METHYLENE CHLORIDE 5U 
CHLOROFORM 5U 
ETHYLBENZENE 5 u 
XYLENE (TOTAL) 5 u 
SEMIVOLATILES (ug/L) 
PHENOL 11 u 
ISOPHORONE 11 u 
NAPHTHALENE 11 u 
2-METHYLNAPHTHALENE 11 u 
ACENAPHTHENE 11 u 
FLUORENE 11 u 
DIMETHYLPHTHALA TE 11 u 
DIETHYLPHTHALATE 11 u 
PHENANTHRENE 11 u 
ANTHRACENE 11 u 
BIS(2-ETHYLHEXYL)PHTHALA TE 3 J 

08/23/96 7GWO.WK4 

• 
TABLE 5-11 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7 GROUNDWATER 

CT0-0277, RFI REPORT. OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

UGW-10 UGW-16 UGW-20 

!t~!~nai~i&1i!;;t5i~ntt1 03/23/96 03/23/96 03123/96 
(ug/L] 

5 u 5U 5 u 1111 
5 u 5U 5 u 1/11 
5 u 5U su 0/11 
5 u 5U su 0/11 

10 u 10 u 11 u 0/11 
1 J 10 u 11 u 0/11 

10 u 10 u 11 u 0/11 
1 J 10 u 11 UJ 0111 
1 J 10 u 11 u 0/11 
4J 10 u 11 u 0/11 

10 u 10 u 11 u 0/11 
2 J 2J 11 u 0/11 
1 J 10 u 11 u 0/11 

10 u 10 u 11 u 0/11 

Ett~!!ltttffffttf J 2 J 1 J 1/11 

2 

-



LOCATION HH\\MW#tl]bkgnd av+2sdl 
DATE SAMPLED Groundwater dls.GW 

(ug/L) (ugll) 

DISSOLVED METALS (ugll) 
ARSENIC, SOLUBLE 50 NO 
BARIUM, SOLUBLE 2000 174.1n22 
CADMIUM, SOLUBLE 5 NO 
LEAO,SOLUBLE 15 NO 
MERCURY, SOLUBLE 2 NO 

08123/96 7GWID.WK4 

• 
TABLES-12 

DETECTED CONCENTRATIONS OF DISSOLVED INORGANIC COMPOUNDS 
SWMU 7 GROUNDWATER 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

biUIDd IDII~ 7MN01A 7MN02 7MN03 GW03 
dis.GW 05/05196 04123196 04123196 03123/96 

[ug/L) 

NO 1.2 u 1.8 UJ 1.8 u 1.3 u 
148 .2QQI 82.5 ~I 31.4 
NO 2.9 u 2.9 u J..2l 

2..SIJ NO 1.2 u 1.2 UJ 0.8 u 
NO 0.1 u 0.1 u .o.JZI 0.1 u 

7GW04 UGW-2 
04119196 03123/96 

1.2 u 1.3 u 
.1.fjg 

~ 2.9 u . 

1.2 u J 
0.1 u 0.1 u 



• 

LOCATION UGW-3 UGW-7 
DATE SAMPLED 03/23/96 03/23/96 

DISSOLVED METALS (ug/L) 
ARSENIC, SOLUBLE 1.3 u 1.3 u 
BARIUM, SOLUBLE 29.9 34.7 
CADMIUM, SOLUBLE 2.2 u 2.2 u 
LEAD, SOLUBLE .t.al 0.8 u 
MERCURY, SOLUBLE 0.1 u ll11J 

08123/96 7GWID.WK4 

• 
TABLE 6-12 (continued) 

DETECTED CONCENTRATIONS OF DISSOLVED INORGANIC COMPOUNDS 
SWMU 7 GROUNDWATER 

CT0-0277, RFI REPORT- OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

UGW-10 UGW-16 UGW-20 

~rilli:illiiili£1~i:~rl 03/23/96 03/23/96 03/23/96 
Groundwater 

I 1 ~1 
(ug/L] 

1.3 u 1.3 u 0/11 
37 1.4 u 0/11 
2.2 u 2.2 u 1/11 
0.8 u 0.8 u 0.8 UJ 0/11 
0.1 u 0.1 u 0.1 u 0/11 

2 

• 

number exceeding number exceeding 
bkgnd av+2sd I bkgca mal( 

dis.GW dis.GW 

(ug/L) (ug/L) 
1/11 1/11 
4/11 5/11 
4/11 4/11 
3/11 3/11 
2/11 2/11 



-
LOCATION l1tii1w.Bf.~~ 
DATE SAMPLED (ug/L) 

DISSOLVED METALS (ug/L) 
ARSENIC, SOLUBLE 0.0445 
BARIUM, SOLUBLE 2600 
CADMIUM, SOLUBLE '18 
LEAD, SOLUBLE NA 
MERCURY, SOLUBLE 11 

08123/96 7GWID.WK4 

TABLE 6-12 (continued) 
DETECTED CONCENTRATIONS OF DISSOLVED INORGANIC COMPOUNDS 

SWMU 7 GROUNDWATER 
CT0-0277, RFI REPORT· OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7MN01A 7MW02 7MW03 GW03 
05/05/96 04123/96 04123/96 03123/96 

1.2 u 1.8 UJ 1.8 u 1.3 u 
200 82.5 187 31.4 
2.9 u 2.9 u 4.6 3.2 
2.5 J 1.2 u 1.2 UJ 0.8 u 
0.1 u 0.1 u 0.37 0.1 u 

7GW04 UGW-2 
04/19/96 03/23/96 

1.2 u 1.3 u 
160 1010 
2.9 u 5.8 
1.2 u 4.8 J 
0.1 u 0.1 u 



• 

LOCATION UGW-3 
DATE SAMPLED 03123/96 

DISSOLVED METALS (ug/L) 
ARSENIC, SOLUBLE 1.3 u 
BARIUM, SOLUBLE 29.9 
CADMIUM, SOLUBLE 2.2 u 
LEAD, SOLUBLE 1.8 
MERCURY, SOLUBLE 0.1 u 

08123/96 7GWID.WK4 

• 
TABLE 5-12 (continued) 

DETECTED CONCENTRATIONS OF DISSOLVED INORGANIC COMPOUNDS 
SWMU 7 GROUNDWATER 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

UGW-7 UGW-10 UGW-16 UGW-20 
03/23/96 03123/96 03123/96 03/23/96 

1.3 u 1.3 u 1.3 u :::::::::::::r:::~:~::n:r::r:::::t:~i@ 
34.7 37 1.4 u 1070 

2.2 u 2.2 u 2.2 u 3.4 
0.8 u 0.8 u 0.8 u 0.8 

0.11 J 0.1 u 0.1 u 0.1 

2 

:::::i:iii:iit~:r~w 
[ug/L) 

1/11 
0/11 
0/11 

UJ NA 
u 0/11 



• 

SAMPLE ID ~WIOO.lWfiMi 8SS01 
SAMPLE DATE Soils 04/04196 
DEPTH (uglkg] 0-1 

VOLATILES (ug/kg) 
ACETONE 200000000 11 UJ 
SEMIVOLATILES (ug/kg) 
PHENANTHRENE 61000000 46J 
FLUORANTHENE 82000000 87 J 
PYRENE 61000000 88J 
BENZO(A)ANTHRACENE 7800 50J 
CHRYSENE 780000 68J 
BENZO(B)FLUORANTHENE 7800 95J 
BENZO(A)PYRENE 780 57 J 
BENZO(G,H,I)PERYLENE 61000000 110 J 

08123/96 8SSO.WK4 

• 
TABLE6-13 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 8 SURFACE SOIL 

CT0-0277, RFI REPORT- OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8SS02 8SS03 8SS03D 
04104/96 04104196 04104196 

0-1 0-1 0-1 

11 UJ 11 UJ 22 

360 u 380U 370 u 
360U 380U 370 u 
360 u 380U 370 u 
360 u 380U 370 u 
360 u 380 u 370 u 
360 u 380U 370 u 
360 u 380U 370 u 

70 J 380U 370 u 

• 
8SS04 

~~~it&B.iiil1i~m 04104196 
0-1 Soils 

(uglkg) 

10 u 0/5 

350 u 0/5 
350 u 0/5 
350 u 0/5 
350 u 0/5 
350 u 0/5 

41 J 0/5 
350 u 0/5 
350 u 0/5 



• 
SAMPLE ID 
SAMPLE DATE 
DEPTH 

VOLATILES (ug/kg) 
ACETONE 
SEMIVOLA TILES (ug/kg) 
PHENANTHRENE 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BENZO(B)FLUORANTHENE 
BENZO(A)PYRENE 
BENZO(G,H,I)PERYLENE 

08123/96 8SSO.WK4 

IaN~~lJ 
Soils 

[uglkg] 

7800000 

2300000 
3100000 
2300000 

880 
88000 
880 
88 

2300000 

8SS01 
04/04/96 

0-1 

TABLE 5-13 (continued) 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

SWMU 8 SURFACE SOIL 
CT0-0277, RFI REPORT • OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8SS02 8SS03 8SS030 
04/04/96 04/04/96 04/04/96 

0-1 0-1 0-1 

11 UJ 11 UJ 11 UJ 22 

46J 360 u 380 u 370 u 
87 J 360 u 380 u 370 u 
88J 360 u 380 u 370 u 
50 J 360U 380 u 370 u 
68J 360 u 380 u 370 u 
95J 360 u 380 u 370 u 
57 J 360 u 380 u 370 u 

110 J 70 J 380 u 370 u 

8SS04 
:~:ittttt-m~m 04/04/96 

0-1 Soils 
[ug/kg] 

10 u 0/5 

350 u 0/5 
350 u 0/5 
350 u 0/5 
350 u 0/5 
350 u 0/5 

41 J 0/5 
350 u 0/5 
350 u 0/5 



• 
SAMPLE ID 
SAMPLE DATE 
DEPTH 

TPH 
WET CHEMISTRY 
%SOLIDS 

09/11/96 8SSTPH.WK4 

8SS01 
04104196 

0-1 

No Detects 

92.2 

• 
TABLE 5-13 (continued) 

DETECTED CONCENTRATIONS OF TPH AND WET CHEMISTRY 
SWMU 8 SURFACE SOIL 

CT0-0277 RFI REPORT OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8SS02 
04104196 

0-1 

89.8 

8SS03 
04104196 

0-1 

87.3 

8SS03D 
04104196 

0-1 

88.4 

8SS04 
04104196 

0-1 

96 



• 
SAMPLE 10 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mg/kg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SELENIUM, TOTAL 

08123/96 8SSI.WK4 

lfiiW#f.S.Jijbkgnd av+2sdl 
Soils surface soil 

(mglkg] [mglkg] 

3.8 2.4625 
140000 205.5343 
1000 NO 
10000 57.27342 

NA 15.832923 
10000 1.7825468 

• 
TABLE5·14 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 8 SURFACE SOIL 

CT0-0277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

blsgoa miil~ 8SS01 8SS02 8SS03 
surface soil 04104196 04104196 04104196 

[mg/kg] 0-1 0-1 0-1 

1.8 .2..2 1 1.2 
169 44.8 100 56.8 
NO 0.24 u .ll.2BI 0.27 u 

44.1 14.4 J 31 J 29.8 J 
11.9 1ll 5.1 2.3 
1.2 0.12 UJ 0.31 J 0.13 UJ 

• 
8SS030 8SS04 
04104196 04104196 

0-1 0-1 

1.1 1.4 
60.4 54.8 
0.27 u 0.25 u 
26.3 J 7.2 J 
2.2 1.6 

0.14 UJ 0.14 UJ 



SAMPLE ID 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mglkg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SELENIUM, TOTAL 

08123/96 8SSI.WK4 

• 
TABLE li-14 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 8 SURFACE SOIL 

CT0-0277, RFI REPORT· OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

~f!Jm~mB.iim~;-'-"77"~=~;-:'"--, numb':o~x~~iog 
Soils surface soil surface soil 

[mglkg) [mg/kg) [mg/kg) 

0/5 
0/5 
0/5 
0/5 
NA 
0/5 

015 
0/5 
1/5 
0/5 
0/5 
0/5 

1/5 
0/5 
1/5 
0/5 
1/5 
0/5 

2 

• 



• 
SAMPLE ID 
SAMPLE DATE 
DEPTH 

TOTAL METALS (mglkg) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
SELENIUM, TOTAL 

08123/96 8SSI.WK4 

:flfi.il.&'ffl!Ml 
Soils 

(mglkg) 

8SS01 
04104196 

0-1 

TABLE 6-14 (continued) 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 

SWMU 8 SURFACE SOIL 
CT0-0277, RFI REPORT - OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8SS02 
04/04/96 

0-1 

8SS03 
04104196 

0-1 

8SS03D 
04/04/96 

0-1 

0.43 
5500 

39 
390 
400 
390 

tittiiiiti:IIf¥ :t:::I'II:=:::IIIIm:m:M::: 
100 

0.28 
31 J 

5.1 
0.31 J 

m:::::::IIIllf\lf2l ::::=:::::::::::::::tt:m:::m:tm: 
44.8 
0.24 u 
14.4 J 
13.1 
0.12 UJ 

56.8 
0.27 u 
29.8 J 
2.3 

0.13 UJ 

60.4 
0.27 u 
26.3 J 
2.2 

0.14 UJ 

8SS04 
04/04/96 

0-1 

:tiiiil:IIIM!li: 
54.8 
0.25 u 
7.2 J 
1.6 

0.14 UJ 

:ti:r:i~l:i~~:~~ 
Soils 

[mg/kg] 

5/5 
0/5 
0/5 
0/5 
0/5 
0/5 



SAMPLE ID tlliD.®ifl.ilN~ 
SAMPLE DATE Soils 
DEPTH (uglkg) 

VOLATILES (uglkg) 
ACETONE 200000000 
CARBON DISULFIDE 200000000 
2-BUTANONE 1.00E+09 
BENZENE 200000 
TOLUENE 410000000 
ETHYLBENZENE 200000000 
XYLENE (TOTAL) 1.00E+09 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 82000000 
2-METHYLNAPHTHALENE 82000000 
ACENAPHTHENE 120000000 
DIBENZOFURAN 8200000 
FLUORENE 82000000 
PHENANTHRENE 61000000 
ANTHRACENE 610000000 
FLUORANTHENE 82000000 
PYRENE 61000000 
BENZO(A)ANTHRACENE 7800 
CHRYSENE 780000 
BENZO(B)FLUORANTHENE 7800 
BENZO(A)PYRENE 780 
INDEN0(1 ,2,3-CD)PYRENE 7800 
BENZO(G,H,I)PERYLENE 61000000 
7, 12-DIMETHYLBENZ(A)ANTHRACENE NA 

08123/96 8SBO.WK4 

• 
TABLE 5-15 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 8 SUBSURFACE SOIL 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8-TP01-04 8-TP02-01 8-TP02-01D 8-TP02-02 
04102196 04102196 04102196 04102196 

N/A 0-1 3 

130 u 600 UJ 590 UJ 12 u 
67 UJ 300 UJ 300 UJ 6 UJ 

130 u 600U 590 u 12 u 
67 u 300U 300U 6U 
67 u 300U 300U 6U 
89 300U 300U 6U 

650 300U 300U 6U 

6000 98000 u 98000 u 380U 
29000 J 13000 J 98000 UJ 380 UJ 
4300 u 98000 u 98000 u 380U 
1400 J 98000 u 98000 u 380U 
2100 J 98000 u 98000 u 380U 
3900 J 31000 J 28000 J 380U 
4300 u 98000 u 98000 u 380 u 
4300 u 98000 u 98000 u 380U 
4300 u 76000 J 71000 J 380 u 
4300 u I!&M¥1t®!fJ 11M¥!Uli!9Mi1 J 380U 
4300 u 35000 J 40000 J 380 u 
4300 u 98000 u 98000 u 380U 
4300 u :!:!tl@!@@!t:[?~Q§f: J 98000 u 380U 
4300 u 98000 u 98000 u 380U 
4300 u 98000 u 98000 u 380U 
8700 u 53000 J 200000 u nou 

8-TP02-06 8-TP03-00 
04102196 04103196 

N/A 0-1 

2100 UJ 1500 u 
1000 UJ 760 UJ 
2100 u 1500 u 
1000 u 760 u 
1000 u 760 u 
1000 u 760 u 
1000 u 760 u 

540U 5400 J 
540 UJ 22000 J 
540U 6000 J 
540U 20000 u 
540U 20000 u 
540U 9900 J 
540U 20000 u 
540 u 20000 u 
540U 34000 
540U 6000 J 
540U 11000 J 
540U 3200 J 
540U ::@!@!li@!l@!l!l!UEi J 
540U 20000 u 
540U 4200 J 

1100 u 40000 u 



• 
TABLE 6-16 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 8 SUBSURFACE SOIL 

CT0-0277, RFI REPORT- OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

SAMPLE ID 8-TP03-01 8-TP03-02 8-TP04-03 8-TP06-01 8-TP06-04 8-TP07-QO 8-TP07-01 
SAMPLE DATE 04103196 04103/96 04103/96 04103/96 04103/96 04104196 04104196 
DEPTH 1 N/A 7 3 8 0-1 2 

VOLATILES (uglkg) 
ACETONE 140 u 120 120 u 1500 u 1500 u 440 38J 
CARBON DISULFIDE 69 UJ 31 UJ 61 UJ no uJ 740 UJ 14 J 7 J 
2-BUTANONE 140 UJ 62 UJ 120 u 1500 u 1500 UJ 140 J 14 UJ 
BENZENE 69U 31 u 61 u nou 740 u 13 J 7 u 
TOLUENE 69U 31 u 61 u nou 740 u 30J 7U 
ETHYLBENZENE 69U 31 u 61 u 690 J 740 u 99J 7U 
XYLENE (TOTAL) 69U 31 u 61 u 5800 850 160 J 7U 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 23000 u 20000 u 41000 36000 J 27000 9600 J 12000 
2-METHYLNAPHTHALENE 2400 J 20000 UJ 180000 J 160000 J 120000 J 40000 J 50000 J 
ACENAPHTHENE 23000 u 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
DIBENZOFURAN 23000 u 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
FLUORENE 23000 u 20000 u 14000 J 9900 J 19000 u 39000 u 4300J 
PHENANTHRENE 3600J 20000 u 28000 20000 J 18000 J 24000 J 14000 
ANTHRACENE 23000 u 20000 u 2200 J 41000 u 19000 u 39000 u 1200 J 
FLUORANTHENE 4600J 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
PYRENE 8400 J 20000 u 20000 u 41000 u 19000 u 8000 J 1700 J 
BENZO(A)ANTHRACENE 23000 u 20000 u 20000 u 41000 u 19000 u 39000 u 980 J 
CHRYSENE 3500 J 20000 u 20000 u 41000 u 19000 u 39000 u 2000 J 
BENZO(B)FLUORANTHENE 5900 J 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
BENZO(A)PYRENE ::::::::r:rr:rrrn::r•t J 20000 u 20000 u 41000 u 19000 u r:tttttttt¥21t J 4600 u 
INDEN0(1 ,2,3-CD)PYRENE 5300 J 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
BENZO(G,H,I)PERYLENE 4800 J 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
7, 12-DIMETHYLBENZ(A)ANTHRACENE 46000 u 41000 u 40000 u 82000 u 39000 u 78000 u 9100 u 

08123196 8SBO.WK4 2 



• 
SAMPLE ID tl&ai®!Il 8-TP01-04 
SAMPLE DATE Soils 04/02196 
DEPTH [uglkg) N/A 

VOLATILES (ug/kg) 
ACETONE 7800000 130 u 
CARBON DISULFIDE 7800000 67 UJ 
2-BUTANONE 47000000 130 u 
BENZENE 22000 67 u 
TOLUENE 16000000 67 u 
ETHYLBENZENE 7800000 89 
XYLENE (TOTAL) 160000000 650 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 3100000 6000 
2-METHYLNAPHTHALENE 3100000 29000 J 
ACENAPHTHENE 4700000 4300 u 
DIBENZOFURAN 310000 1400 J 
FLUORENE 3100000 2100 J 
PHENANTHRENE 2300000 3900 J 
ANTHRACENE 23000000 4300 u 
FLUORANTHENE 3100000 4300 u 
PYRENE 2300000 4300 u 
BENZO(~ANTHRACENE 880 4300 u 
CHRYSENE 88000 4300 u 
BENZO(B)FLUORANTHENE 880 4300 u 
BENZO(A)PYRENE 88 4300 u 
INDEN0(1 ,2,3-CD)PYRENE 880 4300 u 
BENZO(G,H,I)PERYLENE 2300000 4300 u 
7, 12-DIMETHYLBENZ(A)ANTHRACEN NA 8700 u 

08/23/96 8SBO.WK4 

• 
TABLE 5-15 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 8 SUBSURFACE SOIL 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8-TP02-01 8-TP02-01D 8-TP02-02 
04/02196 04/02196 04/02196 

0-1 3 

600 UJ 590 UJ 12 u 
300 UJ 300 UJ 6 UJ 
600U 590 u 12 u 
300U 300U 6U 
300U 300 u 6U 
300 u 300 u 6U 
300 u 300 u 6U 

98000 u 98000 u 380 u 
13000 J 98000 UJ 380 UJ 
98000 u 98000 u 380 u 
98000 u 98000 u 380 u 
98000 u 98000 u 380U 
31000 J 28000 J 380 u 
98000 u 98000 u 380 u 
98000 u 98000 u 380 u 
76000 J 71000 J 380 u 

:mfff:r:::ttilmMt J ::::::::::t::::tlMlt.®§:: J 380U 
35000 J 40000 J 380 u 
98000 u 98000 u 380U 

l:t:::r::::::::::::::::::r~mlJ 98000 u 380 u 
98000 u 98000 u 380 u 
98000 u 98000 u 380 u 
53000 J 200000 u nou 

• 

8-TP02-06 8-TP03-00 
04/02196 04/03196 

N/A 0-1 

2100 UJ 1500 u 
1000 UJ 760 UJ 
2100 u 1500 u 
1000 u 760 u 
1000 u 760 u 
1000 u 760 u 
1000 u 760 u 

540U 5400 J 
540 UJ 22000 J 
540U 6000 J 
540 u 20000 u 
540U 20000 u 
540U 9900 J 
540 u 20000 u 
540U 20000 u 
540U 34000 
540 u :m::::::::m::::::::m:::::=t:m®.t~l J 
540 u 11000 J 
540U 
540U 
540U u 
540 u 4200 J 

1100 u 40000 u 



• • 
TABLE 5-15 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 8 SUBSURFACE SOIL 

CT0..0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

SAMPLE ID 8-TP03-01 8-TP03-02 8-TP04-03 8-TP06-01 8-TP06-04 8-TP07-00 8-TP07-01 
SAMPLE DATE 04103196 04103/96 04103196 04103/96 04103196 04104196 04104196 
DEPTH 1 N/A 7 3 8 0-1 2 

VOLA TILES (ug/kg) 
ACETONE 140 u 120 120 u 1500 u 1500 u 440 38J 
CARBON DISULFIDE 69 UJ 31 UJ 61 UJ 770 UJ 740 UJ 14 J 7J 
2-BUTANONE 140 UJ 62 UJ 120 u 1500 u 1500 UJ 140 J 14 UJ 
BENZENE 69 u 31 u 61 u 770U 740 u 13 J 7U 
TOLUENE 69 u 31 u 61 u 770U 740 u 30 J 7U 
ETHYLBENZENE 69 u 31 u 61 u 690 J 740 u 99J 7U 
XYLENE (TOTAL) 69 u 31 u 61 u 5800 850 160 J 7U 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 23000 u 20000 u 41000 36000 J 27000 9600 J 12000 
2-METHYLNAPHTHALENE 2400 J 20000 UJ 180000 J 160000 J 120000 J 40000 J 50000 J 
ACENAPHTHENE 23000 u 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
DIBENZOFURAN 23000 u 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
FLUORENE 23000 u 20000 u 14000 J 9900 J 19000 u 39000 u 4300 J 
PHENANTHRENE 3600 J 20000 u 28000 20000 J 18000 J 24000 J 14000 
ANTHRACENE 23000 u 20000 u 2200J 41000 u 19000 u 39000 u 1200 J 
FLUORANTHENE 4600 J 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
PYRENE 8400 J 20000 u 20000 u 41000 u 19000 u 8000 J 1700 J 
BENZO(A)ANTHRACENE 23000 u 20000 u 20000 u 41000 u 19000 u 39000 u :~:=:::::IIm:t:::t:::mr~:g:: J 
CHRYSENE 3500 J 20000 u 20000 u 41000 u 19000 u 39000 u 2000 J 
BENZO(B)FLUORANTHENE J 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
BENZO(A)PYRENE J 20000 u 20000 u 41000 u 19000 u :::::::r::::r:::::::::::t::Im:: J 4600 u 
INDEN0(1 ,2,3-CD)PYRENE J 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
BENZO(G,H,I)PERYLENE 4800J 20000 u 20000 u 41000 u 19000 u 39000 u 4600 u 
7,12-DIMETHYLBENZ(A)ANTHRACEN 46000 u 41000 u 40000 u 82000 u 39000 u 78000 u 9100 u 

08123196 8SBO.WK4 2 



• 

SAMPLE ID 
SAMPLE DATE 
DEPTH 

VOLATILES (ug/kg) 
ACETONE 
CARBON DISULFIDE 
2-BUTANONE 
BENZENE 
TOLUENE 
ETHYLBENZENE 
XYLENE (TOTAL) 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 
2-METHYLNAPHTHALENE 
ACENAPHTHENE 
DIBENZOFURAN 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BENZO(B)FLUORANTHENE 
BENZO(A)PYRENE 
INDEN0(1 ,2,3-CD)PYRENE 
BENZO(G,H,I)PERYLENE 
7, 12-DIMETHYLBENZ(A)ANTHRACENE 

08123/96 8SBO.WK4 

8-TP07-04 
04104196 

7 

3100 u 
1500 UJ 
3100 u 
1500 u 
1500 u 
noo 
5500 

310000 
980000 J 

26000 J 
200000 u 
69000 J 

250000 
.20000 J 

200000 u 
31000 J 

200000 u 
34000 J 

200000 u 
200000 u 
200000 u 
200000 u 
400000 u 

• 
TABLE 5-15 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 8 SUBSURFACE SOIL 

CT0-0277, RFI REPORT· OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8-TP07-05 
04/04/96 

12 

12 UJ 
6 UJ 

12 UJ 
6U 
6 u 
6U 
6U 

390 u 
390 UJ 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
780 u 

m~mt~m~i~&Riiii~iiwmmmm 
Soils 

(ug/kg] 

3 

0/15 
0/15 
0/15 
0/15 
0/15 
0115 
0/15 

0115 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
2/15 
0/15 
0/15 
4/15 
0/15 
0115 
NA 

• 



• 

SAMPLE ID 8-TP01-04 
SAMPLE DATE 04102196 
DEPTH N/A 

TPH 
DIESEL FUEL (mglkg) 3000 
GASOLINE (uglkg) 7400 
WET CHEMISTRY 
%SOLIDS 74.9 

09/11/96 8SBTPH.WK4 

TABLE 6-15 (continued) 
DETECTED CONCENTRATIONS OF TPH AND WET CHEMISTRY 

SWMU 8 SUBSURFACE SOIL 
CT0-0277 RFI REPORT OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8-TP02-01 
04102/96 

0-1 

290 J 
1800 u 

83.6 

8-TP02-01D 
04102/96 

280 J 
1800 u 

84.3 

8-TP02-02 
04102/96 

3 

4.8 u 
36U 

84.4 

8-TP03-00 8-TP03-01 
04103/96 04103/96 

0-1 1 

280 J 310 J 
3700 u 4100 u 

82 72.5 



• • • 
TABLE 5-15 (continued) 

DETECTED CONCENTRATIONS OF TPH AND WET CHEMISTRY 
SWMU 8 SUBSURFACE SOIL 
CT0-0277 RFI REPORT OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

SAMPLE ID 8-TP03-02 8-TP04-03 8-TP06-01 8-TP06-04 8-TP07-00 8-TP07-01 8-TP07-04 8-TP07-05 
SAMPLE DATE 04103/96 04103/96 04103/96 04103/96 04104196 04104196 04104196 04104196 
DEPTH N/A 7 3 8 0-1 2 7 12 

TPH 
DIESEL FUEL (mg/kg) 200 J 4500 J 22000 8900 J 6500 1500 18000 4.9 u 
GASOLINE (uglkg) 1800 u 18000 u 7400 u 7100 u 3500 u 2100 u 37000 u 35 u 
WET CHEMISTRY 
%SOLIDS 80.8 82.3 81.1 84.4 84.7 72.6 81.6 84.6 

09/11/96 8SBTPH.WK4 2 



• 

SAMPLE ID 
SAMPLE DATE 
DEPTH 

VOLATILES (ug/kg) 
ACETONE 
CARBON DISULFIDE 
2-BUTANONE 
BENZENE 
TOLUENE 
ETHYLBENZENE 
XYLENE (TOTAL) 
SEMIVOLATILES (ug/kg) 
NAPHTHALENE 
2-METHYLNAPHTHALENE 
ACENAPHTHENE 
DIBENZOFURAN 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BENZO(B)FLUORANTHENE 
BENZO(A)PYRENE 
INDEN0(1 ,2,3-CD)PYRENE 
BENZO(G,H,I)PERYLENE 
7, 12-DIMETHYLBENZ(A)ANTHRACEN 

08123/96 8SBO.WK4 

S.:TP07-04 
04/04/96 

7 

3100 u 
1500 UJ 
3100 u 
1500 u 
1500 u 
noo 
5500 

310000 
980000 J 

26000 J 
200000 u 

69000 J 
250000 

20000 J 
200000 u 

31000 J 
200000 u 
34000 J 

200000 u 
200000 u 
200000 u 
200000 u 
400000 u 

• 
TABLE 5-15 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 8 SUBSURFACE SOIL 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8-TP07-05 
04104196 

12 

12 UJ 
6 UJ 

12 UJ 
6U 
6U 
6 u 
6U 

390 u 
390 UJ 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
390 u 
780 u 

Mtr:i.~iiii~i:imnm 
Soils 

(ug/kg] 

0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 

0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
4/15 
0/15 
2115 
4/15 
1115 
0/15 
NA 

3 

• 



SAMPLE ID 
SAMPLE DATE 
DEPTH 

TOTAL METALS (MG/KG) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
MERCURY, TOTAL 
SELENIUM, TOTAL 

08/23196 8SBI.WK4 

::ttim.f.iMiHMbkgnd av+2sdl 
Soils sub. soil 

[mg/kg) (mglkg) 

3.8 2.4383246 
140000 331.22945 
1000 0.7115511 

10000 172.39162 
NA 6.8581292 
610 0.1463571 

10000 1.0510847 

TABLE5-16 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 

SWMU 8 SUBSURFACE SOIL 
CT0-0277, RFI REPORT - OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

b~DC lllil~ 8-TP01-04 8-TP02-01 8-TP02-01D 
sub. soil 04102196 04102196 04102196 
[mg/kg) N/A 0-1 N/A 

2.4 1.6 .2-al .31 
246 56.5 J 34.1 J 28.6 J 
0.62 0.29 u 0.27 u 0.32 u 
148 25.6 J 9 J 9J 
6.6 .a.z .sui ~I 
0.17 0.07 0.06 u 0.05 
1.2 1.ZIJ 0.39 J 1 

• 

8-TP02-02 8-TP02-06 
04102196 04102196 

3 N/A 

1.1 1.5 
93.7 J 52.4 J 
0.31 u 0.37 u 
120 J 11 J 

§ 4 
0.06 u 

J 0.79 J 



• 

SAMPLE ID 
SAMPLE DATE 
DEPTH 

TOTAL METALS (MG/KG) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
MERCURY, TOTAL 
SELENIUM, TOTAL 

08/23/96 8SBI.WK4 

8-TP03-00 
04/03/96 

0-1 

1.9 
78.7 J 
0.27 u 
26.3 J 

~I 
0.06 u 
0.33 J 

TABLE 6-16 (continued) 
DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 

SWMU 8 SUBSURFACE SOIL 
CT0-0277, RFI REPORT - OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8-TP03-01 8-TP03-02 8-TP04-03 8-TP06-01 
04/03/96 04/03/96 04/03/96 04/03/96 

1 N/A 7 3 

0.4 J 0.89 0.25 J 0.19 J 
23.5 67.9 J 189 J 2Z1 J 
0.33 u 0.34 u 0.26 u 0.3 u 

4.4 J 43.7 J 39.9 J 9.1 J 
0.65 J 3.6 2 1.3 J 
0.06 u 0.05 u 0.06 u 0.06 u 
0.15 u 0.11 UJ 0.15 UJ 0.16 UJ 

2 

• 

8-TP06-04 8-TP07-00 
04/03/96 04104/96 

8 0-1 

0.07 UJ ~I 
205 J 43.5 

0.33 u 0.26 J 
14.8 J 7.9 

2 ml 
0.09 0.12 

0.1 UJ 0.2 UJ 



SAMPLE ID 
SAMPLE DATE 
DEPTH 

TOTAL METALS (MG/KG) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
MERCURY, TOTAL 
SELENIUM, TOTAL 

08/23/96 8SBI.WK4 

8-TP07-01 
04104196 

2 

J.Zl 
11.5 
0.32 u 
14.7 J 
1.5 

0.06 u 
0.26 J 

• 
TABLE 5-16 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 8 SUBSURFACE SOIL 
CT0~277, RFI REPORT· OU#2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8-TP07-04 8-TP07-05 
04104196 04104196 

7 12 

1.9 0.45 0/15 4115 
52.2 .2Za 0115 0/15 
0.29 u 0.27 u 0/15 0/15 

4.1 J 14.3 J 0/15 0/15 

~I 2.7 NA 6/15 
0.05 u 0/15 2/15 

0.31 J 0.66 J 0/15 2/15 

3 

-
number exceeding 

bkgnd max 

sub. soil 
[mglkg] 

4115 
2/15 
0/15 
0/15 
7/15 
1/15 
1/15 



• 

SAMPLE ID 
SAMPLE DATE 
DEPTH 

TOTAL METALS (MG/KG) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
MERCURY, TOTAL 
SELENIUM, TOTAL 

06123196 8SBI.WK4 

~~f~lt~J 
Soils 

[mglkg] 

0.43 
5500 
39 
390 
400 
23 
390 

• 
TABLE 5-16 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 8 SUBSURFACE SOIL 

8-TP01-04 
04102196 

N/A 

56.5 J 
0.29 u 
25.6 J 
6.7 

0.07 
1.7 J 

CT0-4277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8-TP02-01 
04102196 

0-1 

fiiffffiUU%~~ 
34.1 J 
0.27 u 

9J 
55.7 
0.06 u 
0.39 J 

8-TP02-01D 
04102196 

N/A 

~~~i~fi!IU1liiil!:ll 
28.6 J 
0.32 u 

9 J 
48.4 
0.05 

1 

8-TP02-02 
04102196 

3 

f~ItfffftiMJJ 
93.7 J 
0.31 u 
120 J 
12.2 
0.17 

1.1 J 

8-TP02-06 
04102196 

N/A 

1flu:m~:~:tml~t: 
52.4 J 
0.37 u 

11 J 
4 

0.06 u 
0.79 J 

8-TP03-00 
04103196 

0-1 

~:t:~:~lffffflfi~i~ 
78.7 J 
0.27 u 
26.3 J 
45.3 
0.06 u 
0.33 J 

• 

8-TP03-01 
04103196 

0.4 J 
23.5 
0.33 u 
4.4 J 

0.65 J 
0.06 u 
0.15 u 



• 

SAMPLE ID 
SAMPLE DATE 
DEPTH 

TOTAL METALS (MG/KG) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
MERCURY, TOTAL 
SELENIUM, TOTAL 

08/23/96 8SBI.WK4 

8-TP03-02 
04103/96 

N/A 

iiti~i~i~IWi!@i.ilt 
67.9 J 
0.34 u 
43.7 J 

3.6 
0.05 u 
0.11 UJ 

• 
TABLE 6-16 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 8 SUBSURFACE SOIL 

CT0-4277, RFI REPORT • OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

8-TP04-03 
04103/96 

7 

0.25 J 
189 J 

0.26 u 
39.9 J 

2 
0.06 u 
0.15 UJ 

8-TP06-01 
04103/96 

3 

0.19 J 
271 J 
0.3 u 
9.1 J 
1.3 J 

0.06 u 
0.16 UJ 

2 

8-TP06-04 
04103/96 

8 

0.07 UJ 
205 J 

0.33 u 
14.8 J 

2 
0.09 

0.1 UJ 

8-TP07-00 
04104196 

0-1 

fl~tni~~i~li!Hi'-lii 
43.5 
0.26 J 
7.9 

47.2 
0.12 
0.2 UJ 

8-TP07-01 
04104196 

2 

IIIliiillit& 
11.5 
0.32 u 
14.7 J 

1.5 
0.06 u 
0.26 J 

8-TP07-04 
04104196 

7 

IIII!~I:i~~:~:tU\1 
52.2 
0.29 u 

4.1 J 
70 

0.53 
0.31 J 



SAMPLE ID 
SAMPLE DATE 
DEPTH 

TOTAL METALS (MG/KG) 
ARSENIC, TOTAL 
BARIUM, TOTAL 
CADMIUM, TOTAL 
CHROMIUM, TOTAL 
LEAD, TOTAL 
MERCURY, TOTAL 
SELENIUM, TOTAL 

08123196 8SBI.WK4 

8-TP07-05 
04104196 

12 

~~~MMHIJH:~I~l§1 
278 
0.27 u 
14.3 J 
2.7 

0.05 u 
0.66 J 

-
TABLE 6-16 (continued) 

DETECTED CONCENTRATIONS OF INORGANIC COMPOUNDS 
SWMU 8 SUBSURFACE SOIL 

CT0-0277, RFI REPORT - OU#2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

riii..i.u:~mf.u 
Soils 

(mglkg] 

11/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 

3 



• • 
TABLE 5-17 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7/8 SURFACE SOIL 

CT0-0277, RFI REPORT-OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential 7MW01-00 7MW02-00 7MW03-00 7MW04-00 7SB01-00 7SB02-00 7SB03-00 8-TP02-01 
Soil 

SAMPLE DATE RBCs 03/21/96 03/21/96 03/21/96 03/21/96 03/21/96 03/21/96 03/21/96 04/02/96 
DEPTH RANGE (feet) (ug/kg) 0.00-1.00 0.00-1.00 0.00-1.00 0.00-1.00 0.00-1.00 0.00-1.00 0.00-1.00 0.00-0.50 

Volatiles (ug/kg) 
2-Butanone 1,000,000,000 47,000,000 11 u 11 u 10 u 11 u 11 u 11 u 10 u 600 u 
Acetone 200,000,000 7,800,000 11 u 11 u 54 J 11 u 11 UJ 11 u 10 u 600 UJ 
Carbon disulfide 200,000,000 7,800,000 5U 6U 5U 5U 5U 6U 5U 300 UJ 
BTEX (ug/kg) 
Benzene 200,000 22,000 5U 6U 5 u 5U 5 UJ 6U 5U 300 u 
Ethylbenzene 200,000,000 7,800,000 5U 6U 5 UJ 5U 5 UJ 6U 5U 300 u 
Toluene 410,000,000 16,000,000 5U 6U 5U 5U 5U 6U 5U 300 u 
Total Xylenes 1,000,000,000 160,000,000 5U 2J 5 UJ 5U 5 UJ 6U 5U 300 u 
Semlvolatiles (ug/kg) 
2-Methylnaphthalene 82,000,000 3,100,000 350 u 360 u 340 u 350 u 360 u 380 u 340 u 13000 J 
7, 12-Dimethylbenz(a)anthracene NE NE 700 u 720 u 680 u 700 u 710 u 760 u 680 u 53000 J 
Acenaphthene 120,000,000 4,700,000 350 u 360 u 340U 350 u 360 u 380 u 340 u 98000 u 
Benzo(a)anthracene 7,800 880 350 u 360 u 160 J 350 u 360 u 380 u 340U 17000 J 
Benzo(a)pyrene 780 88 39 J 360 u 130 J 350 u 360 u 380 u 340 u 23000 J 
Benzo(b )fluoranthene 7,800 880 54 J 360 u 190 J 350 u 360 u 380 u 340 u 98000 u 
Benzo(g,h,i)perylene 61,000,000 2,300,000 350 u 360 u 60 J 350 u 360 u 380 u 340 u 98000 u 
Benzo(k)fluoranthene 78,000 8,800 350 u 360 u 100 J 350 u 360 u 380 u 340 u 98000 u 
Chrysene 780,000 88,000 48 J 360 u 210 J 350 u 360 u 380 u 340 u 35000 J 
Fluoranthene 82,000,000 3,100,000 350 u 66 J 360 350 u 360 u 380 u 340 u 98000 u 
lndeno(1,2,3-cd)pyrene 7,800 880 350 u 360 u 67 J 350 u 360 u 380 u 340 u 98000 u 
Naphthalene 82,000,000 3,100,000 350 u 360 u 340 u 350 u 360 u 380 u 340 u 98000 u 
Phenanthrene 82,000,000 3,100,000 350 u 360 u 340 u 350 u 360 u 380 u 340U 31000 J 
Pyrene 61,000,000 2,300,000 350 u 49 J 320 J 350 u 360 u 380 u 340U 76000 J 
TPH (ug/kg) 
Gasoline: NE NE 32 u 33 u 32 u 32 u 32 u 34U 19 J 1800 u 
TPH (as diesel) NE NE 4500 u 4500 u 4300 u 4400 u 4400 u 4700 u 4200 u 290000 J 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
ND - Not detected 
NE -Value not established. 
U - Not detected. The associated number indicates approximate 
sample cOncentration necessary to be detected. 
ug/kg - microgram per kilogram 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

NONRISK.XLS SS-H-078 6/12/97 8:17AM 



• • • 
TABLE 5-17 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7/8 SURFACE SOIL 

CT0-0277, RFI REPORT-OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential 8-TP02-01D 8-TP03-00 8-TP07-00 8SS01 8SS02 8SS03 8SS03D 8SS04 
Soil 

SAMPLE DATE RBCs 04/02/96 04/03/96 04/04/96 04/04/96 04i04/96 04/04/96 04/04/96 04/04/96 
DEPTH RANGE (feet) (ug/kg) 0.00-0.50 0.00-0.50 0.00-1.00 0.00-1.00 0.00-1.00 0.00-1.00 0.00-1.00 0.00-1.00 

Volatiles (ug/kg) 
2-Butanone 1 ,000,000,000 47,000,000 590 u 1500 u 140 J 11 UJ 11 UJ 11 UJ 11 UJ 10 UJ 
Acetone 200,000,000 7,800,000 590 UJ 1500 u 440 11 UJ 11 UJ 11 UJ 22 10 u 
Carbon disulfide 200,000,000 7,800,000 300 UJ 760 UJ 14 J 5 UJ 6 UJ 6 UJ 6 UJ 5 UJ 
BTEX (ug/kg) 
Benzene 200,000 22,000 300 u 760 u 13 J 5U 6U 6U 6U 5U 
Ethylbenzene 200,000,000 7,800,000 300 u 760 u 99 J 5U 6U 6U 6U 5U 
Toluene 410,000,000 16,000,000 300 u 760 u 30 J 5U 6U 6U 6U 5U 
Total Xylenes 1,000,000,000 160,000,000 300 u 760 u 160 J 5U 6U 6U 6U 5U 
Semivolatiles (uglkg) 
2-Methylnaphthalene 82,000,000 3,100,000 98000 UJ 22000 J 40000 J 350 UJ 360 UJ 380 UJ 370 UJ 350 UJ 
7, 12-Dimethylbenz(a)anthracene NE NE 200000 u 40000 u 78000 u 710 u 720 u 750 u 740 u 690 u 
Acenaphthene 120,000,000 4,700,000 98000 u 6000 J 39000 u 350 u 360 u 380 u 370 u 350 u 
Benzo(a)anthracene 7,800 880 17000 J 6000 J 39000 u 50 J 360 u 380 u 370 u 350 u 
Benzo(a)pyrene 780 88 98000 u 12000 J 4000 J 57 J 360 u 380 u 370 u 350 u 
Benzo(b )fl'uoranthene 7,800 880 98000 u 3200 J 39000 u 95 J 360 u 380 u 370 u 41 J 
Benzo(g,h,i)perylene 61,000,000 2,300,000 98000 u 4200 J 39000 u 110 J 70 J 380 u 370 u 350 u 
Benzo(k)fluoranthene 78,000 8,800 98000 u 20000 u 39000 u 350 u 360 u 380 u 370 u 350 u 
Chrysene 780,000 88,000 40000 J 11000 J 39000 u 68 J 360 u 380 u 370 u 350 u 
Fluoranthene 82,000,000 3,100,000 98000 u 20000 u 39000 u 87 J 360 u 380 u 370 u 350 u 
lndeno(1 ,2,3-cd)pyrene 7,800 880 98000 u 20000 u 39000 u 350 u 360 u 380 u 370 u 350 u 
Naphthalene 82,000,000 3,100,000 98000 u 5400 J 9600 J 350 u 360 u 380 u 370 u 350 u 
Phenanthrene 82,000,000 3,100,000 28000 J 9900 J 24000 J 46 J 360 u 380 u 370 u 350 u 
Pyrene 61,000,000 2,300,000 71000 J 34000 8000 J 88 J 360 u 380 u 370 u 350 u 
TPH (uglkg) 
Gasoline NE NE 1800 u 3700 u 3500 u 32 UJ 33 u 34 u 34U 31 u 
TPH (as diesel) NE NE 280000 J 280000 J 6500000 45000 u 46000 u 4800 u 4700 u 4300 u 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
NO - Not detected 
NE - Value not established. 
U - Not detected. The associated number indicates approximate 
sample concentration necessary to be detected. 
uglkg - microgram per kilogram 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

I 
I 
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TABLE 5-17 (continued) 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

SWMU 7/8 SURFACE SOIL 
CT0-0277, RFI REPORT -OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential 
Soil 

SAMPLE DATE RBCs 
DEPTH RANGE (feet) (ug/kg) 

Volatiles (ug/kg) 
2-Butanone 1 ,000,000,000 47,000,000 
Acetone 200,000,000 7,800,000 
Carbon disulfide 200,000,000 7,800,000 
BTEX (ug/kg) 
Benzene 200,000 22,000 
Ethylbenzene 200,000,000 7,800,000 
Toluene 410,000,000 16,000,000 
Total Xylenes 1 ,000,000,000 160,000,000 
Semlvolatiles (ug/kg) 
2-Methylnaphthalene 82,000,000 3,100,000 
7, 12-Dimethylbenz(a)anthracene NE NE 
Acenaphthene 120,000,000 4,700,000 
Benzo(a)anthracene 7,800 880 
Benzo(a)pyrene 780 88 
Benzo(b)fluoranthene 7,800 880 
Benzo(g,h,i)perylene 61,000,000 2,300,000 
Benzo(k)fluoranthene 78,000 8,800 
Chrysene 780,000 88,000 
Fluoranthene 82,000,000 3,100,000 
lndeno(1 ,2,3-cd)pyrene 7,800 880 
Naphthalene 82,000,000 3,100,000 
Phenanthrene 82,000,000 3,100,000 
Pyrene 61,000,000 2,300,000 
TPH (ug/kg) 
Gasoline NE NE 
TPH (as diesel) NE NE 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
ND - Not detected 
NE - Value not established. 
U - Not detected. The associated number indicates approximate 
sample concentration necessary to be detected. 
ug/kg - microgram per kilogram 
UJ- Not detected. Quantitation limit may be inacurate or imprecise. 

I 
I 

NONRISK.XLS SS-H-078 

Number Range Number 
Exceeding Exceeding Exceeding 
Industrial Industrial Residential 
Soil RBC Soil RBC Soil RBC 

0/16 0/16 
0/16 0/16 
0/16 0/16 

0/16 0116 
0/16 0/16 
0/16 0/16 
0/16 0/16 

0/16 0/16 

0/16 0/16 
2/16 17000-17000 3/16 
3/16 4000-23000 4/16 
0/16 1/16 
0/16 0/16 
0/16 0/16 
0/16 0/16 
0/16 0/16 
0/16 0/16 
0/16 0/16 
0/16 0/16 
0/16 0/16 

• 

Range 
Exceeding LOCATION 
Residential MAXIMUM 
Soil RBC DETECT 

8-TP07-00 
8-TP07-00 
8-TP07-00 

8-TP07-00 
8-TP07-00 
8-TP07-00 
8-TP07-00 

8-TP07-00 
8-TP02-01 
8-TP03-00 

6000-17000 8-TP02-01, 8-TP02-01D 
130-23000 8-TP02-01 
3200-3200 8-TP03-00 

8-TP03-00 
7MW03-00 

8-TP02-01D 
7MW03-00 
7MW03-00 
8-TP07-00 
8-TP02-01 
8-TP02-01 

7SB03-00 
8-TP07-00 
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• 

Maximum 

LOCATION Background !ngy~trial 

Surface Soil ~ 
SAMPLE DATE Detected ~ 

DEPTH RANGE (feet) (mg/kg) .(mgL!sg} 
lnorganlcs (mg/kg) 
Arsenic, Total 2.46 1.8 3.8 
Barium, Total 205.53 169 140,000 
Beryllium, Total 0.49 0.36 1.3 
Cadmium, Total NO NO 1,000 
Chromium, Total 57.27 44.1 10,000 
Cobalt, Total 40.20 30.2 120,000 
Copper, Total 298.05 250 82,000 

Lead, Total 15.83 11.9 NE 
Mercury, Total 0.10 0.07 610 
Nickel, Total 12.49 10.9 41,000 
Selenium, Total 1.78 1.2 10,000 
Tin, Total 3.73 2.2 1,000,000 
Vanadium, Total 263.73 227 14,000 
Zinc, Total 126.37 106 610,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mglkg - milligram per kilogram 
NA - Not analyzed. 
NO - Not detected. 
NE - Value not established. 
U - Not detected. The associated number indicates approximate 
sample concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

NONRISK.XLS SS-H-178 
I 

TABLE 5-18 
DETECTED CONCENTRATIONS OF INORGANICS 

SWMU 7/8 SURFACE SOIL 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Residential 7MW01-00 7MW02-00 7MW03-00 7MW04-00 
Soil 

RBCs 03/21/96 03/21/96 03/21/96 03/21/96 
(mglkg) 0.00-1.00 0.00-1.00 0.00-1.00 0.00-1.00 

0.43 1.1 0.89 0.56 u 0.52 u 
5,500 76 J 93.4 J J 87.6 J 
0.15 0.22 0.44 0.23 
39 Blfa ~ 

0.22 u rt~~m . .~ .w:',,-,~. 
390 I 39.21J !il&lf!J 15.6 J J 

4,700 27.3 J 30.4 J 28.9 J 21.4 J 
3,100 74.71 92.71 71.91 99.71 
400 15.1 5 13.2 4.6 
23 0.04 u 0.06 u 0.05 u 0.04 u 

1,600 i!~- 'Ofllll (4 .~ /{ ~ liD!' ,.,j 10 
390 0.37 0.31 J 0.16 UJ 0.29 u 

47,000 1 u 1.4 1.1 u 0.72 u 
550 132 160 132 122 

23,000 54.2 J 79.8 J 51.3 J 52.5 J 

• 

7SB01-00 7SB02-00 7SB03-00 8-TP02-01 

03/21/96 03/21/96 03/21/96 04/02/96 
0.00-1.00 0.00-1.00 0.00-1.00 0.00-0.50 

1.1 1.1 0.75 f;rf.; 
73.7 J 64.7 J 60.9 J 34.1 J 

0.3 0.21 0.06 u NA 
f •• 

~ - 0.27 u WI ;~'"' KMF ·~ i .· i7jJ I 23.31J 91J J 
20.1 J 19.5 J 7.3 J NA 

74.31 I 79.11 23.1 NA 
13.1 t¥.~1)~0,@ 14.7 . '!~7 
0.05 u 0.04 u 0.04 u 0.06 u 
11.7 7.8 4.3 NA 
0.44 J 0.83 u 0.16 UJ 0.39 J 
0.92 u 1.6 1.6 NA 
110 176 42.4 NA 

64.4 J 52.6 J 59.8 J NA 

6/12/97 8:22 AM 



Maximum 

LOCATION Background Industrial 
Surface Soil S2i! 

SAMPLE DATE Detected ~ 
DEPTH RANGE (feet) (mg/kg) ~ 

lnorganlcs (mg/kg) 
Arsenic, Total 2.46 1.8 3.8 
Barium, Total 205.53 169 140,000 
Beryllium, Total 0.49 0.36 1.3 
Cadmium, Total NO NO 1,000 
Chromium, Total 57.27 44.1 10,000 
Cobalt, Total 40.20 30.2 120,000 
Copper, Total 298.05 250 82,000 
Lead, Total' 15.83 11.9 NE 
Mercury, Total 0.10 0.07 610 
Nickel, Total 12.49 10.9 41,000 
Selenium, Total 1.78 1.2 10,000 
Tin, Total 3.73 2.2 1,000,000 
Vanadium, Total 263.73 227 14,000 
Zinc, Total 126.37 106 610,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mglkg - milligram per kilogram 
NA- Not analyzed. 
NO- Not detected. 
NE -Value .not established. 
U- Not detected. The associated number indicates approximate 
sample concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

NONRISK.XLS SS-Hf8 
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TABLE 5-18 (continued) 

DETECTED CONCENTRATIONS OF INORGANICS 
SWMU 7/8 SURFACE SOIL 

CT0-0277, RFI REPORT-OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Residential 8-TP02-01D 8-TP03-00 8-TP07-00 8SS01 
Soil 

RBCs 04/02/96 04/03/96 04/04/96 04/04/96 
(mg/kg) 0.00-0.50 0.00-0.50 0.00-1.00 0.00-1.00 

0.43 - 1.9 .. 2.2 
5,500 28.6 J 78.7 J 43.5 44.8 
0.15 NA NA NA NA 
39 0.32 u 0.27 u ~J 0.24 u 

390 91J 26.31J 14.41J 
4,700 NA NA NA NA 
3,100 NA NA NA NA 
400 - IIIII 13.1 
23 0.05 0.06 u 0.05 u 

1,600 NA NA NA NA 
390 0.33 J 0.2 UJ 0.12 UJ 

47,000 NA NA NA NA 
550 NA NA NA NA 

23,000 NA NA NA NA 

8SS02 8SS03 8SS03D 8SS04 

04/04/96 04/04/96 04/04/96 04/04/96 
0.00-1.00 0.00-1.00 0.00-1.00 0.00-1.00 

1.2 1.1 1.4 
100 56.8 60.4 54.8 
NA NA NA NA 

,.~J 0.27 u 0.27 u 0.25 u 
29.81J 26.31J 7.21J 

NA NA NA NA 
NA NA NA NA 

5.1 2.3 2.2 1.6 
0.05 u 0.05 u 0.05 u 0.04 u 

NA NA NA NA 
0.31 J 0.13 UJ 0.14 UJ 0.14 UJ 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

6/12/97 8:22AM 



• 

Maximum 
LOCATION Background lngy~t[ial 

Surface Soil S.o.il 
SAMPLE DATE Detected BID& 

DEPTH RANGE (feet) (mg/kg) .(mgllsg), 
lnorganics (mglkg) 
Arsenic, Total 2.46 1.8 3.8 
Barium, Total 205.53 169 140,000 
Beryllium, Total 0.49 0.36 1.3 
Cadmium, Total NO NO 1,000 
Chromium, Total 57.27 44.1 10,000 
Cobalt, Total 40.20 30.2 120,000 
Copper, Total 298.05 250 82,000 
Lead, Total 15.83 11.9 NE 
Mercury, Total 0.10 0.07 610 
Nickel, Total 12.49 10.9 41,000 
Selenium, Total 1.78 1.2 10,000 
Tin, Total 3.73 2.2 1,000,000 
Vanadium, Total 263.73 227 14,000 
Zinc, Total 126.37 106 610,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mglkg - milligram per kilogram 
NA - Not analyzed. 
NO- Not detected. 
NE -Value not established. 
U - Not detected. The associated number indicates approximate 
sample concentration necessary to be detected. 
UJ- Not detected. Quantitation limit may be inacurate or imprecise. 
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TABLE 5-18 (continued) 

DETECTED CONCENTRATIONS OF INORGANICS 
SWMU 7/8 SURFACE SOIL 

CT0-0277, RFI REPORT-OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Number Range Number Range 
Residential Exceeding Exceeding Exceeding Exceeding 

Soil Background + Background + Maximum Maximum 
RBCs 2 x Std. Dev. of 2 x Std. Dev. of Background Background 

(mglkg) Surface Soil Surface Soil Surface Soil Surface Soil 

0.43 3/16 3-3 5/16 2-3 
5,500 1/16 342-342 1/16 342-342 
0.15 1/7 2-2 217 0-2 
39 8/16 0-1 8/16 0-1 

390 1/16 65-65 1/16 65-65 
4,700 017 1/7 30-30 
3,100 017 017 
400 5/16 20-56 10/16 13-56 
23 1/16 0-0 1/16 0-0 

1,600 3/7 18-25 4/7 12-25 
390 0/16 0/16 

47,000 017 017 
550 017 017 

23,000 017 017 

• 

Number Range Number Range 
Exceeding Exceeding Exceeding Exceeding LOCATION 
Industrial Industrial Residential Residential MAXIMUM 
Soil RBC Soil RBC Soil RBC Soil RBC DETECT 

0/16 14/16 1-3 8-TP07-00 
0/16 0/16 7MW03-00 
1/7 2-2 617 0-2 7MW03-00 

0/16 0/16 7SB02-01 
0/16 0/16 7MW03-00 
017 017 7MW02-00 
017 017 7MW04-00 

0/16 8-TP02-01 
0/16 0/16 8-TP07-00 
017 017 7MW03-00 

0/16 0/16 8-TP02-01D 
017 017 7SB02-00,7SB03-00 
017 017 7SB02-00 
017 017 7MW02-00 
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TABLE 5-19 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential 7MW01-07 7MW01-12 7MW01-12D 7MW02-11 7MW02-11D 7MW02-17 7MW03-04 7MW03-04D 7MW03-06 7MW04-07 

Soil 

SAMPLE DATE RBCs 03/27/96 03/27/96 03/27/96 04/09/96 04/09/96 04/09/96 04/08/96 04/08/96 04/08/96 04/04/96 

DEPTH RANGE (feet) (ug/kg) 14.00-15.00 24.00-25.20 24.00-25.20 22.00-24.00 22.00-24.00 34.00-36.00 8.00-10.00 8.00-10.00 12.00-12.50 14.00-14.50 

Volatiles (uglkg) 
Acetone 200,000,000 7,800,000 11 UJ 12 UJ 12 UJ 1,900 UJ 1,500 u 12 UJ 12 u 12 UJ 12 UJ 12 u 
Carbon disulfide 200,000,000 7,800,000 6U 6U 6U 960 UJ 760 UJ 6 UJ 6 UJ 6 UJ 6 UJ 6 UJ 

BTEX (uglkg) 
Ethyl benzene 200,000,000 7,800,000 6U 6U 6U 960 u 760 u 6U 6U 6U 6U 6U 

Toluene 410,000,000 16,000,000 6U 6U 6U 960 u 760 u 6U 6U 6U 6U 6U 

Total Xylenes 1,000,000,000 160,000,000 6U 6U 6U 960 u 760 u 6 u 6U 6U 6U 6U 

Semivolatiles (uglkg) 
2-Methylnaphthalene 82,000,000 3,100,000 1,400 390 u 91 J 180 J 880 270 J 410 u 400 u 370 u 410 UJ 

Acenaphthene 120,000,000 4,700,000 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Anthracene 610,000,000 23,000,000 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Benzo(a)anthracene 7,800 880 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Benzo(a)pyrene 780 88 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Benzo(b )fluoranthene 7,800 880 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Benzo(g, h,i)perylene 61,000,000 2,300,000 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Benzo(k)fluoranthene 78,000 8,800 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Chrysene 780,000 88,000 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Dibenzofuran 8,200,000 310,000 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Di-n-butylphthalate 200,000,000 7,800,000 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 170 J 450 

Fluoranthene 82,000,000 3,100,000 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Fluorene 82,000,000 3,100,000 280 J 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
lndeno(1 ,2,3-ccl)pyrene 7,800 880 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Naphthalene 82,000,000 3,100,000 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Phenanthrene 82,000,000 3,100,000 330 J 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
Pyrene 61,000,000 2,300,000 370 u 390 u 400 u 500 u 400 u 410 u 410 u 400 u 370 u 410 u 
TPH (uglkg) 
Gasoline NE NE 3,400 u 36 u 37 u 9,200 u 7,300 u 1,800 u 38 u 37 u 34 u 37 u 
Total Petroleum Hydrocarbons NE NE NA NA NA NA NA NA NA NA NA NA 

TPH NE NE NA NA NA NA NA NA NA NA NA NA 

TPH (as diesel) NE NE 420,000 29,000 J 120,000 J 15,000 J 16,000 J 18,000 5,100 u 5,000 UJ 4,600 u 4,500 J 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NE - Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
uglkg - microgram per kilogram 
UJ - Not detected. Quantit~tion limit may be inacurate or 
imprecise. ' 

HITS.XLS 1-HA-078 6/12/97 8:31 AM 



.., • 
TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT - OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential 7MW04-07D 7MW04-11 7SB01-04 7SB01-05 7SB01-08 7SB01-11 7-SB02-03 7SB03-06 7SB03-08 8-TP01-04 
Soil 

SAMPLE DATE RBCs 04/04/96 04/04/96 03/27/96 03/27/96 03/27/96 03/27/96 04/02/96 04/25/96 04/25/96 04/02/96 
DEPTH RANGE (feet) (ug/kg) 14.00-14.50 22.00-22.50 8.00-10.00 10.00-12.00 16.00-18.00 22.00-24.00 6.00-8.00 12.00-13.00 16.00-17.00 7.00-7.50 
Volatiles (ug/kg) 
Acetone 200,000,000 7,800,000 11 u 12 u 17 J 70 J 16 J 66 UJ 120 u 11 UJ 12 UJ 130 u 
Carbon disulfide 200,000,000 7,800,000 6 UJ 6 UJ 7U 33 u 5U 33 u 58 UJ 6U 6U 67 UJ 
BTEX (ug/kg) 
Ethylbenzene 200,000,000 7,800,000 6U 6 u 7U 33 u 28 2,500 R 58 u 6 u 6U 89 
Toluene 410,000,000 16,000,000 6U 6U 7U 33 u 5U 33 u 58 u 6U 6U 67 u 
Total Xylenes 1 ,000,000,000 160,000,000 6U 6U 7U 33 u 12 5,800 R 58 u 6U 6U 650 
Semivolatiles (ug/kg) 
2-Methylnaphthalene 82,000,000 3,100,000 370 UJ 380 UJ 370 J 5,000 360 u 30,000 J 3,000 J 370 u 380 u 29,000 J 
Acenaphthene 120,000,000 4,700,000 370 u 380 u 460 u 430 u 360 u 2,200 u 750 J 370 u 380 u 4,300 u 
Anthracene 610,000,000 23,000,000 370 u 380 u 460 u 430 u 360 u 2,200 u 630 J 370 u 380 u 4,300 u 
Benzo(a)anthracene 7,800 880 370 u 380 u 460 u 430 u 360 u 2,200 u 540 J 370 u 380 u 4,300 u 
Benzo(a)pyrene 780 88 370 u 380 u 460 u 430 u 360 u 2,200 u 290 J 370 u 380 u 4,300 u 
Benzo(b )fluoranthene 7,800 880 370 u 380 u 460 u 430 u 360 u 2,200 u 440 J 370 u 380 u 4,300 u 
Benzo(g ,h,i)perylene 61,000,000 2,300,000 370 u 380 u 460 u 430 u 360 u 2,200 u 1,900 u 370 u 380 u 4,300 u 
Benzo(k)fluoranthene 78,000 8,800 370 u 380 u 460 u 430 u 360 u 2,200 u 220 J 370 u 380 u 4,300 u 
Chrysene 780,000 88,000 370 u 380 u 460 u 430 u 360 u 2,200 u 500 J 370 u 380 u 4,300 u 
Dibenzofuran 8,200,000 310,000 370 u 380 u 460 u 250 J 230 J 930 J 1,900 u 370 u 380 u 1,400 J 
Di-n-butylphthalate 200,000,000 7,800,000 370 u 380 u 460 u 430 u 360 u 2,200 u 1,900 u 370 u 380 u 4,300 u 
Fluoranthene 82,000,000 3,100,000 370 u 380 u 460 u 430 u 360 u 2,200 UJ 1,800 J 370 u 380 u 4,300 u 
Fluorene 82,000,000 3,100,000 370 u 380 u 460 u 120"J 120 J 340J 1,900 u 370 u 380 u 2,100 J 
lndeno(1 ,2,3-cd)pyrene 7,800 880 370 u 380 u 460 u 430 u 360 u 2,200 u 1,900 u 370 u 380 u 4,300 u 
Naphthalene 82,000,000 3,100,000 370 u 380 u 66 J 1,900 360 u 17,000 680 J 370 u 380 u 6,000 
Phenanthrene 82,000,000 3,100,000 370 u 380 u 460 u 100 J 140 J 2,200 u 1 '100 J 370 u 380 u 3,900 J 
Pyrene 61,000,000 2,300,000 370 u 380 u 460 u 430 u 360 u 2,200 u 1,500 J 370 u 380 u 4,300 u 
TPH (ug/kg) 
Gasoline NE NE 34U 35 u 210 u 4,000 u 3,300 u 79,000 u 1,700 u 34 u 35 u 7,400 
Total Petroleum Hydrocarbons NE NE NA NA NA NA NA NA NA NA NA NA 
TPH NE NE NA NA NA NA NA NA NA NA NA NA 
TPH (as diesel) NE NE 4,700 u 4,800 u 11,000 410,000 550,000 4,400,000 480,000 u 4,700 u 4,800 u 3,000,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA- Not analyzed. 
NE - Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
uglkg- microgram per kilogram 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. I 
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- • TABLE 5-19 (continued) 
DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 

SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 
CT0-0277, RFI REPORT- OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential 8-TP02-02 8-TP02-06 8-TP03-01 8-TP03-02 8-TP04-03 8-TP06-01 8-TP06-04 8-TP06-04D 8-TP07-01 

Soil 
SAMPLE DATE RBCs 04/02/96 04/02/96 04/03/96 04/03/96 04/03/96 04/03/96 04/03/96 04/03/96 04/04/96 

DEPTH RANGE (feet) (ug/kg) 3.00-3.00 11.00-11.00 3.00-3.00 4.00-5.00 7.00-7.00 3.00-3.00 8.00-8.00 8.00-8.00 2.00-2.00 

Volatiles (uglkg) 
Acetone 200,000,000 7,800,000 12 u 2,100 UJ 140 u 120 120 u 1,500 u 1,500 u 32 38 J 

Carbon disulfide 200,000,000 7,800,000 6 UJ 1,000 UJ 69 UJ 31 UJ 61 UJ 770 UJ 740 UJ 6 UJ 7 J 

BTEX (ug/kg) 
Ethylbenzene 200,000,000 7,800,000 6U 1,000 u 69 u 31 u 61 u 690 J 740 u 28 7 u 
Toluene 410,000,000 16,000,000 6U 1,000 u 69 u 31 u 61 u 770U 740 u 7 7 u 
Total Xylenes 1,000,000,000 160,000,000 6U 1,000 u 69 u 31 u 61 u 5,800 850 250 7 u 
Semivolatlles (ug/kg) 
2-Methylnaphthalene 82,000,000 3,100,000 380 UJ 540 UJ 2,400 J 20,000 UJ 180,000 J 160,000 J 120,000 J 6,400 J 50,000 J 

Acenaphthene 120,000,000 4,700,000 380 u 540 u 23,000 u 20,000 u 20,000 u 41,000 u 19,000 u 420 u 4,600 u 
Anthracene 610,000,000 23,000,000 380 u 540U 23,000 u 20,000 u 2,200 J 41,000 u 19,000 u 420 u 1,200 J 

Benzo(a)anthracene 7,800 880 380 u 540 u 23,000 u 20,000 u 20,000 u 41,000 u 19,000 u 420 u 980 J 

Benzo(a)pyrene 780 88 380 u 540 u IIIIIQ'JJ 20,000 u 20,000 u 41,000 u 19,000 u 420 u 4,600 u 
Benzo(b )fluoranthene 7,800 880 380 u 540 u 5,900 J 20,000 u 20,000 u 41,000 u 19,000 u 420 u 4,600 u 
Benzo(g, h,i}perylene 61,000,000 2,300,000 380 u 540U 4,800 J 20,000 u 20,000 u 41,000 u 19,000 u 420 u 4,600 u 
Benzo(k)fluoranthene 78,000 8,800 380 u 540 u 23,000 u 20,000 u 20,000 u 41,000 u 19,000 u 420 u 4,600 u 
Chrysene 780,000 88,000 380 u 540U 3,500 J 20,000 u 20,000 u 41,000 u 19,000 u 420 u 2,000 J 

Dibenzofuran 8,200,000 310,000 380 u 540U 23,000 u 20,000 u 20,000 u 41,000 u 19,000 u 420 u 4,600 u 
Di-n-butylphthalate 200,000,000 7,800,000 380 u 540U 23,000 u 20,000 u 20,000 u 41,000 u 19,000 u 420 u 4,600 u 
Fluoranthene 82,000,000 3,100,000 380 u 540U 4,600 J 20,000 u 20,000 u 41,000 u 19,000 u 420 u 4,600 u 
Fluorene 82,000,000 3,100,000 380 u 540U 23,000 u 20,000 u 14,000 J 9,900 J 19,000 u 420 u 4,300 J 

lndeno(1,2,3-cd}pyrene 7,800 880 380 u 540U 5,300 J 20,000 u 20,000 u 41,000 u 19,000 u 420 u 4,600 u 
Naphthalene 82,000,000 3,100,000 380 u 540U 23,000 u 20,000 u 41,000 36,000 J 27,000 1,400 12,000 

Phenanthrene 82,000,000 3,100,000 380 u 540U 3,600 J 20,000 u 28,000 20,000 J 18,000 J 1,100 14,000 

Pyrena 61,000,000 2,300,000 380 u 540U 8,400 J 20,000 u 20,000 u 41,000 u 19,000 u 420 u 1,700 J 

TPH (uglkg) 
Gasoline NE NE 36 u 6,400 4,100 u 1,800 u 18,000 u 7,400 u 7,100 u 3,800 u 2,100 u 
Total Petroleum Hydrocarbons NE NE NA NA NA NA NA NA NA NA NA 

TPH NE NE NA NA NA NA NA NA NA NA NA 

TPH (as diesel) NE NE 4,800 u 6,800 u 310,000 J 200,000 J 4,500,000 J 22,000,000 8,900,000 J 1,700,000 J 1,500,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA- Not analyzed. 
NE- Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ug/kg - microgram per kilogram 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. 1 
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TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential 8-TP07-04 8-TP07-05 B-2 B-2 B-2 B-2D B-3 B-3 B-3 B-4 

Soli 
SAMPLE DATE RBCs 04/04/96 04/04/96 02/26/91 02/26/91 02/26/91 02/26/91 02/26/91 02/26/91 02/27/91 02/27/91 

DEPTH RANGE (feet) (ug/kg) 7.00-7.00 12.00-12.00 2.00-4.00 4.00-6.00 6.00-10.00 6.00-10.00 4.00-6.00 10.00-12.00 12.00-16.00 8.00-10.00 

Volatiles (uglkg) 
Acetone 200,000,000 7,800,000 3,100 u 12 UJ NA NA NA NA NA NA NA NA 

Carbon disulfide 200,000,000 7,800,000 1,500 UJ 6 UJ NA NA NA NA NA NA NA NA 

BTEX (uglkg) 
Ethylbenzene 200,000,000 7,800,000 7,700 6U NA NA NA NA NA NA NA NA 

Toluene 410,000,000 16,000,000 1,500 u 6 u NA NA NA NA NA NA NA NA 

Total Xylenes 1 ,000,000,000 160,000,000 5,500 6 u NA NA NA NA NA NA NA NA 

Semlvolatlles (uglkg) 
2-Methylnaphthalene 82,000,000 3,100,000 980,000 J 390 UJ NA NA NA NA NA NA NA NA 

Acenaphthene 120,000,000 4,700,000 26,000 J 390 u NA NA NA NA NA NA NA NA 

Anthracene 610,000,000 23,000,000 20,000 J 390 u NA NA NA NA NA NA NA NA 

Benzo(a)anthracene 7,800 880 200,000 u 390 u NA NA NA NA NA NA NA NA 

Benzo(a)pyrene 780 88 200,000 u 390 u NA NA NA NA NA NA NA NA 

Benzo(b )fluoranthene 7,800 880 200,000 u 390 u NA NA NA NA NA NA NA NA 

Benzo(g,h,i)perylene 61,000,000 2,300,000 200,000 u 390 u NA NA NA NA NA NA NA NA 

Benzo(k)fluoranthene 78,000 8,800 200,000 u 390 u NA NA NA NA NA NA NA NA 

Chrysene 780,000 88,000 34,000 J 390 u NA NA NA NA NA NA NA NA 

Dibenzofuran 8,200,000 310,000 200,000 u 390 u NA NA NA NA NA NA NA NA 

Di-n-butylphthalate 200,000,000 7,800,000 200,000 u 390 u NA NA NA NA NA NA NA NA 

Fluoranthene 82,000,000 3,100,000 200,000 u 390 u NA NA NA NA NA NA NA NA 

Fluorene 82,000,000 3,100,000 69,000 J 390 u NA NA NA NA NA NA NA NA 

lndeno(1 ,2,3-cd)pyrene 7,800 880 200,000 u 390 u NA NA NA NA NA NA NA NA 

Naphthalene 82,000,000 3,100,000 310,000 390 u NA NA NA NA NA NA NA NA 

Phenanthrene 82,000,000 3,100,000 250,000 390 u NA NA NA NA NA NA NA NA 

Pyrene 61,000,000 2,300,000 31,000 J 390 u NA NA NA NA NA NA NA NA 

TPH (uglkg) 
Gasoline NE NE 37,000 u 35 u NA NA NA NA NA NA NA NA 

Total Petroleum Hydrocarbons NE NE NA NA NA NA NA NA NA NA NA NA 

TPH NE NE NA NA 464,000 422,000 1,816,000 3,560,000 22,850,000 22,600,000 2,900,000 333,800 

TPH (as diesel) NE NE 18,000,000 4,900 u NA NA NA NA NA NA NA NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NE - Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
uglkg - microgram per kilogram 
~J - N~t detected. QuantitationJiimit may be inacurate or 
ImpreCise. 
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TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT - OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential B-4 B-4 B-5 B-5 B-5 B-6 B-6 B-6 B-7 B-7 B-7 

Soil 
SAMPLE DATE RBCs 02/27/91 02/27/91 02/27/91 02/27/91 02127/91 02/28/91 02/28/91 02/28/91 02/28/91 02/28/91 02/28/91 

DEPTH RANGE (feet) (ug/kg) 10.00-12.00 12.00-16.00 2.00-4.00 4.00-6.00 6.00-10.00 4.00-6.00 6.00-8.00 12.00-16.00 2.00-4.00 4.00-6.00 6.00-10.00 

Volatiles (ug/kg) 
Acetone 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA NA 

Carbon disulfide 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA NA 

BTEX (ug/kg) 
Ethylbenzene 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA NA 

Toluene 410,000,000 16,000,000 NA NA NA NA NA NA NA NA NA NA NA 

Total Xylenes 1 ,000,000,000 160,000,000 NA NA NA NA NA NA NA NA NA NA NA 

Semivolatiles (ug/kg) 
2-Methylnaphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA NA 

Acenaphthene 120,000,000 4,700,000 NA NA NA NA NA NA NA NA NA NA NA 

Anthracene 610,000,000 23,000,000 NA NA NA NA NA NA NA NA NA NA NA 

Benzo(a)anthracene 7,800 880 NA NA NA NA NA NA NA NA NA NA NA 

Benzo(a)pyrene 780 88 NA NA NA NA NA NA NA NA NA NA NA 

Benzo(b )fluoranthene 7,800 880 NA NA NA NA NA NA NA NA NA NA NA 

Benzo(g,h,i)perylene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA NA 

Benzo(k)fluoranthene 78,000 8,800 NA NA NA NA NA NA NA NA NA NA NA 

Chrysene 780,000 88,000 NA NA NA NA NA NA NA NA NA NA NA 

Dibenzofuran 8,200,000 310,000 NA NA NA NA NA NA NA NA NA NA NA 

Di-n-butylphthalate 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA NA 

Fluoranthene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA NA 

Fluorene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA NA 

lndeno(1 ,2,3-cd)pyrene 7,800 880 NA NA NA NA NA NA NA NA NA NA NA 

Naphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA NA 

Phenanthrene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA NA 

Pyrene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA NA 

TPH (ug/kg) 
Gasoline NE NE NA NA NA NA NA NA NA NA NA NA NA 

Total Petroleum Hydrocarbons NE NE NA NA NA NA NA NA NA NA NA NA NA 

TPH NE NE 3,019,000 53,900 6,200 166,600 7,200 54,500 1,000 u 1,000 u 3,500 1,000 u 1,700 

TPH (as diesel) NE NE NA NA NA NA NA NA NA NA NA NA NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NE - Value not established. 
U - Not deteCted. The associated number indicates 
approximate sample concentration necessary to be detected. 
uglkg - microgram per kilogram 
UJ - Not detected. Quantitatlon limit may be inacurate or 
imprecise. 1 
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TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT - OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential B-8 B-8 B-8 B-9 B-9 B-9 MW-1 MW-1 MW-1 MW-1 MW-1 
Soil 

SAMPLE DATE RBCs 02/28/91 02/28/91 02/28/91 03/01/91 03/01/91 03/01/91 09/19/95 09/19/95 09/19/95 09/19/95 09/19/95 

DEPTH RANGE (feet) (ug/kg) 6.00-8.00 8.00-10.00 12.00-16.00 4.00-6.00 10.00-12.00 12.00-16.00 6.00-6.00 7.00-7.00 8.00-8.00 9.00-9.00 10.00-10.0C 

Volatiles (ug/kg) 
Acetone 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA NA 

Carbon disulfide 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA NA 

BTEX (uglkg) 
Ethylbenzene 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA NA 

Toluene 410,000,000 16,000,000 NA NA NA NA NA NA NA NA NA NA NA 
Total Xylenes 1 ,000,000,000 160,000,000 NA NA NA NA NA NA NA NA NA NA NA 
Semlvolatlles (uglkg) 
2-Methylnaphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA NA 
Acenaphthene, 120,000,000 4,700,000 NA NA NA NA NA NA NA NA NA NA NA 

Anthracene 610,000,000 23,000,000 NA NA NA NA NA NA NA NA NA NA NA 
Benzo(a)anthracene 7,800 880 NA NA NA NA NA NA NA NA NA NA NA 
Benzo(a)pyrene 780 88 NA NA NA NA NA NA NA NA NA NA NA 
Benzo(b )fluoranthene 7,800 880 NA NA NA NA NA NA NA NA NA NA NA 
Benzo(g, h,i)perylene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA NA 
Benzo(k)fiuoranthene 78,000 8,800 NA NA NA NA NA NA NA NA NA NA NA 
Chrysene 780,000 88,000 NA NA NA NA NA NA NA NA NA NA NA 
Dibenzofuran 8,200,000 310,000 NA NA NA NA NA NA NA NA NA NA NA 
Di-n-butylphthalate 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA NA 
Fluoranthene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA NA 
Fluorene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA NA 
lndeno(1 ,2,3-cd)pyrene 7,800 880 NA NA NA NA NA NA NA NA NA NA NA 
Naphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA NA 
Phenanthrene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA NA 
Pyrene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA NA 
TPH (uglkg) 
Gasoline NE NE NA NA NA NA NA NA NA NA NA NA NA 
Total Petroleum Hydrocarbons NE NE NA NA NA NA NA NA 7,290,000 5,995,000 3,284,000 3,473,000 981,000 
TPH NE NE 20,300 4,200 1,000 u 10,200 1,600 1,000 u NA NA NA NA NA 
TPH (as diesel) NE NE NA NA NA NA NA NA NA NA NA NA NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NE -Value not established. 
U - Not deteded. The associated number indicates 
approximate sample concentration necessary to be deteded. 
uglkg - microgram per kilogram 
~J - N~t deteded. Quantitatio11imit may be inacurate or 
rmprecrse. 
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TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential MW-1 PW-1 PW-1 PW-1 PW-2 PW-2 PW-2 PW-2 PW-2 PW-2 
Soil 

SAMPLE DATE RBCs 09/19/95 09/26/95 09/26/95 09/26/95 09/20/95 09/20/95 09/20/95 09/20/95 09/20/95 09/20/95 

DEPTH RANGE (feet) (ug/kg) 11.00-11.00 7.00-7.00 8.00-8.00 9.00-9.00 6.00-6.00 7.00-7.00 8.00-8.00 9.00-9.00 10.00-10.00 11.00-11.00 

Volatiles (uglkg) 
Acetone 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

Carbon disulfide 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

BTEX (uglkg) 
Ethylbenzene 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

Toluene 410,000,000 16,000,000 NA NA NA NA NA NA NA NA NA NA 

Total Xylenes 1,000,000,000 160,000,000 NA NA NA NA NA NA NA NA NA NA 

Semivolatiles (ug/kg) 
2-Methylnaphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Acenaphthene 120,000,000 4,700,000 NA NA NA NA NA NA NA NA NA NA 

Anthracene 610,000,000 23,000,000 NA NA NA NA NA NA NA NA NA NA 
Benzo(a)anthracene 7,800 880 NA NA NA NA NA NA NA NA NA NA 

Benzo(a)pyrerie 780 88 NA NA NA NA NA NA NA NA NA NA 
Benzo(b )fluoranthene 7,800 880 NA NA NA NA NA NA NA NA NA NA 
Benzo(g,h,i)perylene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA 
Benzo(k)fluoranthene 78,000 8,800 NA NA NA NA NA NA NA NA NA NA 

Chrysene 780,000 88,000 NA NA NA NA NA NA NA NA NA NA 
Dibenzofuran 8,200,000 310,000 NA NA NA NA NA NA NA NA NA NA 
Di-n-butylphthalate 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 
Fluoranthene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 
Fluorene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 
lndeno(1 ,2,3-cd)pyrene 7,800 880 NA NA NA NA NA NA NA NA NA NA 
Naphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 
Phenanthrene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 
Pyrene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA 
TPH (ug/kg) ' 
Gasoline NE NE NA NA NA NA NA NA NA NA NA NA 
Total Petroleum Hydrocarbons NE NE 366,000 1,469,000 1,457,000 2,984,000 1,441,000 2,041,000 1,167,000 837,000 4,282,000 1,375,000 
TPH NE NE NA NA NA NA NA NA NA NA NA NA 
TPH (as diesel) NE NE NA NA NA NA NA NA NA NA NA NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA- Not analyzed. 
NE -Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
uglkg - microgram per kilogram 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. 1 

HITS.XLS 1-HA-078 6/12/97 8:31AM 



• 
TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential PW-3 PW-3 PW-3 PW-3 PW-3D PW-4 PW-4 PW-4 PW-5 PW-5 

Soil 
SAMPLE DATE RBCs 09/22/95 09/22/95 09/22/95 09/22/95 09/22/95 09/25/95 09/25/95 09/25/95 09/23/95 09/23/95 

DEPTH RANGE (feet) (ug/kg) 6.00-6.00 7.00-7.00 8.00-8.00 10.00-10.00 10.00-10.00 6.00-6.00 8.00-8.00 10.00-10.00 4.00-4.00 5.00-5.00 

Volatiles (uglkg) 
Acetone 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

Carbon disulfide 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

BTEX (uglkg) 
Ethylbenzene 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

Toluene 410,000,000 16,000,000 NA NA NA NA NA NA NA NA NA NA 

Total Xylenes 1,000,000,000 160,000,000 NA NA NA NA NA NA NA NA NA NA 

Semivolatlles (ug/kg) 
2-Methylnaphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Acenaphthene 120,000,000 4,700,000 NA NA NA NA NA NA NA NA NA NA 

Anthracene 610,000,000 23,000,000 NA NA NA NA NA NA NA NA NA NA 

Benzo(a)anthracene 7,800 880 NA NA NA NA NA NA NA NA NA NA 

Benzo(a)pyrene 780 88 NA NA NA NA NA NA NA NA NA NA 

Benzo(b )fluoranthene 7,800 880 NA NA NA NA NA NA NA NA NA NA 

Benzo(g, h, i)perylene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA 

Benzo(k)fluoranthene 78,000 8,800 NA NA NA NA NA NA NA NA NA NA 

Chrysene 780,000 88,000 NA NA NA NA NA NA NA NA NA NA 

Dibenzofuran 8,200,000 310,000 NA NA NA NA NA NA NA NA NA NA 

Di-n-butylphthalate 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

Fluoranthene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Fluorene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

lndeno(1,2,3-cd)pyrene 7,800 880 NA NA NA NA NA NA NA NA NA NA 

Naphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Phenanthrene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Pyrene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA 

TPH (ug/kg) 
Gasoline NE NE NA NA NA NA NA NA NA NA NA NA 

Total Petroleum Hydrocarbons NE NE 339,000 5,943,000 18,300 615,000 635,000 361,000 2,467,000 1,156,000 2,508,000 1,161,000 

TPH NE NE NA NA NA NA NA NA NA NA NA NA 

TPH (as diesel) NE NE NA NA NA NA NA NA NA NA NA NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NE- Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
uglkg - microgram per kilogram 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. I 
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TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential PW-5 PW-5 PW-5 PW-5 PW-5 PW-5 PW-6 PW-6 PW-6 S-1 

Soil 
SAMPLE DATE RBCs 09/23/95 09/23/95 09/23/95 09/23/95 09/23/95 09/23/95 09/26/95 09/26/95 09/26/95 03/26/97 

DEPTH RANGE (feet) (ug/kg) 7.00-7.00 8.00-8.00 9.00-9.00 10.00-10.00 11.00-11.00 12.00-12.00 7.00-7.00 9.00-9.00 11.00-11.00 1.00-5.50 

Volatiles (uglkg) 
Acetone 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

Carbon disulfide 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

BTEX (ug/kg) 
Ethylbenzene 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA 28 u 
Toluene 410,000,000 16,000,000 NA NA NA NA NA NA NA NA NA 28 u 
Total Xylenes 1 ,000,000,000 160,000,000 NA NA NA NA NA NA NA NA NA 28 u 
Semivolatlles (ug/kg) 
2-Methylnaphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Acenaphthene 120,000,000 4,700,000 NA NA NA NA NA NA NA NA NA NA 

Anthracene 610,000,000 23,000,000 NA NA NA NA NA NA NA NA NA NA 

Benzo(a)anthracene 7,800 880 NA NA NA NA NA NA NA NA NA NA 

Benzo(a)pyrene 780 88 NA NA NA NA NA NA NA NA NA NA 

Benzo(b)fluoranthene 7,800 880 NA NA NA NA NA NA NA NA NA NA 

Benzo(g,h,i)perylene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA 

Benzo(k)fluoranthene 78,000 8,800 NA NA NA NA NA NA NA NA NA NA 
Chrysene 780,000 88,000 NA NA NA NA NA NA NA NA NA NA 
Dibenzofuran 8,200,000 310,000 NA NA NA NA NA NA NA NA NA NA 

Di-n-butylphthalate 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

Fluoranthene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Fluorene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

lndeno(1 ,2,3-cd)pyrene 7,800 880 NA NA NA NA NA NA NA NA NA NA 

Naphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Phenanthrene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Pyrena 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA 
TPH (ug/kg) 
Gasoline NE NE NA NA NA NA NA NA NA NA NA NA 
Total Petroleum Hydrocarbons NE NE 335,000 610,000 456,000 1,196,000 825,000 2,015,000 1,161,000 1,027,000 404,000 43,400,000 

TPH NE NE NA NA NA NA NA NA NA NA NA NA 

TPH (as diesel) NE NE NA NA NA NA NA NA NA NA NA NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NE- Value not estabUshed. 
U- Not detected. The associated number indicates 
approximate sample ~ncentration necessary to be detected. 
ug/kg - microgram per kilogram 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. · I 
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• -TABLE 5-19 (continued) 
DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 

SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 
CT0-0277, RFI REPORT - OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential S-10 S-2 S-3 S-3D S-4 S-5 S-6 S-6 S-7 S-8 

Soil 
SAMPLE DATE RBCs 04/04/97 03/26/97 03/26/97 03/26/97 03/26/97 03/27/97 03/26/97 03/27/97 03/27/97 04/04/97 

DEPTH RANGE (feet) (ug/kg) 1.00-6.70 1.00-7.50 1.00-6.00 1.00-6.00 1.00-6.50 1.00-6.00 1.00-5.50 1.00-5.50 1.00-5.50 1.00-10.00 

Volatiles (ug/kg) 
Acetone 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

Carbon disulfide 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

BTEX (ug/kg) 
Ethylbenzene 200,000,000 7,800,000 29 u 5U 30 u 30 u 20 u 30 u 31 u NA 30 u 28 u 
Toluene 410,000,000 16,000,000 29 u 5U 30 u 30 u 20 u 30 u 31 u NA 30 u 28 u 
Total Xylenes 1 ,000,000,000 160,000,000 29 u 5U 30 u 30 u 20 u 30 u 31 u NA 30 u 28 u 
Semlvolatlles (ug/kg) 
2-Methylnaphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Acenaphthene 120,000,000 4,700,000 NA NA NA NA NA NA NA NA NA NA 

Anthracene 610,000,000 23,000,000 NA NA NA NA NA NA NA NA NA NA 

Benzo(a)anthracene 7,800 880 NA NA NA NA NA NA NA NA NA NA 

Benzo(a)pyrene 780 88 NA NA NA NA NA NA NA NA NA NA 

Benzo(b )fluoranthene 7,800 880 NA NA NA NA NA NA NA NA NA NA 

Benzo(g,h,i)perylene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA 

Benzo(k)fluoranthene 78,000 8,800 NA NA NA NA NA NA NA NA NA NA 

Chrysene 780,000 88,000 NA NA NA NA NA NA NA NA NA NA 

Dibenzofuran 8,200,000 310,000 NA NA NA NA NA NA NA NA NA NA 

Di-n-butylphthalate 200,000,000 7,800,000 NA NA NA NA NA NA NA NA NA NA 

Fluoranthene 82,000,000 3,100,000 NA. NA NA NA NA NA NA NA NA NA 

Fluorene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

lndeno(1 ,2,3-cd)pyrene 7,800 880 NA NA NA NA NA NA NA NA NA NA 

Naphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Phenanthrene 82,000,000 3,100,000 NA NA NA NA NA NA NA NA NA NA 

Pyrene 61,000,000 2,300,000 NA NA NA NA NA NA NA NA NA NA 

TPH (ug/kg) 
Gasoline NE NE NA NA NA NA NA NA NA NA NA NA 

Total Petroleum Hydrocarbons NE NE 5,010,000 26,800,000 377,000 404,000 24,400,000 151,000 NA 193,000 122,000 32,200,000 

TPH NE NE NA NA NA NA NA NA NA NA NA NA 

TPH (as diesel) NE NE NA NA NA NA NA NA NA NA NA NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NE - Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
uglkg - microgram per kilogram 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. I 
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TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential S-8D S-9 TWSB-01 TWSB-02 TWSB-03 TWSB-04 TWSB-04D 

Soil 
SAMPLE DATE RBCs 04/04/97 04/04/97 11/23/92 11/23/92 11/24/92 11/24/92 11/24/92 

DEPTH RANGE (feet) (ug/kg) 1.00-10.00 1.00-7.00 5.00-8.00 7.00-12.50 15.50-17.00 5.00-13.50 5.00-13.50 

Volatiles (ug/kg) 
Acetone 200,000,000 7,800,000 NA NA NA NA NA NA NA 

Carbon disulfide 200,000,000 7,800,000 NA NA NA NA NA NA NA 

BTEX (ug/kg) 
Ethylbenzene 200,000,000 7,800,000 32 u 5U NA NA NA NA NA 

Toluene 410,000,000 16,000,000 32 u 5U NA NA NA NA NA 

Total Xylenes 1 ,000,000,000 160,000,000 32 u 5U NA NA NA NA NA 

Semivolatiles (ug/kg) 
2-Methylnaphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA 

Acenaphthene 120,000,000 4,700,000 NA NA NA NA NA NA NA 

Anthracene 610,000,000 23,000,000 NA NA NA NA NA NA NA 

Benzo(a)anthracene 7,800 880 NA NA NA NA NA NA NA 

Benzo(a)pyrene 780 88 NA NA NA NA NA NA NA 

Benzo(b )fluoranthene 7,800 880 NA NA NA NA NA NA NA 

Benzo(g,h,i)perylene 61,000,000 2,300,000 NA NA NA NA NA NA NA 

Benzo(k)fluoranthene 78,000 8,800 NA NA NA NA NA NA NA 

Chrysene 780,000 88,000 NA NA NA NA NA NA NA 

Dibenzofuran 8,200,000 310,000 NA NA NA NA NA NA NA 

Di-n-butyl phthalate 200,000,000 7,800,000 NA NA NA NA NA NA NA 

Fluoranthene 82,000,000 3,100,000 NA NA NA NA NA NA NA 

Fluorene 82,000,000 3,100,000 NA NA NA NA NA NA NA 

lndeno(1 ,2,3-cd)pyrene 7,800 880 NA NA NA NA NA NA NA 
Naphthalene 82,000,000 3,100,000 NA NA NA NA NA NA NA 

Phenanthrene 82,000,000 3,100,000 NA NA NA NA NA NA NA 

Pyrene 61,000,000 2,300,000 NA NA NA NA NA NA NA 

TPH (ug/kg) 
Gasoline NE NE NA NA NA NA NA NA NA 

Total Petroleum Hydrocarbons NE NE 27,600,000 10,600,000 2,600,000 25,000 93,000 1,000 u 1,000 u 
TPH NE NE NA NA NA NA NA NA NA 

TPH (as diesel) NE NE NA NA NA NA NA NA NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA- Not analyzed. 
NE -Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
uglkg - microgram per kilogram 
UJ - t«lt detected. Quantitation limit may be inacurate or 
impreJise. 
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• -TABLE 5-19 (continued) 
DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 

SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 
CT0-0277, RFI REPORT- OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

LOCATION Residential Number Range Number Range 
Soil Exceed in!!_ Exceeding Exceeding Exceeding LOCATION 

SAMPLE DATE RBCs Industrial Industrial Residential Residential MAXIMUM 
DEPTH RANGE (feet) (ug/kg) Soil RBC Soil RBC Soil RBC Soil RBC DETECT 
Volatiles (ug/kg) 
Acetone 200,000,000 7,800,000 0/31 0/31 8-TP03-02 
Carbon disulfide 200,000,000 7,800,000 0/31 0/31 8TP07-01 
BTEX (uglkg) 
Ethylbenzene 200,000,000 7,800,000 0/42 0/42 8TP07-04 
Toluene 410,000,000 16,000,000 0/43 0/43 8-TP06-04D 
Total Xylenes 1 ,000,000,000 160,000,000 0/42 0/42 8TP06-01 
Semlvolatiles (uglkg) 
2-Methylnaphthalene 82,000,000 3,100,000 0/31 0/31 8TP07-04 
Acenaphthene 120,000,000 4,700,000 0/31 0/31 8TP07-04 
Anthracene 610,000,000 23,000,000 0/31 0/31 8TP07-04 
Benzo(a)anthracene 7,800 880 0/31 1/31 980-980 8TP07-01 
Benzo(a)pyrene 780 88 1/31 7400-7400 2/31 290-7400 8TP03-01 
Benzo(b )fluoranthene 7,800 880 0/31 1/31 5900-5900 8TP03-01 
Benzo(g, h,i)perylene 61,000,000 2,300,000 0/31 0/31 8TP03-01 
Benzo(k)fluoranthene 78,000 8,800 0/31 0/31 7SB02-03 
Chrysene 780,000 88,000 0/31 0/31 8TP07-04 
Dibenzofuran 8,200,000 310,000 0131 0/31 8TP01-04 
Di-n-butylphthalate 200,000,000 7,800,000 0/31 0/31 7rvf.N04-07 
Fluoranthene 82,000,000 3,100,000 0/31 0/31 8TP03-01 
Fluorene 82,000,000 3,100,000 0/31 0/31 8TP07-04 
lndeno(1 ,2,3-cd)pyrene 7,800 880 0/31 1/31 5300-5300 8TP03-01 
Naphthalene 82,000,000 3,100,000 0/31 0131 8TP07-04 
Phenanthrene 82,000,000 3,100,000 0131 0/31 8TP07-04 
Pyrene 61,000,000 2,300,000 0131 0/31 8TP07-04 
TPH (ug/kg) 
Gasoline NE NE 8TP01-04 
Total Petroleum Hydrocarbons NE NE S-1 
TPH NE NE B-3 
TPH (as diesel) NE NE 8TP06-01 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NE- Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
uglkg - microgram per kilogram 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. 
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LOCATION Residential 
Soil 

SAMPLE DATE RBCs 
DEPTH RANGE (feet) (ug/kg) 
BTEX (uglkg) 
Benzene 200,000 22,000 
Ethylbenzene 200,000,000 7,800,000 
Toluene 410,000,000 16,000,000 
Total Xylenes 1,000,000,000 160,000,000 
TPH (uglkg) 
Total Petroleum Hydrocarbons NE NE 
TPH NE NE 
TPH (recoverable) NE NE 

NOTES: 
NA - Not analyzed. 
NE -Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
uglkg - microgram per kilogram 
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TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

443-B0-01C 443-B0-02C 443-B0-03B 56-PIPE-M 56-PIPE-N 

11/30/92 11/30/92 11/30/92 08/12/96 08/12/96 
8.50-10.00 8.50-10.00 3.50-5.00 12.00-12.00 12.00-12.00 

3.7 u 210 4.2 u 50 u 50 u 
69 310 4.2 u 50 u 50 u 
32 28 4.2 u 50 u 50 u 

220 1,100 8.4 u 50 u 50 u 

730,000 21,000,000 230,000 NA NA 
NA NA NA NA NA 
NA NA NA 121 ,429,000 13,630,000 

• 

56-PIPE-S 56A-M 56A-N 56A-S 

08/12/96 08/12/96 08/12/96 08/12/96 
12.00-12.00 12.00-12.00 12.00-12.00 12.00-12.00 

50 u 50 u 50 u 50 u 
50 u 50 u 50 u 50 u 
50 u 50 u 70 100 
50 u 50 50 50 u 

NA NA NA NA 
NA NA NA NA 

17,273,000 NA 1,407,000 4,967,000 

6/12/97 8:48 AM 
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LOCATION Residential 
Soil 

SAMPLE DATE RBCs 
DEPTH RANGE (feet) (ug/kg) 
BTEX (ug/kg) 
Benzene 200,000 22,000 
Ethylbenzene 200,000,000 7,800,000 
Toluene 410,000,000 16,000,000 
Total Xylenes 1 ,000,000,000 160,000,000 
TPH (ug/kg) 
Total Petroleum Hydrocarbons NE NE 
TPH NE NE 
TPH (recoverable) NE NE 

NOTES: 
NA - Not analyzed. 
NE- Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ug/kg - microgram per kilogram 
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TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT - OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

56A-STOCK 56B-M 56B-N 56B-S 56B-STOCK 

08/12/96 08/12/96 08/12/96 08/12/96 08/12/96 
12.00-12.00 12.00-12.00 12.00-12.00 12.00-12.00 12.00-12.00 

50 u 50 u 50 u 50 u 50 u 
70 50 u 50 u 50 u 50 u 
50 u 50 u 50 u 50 u 50 u 
50 u 50 u 50 u 50 u 50 u 

NA NA NA NA NA 
NA NA NA NA NA 

668,000 2,146,000 721,000 696,000 4,163,000 

-
BBSB-2 BBSB-6 B-1/UGW-1 B-1/UGW-1 

11/10/93 12/11/93 02/25/91 02/25/91 
10.00-12.00 65.00-70.00 4.00-6.00 6.00-8.00 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
NA NA 2,087,000 270,000 

5,000 u 5,000 u NA NA 

6/12/97 8:48AM 



• 

LOCATION Residential 
Soil 

SAMPLE DATE RBCs 
DEPTH RANGE (feet) (ug/kg) 
BTEX (uglkg) 
Benzene 200,000 22,000 
Ethylbenzene 200,000,000 7,800,000 
Toluene 410,000,000 16,000,000 
Total Xylenes 1,000,000,000 160,000,000 
TPH (ug/kg) 
Total Petroleum Hydrocarbons NE NE 
TPH NE NE 
TPH (recoverable) NE NE 

NOTES: 
NA- Not analyzed. 
NE - Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ug/kg - microgram per kilogram 
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TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

B-1/UGW-1 B-10/UGW-2 B-10/UGW-2 B-10/UGW-2 BBSB-5/UGW-21 BBSB-3/UGW-23 BBSB-7/UGW-25 UGW-26 

02/25/91 03/01/91 03/01/91 03/01/91 11/16/93 11/11/93 11/17/93 12/15/93 
8.00-15.00 4.00-6.00 6.00-8.00 10.00-12.00 10.00-12.00 6.00-8.00 10.00-14.00 4.00-8.00 

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 
530,000 10,200 1,000 u 1,000 u NA NA NA NA 

NA NA NA NA 5,000 u 5,000 u 5,000 u 5,000 u 

6/12/97 8:48AM 



• 

HITS.XLS 1-HB-078J 

LOCATION 

SAMPLE DATE 
DEPTH RANGE (feet) 
BTEX (ug/kg) 
Benzene 
Ethylbenzene 
Toluene 
Total Xylenes 
TPH (uglkg) 
Total Petroleum Hydrocarbons 
TPH 
TPH (recoverable) 

NOTES: 
NA- Not analyzed. 
NE -Value not established. 

• 
TABLE 5-19 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Residential 
Soil 

RBCs 
(ug/kg) 

200,000 22,000 
200,000,000 7,800,000 
410,000,000 16,000,000 

1 ,000,000,000 160,000,000 

NE NE 
NE NE 
NE NE 

Number 
Exceeding 
Industrial 
Soil RBC 

0/15 
0/15 
0/15 
0/15 

Range 
Exceeding 
Industrial 
Soil RBC 

Number 
Exceeding 
Residential 
Soil RBC 

0/15 
0/15 
0/15 
0/15 

U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ug/kg • microgram per kilogram 

Range 
Exceeding 
Residential 
Soil RBC 

LOCATION 
MAXIMUM 
DETECT 

443-B0-02C 
443-B0-02C 

56A-S 
443-B0-02C 

443-B0-02C 
UGW-1 

56-PIPE-M 

• 

6/12/97 8:48AM 



• 
TABLE 5-20 

DETECTED CONCENTRATION OF INORGANICS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Maximum 

LOCATION Background lngy~triS!I 
Subsurface S2il 

SAMPLE DATE Soil Detected ~ 
DEPTH RANGE (feet) (mg/kg) ~ 
lnorganics (mg/kg) 
Arsenic, Total 2.44 2.4 3.8 
Barium, Total 331.23 246 140,000 
Cadmium, Total 0.71 0.62 1,000 
Chromium, Total 172.39 148 10,000 
Lead, Total 6.86 6.6 NE 
Mercury, Total 0.15 0.17 610 
Selenium, Total 1.05 1.2 10,000 
Silver, Total NO NO 10,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mglkg - milligram per kilogram 
NO - Not detected. 
NE - Value not established. 

Residential 
Soil 

RBCs 
(mglkg) 

0.43 

5,500 
39 
390 
400 
23 
390 
390 

R- Unreliable Result. Analyte may or may not be present in the sample. 
Supporting qata necessary to confirm result. 
U - Not deteCted. The associated number indicates approximate sample 
concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

HITS.XLS 1-H-178 

7MW01-07 7MW01-12 7MW01-12D 7MW02-11 

03/27/96 03/27/96 03/27/96 04/09/96 
14.00-15.00 24.00-25.20 24.00-25.20 22.00-24.00 

0.09 UJ 0.16 J 0.1 UJ 0.55 UJ 

41.9 J 204 J 131 J 40.6 
0.22 u 0.47 0.55 0.34 u 
13.5 J 25 J 32.3 J 14.6 J 

2J 1.2 J 0.97 J 0.58 J 
0.05 u 0.06 u 0.06 u 0.05 u 
0.14 UJ 0.14 UJ 0.14 UJ 0.13 UJ 
0.31 u 0.29 u 0.3 u ' -

7MW02-11D 7MW02-17 7MW03-04 7MW03-04D 7MW03-06 

04/09/96 04/09/96 04/08/96 04/08/96 04/08/96 
22.00-24.00 34.00-36.00 8.00-10.00 8.00-10.00 12.00-12.50 

0.1 UJ 0.14 J 0.16 J 0.27 J 0.39 J 
46.5 40.2 37.6 61.9 51.5 
0.22 u 0.25 u 0.33 u 0.26 u 0.26 u 
10.2 J 24.2 J 21.2 J 9.8 J 15.4 J 
0.5 J ttraii!J 5.1 J 6.3 J 1.7 J 

0.05 u 0.06 u 0.05 u 0.06 R 0.05 R 
0.11 UJ 0.12 UJ 0.13 UJ 0.09 UJ 0.12 UJ 
0.31 u 0.34 u 0.45 u 0.36 u k:,li~D; 

6/12/97 8:56AM 



• 
TABLE 5-20 {continued) 

DETECTED CONCENTRATION OF INORGANICS 
SWMU 7/8 SUBSURFACE SOIL {1 Foot to Groundwater) 

CT0-0277, RFI REPORT - OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Maximum 
LOCATION Background lnth.!::itrial 

Subsurface ~ 
SAMPLE DATE Soil Detected ~ 
DEPTH RANGE {feet) (mg/kg) !m9lJsg1 
lnorganlcs {mglkg) 

Arsenic, Total 2.44 2.4 3.8 
Barium, Total 331.23 246 140,000 
Cadmium, Total 0.71 0.62 1,000 
Chromium, Total 172.39 148 10,000 
Lead, Total 6.86 6.6 NE 
Mercury, Total 0.15 0.17 610 
Selenium, Total 1.05 1.2 10,000 
Silver, Total ND ND 10,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mglkg - milligram per kilogram 
NO - Not detected. 
NE -Value not established. 

Residential 
Soil 

RBCs 
{mg/kg) 

0.43 
5,500 

39 
390 
400 
23 

390 
390 

R - Unreliable Result. Analyte may or may not be present in the sample. 
Supporting data necessary to confirm result. 
U - Not detected. The associated number indicates approximate sample 
concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

HITS.XLS 1-H-178 

7MW04-07 7MW04-07D 7MW04-11 7SB01-04 

04/04/96 04/04/96 04/04/96 03/27/96 
14.00-14.50 14.00-14.50 22.00-22.50 8.00-10.00 

0.34 J 0.511J 0.08 UJ I 0.811 
12.4 J 8.2 J 11.5 J 77.7 J 
0.34 u 0.24 u 0.25 u 0.43 

6.1 J 5.9 J 14.8 J 11.8 J 
1 J 0.82 J 4.1 1.8 J 

0.04 u 0.05 u 0.04 u 0.07 u 
0.14 UJ 0.15 UJ 0.12 UJ 0.16 UJ - 0.33 u 
' 

0.35 u 0.37 u 

• 

7SB01-05 7SB01-08 7SB01-11 7-SB02-03 7SB03-06 

03/27/96 03/27/96 03/27/96 04/02196 04/25/96 
10.00-12.00 16.00-18.00 22.00-24.00 6.00-8.00 12.00-13.00 

0.441 0.34 J 0.1 UJ 0.4 0.31 UJ 
108 J 143 J 84.5 J 36.2 J 24 J 

0.33 0.22 u 0.63 0.25 u e~/i;Q~! 
21.9 J 30.4 J 22.7 J 7 J 7.5 J 

1.5 J 2.1 J 1.1 J 6.2 0.93 J 
0.05 u 0.04 u 0.06 u 0.05 u 0.04 u 
0.15 UJ 0.14 UJ 0.14 UJ 0.56 UJ 0.12 UJ 
0.37 u 0.31 u 0.39 u 0.35 u 0.37 u 

6/12/97 8:55AM 



• 
Maximum 

LOCATION Background lngyl2trial 
Subsurface ,SQi! 

SAMPLE DATE Soil Detected ~ 
DEPTH RANGE (feet) (mg/kg) .(mgLkg} 
Inorganic& (mglkg) 

Arsenic, Total 2.44 2.4 3.8 

Barium, Total 331.23 246 140,000 
Cadmium, Total 0.71 0.62 1,000 
Chromium, Total 172.39 148 10,000 
Lead, Total 6.86 6.6 NE 
Mercury, Total 0.15 0.17 610 
Selenium, Total 1.05 1.2 10,000 
Silver, Total NO NO 10,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mglkg - milligram per kilogram 
ND - Not detected. 
NE - Value not established. 

TABLE 5-20 (continued) 
DETECTED CONCENTRATION OF INORGANICS 

SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 
CT0-0277, RFI REPORT- OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Residential 7SB03-08 8-TP01-04 8-TP02-02 8-TP02-06 
Soil 

RBCs 04/25/96 04/02/96 04/02/96 04/02/96 
(mg/kg) 16.00-17.00 7.00-7.50 3.00-3.00 11.00-11.00 

0.43 1.11J 1.61 1.11 1.51 
5,500 16.1 J 56.5 J 93.7 J 52.4 J 

39 0.67 0.29 u 0.31 u 0.37 u 
390 4.9 J 25.6 J 120 J 11 J 
400 1.2 6.7 4 
23 0.05 u 0.07 0.06 u 

390 0.13UJ -J J 0.79 J 
390 0.37 u 0.4 u 0.43 u 0.51 u 

R - Unreliable Result. Analyte may or may not be present in the sample. 
Supporting data necessary to confirm result. 
U - Not detected. The associated number indicates approximate sample 
concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

HITS.XLS 1-H-178 

• 

8-TP03-01 8-TP03-02 8-TP04-03 8-TP06-01 8-TP06-04 

04/03/96 04/03/96 04/03/96 04/03/96 04/03/96 
3.00-3.00 4.00-5.00 7.00-7.00 3.00-3.00 8.00-8.00 

0.4 J 0.891 0.25 J 0.19 J 0.07 UJ 

23.5 67.9 J 189 J 271 J 205 J 
0.33 u 0.34 u 0.26 u 0.3 u 0.33 u 

4.4 J 43.7 J 39.9 J 9.1 J 14.8 J 
0.65 J 3.6 2 1.3 J 2 
0.06 u 0.05 u 0.06 u 0.06 u 0.09 
0.15 u 0.11 UJ 0.15 UJ 0.16 UJ 0.1 UJ 
0.45 u 0.47 u 0.35 u 0.41 u 0.46 u 

6/12/97 8:55AM 



• 

HITS.XLS 1-H-178 

• 
TABLE 5-20 (continued) 

DETECTED CONCENTRATION OF INORGANICS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Maximum 
LOCATION Background !n!;!y§ltrial 

Subsurface .s2i! 
SAMPLE DATE Soil Detected ~ 
DEPTH RANGE (feet) (mg/kg) .(mgL!sg)_ 
lnorganics (mg/kg) 
Arsenic, Total 2.44 2.4 3.8 
Barium, Total 331.23 246 140,000 
Cadmium, Total 0.71 0.62 1,000 
Chromium, Total 172.39 148 10,000 
Lead, Total 6.86 6.6 NE 
Mercury, Total 0.15 0.17 610 
Selenium, Total 1.05 1.2 10,000 
Silver, Total NO NO 10,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mglkg - milligram per kilogram 
NO - Not detected. · 
NE -Value not established. 

Residential 
Soil 

RBCs 
(mglkg) 

0.43 
5,500 

39 
390 
400 
23 

390 
390 

R - Unreliable Result. Analyte may or may not be present in the sample. 
Supporting data necessary to confirm result. 
U - Not detected. The associated number indicates approximate sample 
concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

8-TP06-04D 8-TP07-01 

04/03/96 04/04/96 
8.00-8.00 2.00-2.00 

o.o9 uJ liMisl 
281 11.5 

0.28 u 0.32 u 
17.3 J 14.7 J 
0.92 J 1.5 
0.05 u 0.06 u 
0.13 UJ 0.26 J 
0.38 u 0.44 u 

• 

8-TP07-04 8-TP07-05 

04/04/96 04/04/96 
7.00-7.00 12.00-12.00 

1.91 0.451 
52.2 278 
0.29 u 0.27 u 

4.1 J 14.3 J 
2.7 

0.05 u 
0.31 J 0.66 J 

0.4 u 0.37 u 

6/12/97 8:55 AM 



• 

Maximum 
LOCATION Background lnd!.!!!tril!l 

Subsurface SQil 
SAMPLE DATE Soil Detected ~ 
DEPTH RANGE (feet) (mg/kg) .(mgl!sg} 
lnorganlcs (mg/kg) 
Arsenic, Total 2.44 2.4 3.8 
Barium, Total 331.23 246 140,000 
Cadmium, Total 0.71 0.62 1,000 
Chromium, Total 172.39 148 10,000 
Lead, Total 6.86 6.6 NE 
Mercury, Total 0.15 0.17 610 
Selenium, Total 1.05 1.2 10,000 
Silver, Total NO NO 10,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mglkg - milligram per kilogram 
NO- Not detected. 
NE - Value not established. 

• 
TABLE 5-20 (continued) 

DETECTED CONCENTRATION OF INORGANICS 
SWMU 7/8 SUBSURFACE SOIL (1 Foot to Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Number Range Number Range 

Residential Exceeding Exceeding Exceeding Exceeding 
Soil Background + Background + Maximum Maximum 

RBCs 2 x Std. Dev. of 2 x Std. Dev. of Background Background 
(mglkg) Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil 

0.43 1/31 4-4 1/31 4-4 
5,500 0/31 3/31 271-281 

39 1/31 1-1 3/31 1-1 
390 0/31 0/31 
400 3/31 12-70 4/31 7-70 
23 2/29 0-1 1/29 1-1 
390 2/31 1-2 1/31 2-2 
390 3/31 0-1 3/31 0-1 

R - Unreliable Result. Analyte may or may not be present in the sample. 
Supporting data necessary to confirm result. 
U - Not detected. The associated number indicates approximate sample 
concentration necessary to be detected. 
UJ- Not detected. Quantitation limit may be inacurate or imprecise. 

HITS.XLS 1-H-178 

Number 
Exceeding 
Industrial 
Soil RBC 

0/31 
0/31 
0/31 
0/31 

0/29 
0/31 
0/31 

• 

Range Number Range 
Exceeding Exceeding Exceeding 
Industrial Residential Residential 
Soil RBC Soil RBC Soil RBC 

11/31 0-4 

0/31 
0/31 
0/31 
0/31 
0/29 
0/31 
0/31 

LOCATION 
MAXIMUM 
DETECT 

8TP07-01 
8-TP06-04D 
7SB03-06 
8TP02-02 
8TP07-04 
8TP07-04 
8TP01-04 
7MW03-06 

6/12/97 8:55 AM 



• 

LOCATION 7-SB02-06 

SAMPLE DATE 04/02/96 
DEPTH RANGE (feet) 12.00-14.00 
TPH (ug/kg) 
Total Petroleum Hydrocarbons NA 
TPH (as diesel) 14,000 

NOTES: 
NA- Not analyzed. 
ug/kg - microgram per kilogram 

HITS.XLS 2-H-078 

TABLE 5-21 
DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 

SWMU 7/8 SUBSURFACE SOIL (Below Groundwater) 
CT0-0277, RFI REPORT- OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

7-SB02-07 MW-1 MW-1 MW-1 MW-1 

04/02/96 09/19/95 09/19/95 09/19/95 09/19/95 
14.00-16.00 12.00-12.00 13.00-13.00 14.00-14.00 15.00-15.00 

NA 303,000 96,000 3,103,000 27,233,000 
6,400 NA NA NA NA 

• 

MW-1 PW-1 PW-1 

09/19/95 09/26/95 09/26/95 
16.00-16.00 10.00-10.00 12.00-12.00 

5,965,000 2,361,000 3,030,000 
NA NA NA 

6/12/97 8:59AM 



• 
LOCATION PW-1 

SAMPLE DATE 09/26/95 
DEPTH RANGE (feet) 13.00-13.00 
TPH (ug/kg) 
Total Petroleum Hydrocarbons 3,205,000 
TPH (as diesel) NA 

NOTES: 
NA - Not analyzed. 
ug/kg- microgram per kilogram 

HITS.XLS 2-H-078 l 

TABLE 5-21 (continued) 
DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 

SWMU 7/8 SUBSURFACE SOIL (Below Groundwater) 
CT0-0277, RFI REPORT- OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

PW-1 PW-1 PW-1 PW-1 PW-2 

09/26/95 09/26/95 09/26/95 09/26/95 09/20/95 
14.00-14.00 15.00-15.00 16.00-16.00 17.00-17.00 12.00-12.00 

882,000 1,173,000 438,000 222,000 48,158,000 
NA NA NA NA NA 

-
PW-2 PW-2 PW-2 

09/20/95 09/20/95 09/20/95 
13.00-13.00 14.00-14.00 16.00-16.00 

29,971,000 7,413,000 7,388,000 
NA NA NA 

6/12/97 9:00AM 



LOCATION PW-2 

SAMPLE DATE 09/20/95 
DEPTH RANGE (feet) 17.00-17.00 
TPH (ug/kg) 
Total Petroleum Hydrocarbons 605,000 
TPH (as diesel) NA 

NOTES: 
NA - Not analyzed. 
ug/kg - microgram per kilogram 

HITS.XLS 2-H-078 

-
TABLE 5-21 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (Below Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

PW-2 PW-3 PW-3 PW-4 PW-4 

09/20/95 09/22/95 09/22/95 09/25/95 09/25/95 
18.00-18.00 14.00-14.00 15.00-15.00 12.00-12.00 14.00-14.00 

606,000 540,000 514,000 737,000 1,472,000 
NA NA NA NA NA 

PW-4 PW-4 PW-4 

09/25/95 09/25/95 09/25/95 
16.00-16.00 18.00-18.00 20.00-20.00 

620,000 285,000 645,000 
NA NA NA 

6/12/97 9:00AM 



• 
LOCATION PW-4 

SAMPLE DATE 09/25/95 
DEPTH RANGE (feet) 21.00-21.00 
TPH (ug/kg) 
Total Petroleum Hydrocarbons 7,970,000 
TPH (as diesel) NA 

NOTES: 
NA - Not analyzed. 
uglkg - microgram per kilogram 

HITS.XLS 2-H-078 

• 
TABLE 5-21 (continued) 

DETECTED CONCENTRATION OF ORGANIC COMPOUNDS 
SWMU 7/8 SUBSURFACE SOIL (Below Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

PW-4 PW-5 PW-6 PW-6 PW-6 

09/25/95 09/23/95 09/26/95 09/26/95 09/26/95 
22.00-22.00 14.00-14.00 13.00-13.00 15.00-15.00 17.00-17.00 

687,000 1,093,000 1,669,000 613,000 694,000 
NA NA NA NA NA 

• 
PW-6 PW-6 

LOCATION 
09/26/95 09/26/95 MAXIMUM 

19.00-19.00 20.00-20.00 DETECT 

3,267,000 6,915,000 PW-2 
NA NA 7SB02-06 

6/12/97 9:00AM 



• 

HITS.XLS 2-H-178 

• 
TABLE 5-22 

DETECTED CONCENTRATION OF INORGANICS 
SWMU 7/8 SUBSURFACE SOIL (Below Groundwater) 

CT0-0277, RFI REPORT- OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Maximum 

LOCATION Background lndy~trial Residential 

SAMPLE DATE 
DEPTH RANGE (feet) 

lnorganics (mg/kg) 
Arsenic, Total 

Barium, Total 
Chromium, Total 
Lead, Total 
Silver, Total 

NOTES: 

2.44 

331.23 
172.39 
6.86 
NO 

Subsurface 
Soil Detected 

(mg/kg) 

2.4 

246 
148 
6.6 
NO 

.s2iJ 
BID& 

.(mgLisg} 

3.8 
140,000 
10,000 

NE 
10,000 

J - Analyte present. Reported value may not be accurate or precise. 
mglkg - milligram per kilogram 
ND - Not detected. 
NE -Value not established. 
U - Not detected. The associated number indicates approximate sample 
concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

Soil 
RBCs 

(mg/kg) 

0.43 

5,500 
390 
400 
390 

7-SB02-06 

04/02/96 
12.00-14.00 

0.51 UJ I 
17.1 J 

6.1 J 
2.3 -

• 

7-SB02-07 

04/02/96 
14.00-16.00 

0.721 
21.7 J 
10.1 J 
2.5 
0.4 u 

6/12/97 9:03 AM 



• 
Maximum 

TABLE 5-22 (continued) 
DETECTED CONCENTRATION OF INORGANICS 

SWMU 7/8 SUBSURFACE SOIL (Below Groundwater) 
CT0-0277, RFI REPORT- OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Number Range Number Range 
LOCATION Background !m:tu~trial Residential Exceeding Exceeding Exceeding Exceeding 

Subsurface .sQi! 
SAMPLE DATE Soil Detected ~ 
DEPTH RANGE (feet) (mg/kg) !m9L!sg). 
Jnorganics (mg/kg) 
Arsenic, Total 2.44 2.4 3.8 
Barium, Total 331.23 246 140,000 
Chromium, Total 172.39 148 10,000 
Lead, Total 6.86 6.6 NE 
Silver, Total NO NO 10,000 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mg/kg - milligram per kilogram 
NO - Not detected. 
NE- Value not established. 
U - Not detected. The associated number indicates approximate sample 
concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

HITS.XLS 2-H-178 

Soil 
RBCs 

(mg/kg) 

0.43 
5,500 
390 
400 
390 

Background + Background + Maximum Maximum 
2 x Std. Dev. of 2 x Std. Dev. of Background Background 
Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil 

0/2 
0/2 
0/2 
0/2 
1/2 0-0 

0/2 
0/2 
0/2 
0/2 
1/2 0-0 

Number Range Number Range 
Exceedin Exceedin Exceeding Exceeding 
Industrial Industrial Residential Residential 
Soil RBC Soil RBC Soil RBC Soil RBC 

0/2 
0/2 
0/2 

0/2 

1/2 
0/2 
0/2 
0/2 
0/2 

1-1 

LOCATION 
MAXIMUM 
DETECT 

7-SB02-07 
7-5B02-07 
7-5B02-07 
7-SB02-07 
7SB02-06 

6/12/97 9:03AM 



• -TABLE 5-23 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

us IaQ 
LOCATION Primary llYa1e.r 7MW01A 7MW02A 7MW02AD 7MW03 7MW04 BBSB-1 BBSB-6 BBSB-7 GW-02 GW-02 

SAMPLE DATE MCLs Bru& 05/05/96 04/23/96 04/23/96 04/23/96 04/19/96 11/10/93 12/11/93 12/15/93 11/19/92 11/12/93 

(ug/1) .(ygllj 

Volatiles (ug/1) 
Chloroform 100 0.15 §. 5 u 5U 5U 5U NA NA NA 0.8 u NA 

Methyl tert-butyl ether NE 180 NA NA NA NA NA 10 u 10 u 10 u NA 10 u 
Methylene chloride 5 4.1 2 5U 5U 5U 5U NA NA NA 5.01 u NA 

Styrene 100 1,600 5U 5U 5U 5U 5U NA NA NA 0.5 u NA 

BTEX (ug/1) 
Benzene 5 0.36 5 u 5 u 5U 5U 5U 1 u 1 u 1 u ZZQ 1.1.0Q 
Ethylbenzene 700 1,300 2J 5 u 5U 5U 5U 1 u 1 u 1 u 67 89 

Toluene 1,000 750 5U 5 u 5U 5U 5U 1 u 1 u 1 u 0.5 u 3.3 

Xylenes 10,000 12,000 46 5U 5U 5U 5U 1 u 1 u 5 35 32 

Semivolatlles (ug/1) 
1-Methylnaphthalene NE NE NA NA NA NA NA NA NA NA NA NA 

2-Methylnaphthalene NE 1,500 1 J 10 u 11 u 10 u 10 UJ NA NA NA NA NA 

Acenaphthene NE 2,200 10 u 10 u 11 u 10 u 10 UJ NA NA NA NA NA 

Anthracene NE 11,000 10 u 10 u 11 u 10 u 10 UJ NA NA NA NA NA 

Bis(2-ethylhexyl)phthalate 6 4.8 6 UJ 10 u 11 u 10 u 10 UJ NA NA NA NA NA 

Diethylphthalate NE 29,000 10 u 10 u 11 u 10 u 1 J NA NA NA NA NA 

Dimethylphthalate NE 370,000 1 J 3 J 3 J 10 u 5J NA NA NA NA NA 

Fluorene NE 1,500 10 u 10 u 11 u 10 u 10 UJ NA NA NA NA NA 

lsophorone NE 71 10 u 10 u 11 u 10 u 10 UJ NA NA NA NA NA 

Naphthalene NE 1,500 10 u 10 u 11 u 10 u 10 UJ NA NA NA 0.7 u NA 

Phenanthrene NE 1,500 10 u 10 u 11 u 10 u 10 UJ NA NA NA NA NA 

Phenol NE 22,000 2J 10 u 11 u 10 u 10 u NA NA NA NA NA 

TPH (ug/1) 
Total Petroleum Hydrocarbons NE NE NA NA NA NA NA NA NA NA 500 u NA 

TPH (as gasoline) NE NE NA NA NA NA NA NA NA NA NA NA 
TPH (as Jet Fuel A) NE NE NA NA NA NA NA NA NA NA NA NA 
TPH (recoverable) NE NE NA NA NA NA NA 1,000 u 1,000 u 1,700 NA 1,000 u 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NO - Not detected. 
NE - Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ug/1 - microgram per liter 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. ! 

! 
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TABLE 5-23 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

us :w 
LOCATION Primary ~ GW-03 GW-03 GW-06 UGW-1 UGW-10 UGW-10 UGW-10 UGW-10 UGW-11 UGW-11 

SAMPLE DATE MCLs ~ 11/19/92 03/23/96 11/19/92 03/26/91 03/26/91 11/17192 11/16/93 03/23/96 03/26/91 11/17/92 

(ug/1) {yglJj 

Volatiles (ug/1) 
Chloroform 100 0.15 0.8 u 5U 0.8 u NA NA 0.8 u NA 5U NA 0.8 u 
Methyl tert-butyl ether NE 180 NA NA NA NA NA NA 10 u NA NA NA 

Methylene chloride 5 4.1 5.01 u 5U 5.01 u NA NA 5.01 u NA 5U NA 5.01 u 
Styrene 100 1,600 0.5 u 5U 0.5 u NA NA 1.2 NA 5U NA 0.5 u 
BTEX (ug/1) 
Benzene 5 0.36 0.5 u 5U 0.5 u tl.ill 1 u 0.5 u 1 u 5U 1 u 0.5 u 
Ethylbenzene 700 1,300 0.5 u 5U 0.5 u i5..m 1 u 0.5 u 1 u 5U 1 u 0.5 u 
Toluene 1,000 750 0.5 u 5U 0.5 u ~ 1 u 0.5 u 1 u 5U 1 u 0.5 u 
Xylenes 10,000 12,000 NA 5U NA m.Ml 1 u NA 1 u 5U 1 u NA 

Semivolatiles (ug/1) 
1-Methylnaphthalene NE NE NA NA NA NA NA NA NA NA NA NA 

2-Methylnaphthalene NE 1,500 NA 380 J NA NA NA NA NA 1 J NA NA 

Acenaphthene NE 2,200 NA 210 u NA NA NA NA NA 1 J NA NA 

Anthracene NE 11,000 NA 210 u NA NA NA NA NA 10 u NA NA 

Bis(2-ethylhexyl)phthalate 6 4.8 NA 210 u NA NA NA NA NA ZJ NA NA 

Diethylphthalate NE 29,000 NA 210 u NA NA NA NA NA 2 J NA NA 

Dimethylphthalate NE 370,000 NA 210 u NA NA NA NA NA 10 u NA NA 

Fluorene NE 1,500 NA 210 u NA NA NA NA NA 4J NA NA 

lsophorone NE 71 NA 210 u NA NA NA NA NA 1 J NA NA 

Naphthalene NE 1,500 0.7 u 210 u 0.7 u NA NA 0.7 u NA 10 u NA 0.7 u 
Phenanthrene NE 1,500 NA 210 u NA NA NA NA NA 1 J NA NA 

Phenol NE 22,000 NA 210 u NA NA NA NA NA 10 u NA NA 

TPH (ug/1) 
Total Petroleum Hydrocarbons NE NE 500 u NA 2,100 NA NA 4,500 NA NA NA 500 u 
TPH (as gasoline) NE NE NA NA NA NA NA NA NA NA NA NA 

TPH (as Jet Fuel A) NE NE NA NA NA NA NA NA NA NA NA NA 

TPH (recoverable) NE NE NA NA NA NA NA NA 1,000 u NA NA NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA- Not analyzed. 
NO- Not detected. 
NE -Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ugn - microgram per liter 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. I 
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TABLE 5-23 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

us Im 
LOCATION Primary WiW UGW-11 UGW-12 UGW-13 UGW-14 UGW-15 UGW-15 UGW-15 UGW-16 UGW-16 

SAMPLE DATE MCLs ~ 11/15/93 03/26/91 03/26/91 03/26/91 03/26/91 11/17/92 11/12/93 04/04/91 11/12/93 

(ug/1) .{yglU 

Volatiles (ug/1) 
Chloroform 100 0.15 NA NA NA NA NA 0.8 u NA NA NA 

Methyl tert-butyl ether NE 180 10 u NA NA NA NA NA 10 u NA 10 u 
Methylene chloride 5 4.1 NA NA NA NA NA 5.01 u NA NA NA 

Styrene 100 1,600 NA NA NA NA NA 0.5 u NA NA NA 

BTEX (ug/1) 
Benzene 5 0.36 1 u 47.2 788.3 464 1.Jlll 0.5 u 1 u 1 u 1 u 
Ethylbenzene 700 1,300 1 u 432.3 ~ ~ 1,112 0.5 u 1 u 1 u 1 u 
Toluene 1,000 750 1 u 7.5 .A.lli ...1..m 62.9 0.5 u 1 u 1 u 1 u 
Xylenes 10,000 12,000 1 u 1,403 ~ 23,754 297.7 NA 3.9 1 u 1 u 
Semivolatiles (ug/1) 
1-Methylnaphthalene NE NE NA NA NA NA NA NA NA NA NA 

2-Methylnaphthalene NE 1,500 NA NA NA NA NA NA NA NA NA 

Acenaphthene NE 2,200 NA NA NA NA NA NA NA NA NA 

Anthracene NE 11,000 NA NA NA NA NA NA NA NA NA 

Bis(2-ethylhexyl)phthalate 6 4.8 NA NA NA NA NA NA NA NA NA 

Diethylphthalate NE 29,000 NA NA NA NA NA NA NA NA NA 

Dimethylphthalate NE 370,000 NA NA NA NA NA NA NA NA NA 

Fluorene NE 1,500 NA NA NA NA NA NA NA NA NA 

lsophorone NE 71 NA NA NA NA NA NA NA NA NA 

Naphthalene NE 1,500 NA NA NA NA NA 0.7 u NA NA NA 

Phenanthrene NE 1,500 NA NA NA NA NA NA NA NA NA 

Phenol NE 22,000 NA NA NA NA NA NA NA NA NA 
TPH (ug/1) 
Total Petroleum Hydrocarbons NE NE NA NA NA NA NA 500 u NA NA NA 

TPH (as gasoline) NE NE NA NA NA NA NA NA NA NA NA 
TPH (as Jet Fuel A) NE NE NA NA NA NA NA NA NA NA NA 
TPH (recoverable) NE NE 1,000 u NA NA NA NA NA 1,000 u NA 1,000 u 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA- Not analyzed. 
NO- Not detected. 
NE -Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ug/1- microgram per liter 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. ! 

NONRISKH.XLS Gw-h-78 6/12/97 9:25 AM 



• • • 
TABLE 5-23 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7/8 GROUNDWATER 

CT0-0277, RFI REPORT-OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

us ill 
LOCATION Primary ~ UGW-16 UGW-17 UGW-18 UGW-18 UGW-18 UGW-19 UGW-2 UGW-2 UGW-20 UGW-20 

SAMPLE DATE MCLs ~ 03/23/96 04/04/91 04/04/91 11/17/92 11/12/93 11/18/93 03/26/91 03/23/96 11/18/93 03/23/96 

(ug/1) {.yglL) 

Volatiles (ug/1) 

Chloroform 100 0.15 5U NA NA 0.8 u NA NA NA 250 u NA 5U 

Methyl tert-butyl ether NE 180 NA NA NA NA 10 u 10 u NA NA 10 u NA 

Methylene chloride 5 4.1 5U NA NA 5.01 u NA NA NA 250 u NA 5U 

Styrene 100 1,600 5U NA NA 0.5 u NA NA NA 250 u NA 5U 

BTEX (ug/1) 
Benzene 5 0.36 5U 1 u 1 u 0.5 u 1 u 1 u 1 u 250 u 1 u 5U 

Ethylbenzene 700 1,300 5U 1 u 1 u 0.5 u 1 u 1 u 1 u 250 u 1 u 5U 

Toluene 1,000 750 5U 1 u 1 u 0.5 u 1 u 1.1 1 u 250 u 1 u 5U 

Xylenes 10,000 12,000 5U 1 u 1 u NA 1 u 1 u 1 u 250 u 1 u 5U 

Semivolatiles (ug/1) 
1-Methylnaphthalene NE NE NA NA NA NA NA NA NA NA NA NA 

2-Methylnaphthalene NE 1,500 10 u NA NA NA NA NA NA 790 J NA 11 UJ 

Acenaphthene NE 2,200 10 u NA NA NA NA NA NA 120 u NA 11 u 
Anthracene NE 11,000 10 u NA NA NA NA NA NA 15 J NA 11 u 
Bis(2-ethylhexyl)phthalate 6 4.8 2J NA NA NA NA NA NA 120 u NA 1 J 

Diethylphthalate NE 29,000 2 J NA NA NA NA NA NA 120 u NA 11 u 
Dimethylphthalate NE 370,000 10 u NA NA NA NA NA NA 120 u NA 11 u 
Fluorene NE 1,500 10 u NA NA NA NA NA NA 120 u NA 11 u 
lsophorone NE 71 10 u NA NA NA NA NA NA 120 u NA 11 u 
Naphthalene NE 1,500 10 u NA NA 0.7 u NA NA NA 180 NA 11 u 
Phenanthrene NE 1,500 10 u NA NA NA NA NA NA 140 NA 11 u 
Phenol NE 22,000 10 u NA NA NA NA NA NA 120 u NA 11 u 
TPH (ug/1) 
Total Petroleum Hydrocarbons NE NE NA NA NA 500 u NA NA NA NA NA NA 

TPH (as gasoline) NE NE NA NA NA NA NA NA NA NA NA NA 

TPH (as Jet Fuel A) NE NE NA NA NA NA NA NA NA NA NA NA 

TPH (recoverable) NE NE NA NA NA NA 1,000 u 1,000 u NA NA 1,000 u NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NO - Not detected. 
NE - Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ug/1 - microgram per liter 
UJ -Not detected. Quantitation limit may be inacurate or 
. . I 
1mprec1se. ! 
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• • • TABLE 5-23 (continued) 
DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 

SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

us ill 
LOCATION Primary ~ UGW-21 UGW-22 UGW-23 UGW-24 UGW-25 UGW-26 UGW-3 UGW-3 UGW-4 UGW-5 

SAMPLE DATE MCLs ~ 12/17/93 12/15/93 12/17/93 12/17/93 12/17/93 12/17/93 03/26/91 03/23/96 03/26/91 03/26/91 

(ug/1) {ygill 

Volatiles (ugn) 
Chloroform 100 0.15 NA NA NA NA NA NA NA 250 u NA NA 

Methyl tert-butyl ether NE 180 10 u 80 J 10 u 10 u 10 u 10 u NA NA NA NA 

Methylene chloride 5 4.1 NA NA NA NA NA NA NA 250 u NA NA 

Styrene 100 1,600 NA NA NA NA NA NA NA 250 u NA NA 

BTEX (ug/1) 
Benzene 5 0.36 1 u 13 J 1 u 1 u 1 u 1 u 1 u 250 u 1M. 1 u 
Ethylbenzene 700 1,300 1 u 41 1 u 1 u 1 u 1 u 1 u 250 u ~ 3.285 

Toluene 1,000 750 1 u 14 J 1 u 1 u 1 u 1 u 1 u 250 u 677.7 316.9 

Xylenes 10,000 12,000 1 u 2.5 J 1 u 1 u 5 1 u 1 u 250 u 10,697 4,233 

Semivolatiles (ug/1) 
1-Methylnaphthalene NE NE NA 220 NA 10 u 30 10 u NA NA NA NA 

2-Methylnaphthalene NE 1,500 NA 270 NA 10 u 12 10 u NA 290 NA NA 

Acenaphthene NE 2,200 NA 10 u NA 10 u 10 u 10 u NA 10 u NA NA 

Anthracene NE 11,000 NA NA NA NA NA NA NA 10 u NA NA 

Bis(2-ethylhexyl)phthalate 6 4.8 NA NA NA NA NA NA NA 10 u NA NA 

Diethylphthalate NE 29,000 NA NA NA NA NA NA NA 10 u NA NA 

Dimethylphthalate NE 370,000 NA NA NA NA NA NA NA 10 u NA NA 

Fluorene NE 1,500 NA 10 u NA 10 u 10 u 10 u NA 5 J NA NA 

lsophorone NE 71 NA NA NA NA NA NA NA 10 u NA NA 

Naphthalene NE 1,500 NA 230 NA 10 u 10 u 10 u NA 230 NA NA 

Phenanthrene NE 1,500 NA 10 u NA 10 u 10 u 10 u NA 2 J NA NA 

Phenol NE 22,000 NA NA NA NA NA NA NA 10 u NA NA 

TPH (ug/1) 
Total Petroleum Hydrocarbons NE NE NA NA NA NA NA NA NA NA NA NA 

TPH (as gasoline) NE NE NA 280 NA NA NA NA NA NA NA NA 

TPH (as Jet Fuel A) NE NE NA 16,000 NA NA NA NA NA NA NA NA 

TPH {recoverable) NE NE 1,000 u NA 1,000 u 1,000 u 1,800 1,000 u NA NA NA NA 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA- Not analyzed. 
NO- Not detected. 
NE- Value not established. 
U- Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ug/1 - microgram per liter 
UJ - Not detected. Quantitation limit may be inacurate or 
. . I 
1mprec1se. I 
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TABLE 5-23 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

us :w 
LOCATION Primary ~ UGW-6 UGW-6 UGW-7 UGW-7 UGW-7 UGW-8 UGW-8 UGW-9 UGW-9 

SAMPLE DATE MCLs ~ 03/26/91 11/12/93 03/26/91 11/11/93 03/23/96 03/26/91 11/11/93 03/26/91 11/11/93 

(ug/1) {ygL!J. 

Volatiles (ug/1) 
Chloroform 100 0.15 NA NA NA NA 5U NA NA NA NA 

Methyl tert-butyl ether NE 180 NA 10 u NA 10 u NA NA 10 u NA 10 u 
Methylene chloride 5 4.1 NA NA NA NA 5U NA NA NA NA 

Styrene 100 1,600 NA NA NA NA 5U NA NA NA NA 

BTEX (ug/1) 
Benzene 5 0.36 ~ 1 u 1 u 1 u 5U 1 u 1 u 1 u 1 u 
Ethylbenzene 700 1,300 U1i 2.1 1 u 1 u 5U 1 u 1 u 1 u 1 u 
Toluene 1,000 750 ~ 1 u 1 u 1 u 5U 1 u 1 u 1 u 1 u 
Xylenes 10,000 12,000 453.7 1 u 1 u 1 u 5U 1 u 1 u 1 u 1 u 
Semlvolatiles (ug/1) 
1-Methylnaphthalene NE NE NA NA NA NA NA NA NA NA NA 

2-Methylnaphthalene NE 1,500 NA NA NA NA 11 u NA NA NA NA 

Acenaphthene NE 2,200 NA NA NA NA 11 u NA NA NA NA 

Anthracene NE 11,000 NA NA NA NA 11 u NA NA NA NA 

Bis(2-ethylhexyl)phthalate 6 4.8 NA NA NA NA 3 J NA NA NA NA 

Diethylphthalate NE 29,000 NA NA NA NA 11 u NA NA NA NA 

Dimethylphthalate NE 370,000 NA NA NA NA 11 u NA NA NA NA 

Fluorene NE 1,500 NA NA NA NA 11 u NA NA NA NA 

lsophorone NE 71 NA NA NA NA 11 u NA NA NA NA 

Naphthalene NE 1,500 NA NA NA NA 11 u NA NA NA NA 

Phenanthrene NE 1,500 NA NA NA NA 11 u NA NA NA NA 

Phenol NE 22,000 NA NA NA NA 11 u NA NA NA NA 

TPH (ug/1) 
Total Petroleum Hydrocarbons NE NE NA NA NA NA NA NA NA NA NA 

TPH (as gasoline) NE NE NA NA NA NA NA NA NA NA NA 

TPH (as Jet Fuel A) NE NE NA NA NA NA NA NA NA NA NA 

TPH (recoverable) NE NE NA 1,000 u NA 1,000 u NA NA 1,000 u NA 1,000 u 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NO - Not detected. 
NE -Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ugn - microgram per liter 
UJ - Not detected. Quantitation limit may be inacurate or 
. . I 
1mpreCJse. I 
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TABLE 5-23 (continued) 

DETECTED CONCENTRATIONS OF ORGANIC COMPOUNDS 
SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

us llQ 
LOCATION Primary ~ 
SAMPLE DATE MCLs ~ 

(ug/1) LY9lU 

Volatiles (ug/1) 
Chloroform 100 0.15 
Methyl tert-butyl ether NE 180 
Methylene chloride 5 4.1 
Styrene 100 1,600 
BTEX (ug/1) 
Benzene 5 0.36 
Ethylbenzene 700 1,300 
Toluene 1,000 750 
Xylenes 10,000 12,000 
Semlvolatiles (ug/1) 
1-Methylnaphthalene NE NE 
2-Methylnaphthalene NE 1,500 
Acenaphthene NE 2,200 
Anthracene NE 11,000 
Bis(2-ethylhexyl)phthalate 6 4.8 
Diethylphthalate NE 29,000 
Dimethylphthalate NE 370,000 
Fluorene NE 1,500 
lsophorone NE 71 
Naphthalene NE 1,500 
Phenanthrene NE 1,500 
Phenol NE 22,000 
TPH (ug/1) 
Total Petroleum Hydrocarbons NE NE 
TPH (as gasoline) NE NE 
TPH (as Jet Fuel A) NE NE 
TPH (recoverable) NE NE 

NOTES: 
J - Analyte present. Reported value may not be accurate or 
precise. 
NA - Not analyzed. 
NO- Not detected. 
NE - Value not established. 
U - Not detected. The associated number indicates 
approximate sample concentration necessary to be detected. 
ug/1 - microgram per liter 
UJ - Not detected. Quantitation limit may be inacurate or 
imprecise. 

Number Range Number 
Exceeding Exceeding Exceeding 

Primary Primary Tap Water 
MCLs MCLs RBCs 

0/19 1/19 
0/21 

1/19 6-6 1/19 
0/19 0/19 

10/58 13-13518 10/58 
7/58 1112-95702 6/58 
4/58 2096-34383 4/58 
4/52 10697-139547 3/52 

0/16 
0/16 
0/12 

1/12 7-7 1/12 
0/12 
0/12 
0/16 
0/12 
0/23 
0/16 
0/12 

NONRISKH.XLS Gw-h-78 

-
Range 

Exceeding LOCATION 
Tap Water MAXIMUM 

RBCs DETECT 

6-6 7MW01A 
UGW-22 

6-6 7MW01A 
UGW-10 

13-13518 UGW-1 
3285-95702 UGW-1 
2096-34383 UGW-1 

23754-139547 UGW-1 

UGW-22 
UGW-2 
UGW-10 
UGW-2 

7-7 UGW-10 
UGW-10, UGW-16 

7MW04 
UGW-3 
UGW-10 
UGW-22 
UGW-2 

7MW01A 

UGW-10 
UGW-22 
UGW-22 
UGW-25 
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LOCATION . 
SAMPLE DATE 

lnorganics (mg/1) 
Barium 
Chromium 
Iron 
Lead 

NOTES: 
mg/1 - milligram per liter 
NA- Not analyzed. 
ND- Not detected. 
NE- Value not.established. 

0.70824 
0.12156 

NO 
0.00912 

Maximum 

Background ~ 
Groundwater ~ 

Detected M.QU 
(mg/1) (mg/1) 

0.612 2 
0.092 0.1 
ND NE 

0.007 0.015 

U - Not detected. The associated number indicates approximate 
sample concentration necessary to be detected. 
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• 
TABLE 5-24 

DETECTED CONCENTRATIONS OF TOTAL INORGANICS 
SWMU 7/8 GROUNDWATER 

CT0-0277, RFI REPORT-OU2 
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Tap 
Water GW-02 GW-03 GW-06 UGW-1 
RBCs 11/19/92 11/19/92 11/19/92 03/26/91 
(mg/1) 

2.6 NA NA NA NA 
0.18 NA NA NA NA 
11 NA NA NA NA 

UGW-10 
03/26/91 

NA 
NA 
NA 

NE 0.01 u IIIII lOIII - .. ' . 

• 

UGW-10 UGW-11 UGW-11 UGW-12 
11/17/92 03/26/91 11/17/92 03/26/91 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

IJ1'1 -~ , ·r "· l . W\'mBI 44 .·~. '. ~ :t9Zl)8; 
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LOCATION 
SAMPLE DATE 

lnorganics (mg/1) 
Barium 
Chromium 
Iron 
Lead 

NOTES: 
mg/1 - milligram per liter 
NA - Not analyzed. 
NO- Not detected. 
NE- Value not established. 

0.70824 
0.12156 

NO 
0.00912 

Maximum 

Background .!.& 
Groundwater Primary 

Detected .M.Q.!d 
(mg/1) (mg/1) 

0.612 2 
0.092 0.1 

NO NE 
0.007 0.015 

U - Not detected. The associated number indicates approximate 
sample concentration necessary to be detected. 
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• 
TABLE 5-24 (continued) 

DETECTED CONCENTRATIONS OF TOTAL INORGANICS 
SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Tap 
Water UGW-13 UGW-14 UGW-15 UGW-15 
RBCs 03/26/91 03/26/91 03/26/91 11/17/92 
(mg/1) 

2.6 NA NA NA NA 
0.18 NA NA NA NA 

11 NA NA NA NA 

UGW-16 
04/04/91 

NA 
NA 
NA 

NE •• - - .. -

• 

UGW-17 UGW-18 UGW-18 UGW-2 
04/04/91 04/04/91 11/17/92 03/26/91 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA -.. · '· ·' .... ~,; 

rg ~ ·r.,: iS111'~ 18!' '' ~- ' 1 
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LOCATION 
SAMPLE DATE 

lnorganics (mg/1) 
Barium 
Chromium 
Iron 
Lead 

NOTES: 
mg/1 - milligram per liter 
NA - Not analyzed. 
NO - Not detected. 
NE - Value not established. 

0.70824 
0.12156 

NO 
0.00912 

Maximum 

Background .u.s. 
Groundwater Primarv 

Detected ~ 
(mg/1) (mg/1) 

0.612 2 
0.092 0.1 

NO NE 
0.007 0.015 

U - Not detected. The associated number indicates approximate 
sample concentration necessary to be detected. 
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TABLE 5-24 (continued) 
DETECTED CONCENTRATIONS OF TOTAL INORGANICS 

SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Tap 
Water UGW-22 UGW-3 UGW-4 UGW-5 UGW-6 
RBCs 12/15/93 03/26/91 03/26/91 03/26/91 03/26/91 
(mg/1) 

2.6 0.11 NA NA NA NA 
0.18 0.01 NA NA NA NA 
11 0.23 NA NA NA NA 
NE 0.01 u 1§1:1 -'· .,",_,·.,'!' ••o 'IAII i·~--&1. .. ~.~ 

• 

UGW-7 UGW-8 UGW-9 
03/26/91 03/26/91 03/26/91 

NA NA NA 
NA NA NA 
NA NA NA 

amm t4:QIAI "'~:'g;oz;; 
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LOCATION 
SAMPLE DATE 

lnorganlcs (mg/1) 
Barium 
Chromium 
Iron 
Lead 

NOTES: 
mg/1 - milligram per liter 
NA- Not analyzed. 
ND - Not detected. 
NE -Value not established. 

0.70824 
0.12156 

ND 
0.00912 

Maximum 
Background .u.s. 
Groundwater ~ 

Detected MQ.I..§. 
(mg/1) (mg/1) 

0.612 2 
0.092 0.1 

NO NE 
0.007 0.015 

U - Not detected. The associated number indicates approximate 
sample concentration necessary to be detected. 

NONRISKH.XLS ™iH-78 

TABLE 5-24 {continued) 
DETECTED CONCENTRATIONS OF TOTAL INORGANICS 

SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Number Range Number Range 
Tap Exceeding Exceeding Exceeding Exceeding 

Water Background + Background + Maximum Maximum 
RBCs 2 x Std. Dev. of 2 x Std. Dev. of Background Background 
(mg/1) Groundwater Groundwater Groundwater Groundwater 

2.6 0/1 0/1 
0.18 0/1 0/1 

11 
NE 24/26 0-4 24/26 0-4 

• 

Number Range Number Range LOCATION 
Exceeding Exceeding Exceeding Exceeding MAXIMUM 

Primary Primary Tap Water Tap Water DETECT 
MCLs MCLs RBCs RBCs 

0/1 0/1 UGW-22 
0/1 0/1 UGW-22 

0/1 UGW-22 
24/26 0-4 UGW-1 

6/12/97 9:30AM 



LOCATION 
SAMPLE DATE 

Dissolved lnorganlcs (mg/1) 
Arsenic, Soluble NO 
Barium, Soluble 0.17 
Cadmium, Soluble NO 
Lead, Soluble NO 
Mercury, Soluble NO 

NOTES: 

Maximum 
Background 
Groundwater 

Detected 
(mg/1) 

NO 
0.15 
NO 
NO 
NO 

.u.s. 
~ 
~ 
(mg/1) 

0.05 
2 

0.005 
O.Q15 
0.002 

J - Analyte present. Reported value may not be accurate or precise. 
mg/1 - milligram per liter 
NO - Not detected 
NE - Value not established. 
U -Not detected. The associated number indicates approximate sample 
concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

NONRISKH.XLS DM1H-78 

• 
TABLE 5-25 

DETECTED CONCENTRATIONS OF DISSOLVED INORGANICS 
SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Tap 
Water 7MW01A 7MW02A 7MW02AD 7MW03 
RBCs 05/05/96 04/23/96 04/23/96 04/23/96 
(mg/1) 

0.00005 0.0012 u 0.0018 UJ 0.0018 u 0.0018 u 
2.6 -· 0.0825 0.0858 

0.018 0.0029 u 0.0029 u 0.0029 u 
lll:fllliJ NE 0.0012 u 0.0012 u 0.0012 UJ 

0.011 0.0001 u 0.0001 u 0.0001 u %b[O,m:g 

7MW04 
04/19/96 

0.0012 u 
0.16 

0.0029 u 
0.0012 u 
0.0001 u 

GW-03 
03/23/96 

0.0013 u 
0.0314 

111®3"2' ~ As~==~~"~ 

0.0008 u 
0.0001 u 

• 

6/12/97 9:33 AM 



• 

Maximum 

Background u.s. 
LOCATION Groundwater El:i.!!lm 

SAMPLE DATE Detected ~ 
(mg/1) (mg/1) 

Dissolved lnorganics (mg/1) 
Arsenic, Soluble NO NO 0.05 
Barium, Soluble 0.17 0.15 2 
Cadmium, Soluble NO NO 0.005 
Lead, Soluble NO NO 0.015 
Mercury, Soluble NO NO 0.002 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mg/1 - milligram per liter 
NO - Not detected 
NE - Value not established. 
U - Not detected. The associated number indicates approximate sample 
concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

NONRISKH.XLS DM•H-78 
i 

TABLE 5-25 (continued) 
DETECTED CONCENTRATIONS OF DISSOLVED INORGANICS 

SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Tap 
Water UGW-10 UGW-16 UGW-2 UGW-20 
RBCs 03/23/96 03/23/96 03/23/96 03/23/96 
(mg/1) 

0.00005 0.0013 u 0.0013 u 0.0013 u 
2.6 0.037 0.0014 u 

0.018 0.0022 u 0.0022 u 
NE 0.0008 u 0.0008 u J 0.0008 UJ 

0.011 0.0001 u 0.0001 u u 0.0001 u 

• 

UGW-3 UGW-7 
03/23/96 03/23/96 

0.0013 u 0.0013 u 
0.0299 0.0347 
0.0022 u 0.0022 u 

:::~JJ!b9m'~: 0.0008 u 
0.0001 u i Q;j)(j(j11 J 

6/12/97 9:34AM 



• 

Maximum 

Background .u.s. 
LOCATION Groundwater ~ 

SAMPLE DATE Detected MCLs 
(mg/1) (mg/1) 

Dissolved lnorganics (mg/1) 
Arsenic, Soluble ND ND 0.05 

Barium, Soluble 0.17 0.15 2 
Cadmium, Soluble NO ND 0.005 
Lead, Soluble NO ND 0.015 
Mercury, Soluble NO ND 0.002 

NOTES: 
J - Analyte present. Reported value may not be accurate or precise. 
mg/1 - milligram per liter 
ND - Not detected 
NE- Value not established. 
U - Not detected. The associated number indicates approximate sample 
concentration necessary to be detected. 
UJ - Not detected. Quantitation limit may be inacurate or imprecise. 

NONRISKH.XLS DM-H-78 
! 

TABLE 5-25 (continued) 
DETECTED CONCENTRATIONS OF DISSOLVED INORGANICS 

SWMU 7/8 GROUNDWATER 
CT0-0277, RFI REPORT-OU2 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Number Range Number Range 

Tap Exceeding Exceeding Exceeding Exceeding 
Water Background + Background + Maximum Maximum 
RBCs 2 x Std. Dev. of 2 x Std. Oev. of Background Background 
(mg/1) Groundwater Groundwater Groundwater Groundwater 

0.00005 1/12 0-0 1/12 0-0 

2.6 4/12 0-1 5/12 0-1 
0.018 4/12 0-0 4/12 0-0 

NE 3/12 0-0 3/12 0-0 
0.011 2/12 0-0 2/12 0-0 

• 

Number Range Number Range LOCATION 
Exceeding Exceeding Exceeding Exceeding MAXIMUM 

Primary Primary Tap Water Tap Water DETECT 
MCLs MCLs RBCs RBCs 

0/12 1/12 0-0 UGW-20 

0/12 0/12 UGW-20 
1/12 0-0 0/12 UGW-2 
0/12 UGW-2 
0/12 0/12 7MW03 

6/12/97 9:34AM 
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FIGURE 5-10 
SURFACE SOIL SAMPLE LOCATIONS 

ACETONE ISOPLETH MAP 
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SURFACE SOIL SAMPLE LOCATIONS 
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SURFACE SOIL SAMPLE LOCATIONS 
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FIGURE 5-18 
SURFACE SOIL SAMPLE LOCATIONS 

PHENANTHRENE ISOPLETH MAP 
SWMU 7/8 - TOW WAY FUEL FARM 
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PYRENE SURFACE SOIL ISOPLETH 

MAP HISTORIC THRU PRESENT 
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6.0 HUMAN HEALTH RISK ASSESSMENT 

A baseline human health risk assessment (RA) was performed, as part of a RCRA facility 

investigation being conducted at OU2 at NSRR, Puerto Rico. OU2 consists of three SWMUs, the 

TWFF (SWMU 7), the TWFF Disposal Pits (SWMU 8), and Tanks 212- 217 Sludge Burial Pits 

(SWMU 9). Under this risk assessment, SWMUs 7 and 8 were evaluated as one unit and will be 

referred to as SWMU 7/8. SWMU 9 has been removed from this evaluation to be discussed in a 

separate report. Descriptions, historical background, and previous investigations for SWMU 7/8 

were provided in previous sections of this RFI report. It should be noted that analytical data from 

previous investigations at SWMU 7/8 were combined with analytical data from Baker's 

investigation in March and April of 1996 and evaluated as a single data set in this baseline RA. The 

purpose of the baseline RA is to evaluate the potential risks associated with exposure to 

environmental media resulting from existing conditions at the site if no additional remedial action 

is undertaken. The baseline RA considers the most likely routes of potential human exposure for 

both current and future risk scenarios and was conducted in accordance with the following 

documentation: Interim Final RCRA Facility Investigation Guidance. Volume I ofiV: Development 

of an RFI Work Plan and General Considerations for the RCRA Facility Investigations, May 1989 

(USEPA, 1989c); Risk Assessment Guidance for Superfund (RAGS). Volume I. Human Health 

Evaluation Manual (Part A). Interim Final, December 1989 (USEPA, 1989b); Selecting Exposure 

Routes and Contaminants of Concern. by Risk-Based Screening (SCCRBS), dated January 1993 

(USEPA, 1993) and the USEPA Region III Risk-Based Concentration Table. March 1997 

(USEPA, 1997a). 

This baseline RA is comprised of seven sections: Section 6.1 presents the selection of COPCs; 

Sections 6.2 and 6.3 present the exposure assessment and toxicity assessment, respectively; the risk 

characterization is presented in Section 6.4; Section 6.5 presents sources of uncertainty inherent in 

the estimation of inferential potential human health effects; and a summary of the baseline RA is 

provided in Section 6.6. 

6.1 Identification of Chemicals of Potential Concern 

The selection of COPCs was based primarily on comparisons of analytical results acquired for 

SWMU 7/8, i.e., detected sample concentrations, with appropriate human health-based standards and 
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criteria. In addition, the prevalence of each detected chemical was also used as a selection criterion . 

An exceedence of a standard/criterion by a chemical concentration resulted in the consideration of 

that chemical as a COPC in the given medium and SWMU for further quantitative risk evaluation 

in this baseline RA. A more detailed discussion of COPC selection criteria is provided in the 

following section. The environmental media investigated at SWMU 7/8 includes surface 

(0 - 1 foot bgs) and subsurface (deeper than 1 foot bgs) soil, and groundwater. A discussion of 

laboratory analytical results associated with these media is presented in Section 5.0 of this report. 

6.1.1 COPC Selection Criteria 

The primary criterion used in selecting a chemical as a COPC at SWMU 7/8 included comparing 

the maximum detected soil and groundwater concentrations to corresponding risk-based USEPA 

Region III chemicals of concern (COC) screening values, as presented in the Region III COC 

Screening Table (USEPA, 1994a), in accordance with USEPA Region III SCCRBS guidance 

(USEPA, 1993). In addition, in the absence of COC screening values, detected groundwater 

concentrations were also compared with corresponding USEPA Federal Safe Drinking Water Act 

maximum contaminant levels (MCLs). It is important to note that the comparison criteria/standards 

do not necessarily represent clean-up target levels that must be achieved through the implementation 

of corrective measures, but rather, they establish presumptive levels that indicate whether or not a 

closer examination of a particular SWMU is necessary. 

In conjunction with concentration comparisons to the USEPA Region III COC screening values, a 

comparison to concentrations detected in field and laboratory blanks was conducted, to ensure that 

only site-related contaminants were evaluated in the quantitative estimation of human health effects. 

The prevalence of a chemical detected in a given environmental medium, as well as the history of 

site-related activities were other important criteria applied in selecting COPCs at OU2. Each of the 

aforementioned selection criteria is discussed in the paragraphs that follow. 

USEPA Region ill COC Screening Concentrations - Risk-Based COC Screening Concentrations 

(COC screening concentrations) were derived by USEPA Region III in January of 1993, and 

provided in tabular format to support selection of COPCs and address two major limitations in the 

COPC selection process presented in RAGS. First, using COC screening concentrations prioritizes 

chemical toxicity and focuses the risk assessment on those COPCs and potential exposure routes. 
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Second, using the COC screening concentrations provides an absolute comparison of potential risks 

associated with the presence of a COPC in a given medium. 

The principle of using risk-based criteria such as COC screening values is consistent with 

methodologies described in Interim Final RCRA Facility Investigation Guidance. volume I 

of IV: Development of an RFI Work Plan and General Considerations for the RCRA Facility 

Investigations, May 1989 (US EPA, 1989c ). COC screening concentrations were derived using 

conservative, USEPA-promulgated, default values and the most recent toxicological criteria 

available. COC screening concentrations for potentially carcinogenic and noncarcinogenic 

chemicals were individually derived based on a target incremental lifetime cancer risk (ILCR) of 

1 x 10·6 and a target hazard quotient (Hq) of0.1, respectively. An HQ of0.1, rather than 1.0, is 

targeted for derivation of noncarcinogenic COC screening values for protection from cumulative 

effects of multiple chemical exposures. For potential carcinogens, the toxicity criteria applicable 

to the derivation of COC screening concentrations are chronic oral and inhalation cancer slope 

factors; for noncarcinogens, they are oral and inhalation reference doses. These toxicity criteria are 

subject to change as more updated information and results from the most recent 

toxicologicaVepidemiological studies become available. Therefore, the use of toxicity criteria in the 

derivation of COC screening concentrations requires that the screening concentrations be updated 

periodically to reflect changes in the toxicity criteria. 

In March of 1994, the USEPA Region III published a second COC Screening Table which was also 

based on an ICRof 1 x 10-{i and a target HQ of0.1. Subsequent semi-annual publications of the table 

(i.e., Risk-Based Concentration [RBC] Tables) have included an ILCR of 1 x 1 0-{i but an HQ of 1.0, 

rather than 0.1. However, since the RBCs are derived using similar equations and USEPA 

promulgated default exposure assumptions that were used to derive the original sets of COC 

screening concentrations, updated COC values can be obtained by using the carcinogenic RBCs 

issued semi-annually by USEP A Region III and dividing the accompanying noncarcinogenic RBCs 

by a factor of 10. An updated set ofCOC values can, therefore, be obtained each time the RBC 

Tables are updated. The COC values used in this baseline RA were derived from the RBC values 

issued by the USEPA Region III for March 1997 (USEPA, 1997a) . 

6-3 



• 

• 

I 

Region III COC screening values used in this baseline RA include those derived for tap water (based 

on ingestion and inhalation pathways) and soil (based on the ingestion pathway residential and 

industrial land use scenarios). Both the residential and industrial soil COC screening values are 

presented in this baseline RA; however, in text, the residential values were actually used in selecting 

COPCs, since they are lower, and consequently, more conservative than the industrial values. 

Industrial COC screening values are presented since future land use at SWMU 7/8 is expected to 

remain industrial. The soil RBCs protective of direct contact exposures under both industrial and 

residential scenarios are similar to those derived and presented in USEP A's Soil Screening Guidance 

(USEPA, 1994b). However, soil RBCs protective of future groundwater use were not compared to 

soil concentrations measured at the SWMUs since it is highly unlikely that groundwater will ever 

be utilized for potable use. 

Maximum Contaminant Levels (MCLs)- Federal USEPA MCLs are potentially enforceable 

standards for public water supplies promulgated under the Safe Drinking Water Act and are designed 

for the protection of human health. MCLs have been adopted as enforceable standards for public 

drinking water systems and apply to drinking water supplies consumed by a minimum of25 persons . 

They have been developed for the prevention of human health effects associated with lifetime 

exposure (70 year lifetime) of an average adult (70 kg) consuming 2 liters of water per day. MCLs 

also consider the technical and economic feasibility of removing the constituent from a public water 

supply. The MCLs applied in this baseline RA for OU2 were published in February 1996 

(USEPA, 1996). 

Prevalence - The prevalence of a chemical in an environmental medium can be described by the 

frequency and concentration with which it is detected. A detection frequency greater than, or equal 

to 5 percent (e.g., 1 positive detection in 20 samples) was considered the minimum criteria for the 

selection of a COPC in data sets comprised of 20 or more samples. Data sets with fewer than 

20 samples were evaluated for any positive detections to determine whether the chemical should be 

included as a COPC. 

Blank Concentrations - If a chemical is detected in both the environmental sample and a blank 

sample, it may not be retained as a COPC in accordance with RAGS depending on the concentration 

of the chemical in the media. Therefore, blank data were compared with results from environmental 

samples. If the blanks contained detectable results for common laboratory contaminants 
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(i.e., acetone, 2-butanone, methylene, chloride, toluene, and phthalate esters), environmental sample 

results were considered as positive results only if they exceed 10 times the maximum amount 

detected in the associated blank. If the chemical detected in the blank(s) is not a common laboratory 

contaminant, environmental sample results were considered as positive results only if they exceeded 

five times the maximum amount detected in the associated blank(s). Furthermore, the elimination 

of an environmental sample result would directly correlate to a reduction in the prevalence of the 

contaminant in that media. 

When assessing soil and sediment concentrations, the Contract Required Quantitation Limits 

(CRQLs) and percent moisture are accounted for in order to correlate solid and aqueous quantitation 

limits. For example, when assessing semivolatile, pesticide, PCB, and nitramine contaminants the 

CRQL for solid samples is 33 to 66 times (depending on the contaminant) that of the aqueous 

samples; this correction is not necessary for the evaluation of volatile COPCs. Therefore, in order 

to assess contaminant levels in solid samples using an aqueous blank concentration, the 

concentration was multiplied by 5 or 10 (noncommon or common laboratory contaminants, 

respectively) and then multiplied by 33 to correct for the variance in the CRQL. Accounting for 

multipliers greater than 33 or the percent moisture was not necessary for this data set. Associated 

blanks for Sites 9 and 19 included: field blanks, trip blanks, and rinsate blanks. It is important to 

note that the aforementioned methodologies for evaluating blanks are usually implemented during 

third party analytical data validation prior to the selection of COPCs in the RA. 

6.1.2 Selection of COPCs 

Tables 6-1 through 6-3 present the selection of COPCs for each environmental medium based on 

the criteria discussed previously in Section 6.1.1. The samples collected by Baker were analyzed 

for Appendix IX VOCs and SVOCs, TPH, and RCRA inorganics. The samples collected during 

previous investigations were analyzed primarily for BTEX compounds (i.e., benzene, toluene, 

ethylbenzene, and xylene) and TPH (total petroleum hydrocarbons). However, information is 

presented in Tables 6-1 through 6-3 only for those constituents detected at least once, in the medium 

of interest. The following paragraphs present the rationale for selecting COPCs at SWMU 7/8 at 

NSRR. Frequencies of detection (i.e., the number of positive detects I the number of samples 

analyzed) are also provided in the following paragraphs in parentheses. It should also be noted that 

although background values (representing the arithmetic mean concentration for each chemical plus 
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two times the standard deviation) are presented in the tables, they were not used to select COPCs, 

as a conservative measure. Sample locations, analytical results, and corresponding figures are 

presented in previous sections of this RFI report. 

SWMU 7/8 - TWFF 

The environmental media investigated at SWMU 7/8 included surface soil, subsurface soil and 

groundwater. Data and COPC selection summaries for these media are presented in Tables 6-1, 6-2, 

and 6-3, respectively. The following paragraphs present the rationale for selecting COP~s in each 

investigated medium at SWMU 7/8. 

Surface Soil 

Table 6-1 shows that up to sixteen surface soil samples were collected from the 0- to 1-foot interval. 

Acetone (a common laboratory contaminant), 2-butanone, carbon disulfide, benzene, ethylbenzene, 

toluene, and total xylenes were each detected in at least one surface soil sample collected at 

SWMU 7/8; however, none of the detected concentrations exceeded corresponding COC screening 

values. Therefore, VOCs were not retained as surface soil COPCs at SWMU 7/8. 

Fourteen polynuclear aromatic hydrocarbons (PAHs) were detected in the SWMU 7/8 surface soil 

samples. Of these fourteen compounds, the maximum detected concentrations of 

benzo(a)anthracene (5/16), benzo(b)fluoranthene (5/16), and benzo(a)pyrene (6/16) exceeded their 

respective residential COC values; therefore, benzo(a)anthracene, benzo(b)fluoranthene, and 

benzo(a)pyrene were retained as a surface soil COPCs. 

Inorganics were also detected in each of the surface soil samples collected. Detected concentrations 

of arsenic (14/16), beryllium (6/7), chromium (16/16), and vanadium (7/7) exceeded their· 

corresponding Region III residential COC values. In addition, the maximum detected concentration 

of beryllium exceeded the respective industrial COC value. Therefore, these inorganics were 

retained as surface soil COPCs for quantitative evaluation in the baseline RA. 
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Subsurface Soil 

Table 6-2 shows that subsurface soil samples were collected from SWMU 7/8 and analyzed. The 

subsurface soil samples used for evaluation in the human health risk assessment included those 

collected from one foot bgs to just above the water table. The VOCs acetone (3/25), carbon disulfide 

(1125), benzene (1152), ethylbenzene (7/52), toluene (5/52), and total xylenes (10/52) were detected 

in these subsurface soil samples. However, none ofthe detected concentrations of these compounds 

exceeded corresponding industrial and residential COC screening values; therefore none were 

retained as subsurface soil COPCs. 

Semivolatile PARs (at least 1/25), as well as dibenzofuran (1125) and di-n-butylphthalate (2/25) 

were detected in SWMU 7/8 subsurface soil. Of the PARs, 2-methylnaphtha1ene ( 13/25), 

phenanthrene (10/25), benzo(a)anthracene (2/25), benzo(b)fluoranthene (2.25), 

indeno(l,2,3-cd)pyrene (1125), and benzo(a)pyrene (2/25) exceeded their respective residential soil 

COC screening values. Therefore, these PARs were retained as subsurface soil COPCs . 

Arsenic (17 /25), barium (25/25), cadmium ( 4/25), chromium (25/25), lead (25/25), mercury ( 4/23), 

selenium (5/25), and silver (3/25) were also detected in the subsurface soil samples collected at 

SWMU 7/8. Of these inorganics, eight detected concentrations of arsenic and three detected 

concentrations of chromium exceeded the corresponding Region III residential COC value; 

therefore, arsenic and chromium were retained as subsurface soil COPCs for quantitative evaluation 

in the baseline RA. 

Groundwater 

Table 6-3 shows that groundwater samples were collected from SWMU 7/8. Eight VOCs were 

detected in the groundwater samples. Methylene chloride (a common laboratory contaminant), 

chloroform (a common laboratory contaminant), methyl tert-butyl ether, and styrene, were each 

detected in one groundwater sample. BTEX compounds were detected in several groundwater 

samples. Of these compounds, the detected concentrations of methylene chloride, chloroform, 

methyl tert-butyl ether, benzene, toluene, ethylbenzene, and total xylenes exceeded the 

corresponding COC screening values for tap water. In addition, the detected concentration of 

methylene chloride exceeded the Federal MCL. Neither of these compounds were detected in trip, 
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field or rinsate blanks; therefore, methylene chloride and chloroform were retained as groundwater 

COPCs at SWMU 7/8. 

Twelve SVOCs, including PAHs, phenol (I/12),.isophorone (1/12), phthalate esters (at least 4/12) 

were detected in the SWMU 7/8 groundwater samples. Of these twelve compounds, detected 

concentration of naphthalene (3/23 ), 2-methylnaphthalene (7 /16), 1-methylnaphthalene (2/4 ), and 

phenanthrene (3/16) exceeded the respective tap water COC screening values; therefore, these PAH 

compounds were retained as groundwater COPCs at SWMU 7/8. 

Total (unfiltered) inorganics, namely barium (1/1), chromium (1/1), iron (1/1) and lead (24/26) were 

detected in the groundwater samples collected. Detected concentrations of lead exceeded its action 

level for groundwater. Therefore lead was retained as a total groundwater COPC but was not 

included in the quantitative risk evaluation since dissolved inorganics are more representative of 

constituents in the groundwater. 

Dissolved (filtered) inorganics, namely arsenic (1112), barium (11/12), cadmium (4/12), lead (3/12), 

and mercury (2/12) were also detected in the groundwater samples collected. Detected 

concentrations of arsenic, barium and cadmium exceeded their corresponding Region III tap water 

COC values. In addition, the maximum detected concentration of cadmium exceeded the respective 

Federal MCL. Therefore, arsenic, barium and cadmium were retained as dissolved groundwater 

COPCs for quantitative evaluation in the baseline RA. 

6.1.3 Summary of COPCs 

The following summarizes the COPCs identified for SWMU 7/8 to be quantitatively evaluated in 

this baseline RA. Italicized COPCs are those that do not exceed the background values presented 

in the tables. 

SWMV 7/8- Tow Way Fuel Farm 

Surface Soil: Benzo(a)anthracene, Benzo(b)fluoranthene, Benzo(a)pyrene, Arsenic, Beryllium, 

Chromium, and Vanadium 
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Subsurface Soil: 2-Methylnaphthalene, Benzo(a)pyrene, Benzo(a)anthracene, Benzo(b)fluoranthene, 

Indeno( 1 ,2,3-cd)pyrene, Phenanthrene, Arsenic, and Chromium 

Unfiltered Groundwater:, Methylene Chloride, Chloroform, Methyl tert-butyl ether, Benzene, 

Toluene, Ethylbenzene, total Xylenes, Naphthalene, 2-Methylnaphthalene, 1-Methylnaphthalene, 

Phenanthrene and Lead. 

Filtered Groundwater: Methylene Chloride, Chloroform, Methyl tert-butyl ether, Benzene, Toluene, 

Ethylbenzene, total Xylenes, Naphthalene, 2-Methylnaphthalene, 1-Methylnaphthal~ne, 

Phenanthrene, Arsenic, Barium, and Cadmium. 

6.2 Exposure Assessment 

The exposure assessment addresses each potential current and future exposure pathway in soil, 

groundwater, surface water, sediment, and air. To determine whether human exposure could occur 

at SWMU 7/8 in the absence of remedial action, an exposure assessment was conducted to identify 

potential exposure pathways and receptors. The following four elements were considered to 

ascertain whether a complete exposure pathway was present (US EPA, 1989b ): 

• A source and potential mechanism of chemical release 

• An environmental retention or transport medium 

• A point of potential human contact with the contaminated medium 

• An exposure route (e.g., ingestion) at the contact point 

The exposure scenarios presented in the following sections are used to estimate individual risks. The 

reasonable maximum exposure (RME) was evaluated for each scenario utilized in this baseline RA. 

Relevant equations for assessing intakes and exposure factors were obtained from RAGS 

(US EPA, 1989b ), Exposure Factors Handbook (US EPA, 1989a), Dermal Exvosure Assessment: 

Principles and Applications. Interim Report (USEPA, 1992a), and Standard Default Exposure 

Factors. Interim Final (USEPA, 199la). Unless otherwise noted, all the statistical data associated 

with the factors used in the dose evaluation equations for assessing exposure were obtained from the 

Exposure Factors Handbook (USEPA, 1989b) and the accompanying guidance manuals . 
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6.2.1 Chemical Fate and Transport 

This section discusses the potential release and migration of COPCs between or within media. The 

potential for a chemical to migrate spatially and persist in environmental media is important in the 

estimation of exposure. 

The distribution relationships for a chemical between the environmental compartments of air, water, 

and soil can be evaluated using a series of equilibrium constants. By utilizing the physiochemical 

properties of a constituent, it is possible to estimate a chemical's expected environmental 

distribution and its ultimate environmental fate. 

The environmental mobility and persistence of a chemical will be influenced primarily by its 

physical and chemical properties and the chemistry of the medium in which it occurs. Table 6-4 

presents the physical and chemical properties associated with the organic COPCs including: vapor 

pressure, water solubility, octanol-water partition coefficient, soil adsorption coefficient, specific 

gravity, Henry's Law constant, and mobility index. Calculated values, obtained using approximation 

methods, are presented when literature values are unavailable. A discussion of the environmental 

significance of each of these properties follows. 

• Vapor pressure is an indication of the rate at which a chemical will volatilize. It is 

of primary significance as a removal mechanism at environmental interfaces such 

as shallow (surface) soil-air and surface water-air. In general, vapor pressures for 

volatile organics, would be higher than vapor pressures for semivolatiles or 

pesticides. Chemicals with higher vapor pressures are expected to enter the 

atmosphere more readily than chemicals with lower vapor pressures. Therefore, 

volatilization can be a significant loss process for VOCs in shallow (surface) soil 

and surface water. 

• Water solubility measures how much of a chemical can be solubilized and 

potentially leached from soil by infiltrating precipitation. In general, more soluble 

chemicals, such as VOCs, are more readily leached than less soluble chemicals . 
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• The octanol-water partition coefficient (K
0
w) is a measure of the equilibrium 

partitioning of chemicals between octanol and water. The coefficient also is useful 

in characterizing the sorption of compounds by organic soil where experimental 

values are not available. The octanol water partition coefficient also is used to 

estimate BCFs in aquatic organisms. 

• The organic carbon adsorption coefficient (K.x,) is an indication of the tendency of 

a chemical to adhere to soil particles containing organic carbon. Chemicals with 

high soil or sediment adsorption coefficients generally have low water solubilities 

(and vice versa), as evidenced by the semivolatiles. For example, chemicals such 

as P AHs are preferentially bound to the soil and are not subject to aqueous 

transport to the extent as compounds with higher water solubilities, such as VOCs. 

• Specific gravity is the ratio of the weight of a given volume of pure chemical at a 

specified temperature to the weight of the same volume of water at a given 

temperature. Its primary use is to determine whether a constituent will have a 

tendency to float or sink (as an immiscible liquid) in water if it is present as a pure 

compound or at concentrations which exceed its water solubility. 

Both vapor pressure and water solubility are of use in determining volatilization rates from surface 

water bodies and from groundwater. The ratio of these two parameters (Henry's Law constant) is 

used to calculate the equilibrium constituent concentrations in the vapor (air) phase versus the liquid 

(water) phase for the dilute solutions commonly encountered in environmental settings. 

A quantitative assessment of mobility has been developed that uses water solubility (S), vapor 

pressure (VP), and organic carbon partition coefficient (K.x,) (Laskowski, 1983 ). This value is 

referred to as the Mobility Index (MI) and defined as: 

MI = log((S*VP)IK.,.,) 
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A scale to evaluate MI is presented by Ford and Gurba (1984): 

Relativ!i: Ml MQbilicy Des!;;riptiQn 

>5 extremely mobile 

0 to 5 very mobile 

-5 to 0 slightly mobile 

-lOto-S immobile 

< -10 very immobile 

The Mls for the COPCs area also presented in Table 6-4. The following paragraphs summarize the 

fate and transport data for the chemical classes of COPCs identified at OU2. 

6.2.1.1 Volatile Organic CQmpounds 

Volatile organic COPCs identified at SWMU 7/8 can be divided into three distinct classes, 

halogenated methanes, ethers, and monoaromatic compounds. The halogenated methanes include 

methylene chloride and chloroform. Only one COPC, methyl tert-butyl ether, is categorized as an 

ether. The monoaromatic VOCs include benzene, toluene, ethylbenzene, and xylene. 

Volatile organics tend to be very mobile in environmental media. Their inherent mobility and 

relatively high Mls (see Table 6-4) result from high water solubilities, high vapor pressures, and low 

K..c and :K.nv values. The Mls estimated for the volatile COPCs identified at SWMU 7/8 range from 

0 (very mobile) to 7 (extremely mobile). Volatile organics do not tend to persist in environmental 

media because photolysis, oxidation, and biodegradation figure significantly in their removal. They 

are seldom detected in shallow (surface) soil where volatilization and other removal processes 

predominate. 

6.2.1.2 SemivQlatile Organic CQmpQunds 

In general, SVOCs are less mobile than the VOCs by virtue of their lower vapor pressures and lower 

water solubilities. K..c and K,w values for SVOCs are generally greater in magnitude than those for 

the VOCs, indicating the tendency for this class of compounds to adsorb strongly to soil. The 

semivolatile COPCs identified for OU2 were predominantly PAHs. PAHs, are ubiquitous in the 
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environment, since they are produced naturally by plants, and are products of the incomplete 

combustion of fossil fuels. PAHs tend not to migrate appreciable distances through groundwater. 

Their Mls indicate that they are relatively immobile in the environment. The Mls estimated for the 

semivolatile COPCs identified at OU2 range from -19 (very immobile) to -2 (slightly mobile). 

Transport of soil particulates containing PAHs is, most likely, the primary migration mechanism. 

The overland flow of surface water carrying entrained particles and with subsequent sedimentation, 

resuspension, and settling throughout is possible. PAHs generally lack adequate vapor pressures to 

be transmitted via vaporization and subsequent airborne transport. However, PAHs adsorbed to 

particulates can be transported by wind as fugitive dust. 

PAHs are somewhat persistent in the environment, although several processes do contribute to their 

in-situ degradation. Half-lives range from 10 years (pyrene) to 1 day (naphthalene) in groundwater. 

Photolysis and oxidation may be important removal mechanisms in surface water and shallow 

(surface) soil, while biodegradation is an important fate process in groundwater and soil. 

6.2.1.3 Inorganics 

Different inorganic species behave differently in various environmental media. In general, 

inorganics can be transported through air, adhering to blowing dust, or move through surface water 

and groundwater as dissolved salts. Inorganics can also be carried with flowing water on suspended 

solids or attached to colloidal materials. The most complicated pathway for inorganic chemicals is 

migration in subsurface soil and groundwater, where oxidation reduction potential (Eh) and pH play 

critical roles. 

6.2.2 Potential Migration Pathways 

This section identifies the potential migration routes ofCOPCs at SWMU 7/8. These mechanisms 

were identified through an evaluation of the analytical results and known site characteristics . 
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6.2.2.1 SQil 

Inorganic and organic compounds were detected in both shallow and subsurface soil at SWMU 7/8. 

COPCs present in SWMU 7/8 soil can migrate by leaching of infiltrating precipitation, advective 

transport in the direction of surface drainage (runoff), or by suspension of soil particulates in 

ambient air (dust). 

The factors which control contaminant migration through soil, and then to groundwater, are 

dependent on the chemical and physical nature of the contaminants and of the soil and site 

hydrology. Some of the factors which influence the migration of chemicals in soil include: pH, Eh, 

particle size distribution, pore size or voids volume, lime content, content of organic matter, 

concentration of ions or salts, oxic and anoxic conditions, presence or absence of hydrous oxides, 

vegetative cover, topography, and climate. 

6.2.2.2 Groundwater 

Contaminants which come into contact with groundwater can migrate under the influence of 

groundwater flow. Migration through groundwater is dependent on the chemical nature of the 

contaminant and the chemical and physical nature of the aquifer. Groundwater flow velocity (a 

function of hydraulic gradient and conductivity), groundwater chemistry, porosity of the aquifer, and 

the chemical make up of the aquifer are all factors which affect contaminant migration. Mobility 

of a contaminant in groundwater is particularly influenced by its water solubility and the organic 

carbon content of the substrate, as well as the nature of the aquifer materials (subsurface soil) 

through which the groundwater flows. In general, compounds that have high solubility and low Koo 
values tend to be more mobile in groundwater than those with low solubility and high Koo values. 

6.2.3 Potential Human Receptors and Exposure Pathways 

NSRR currently operates, and will continue to operate, as a key Naval Station providing full support 

for Atlantic Fleet Weapons training and development activities. Current potential human receptors 

being evaluated in this Human Health RA for possible exposures to COPCs detected in 

environmental media are limited to on-site adult workers. The on-site workers are assumed to be 

civilian and/or military personnel who may perform various maintenance and manual labor activities 
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at NSRR. These activities may result in direct contact exposures to surface soil (0 to 1 foot) at 

SWMU 7/8. Potential exposures to COPCs in the surface soil may occur via the pathways of 

accidental ingestion, dermal contact and the inhalation of fugitive dusts emanating from areas of low 

vegetative cover and no pavement. Another receptor group considered for evaluation under current 

exposures scenarios in this baseline RA is the recreational users/trespassers. However, due to access 

restrictions to SWMU 7/8, exposures to this receptor group are unlikely and will not be evaluated 

in this baseline RA. 

Currently, there are no facilities for personnel housing located at any of the sites included in this 

study. The area will not be developed for personnel housing in the future because of the Station's 

mission and the need to keep the area in close proximity to the Ensenada Honda as "industrial" for 

continued support of the fleet. Although future residential development of any SWMU is highly 

unlikely, future residential exposures to adult and young child (ages 1 through 6 years old) receptors 

were evaluated as the most conservative (worst-case) scenario. Future residents are being evaluated 

for accidental ingestion, dermal and inhalation (fugitive dusts) exposures to surface soil, and 

ingestion and dermal exposures to groundwater used as drinking water. In addition, inhalation 

exposures to organic COPCs that could potentially volatilize from groundwater used for showering 

was also evaluated for only adult residents, since showering is an unlikely activity for young 

children. It should be noted that currently, groundwater at NSRR is not being utilized as potable 

water due to poor quality and low yields; however, it will be conservatively assumed that child and 

adult residents will be exposed to organic and dissolved inorganic COPCs identified in the 

groundwater at SWMU 7/8. Total inorganic results were not evaluated since dissolved inorganic 

results are considered to be more representative of drinking water conditions at the tap. 

In addition to the future residents, future construction workers that may perform excavation and 

related construction activities, were evaluated as potential receptors. Generally, it was assumed that 

the majority of COPC exposures to this receptor would be due to direct contact with excavated 

subsurface soil. It was also assumed that direct contact exposures to surface soil COPCs would 

occur; however, the amount of surface soil exposures was assumed to be insignificant, relative to 

the subsurface soil exposures. Therefore, future construction workers were only evaluated for 

subsurface soil exposures, via the pathways of accidental ingestion, dermal contact and the 

inhalation of fugitive dusts emanating from excavated subsurface soils at a construction site. The 

subsurface soil exposures were evaluated for construction workers at SWMU 7/8. 
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In summary, based on information available regarding the physical features, site setting, site 

historical activities, and current and expected land uses, the following potential human receptor 

groups and exposure pathways were evaluated in this Human Health RA: 

Current on-site adult workers: 

~ Accidental ingestion of surface soil 

~ Dermal contact with surface soil 

~ Inhalation of fugitive dusts emanating from surface soil 

Future on-site adult construction workers: 

~ Accidental ingestion of subsurface soil 

~ Dermal contact with subsurface soil 

~ Inhalation of fugitive dust emanating from excavated subsurface soil 

Future on-site adult and child ( 1-6 years old) residents: 

~ Accidental ingestion of surface soil 

Dermal contact with surface soil 

~ Inhalation of fugitive dusts emanating from surface soil 

~ Ingestion of groundwater used as drinking water 

~ Dermal contact with groundwater while bathing 

~ Inhalation of volatilized organics from groundwater used for showering 

6.2.4 Conceptual Site Model 

Development of a conceptual site model of potential exposure is critical in evaluating all potential 

exposures for the aforementioned human receptors. The conceptual site model describes the area 

of concern in terms of potential sources of contamination, release mechanisms, affected media, and 

all potential routes of migration of the contaminants present. 

The primary sources of contamination are the possible spills and releases into the environment that 

occurred at SWMU 7/8 in OU2 that are being evaluated in this baseline RA. The primary current 

and future release mechanisms being considered in this baseline RA include: surface runoff from 

SWMUs to surface soil in other areas, leaching and vertical migration of contaminants from surface 
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to subsurface soils and groundwater; horizontal contaminant migration through groundwater; and 

fugitive dust generation from surface soil and future excavated subsurface soil (though current 

surface generation of fugitive dusts may be hindered to a great extent by existing vegetation); 

volatilization of organic contaminants from groundwater. 

6.2.5 Quantification of Exposure 

6.2.5.1 Concentrations Used in the Estimate ofExposure 

The chemical concentrations used in the estimation of chronic daily intakes (CDis) and dermally 

absorbed doses (DADs) for each medium are considered to be representative of the types of potential 

exposure encountered by each receptor. 

Exposure can occur discretely or at a number of sampling locations depending on the type of 

scenario considered for a given receptor. Furthermore, certain environmental media such as 

groundwater are migratory and chemical concentrations detected in this medium change frequently 

over time. Soil, by nature, is less transitory. The manner in which environmental data are 

represented also depends on the number of samples and sampling locations available for a given area 

and a given medium. 

To quantify exposure, analytical data must be evaluated to determine its distributional nature. In 

general, two types of distributions are applied to environmental data; these are the normal and 

log-normal distributions. For example, most large data sets from soil sampling are log-normally 

distributed rather than normally distributed. The geometric mean is the best estimator of central 

tendency for a log-normal data set (USEP A, 1992c ). However, most Agency health criteria are 

based on the long-term average exposure which is expressed as the sum of all daily intakes divided 

by the total number of days in the averaging period. The geometric mean of a set of sampling results 

may not adequately represent random exposure and the cumulative intake that would result from 

long-term contact with site contaminants. 

Potential exposure to soil and groundwater at SWMU 7/8, regardless oflocation, is considered as 

having an equal probability of occurrence as an individual moves randomly across the site . 

Therefore, for these media, the exposure point concentration for a constituent in the intake equation 
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can be reasonably estimated as the arithmetic average concentration of site sampling data. USEPA 

supplemental risk assessment guidance (USEPA, 1992c) states that the average concentration is an 

appropriate estimator of the exposure concentration for two reasons: 1) carcinogenic and chronic 

noncarcinogenic toxicity criteria are based on lifetime average exposures; and 2) the average 

concentration is most representative of the concentration that would be contacted over time. 

However, uncertainty is inherent in the estimation of the true average constituent concentration at 

the site. 

In order to account for this uncer:tainty and to be health protective, USEP A risk assessment guidance 

(US EPA, 1989b) requires the use of an upper bound estimate of the arithmetic mean concentration 

to calculate the CDI. This estimate, which should be in the high end of the concentration frequency 

distribution, is called the RME concentration. The RME concentration is defined as the highest 

concentration that could reasonably be expected to be contacted via a given pathway over a long­

term exposure period. 

A conservative estimate that best represents the RME is the 95-percent upper confidence limit of the 

arithmetic mean concentration (95% UCL). In order to estimate the 95% UCL for soil and 

groundwater data sets, a normal distribution was assumed to represent the occurrence of all 

COPC-detected concentrations for sample data sets greater than or equal to five. However, if the 

95% UCL concentration exceeded the maximum detected concentration in a given data set, the 

maximum detected concentration was used to represent the concentration term for that COPC. 

The USEPA recommended use of the 95%UCL (normal or lognormal) as the RME concentration 

(in addition to RME assumptions) is designed to overestimate actual risks expected to result from 

"real-world" exposures. For this RA, the lognormal 95%UCLs are generally greater in value than 

the normal 95%UCLs. The normal 95%UCL was used as the exposure concentration, rather than 

the lognormal 95%UCL, in order to further reduce the potential for the overestimation of risks. 

The 95% UCL for a normally distributed data set was calculated using the following equation 

(US EPA, 1992c ): 
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Where: 

x =mean 

t =Student t-statistic (Gilbert, 1987) 

s = standard deviation 

n = number of samples 

Maximum detected values and 95%UCLs derived for data sets acquired for SWMU 7/8 are 

presented in Appendix M. 

For results reported as "nondetect" (i.e., results flagged with the following validation qualifiers: U, 

UJ, UL, and UK), a value of one half of the sample-specific detection limit was used to calculate the 

95% UCL. A value of half the detection limit was assigned to nondetects when estimating the 95% 

UCL because the actual value could be between zero and a value just below the detection limit. 

Ninety-five percent UCLs were calculated only for the constituents detected in at least one sample 

collected from the environmental medium of interest. Estimated concentrations also were used to 

calculate the 95% UCL, such as "J"-qualified (estimated), "L"-qualified (estimated, biased low) and 

"K"-qualified (estimated, biased high) data. "N"-qualified (tentatively identified) data were also 

used to estimate the exposure concentration. Reported concentrations qualified with an "R" 

(rejected) were not used in the statistical evaluation. 

For constituents considered by RAGS to be common laboratory blanks, chemicals were deemed 

positive detects only if their concentration exceeded 10 times the maximum blank concentration. 

For constituents not considered to be laboratory blanks, chemicals were considered as positive 

detects only if their concentration exceeded 5 times the maximum blank concentration. 

6.2.5.2 Calculation of Chronic Daily Intakes 

In order to numerically estimate the risks for current and future human receptors at SWMU 7/8, a 

CDI or DAD must be estimated for each COPC in every retained exposure pathway. Both the CDI 

and DAD are chemical intakes, expressed in terms of dose; however, the different terms refer to 

different pathways of exposure. The CDI term is used to describe chemical intake via the oral and 

inhalation pathways; the DAD term is used to describe chemical intake via dermal absorption. The 
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CDIIDAD for each COPC is calculated by combining the concentration term with assumed or known 

conservative exposure factors that describe the rates, frequency and duration of exposure. Since the 

CDI/DAD is a dose term, body weight of the receptor is also incorporated into the calculation, and 

the long-term exposure is divided by the total number of days in the averaging period. Thus, the 

unit obtained for the CDI/DAD resulting from chemical exposure is mg/kg/day. Appendix P 

contains the specific CDIIDAD calculations for each exposure scenario of interest. These equations 

were adopted from USEPA's Risk Assessment Guidance for Superfund, Volume I (USEPA, 1989b). 

CD Is/DADs for potential carcinogens, which tend exhibit non-threshold effects (e.g., tumor 

development) following long-term exposure, were calculated so that the duration of exposure is 

averaged over the course of a lifetime (70 years, or 25,550 days). 

Exposures to noncarcinogens, on the other hand, tend to result in observable threshold effects. 

Therefore, CD Is/DADs for noncarcinogens were estimated using the concept of an average annual 

exposure. The intake incorporates terms describing the exposure time and/or frequency that 

represent the number of hours per day and the number of days per year that exposure occurs. In 

general, noncarcinogenic risks for many exposure routes (e.g., soil ingestion) are greater for children 

than adults because of the differences in body weights, similar exposure frequencies, and higher 

ingestion rates. 

The subsections which follow present the equations and input parameters used in the calculation of 

CD Is/DADs for each potential exposure pathway being evaluated for the various SWMUs/ AOCs. 

Input parameters were taken from USEPA's default exposure factors guidelines where available and 

applicable. All inputs not defined by USEPA were derived from USEPA documents concerning 

exposure or were the result of best professional judgment. 

6.2.5.2.1 Surface Soil and Subsurface Soil 

Accidental Ingestion of Soil 

The daily intake associated with the potential accidental ingestion of COPCs detected in soil was 

calculated using the following equation (US EPA, 1989b ): 
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Where: 

CDI 

Cs = 
IR 

FI 

CF 

EF 

ED 

BW 

AT 

CD!= 
Cs x IR x FI x CF x EF x ED 

BW x AT 

Chronic Daily Intake, milligram per kilogram day (mg/kg-day) 

Chemical concentration in soil or sediment, mg/kg 

Ingestion rate, mg/day 

Fraction Ingested, unitless 

Conversion factor, 10-6 kglmg 

Frequency of exposure, days/year 

Exposure duration, years 

Average body weight, kg 

Averaging time, days 

CDI calculations using the above equation are presented in Appendix P . 

Dermal Contact with Soil 

The absorbed dose associated with the potential dermal contact of COPCs in soil was calculated 

using the following equation (US EPA, 1989b ): 

Where: 

DAD= 
cs X AF X ABS X CF X SA X EF X ED 

BW X AT 

DAD Dermally absorbed dose, mg/kg-day 

CS Chemical concentration in the soil or sediment, mglkg 

AF Adherence factor, milligram per square centimeter day (mglcm2 -d) 

ABS Absorbed fraction, unitless 

CF Conversion factor, 1 Of{; mglkg 

SA 

EF 

Surface area of exposed skin, cm2 

Exposure frequency, days/year 
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ED 

BW 

AT 

= Exposure duration, years 

Average body weight, kg 

Averaging time, days 

CDI calculations using the above equation are presented in Appendix P. 

Inhalation of Fugitive Dust 

The daily intake resulting from the in~alation of soil COPCs adsorbed onto fugitive dust particulates 

was estimated using the following equation (USEPA, 1989b): 

Where: 

CDI 

Ca 

RR 

ET 

EF 

ED 

BW = 
AT 

CD!= 
C a x RR x ET x EF x ED 

BW x AT 

Chronic Daily Intake, mglkg-day 

Chemical concentration in air as fugitive dust,(mg/m3
) 

Respiration rate, m3/day 

Exposure time, hours/day 

Frequency of exposure, days/year 

Exposure duration, years 

Average body weight, kg 

Averaging time, days 

The air concentration (Ca) of a chemical in fugitive dust emissions was estimated from the following 

equation, as determined by Cowherd (1985), and provided by the USEPA (1991b). 

Where: 

Cs 

PEF 

= 

Ca = Cs x 1/PEF 

Concentration of chemical in the soil, mg/kg 

Particulate emission factor, 6.79 x 10+8 m3/kg 

6-22 



• 

• 

• 

CDI calculations using the above equations are presented in Appendix P . 

6.2.5.2.2 Groundwater 

Ingestion of Potable Groundwater 

The daily intake associated with the direct potential ingestion of the COPCs in groundwater under 

a potable use scenario was calculated using the following equation (US EPA, 1989b ): 

Where: 

CDI 

Cw 

IR 

EF 

ED 

BW 

AT 

CD! 
Cw x IR x EF x ED 

BW x AT 

Chronic Daily Intake, mglkg-day 

Chemical concentration in groundwater, mg/L 

Ingestion rate, Llday 

Frequency of exposure, days/year 

Exposure duration, years 

Average body weight, kg 

Averaging time, days 

Dermal Contact with Groundwater 

The absorbed dose associated with potential dermal contact with COPCs in groundwater (while 

bathing) was calculated using the following equation (USEPA, 1989b): 

Where: 

DAD 

Cw 

DAD 
Cw x SA x PC x ET x EF x ED x CF 

BW x AT 

Dermally absorbed dose, mg/kg-day 

Concentration in water, mg/L 

6-23 



• 

• 

• 

SA Surface area of exposed skin, cm2 

PC Permeability constant, cm/hr 

ET Exposure time, hours/day 

EF Exposure frequency, days/year 

ED Exposure duration, years 

CF Conversion factor, 1 L/1 000 cm3 

BW Average body weight, kg 

AT Averaging time, days 

Inhalation of Volatile COPCs in Groundwater while Showering 

The daily intake associated with the potential inhalation of the volatile COPCs in groundwater while 

showering was calculated using the following equation (US EPA, 1989b ): 

Where: 

CDI 

Ca 

RR 

ET 

EF 

ED 

BW 

AT 

CD!= 
Ca x RR x ET x EF xED 

BW X AT 

Chronic Daily Intake, mg/kg-day 

Chemical concentration in air, mg/m3 (Foster and Chrostowski Shower 

Model, 1987) 

Respiration rate, m3/day 

Exposure time, hours/day 

Frequency of exposure, days/year 

Exposure duration, years 

Average body weight, kg 

Averaging time, days 

Calculation spreadsheets for the derivation of Ca using the Foster and Chrostowski Shower Model 

(1987) and CDI using the above equations are presented in Appendices Nand P, respectively . 
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6.2.5.3 Exposure Factors Used To Derive Chronic Daily Intakes 

Tables 6-5, 6-6, and 6-7 present the exposure factors used in the estimation of potential CDis/DADs 

for COPCs retained for current on-site workers, future construction workers, and future on-site adult 

and child residents, respectively. USEPA promulgated exposure factors are used in conjunction with 

USEPA standard default exposure factors for the RME scenarios. Furthermore, when USEPA 

exposure factors are not available, best professional judgment and site-specific information are used 

to derive a conservative and defensible value. 

6.3 Toxicity Assessment 

Section 6.3 presented potential exposure pathways and receptors for this baseline RA. This section 

will review the available toxicological information for COPCs retained for quantitative evaluation. 

An important component of the RA process is the relationship between the dose of a compound 

(amount to which an individual or population is potentially exposed) and the potential for adverse 

health effects resulting from exposure to that dose. Dose-response relationships provide a means 

by which potential public health impacts may be evaluated. Standard reference doses (RIDs) and/or 

carcinogenic slope factors (CSFs) have been developed for many of the COPCs. This section 

provides a brief description of these parameters. 

6.3.1 Reference Doses 

The RIDs and Reference Concentrations (RfCs for inhalation) are developed for chronic and/or 

subchronic human exposure to chemicals and are based solely on the noncarcinogenic effects of 

chemical substances. These values are defined as an estimate of a daily exposure level for the 

human population, including sensitive subpopulations, that is likely to be without an appreciable risk 

of adverse effects during a lifetime. The RID is expressed as dose (mg) per unit body weight (kg) 

per unit time (day). The RfC is expressed as dose (mg) per cubic meter of air {m3
). 
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6.3.2 Carcinogenic Slope Factors 

CSFs are used to estimate an upper- bound lifetime probability of an individual developing cancer 

as a result of exposure to a particular level of a potential carcinogen (US EPA, 1989b ). This factor 

is reported in units of (mglkg/day)·1 and is derived through an assumed low-dosage linear multistage 

model and an extrapolation from high to low dose-responses determined from animal studies. The 

value used in reporting the slope factor is the 95% UCL. 

CSFs can also be derived from USEPA promulgated unit risk val~es for air and/or water. CSFs 

derived from unit risks cannot, however, be applied to environmental media other than the medium 

considered in the unit risk estimate. 

Slope factors are also accompanied by weight-of-evidence classifications which designate the 

strength of the evidence that the COPC is a potential human carcinogen. 

Quantitative indices of toxicity and USEPA weight-of-evidence classifications are presented in 

Table 6-8 for the COPCs identified at SWMU 7/8. In addition, more detailed toxicological profiles 

of the COPCs are presented in Appendix 0. The hierarchy (USEPA, 1989b) for choosing these 

values was: 

• Integrated Risk Information System (IRIS) (USEP A, 1997b) 

• Health Effects Assessment Summary Table (HEAST) (USEPA, 1996b) 

• National Center for Environmental Assessment (NCEA) 

The IRIS data base is updated monthly and contains both verified RIDs, RfCs and CSFs. The 

USEP A has formed an RID work group to review existing data used to derive RIDs and RfCs. Once 

this task has been completed the verified RID appears in IRIS. Like the RID Work Group, the 

USEPA has also formed the Carcinogen Risk Assessment Verification Endeavor (CRAVE) Work 

group to review and validate toxicity values used in developing CSFs. Once the slope factors have 

been verified via extensive peer review, they also appear in the IRIS data base. 

HEAST, on the other hand, provides both interim (unverified) and verified RIDs, RfCs and CSFs . 

This document is published quarterly and incorporates any applicable changes to its data base. 
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6.3.3 Dermal Absorption Efficiency 

Many of the RIDs and CSFs are derived from oral toxicological studies based on administered dose 

and do not account for the amount of a substance that can penetrate exchange boundaries after 

contact (e.g., absorbed dose). As a result, there is very little information available regarding dermal 

toxicity criteria. Therefore, in order to account for a difference in toxicity between an administered 

dose and an absorbed dose, the RIDs and CSFs (that were based on an administered dose) were 

adjusted, as described by the US EPA (USEPA, 1989b ), using experimentally-derived oral absorption 

efficiencies. The adjustment for the oral RID that would correspond to a dermally absorbed dose 

is represented by multiplying the RID by an oral absorption efficiency. The adjustment for the oral 

CSF that would correspond to the dermally absorbed dose is represented by dividing the CSF by an 

oral absorption efficiency. The oral absorption efficiencies were obtained from sources such as the 

NCEA, IRIS, ATSDR toxicological profiles, toxicology publications, toxicology references, and 

US EPA Regional Offices. In some instances, published information was not available to determine 

the absorption efficiency. On these occasions, adjustments to the toxicity value were conducted 

using the following USEP A Region IV default values: 

• 
• 

VOCs- 80% 

SVOCs- 50% 

• Inorganics - 20% 

The absorption efficiencies used in this baseline RA for SWMU 7/8 are also presented in Table 6-8. 

6.4 Risk Characterization 

The risk characterization combines COPCs, potential exposure, and toxicity, to produce a 

quantitative estimate of current and future potential human health risks associated with SWMU 7/8. 

Excess ILCRs and hazard indices (His) discussed in this section include those estimated for the 

following: potential current on-site commercial/maintenance worker at SWMU 7/8 who could be 

exposed to COPCs via dermal contact and accidental ingestion of surface soil, as well as inhalation 

of fugitive dusts; future adult construction worker who could be exposed to SWMU 7/8 subsurface 

soil COPCs via dermal contact, accidental ingestion, and inhalation of fugitive dusts; and the future 

adult and child residents who could be exposed to COPCs via dermal contact, ingestion, and 
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inhalation of surface soil and groundwater (inhalation ofVOCs in groundwater evaluated for adults 

only) at SWMU 7/8. 

6.4.1 Carcinogenic Compounds 

Quantitative risk calculations for potentially carcinogenic compounds estimate inferentially (versus 

probabilistically) the potential ILCR for an individual in a specified population. This unit of risk 

refers to a potential cancer risk that is above the background cancer risk in unexposed individuals. 

For example, an ILCR of 1 x 1 O.{j indicates that an exposed individual has an increased probability 

of one in one million of developing cancer subsequent to exposure over the course of their lifetime. 

The potential lifetime ILCR for an individual was estimated from the following relationship: 

n 

ILCR = L (CDii or DADi) x CSFi 

i=1 

where the CSFi is expressed as (mg/kg/day)"' for compound i, and the CDii and dermally absorbed 

dose (DADi) is expressed as mglkg/day for compound i. Since the units ofCSF are (mg chemical/kg 

body weight-day)·' and the units of intake or dose are [mg chemical/kg body weight-day], the ILCR 

value is dimensionless. The aforementioned equation was derived assuming that cancer is a 

nonthreshold process and that the potential excess risk level is proportional to the cumulative intake 

over a lifetime. 

For quantitative estimation of risk, it is assumed that cancer risks from various exposure routes are 

additive. Estimated ILCR values will be compared to 1 x 1 O-<i to 1 x 104 which represents the target 

risk range ofiLCR values considered by the USEPA to represent an acceptable (i.e., de minimis) 

risk (USEPA, 1990). 
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6.4.2 Noncarcinogenic Compounds 

Noncarcinogenic compounds assume that a threshold toxicological effect exists. Therefore, the 

potential for noncarcinogenic effects is calculated by comparing (i.e., dividing) CDii or DADi levels 

with RIDs for each COPC. 

Noncarcinogenic effects are estimated by calculating the HQ for individual chemicals and the HI 

for overall chemicals and pathways by the following equation: 

n 

HI= L,HQi 

i=1 

A HQ is the ratio of the daily intake or absorbed dose to the reference dose (or reference 

concentration for inhalation exposure). CDii is the chronic daily intake (mglkg/day) of contaminant 

i; DADi is the dermally absorbed dose (mglkg/day) of contaminant i; and RfDi is the reference dose 

(mg/kg/day) of contaminant i over a prolonged period of exposure. RfC is the reference 

concentration used when determining exposure due to inhalation. Since the units of RID are mglkg­

day and the units ofCDI or DAD are mglkg-day, the HQ and HI are dimensionless. To account for 

the additivity of noncarcinogenic risk following exposure to numerous chemicals, the HI, which is 

the sum of all the HQs, will be calculated. A ratio of 1.0 is used for examination of the HQ and HI. 

Ratios less than 1.0 indicate that adverse noncarcinogenic health effects are unlikely. Ratios greater 

than or equal to 1.0 indicate the potential for adverse noncarcinogenic health effects to occur at that 

exposure level and caution should be exercised. However, this does not mean that adverse effects 

will definitely be observed since the RID incorporates safety and modifying factors to ensure that 

it is well below that dose for which adverse effects have been observed. This procedure assumes 

that the risks from exposure to multiple chemicals are additive, an assumption that is probably valid 

for compounds that have the same target organ or cause the same toxic effect. 
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6.4.3 Potential Human Health Effects 

Potential carcinogenic and noncarcinogenic human health risks were estimated for human receptors 

under RME scenarios previously identified in Section 6.2.3. For each receptor, total site 

carcinogenic and total site noncarcinogenic risks were estimated by and are presented in Table 6-9 

(Note: the total site risks presented for future residents represent the lifetime sum of the adult and 

child risks at one residence location for a period of 30 years.). Those scenarios that resulted in 

unacceptable risks, i.e., those scenarios for which carcinogenic and/or noncarcinogenic risks were 

estimated to exceed USEPA acceptable risk criteria (the target risk range of 1 x 10-6 to 1 x 104 and 

the target HI value of 1.0, respectively) are shaded in the table. Additional risk summary tables 

(Tables 6-10 and 6-11) are presented for those receptors and scenarios for which total site risks were 

estimated to exceed acceptable criteria, as depicted in Table 6-9. These additional tables, which are 

presented by receptor and SWMU summarize the medium and pathway risks that resulted in the 

unacceptable total site risks. Again, as in Table 6-9, those subtotal and total risks in Tables 6-10 

through 6-11 that exceed USEPA acceptable risk criteria are shaded. No risk summary tables are 

presented with the text for those scenarios not associated with unacceptable risks; rather, they are 

presented in Appendix Q. The risk calculation spreadsheets showing the calculation of all CD Is, 

DADs, ILCRs, and His, by receptor, SWMU and pathway, are presented in Appendix P. 

The discussions in the subsections that follow focus only on the SWMUs which may pose a potential 

adverse human health risk. The risks associated with each SWMU are discussed by receptor. It 

should be noted that potentially unacceptable risks were estimated for future construction workers 

and future on-site residents. No unacceptable risks were estimated or current on-site 

commerciaVmaintenance workers. Prior to the more detailed discussion of risks, the following list 

briefly summarizes receptors and those media in OU2 that may present unacceptable risks to those 

receptors (tables presenting the corresponding medium and pathway risks are also shown in 

parentheses): 

Current On-Site Workers 

... Surface Soil (Table 6-1 0) 
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Future On-site Residents 

"' Surface Soil (Table 6-11) 

"' Groundwater (Table 6-11) 

6.4.3.1 Current On-Site Workers 

The following subsections describe the resultant risk values derived for exposures of current on-site 

workers. Potentially unacceptable risks were estimated for surface soil exposures to this receptor 

at SWMU 7/8. These risks are summarized in Table 6-10. 

SWMU7/8 

Table 6-10 shows that the total ILCR (3 .4 x 1 04
) estimated for on-site worker exposures to surface 

soil in SWMU 7/8 exceeded USEPA's generally acceptable target risk range of 1 x 10·6 to 1 x 10"". 

This exceedence is due to predominantly to dermal exposures to benzo(a)pyrene and beryllium, · 

which contributed approximately 75 percent and 18 percent, respectively, of the total ILCR. 

However, it should be noted studies show that absorption resulting from dermal exposures to 

carcinogenic P AHs may be insignificant since adverse effects have been shown to occur at point of 

contact (e.g., a skin rash in area of application of PAH). Therefore, the risk from dermal exposure 

to benzo(a)pyrene may be overestimated. The total HI value estimated for on-site worker exposures 

to noncarcinogenic COPCs in SWMU 7/8 surface soil is less than 1.0, indicating that the potential 

for the occurrence of adverse systemic effects is insignificant. 

6.4.3.2 Future On-site Residents 

The following subsections describe the resultant risk values derived for exposures of future adult 

and young child (ages 1-6 years old) residents. Potentially unacceptable risks were estimated for 

soil and groundwater exposures to these receptors at SWMU 7/8. These risks are summarized in 

Table 6-11. 
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SWMU7/8 

Table 6-11 shows that the total ILCRs estimated for adult and young child residential exposures 

(8.7 x 104 and 5.1 x 104
, respectively) to surface soil and groundwater in SWMU 7/8 exceeded 

USEPA's generally acceptable target risk range of 1 x 10-6 to 1 x 104
• For soil, this exceedence is 

due predominantly to ingestion exposures to benzo(a)pyrene, which contributed approximately 

86 percent to the subtotal soil ILCR for children and dermal exposures to benzo(a)pyrene and 

beryllium, which contributed approximately 75 and 18 percent, respectively, to the subtotal soil 

ILCR for adults (6.0 x 104
) and children (3.5 x 104

). However, it should be noted that ILCRs 

estimated for beryllium alone, under both the adult and child scenarios were within USEP A's target 

risk range. In addition, it should be noted studies show that absorption resulting from dermal 

exposures to carcinogenic P AHs may be insignificant since adverse effects have been shown to 

occur at point of contact (e.g., a skin rash in area of application of P AH). Therefore, the risk from 

dermal exposure to benzo(a)pyrene may be overestimated. For groundwater, the exceedence of the 

acceptable target risk range is due exclusively to ingestion exposures to benzene and dissolved 

arsenic, which contributed 100 percent to the subtotal groundwater ILCRs for both adults and young 

children (2.7 x 104 and 1.6 x 104
, respectively). However, it should be noted that ILCRs estimated 

for dissolved arsenic alone, under both the adult and child scenarios were within USEPA's target 

risk range. 

The total Hl values estimated for adult and young child residential exposures (3.6 and 8.2, 

respectively) to noncarcinogenic COPCs in SWMU 7/8 groundwater exceeded USEPA' s acceptable 

target value of 1.0. This exceedence is due predominantly to ingestion exposures to ethylbenzene 

in SWMU 7/8 groundwater, which contributed 90 percent of the subtotal groundwater His for both 

adults and young children (3.4 and 7.6, respectively). 

It should be noted that due to naturally poor groundwater quality and low yield capacity of the 

aquifer being investigated, it is highly improbable that the aquifer will ever be used as a potable 

source . 
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6.5 Sources of Uncertainty 

Uncertainties are encountered throughout the process of performing a risk assessment. This section 

discusses the sources of uncertainty inherent in the following elements of the baseline human health 

risk assessment prepared for SWMU 7/8 at OU2, NSRR: 

• Sampling and analysis 

• Selection of COPCs 

• Exposure assessment 

• Toxicity assessment 

• Risk characterization 

Uncertainties associated with this baseline RA are discussed in the following paragraphs. 

Table 6-12 summarizes the potential effects of certain uncertainties on the estimation of human 

health risks . 

6.5.1 Sampling and Analysis 

The development of a risk assessment depends on the reliability of, and uncertainties associated 

with, the analytical data available to the risk assessor. These, in tum, are dependent on the operating 

procedures and techniques applied to the collection of environmental samples in the field and their 

subsequent analyses in the laboratory. To minimize the uncertainties associated with sampling and 

analysis at OU2, USEPA approved sampling and analytical methods were employed. Data were 

generated following RCRA methods of analysis for organics and inorganics, and were validated in 

accordance with USEPA Region II procedures. Samples were taken from locations specified in the 

approved Work Plan along with the necessary QA/QC samples. However, there are inherent 

uncertainties in incorporating several data sets from different investigations. The dates of sample 

collection differ by several years. The older data may not represent current conditions at the site. 

In addition, data sets from previous investigations were generated from different analytical methods. 

The quality and usability of these data are uncertain since no data validation was performed. 

The reporting of elevated detection sample quantitation limits (SQLs) for individual VOC and 

SVOC constituents in surface and subsurface soil samples, in conjunction with the observed elevated 
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detections of TPH, indicate the possible masking of actual constituent concentrations by 

interferences due to the presence of free product and matrix effects. One reason for the elevated 

SQLs is the dilution of samples. Analysis of a diluted sample could potentially impact a risk 

assessment since SQLs are reported at elevated values proportional to the magnitude of the dilution 

factor, and elevated SQLs could be masking detectable concentrations of lesser values. Values of 

one-half the elevated SQLs are then used for sample sets greater than ten samples to calculate 

exposure concentrations in the risk assessment, in accordance with Federal USEPA risk assessment 

guidance (USEP A, 1989), equal to the upper limit of the 95 percent confidence interval of the 

arithmetic mean concentration. 

Also, elevated SQLs due to the conversion of wet weight laboratory results to dry weight results for 

soil samples using the reported percent moisture content of the samples. This procedure is necessary 

in order to obtain "true" soil concentrations of the solid phase, rather than wet weight results which 

are representative of both the solid and aqueous phase of the sample. 

Therefore, the elevated organic SQLs and TPH results may indicate that additional compounds at 

significant concentrations could be present that could not be detected by laboratory procedures. As 

a result, the risk assessment has identified only one SVOC, benzo(a)pyrene, to be a risk driver in soil 

where in similar conditions at other sites, it might be expected that more organics might contribute 

to unacceptable risks. 

Analytical data are limited by the precision and accuracy of the methods of analysis which are 

reflected by the Relative Percent Difference (RPD) of duplicate analyses and the percent recovery 

of spikes, respectively. In addition, the statistical methods used to compile and analyze the data 

(mean concentrations, detection frequencies) are subject to the overall uncertainty in data 

measurement. Furthermore, chemical concentrations in environmental media fluctuate over time 

and with respect to sampling location. Analytical data must be sufficient to consider the temporal 

and spatial characteristics of contamination at the site with respect to exposure. 

6.5.2 Selection of COPCs 

The selection of COPCs is performed in a risk assessment following the evaluation of data . 

Analytical data also must be comprehensive in order to address the COPCs associated with the site. 
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Types of organic COPCs encountered at SWMU 7/8 include VOCs (in the groundwater) and SVOCs 

(in the surface soil, subsurface soil, and groundwater). Inorganic constituents were detected in every 

medium investigated. A summary of the COPC selection criteria for chemicals detected in soil and 

groundwater is presented below. 

• Soil COPCs were selected based on comparisons of the detected concentration with 

Region III risk-based industrial and residential soil COC screening values. 

• Groundwater COPCs were selected based on comparisons of the detected 

concentrations with Region III risk-based tap water COC screening values and 

Federal MCLs. 

Region III risk-based COC screening values are based on exposure assumptions and equations that 

are intended to introduce conservatism in the risk assessment process by changing the COPC 

screening method from a relative toxicity screen as presented in RAGS, to an absolute comparison 

of risk. However, the use of the Region III COC values which incorporate a set of non-site-specific 

assumptions in the selection of COPCs at OU2, adds conservatism to the baseline RA. 

Currently, no Station closures are planned for NSRR and future residential development of the land 

is not expected. The application of the residential COC values to soil and groundwater COPC 

selections would, therefore, tend to result in a list of COPCs that could be considered conservative 

for a military base. The use of conservative COPC selections in the baseline RA ensures the 

protection of public health in that the results of the baseline RA are incorporated into the 

determination of remedial alternatives and remedial action objectives in the CMS. 

6.5.3 Exposure Assessment 

In performing exposure assessments, uncertainties arise from two main sources. First, uncertainties 

arise in estimating the fate of a compound in the environment, including estimating release and 

transport in a particular environmental medium. Second, uncertainties arise in the estimation of 

chemical intakes resulting from contact by a receptor with a particular medium. An example of 

uncertainty introduced by the latter source is the estimation of potential intakes to construction 

workers as a result of direct contact exposures to subsurface soil during excavation/construction 
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activities. Here, the uncertainty lies in the assumption that the only medium of concern for this 

receptor is subsurface soil. Construction worker exposures to surface soil could also occur; 

however, it is assumed in this baseline RA that at surface soil exposures are insignificant at an 

excavated construction site relative to subsurface soil exposures. It should also be noted that 

subsurface soil exposure was evaluated for depths from one foot bgs to the water table. In some 

instances the water table was encountered at around twenty-four feet bgs. It is unlikely that 

subsurface soil exposure would occur at such depths. However, if few detects are observed in deep 

subsurface soils, combining with shallower depths may lower overall RME concentration for 

shallow depths. This may underestimate risk calculations for shallower depths. Intakes due to direct 

contact exposures to surface soil were estimated for the much more conservative residential 

scenario. The resulting residential risks are expected to be greater than those that would be 

estimated for the construction worker scenario, and would most likely drive the surface soil remedial 

efforts. 

To estimate an intake, certain assumptions must be made about exposure events, exposure durations, 

and the corresponding assimilation of constituents by the receptor. Exposure factors have been 

generated by the scientific community and have undergone review by the USEP A. The USEP A has 

published an Exposure Factors Handbook (USEPA, 1989a) which contains the best and latest values. 

Regardless of the validity of these exposure factors, they have been derived from a range of values 

generated by studies of limited numbers of individuals. In all instances, values used in this risk 

assessment, scientific judgments, and conservative assumptions agree with those of the USEP A. 

The USEPA recommended use of the 95%UCL (normal or lognormal) as the RME concentration 

(in addition to RME assumptions) is designed to overestimate actual risks expected to result from 

"real-world" exposures. TheW-Test (Gilbert, 1987) was performed on all data sets of the draft 

report in order to determine the underlying distribution (normal or lognormal)of each data set, and 

consequently, to determine whether the normal or lognormal 95%UCL would be more appropriate 

to use as an exposure concentration. The results of the W-Test, which are presented in Appendix M, 

indicate that some data sets consist of normally distributed data; some are lognormally distributed 

data; some data sets could be described by both distributions; while others could be described by 

neither distribution. As can be seen in Appendix M, the lognormal 95%UCLs are generally greater 

in value than the normal 95%UCLs. As discussed in the previous paragraph, the 95%UCL for the 

arithmetic mean versus the maximum detected concentration was used for risk calculations 
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(i.e., assuming all data sets are normally distributed) to reduce the potential for the overestimation 

of risks. Likewise, the normal 95%UCL was used as the exposure concentration, instead of the 

lognormal 95%UCL in order to reduce the potential for the overestimation of risks. Therefore, in 

this risk assessment, the use of the normal 95%UCL reduces the uncertainty resulting from 

overestimation of actual exposures assumed to occur randomly across SWMU 7/8. 

6.5.4 Toxicological Assessment 

In making quantitative estimates of the toxicity for varying dosages of compounds to human 

receptors, uncertainties arise from two sources. First, data on human exposure and the subsequent 

effects are usually insufficient, if they are at all available. Human exposure data usually lack 

adequate concentration estimations and suffer from inherent temporal variability. Therefore, animal 

studies are often used, and new uncertainties arise from the process of extrapolating animal results 

to humans. Second, to ·obtain observable effects with a manageable number of experimental 

subjects, high doses of a compound are often used. In this situation, a high dose means that high 

exposures are used in the experiment with respect to most environmental exposures. Therefore, 

when applying the results of the animal experiment to the human condition, the effects at the high 

doses must be extrapolated to approximate effects at lower doses. In extrapolating effects from high 

doses in animals to low doses in humans, scientific judgment and conservative assumptions are 

employed. In selecting animal studies for use in dose-response calculations, the following factors 

are considered: 

• Studies are preferred where the animal closely mimics human toxicokinetics. 

• Studies are preferred where dose intake most closely mimics the intake route and 

duration for humans. 

• Studies are preferred which demonstrate the most sensitive response to the 

compound in question. 

For compounds believed to cause threshold effects (i.e., noncarcinogens) safety factors are employed 

in the extrapolation of effects from animals to humans and from high doses to low doses. In 
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deriving carcinogenic potency factors, the 95% UCL value is promulgated by the USEPA to prevent 

underestimation of potential risk. 

Further conservatism in the baseline RA is also introduced through the use of experimentally­

derived oral absorption efficiencies to account for a difference in the degree of toxicity between an 

administered dose and an absorbed dose. Equating the absorption efficiency of the dermal bi-phasic 

barrier to the absorption efficiency of the gastrointestinal lining is a very conservative approach that 

tends to overestimate the potential risk to human health. This is especially true for carcinogenic 

P AHs. The dermal absorption factor applied to carcinogenic PAHs provides an extremely 

conservative estimation of risk. Additionally, studies have shown that effects due to absorption of 

P AHs may not be significant since adverse effects are typically observed at the point of application. 

Thus, the approach for estimating dermal exposure for P AHs is very conservative. 

In summary, the use of conservative assumptions results in quantitative indices of toxicity that are 

not expected to underestimate potential toxic effects, but may overestimate these effects by an order 

of magnitude or more . 

6.5.5 Risk Characterization 

The risk characterization bridges the gap between potential exposure and the possibility of systemic 

or carcinogenic human health effects, ultimately providing impetus for the remediation of the site 

or providing a basis for no remedial action. 

Uncertainties associated with risk characterization include the assumption of chemical additivity and 

the inability to predict synergistic or antagonistic interactions between COPCs. These uncertainties 

are inherent in any inferential risk assessment. To account for this, USEPA- promulgated inputs to 

the quantitative risk assessment and toxicological indices are calculated to be protective of the 

human receptor and to err conservatively, so as to not underestimate the potential human health 

risks . 
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6.6 Summary of Risk Assessment Results 

This section summarizes the results of the baseline RA, and identifies SWMUs that are associated 

with COPCs in environmental media that may pose potential human health and ecological risks. The 

OU2 RFI was conducted at SWMU 7/8 at NSRR, Puerto Rico. Descriptions and historical 

background for the SWMU were provided in the previous sections of this RFI report. The purpose 

ofthe baseline RA is to evaluate the potential human health risks posed by the presence ofCOPCs 

detected in the environmental media investigated at each designated SWMU. Further action is 

recommended for a SWMU if the results of this baseline RA demonstrate that potentially 

unacceptable risks may be associated with an environmental medium within the boundary of that 

SWMU. 

6.6.1 Summary of Results of the Baseline Human Health Risk Assessment 

COPCs were identified for each SWMU based on exceedences of health-based standards/criteria, 

as discussed in Section 6. 1.2, and as summarized in Tables 6-1 through 6-3. The following 

summarize COPCs that were identified from surface soil, subsurface soil and groundwater samples 

collected throughout OU2. Italicized COPCs are those that do not exceed the background values 

presented in the tables. 

SWMV7/8 

Surface Soil: Benzo(a)anthracene, Benzo(b)fluoranthene, Benzo(a)pyrene, Arsenic, Beryllium, 

Chromium, and Vanadium 

Subsurface Soil: 2-Methylnaphthalene, Phenanthrene, Benzo(a)anthracene, Benzo(b)fluoranthene, 

Indeno(1,2,3-cd)pyrene, Benzo(a)pyrene, Arsenic, and Chromium 

Unfiltered Groundwater:, Methylene Chloride, Chloroform, Methyl tert-butyl ether, Benzene, 

Toluene, Ethylbenzene, total Xylenes, Naphthalene, 2-Methylnaphthalene, 1-Methylnaphthalene, 

Phenanthrene and Lead . 
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Filtered Groundwater: Methylene Chloride, Chloroform, Methyl tert-butyl ether, Benzene, Toluene, 

Ethylbenzene, total Xylenes, Naphthalene, 2-Methylnaphthalene, 1-Methylnaphthalene, 

Phenanthrene, Arsenic, Barium, and Cadmium. 

Constituents identified as COPCs in SWMU 7/8 were retained for quantitative evaluation in the 

baseline RA. The baseline RA estimated potential carcinogenic and noncarcinogenic risks to 

potential current and future human receptors that would result from exposures to COPCs in the 

investigated environmental media. Current receptor groups evaluated included only the on-site adult 

workers; future receptor groups evaluated included on-site adult and child (ages 1-6 years old) 

residents and construction workers. The human exposure pathways evaluated for each receptor are 

summarized below. 

Current on-site adult workers: 

~ Accidental ingestion of surface soil 

~ Dermal contact with surface soil 

,.. Inhalation of fugitive dusts emanating from surface soil 

Future on-site adult construction workers: 

~ Accidental ingestion of subsurface soil 

,.. Dermal contact with subsurface soil 

~ Inhalation of fugitive dust emanating from excavated subsurface soil 

Future on-site adult and child (1-6 years old) residents: 

~ Accidental ingestion of surface soil 

~ Dermal contact with surface soil 

~ Inhalation of fugitive dusts emanating from surface soil 

~ Ingestion of groundwater used as drinking water 

~ Dermal contact with groundwater while bathing 

~ Inhalation of volatilized organics from groundwater used for showering 

However, it should be noted that currently, there are no facilities for personnel housing within OU2, 

nor are there any likely to be developed. It is highly improbable that SWMU 7/8 will be developed 

for residentiaV military personnel housing in the future since the mission ofNSRR is that of a key 
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naval station providing full support for Atlantic Fleet Weapons training and development activities, 

and the area surrounding Ensenada Honda (the harbor) is needed to support the mission. Although 

future residential development ofSWMU 7/8 is highly unlikely, future residential exposures were 

evaluated as the most conservative (worst-case) scenario. 

A quantitative risk evaluation of SWMU 7/8 was performed for the COPCs, receptors and exposure 

pathways previously outlined. Prior to the preparation of this revised draft document, a draft 

document was prepared (Baker 1996) in which human health risks were estimated for SWMUs 7 and 

8 individually, rather than combined. In addition, only analytical data acquired by Baker during the 

March and April 1996 investigations were used in the human health risk assessment conducted for 

the draft document. Analytical data for SWMUs 7 and 8 have been combined into a single 

SWMU 7/8 for this revised draft document since releases from the two individual SWMUs were 

concurrent and were of generally the same material, and were in the same area. In an attempt to 

more fully characterize the nature and extent of contamination of soil and groundwater in 

SWMU 7/8, as well as any potential human health risks associated with those media, analytical data 

from previous investigations (see Section 2.5 of this report) were combined with the 1996 Baker 

data. However, it should be noted that the data sets from the previous investigations were acquired 

prior to 1994, and as such, may not be representative of current site conditions. The following 

subsections briefly compare the results of the risk assessment for individual SWMUs 7 and 8 (using 

only 1996 Baker data) with those for the combined SWMU 7/8 (using Baker data and data from 

previous investigations). 

6.6.2 Comparison of Risks Estimated for Individual SWMUs 7 and 8 with Risks Estimated 

for the Combined SWMU 7/8 

Using data from the 1996 Baker investigation of SWMU 7, potentially unacceptable carcinogenic 

risks were estimated for future residents resulting predominantly from evaluated dermal exposures 

to beryllium in the surface soil (primarily adults) and ingestion exposures to dissolved arsenic in 

groundwater used as drinking water. The risks from dermal exposures to beryllium and other 

carcinogens in surface soil would be due to cumulative effects, since the individual ILCRs were 

within USEPA's acceptable target risk range. Unacceptable noncarcinogenic risks were also 

estimated for future residents that would result predominantly from ingestion exposures to the 

dissolved arsenic in groundwater used as drinking water. The detected concentrations of dissolved 
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arsenic in the groundwater samples collected at SWMU 7 were less than the corresponding 

background comparison value (represented by the arithmetic mean concentration plus two times the 

standard deviation). 

Using data from the 1996 Baker investigation ofSWMU 8, potentially unacceptable carcinogenic 

risks were estimated for future construction workers resulting predominantly from evaluated dermal 

exposures to benzo(a)pyrene and chromium in subsurface soil. However, risk levels estimated for 

these COPCs individually are within USEPA's acceptable target risk range, and chromium 

concentrations detected in the subsurface soil at SWMU 8 were less than the corresponding 

background comparison value (represented by the arithmetic mean concentration plus two times the 

standard deviation). 

Using data from the 1996 Baker investigation, as well as previous investigations obtained for the 

combined SWMU 7/8, potentially unacceptable carcinogenic risks were estimated for future 

residents resulting predominantly from evaluated ingestion exposures to benzo(a)pyrene in the 

surface soil (primarily children), dermal exposures to benzo(a)pyrene and beryllium in the surface 

soil, and ingestion exposures to dissolved arsenic in groundwater used as drinking water. 

Unacceptable noncarcinogenic risks were also estimated for future residents that would result 

predominantly from ingestion exposures to ethylbenzene in groundwater used as drinking water. 

It should also be noted that due to naturally poor groundwater quality and low yield capacity of the 

aquifer being investigated, it is highly improbable that the aquifer will ever be used as a potable 

source. 

Table 6-13 briefly summarizes the comparison of those COPCs, media and exposure pathways 

driving risks estimated for individual SWMUs 7 and 8 (using only 1996 Baker data) with those 

driving risks estimated for the combined SWMU 7/8 (using Baker data and data from previous 

investigations) . 
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TABLE 6-1 

SWMU7/8 
SURFACE SOIL DATA AND COPC SELECTION SUMMARY 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Risk-Based COC Detection 
Screening Criteria<2> Frequency and Range(3l Comparison to Criteria 

Positive 
No. of Detects Positive 

Positive Above Detects Selected 
Detects/ Industrial Above as a 

Industrial Residential No. of Range of Positive coc Residential Station COPC? 
Contaminant<1> Scenario Scenario Samples Detections Value COCValue Background<4> (Yes/No) 

Volatiles (p.glkg): 

Acetone 20,000,000 780,000 3/16 22-440 0 0 ND No 

2-Butanone 100,000,000 4,700,000 1116 140J 0 0 ND No 

Carbon Disulfide 20,000,000 780,000 1116 14J 0 0 ND No 

Benzene 200,000 22,000 1/16 13J 0 0 ND No 

Ethylbenzene 20,000,000 780,000 1116 99J 0 0 ND No 

Toluene 41,000,000 1,600,000 1116 30J 0 0 ND No 

Xylenes (Total) 100,000,000 16,000,000 2/16 2J-160J 0 0 ND No 

Semivolatiles (p.g!kg): 

Fluoranthene 8,200,000 310,000 3/16 66J- 360 0 0 304 No 

Pyrene 6,100,000 230,000 7/16 49J- 76,000J 0 0 ND No 



Contaminant<1> 

In de no( 1 ,2,3-cd)pyrene 

Benzo(g,h,i)perylene 

2-Methylnphthalene 

7,12-Dimethylbenz(a)anthracene 

Acenaphthene 

Naphthalene 

Phenanthrene 

Inorganics (mg!kg) 

• 
TABLE 6-1 (Continued) 

SWMU7/8 
SURFACE SOIL DATA AND COPC SELECTION SUMMARY 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Risk-Based COC 
Screening Criteria<2> 

Detection 
Frequency and Range(3> Comparison to Criteria 

Industrial 
Scenario 

7,800 

6,1 00,000(5) 

8,200,000(6) 

NE 

12,000,000 

8,200,000 

6,100,000(5) 

Residential 
Scenario 

880 

230,000(5) 

310,000(6) 

NE 

470,000 

310,000 

230,000(S) 

No. of 
Positive 
Detects/ 
No. of 

Samples 

1116 

4/16 

3/16 

1116 

1116 

2/16 

5/16 

Range of Positive 
Detections 

67J 

60J-4,200J 

13,000J-40,000J 

53,000J 

6,000J 

5,400J-9,600J 

46J-31,000J 

Positive 
Detects 
Above 

Industrial 
coc 
Value 

0 

0 

0 

0 

0 

0 

0 

Positive 
Detects 
Above 

Residential 
COCValue 

0 

0 

0 

0 

0 

0 

0 

• 

Selected 
as a 

Station COPC? 
Background<4> (Yes/No) 

ND No 

ND No 

ND No 

ND No 

ND No 

ND No 

ND No 
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Contaminant< I) 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Tin 

Notes: 

• 
TABLE 6-1 (Continued) 

SWMU7/8 
SURFACE SOIL DATA AND COPC SELECTION SUMMARY 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Risk-Based COC Detection 
Screening Criteria<2> Frequency and Range(3> Comparison to Criteria 

Positive 
No. of Detects Positive 

Positive Above Detects 
Detects/ Industrial Above 

Industrial Residential No. of Range of Positive coc Residential 
Scenario Scenario Samples Detections Value COC Value 

8,200 310 717 23.1-99.7 0 0 

400(8) 16/16 1.6- 55.7 0 

61 2.3 2/16 0.05-0.12 0 0 

4,100 160 717 4.3- 25.4 0 0 

1,000 39 7/16 0.311- 1.0 0 0 

100,000 4,700 317 1.4- 1.6 0 0 

(I) Organic concentrations are reported in flg/kg; inorganic concentrations are reported in mglkg. 

Station 
Background<4> 

298 

15.8 

0.1 

12.5 

1.79 

3.73 

<2> COC = Chemical of concern risk-based screening values derived from USEPA Region III RBC Tables (US EPA, 1997a). 
<3> J = Analyte was positively identified. Reported value may not be accurate or precise. 

• 

Selected 
as a 

COPC? 
(Yes/No) 

No 

No 

No 

No 

No 

No 

<4> Background concentrations presented represent the arithmetic mean plus two times the standard deviation. Background concentrations 
not used in the selection of COPCs. 

<5> COC screening value for pyrene used as a surrogate. 
<6> COC screening value for naphthalene used as a surrogate. 
<7> Chromium (VI) COC value used for chromium. 
<8> Action level for residential soils (USEPA, 1994b ). 
--=No criteria published 
ND =No background concentrations detected for constituent. 
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TABLE6-2 

SWMU7/8 
SUBSURFACE SOIL DATA AND COPC SELECTION SUMMARY 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Risk-Based COC Detection 
Screening Criteria<2> Frequency and Range<3> Comparison to Criteria 

No. of Positive Positive 
Positive Detects Detects Selected 
Detects/ Range of Above Above as a 

Industrial Residential No. of Positive Industrial Residential Station COPC? 
Contaminant<1> Scenario Scenario Samples Detections COC Value COC Value Background<4> (Yes/No) 

Volatiles (Jlg/kg): 

Acetone 20,000,000 780,000 6/31 16J-120 0 0 ND No 

Carbon Disulfide 20,000,000 780,000 1131 7J 0 0 ND No 

Benzene 200,000 22,000 1158 210 0 0 ND No 

Ethylbenzene 20,000,000 780,000 8/57 28-7,700 0 0 ND No 

Toluene 41,000,000 1,600,000 5/58 7-100 0 0 ND No 

Xylenes (Total) 100,000,000 16,000,000 11/57 50-5,800 0 0 4.52 No 

Semivolatiles (Jlg/kg): 

Naphthalene 8,200,000 310,000 11/31 66J-31 0,000 0 0 ND No 

Acenaphthene 12,000,000 470,000 2/31 750J-26,000J 0 0 ND No 

Dibenzofuran 820,000 31,000 4/31 230J-1,400J 0 0 ND No 

Fluorene 8,200,000 310,000 9/31 120J-69,000J 0 0 ND No 



Contaminant<1> 

Di-n-butylphthalate 

Fluoranthene 

Pyrene 

• 
TABLE 6-2 (Continued) 

SWMU7/8 
SUBSURFACE SOIL DATA AND COPC SELECTION SUMMARY 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Risk-Based COC Detection 
Screening Criteria<2> Frequency and Range<3> Comparison to Criteria 

No. of Positive Positive 
Positive Detects Detects 
Detects/ Range of Above Above 

Industrial Residential No. of Positive Industrial Residential 
Scenario Scenario Samples Detections COCValue COC Value 

20,000,000 780,000 2/31 1701-450 0 0 

8,200,000 310,000 2/31 1 ,800J-4,600J 0 0 

6,100,000 230,000 4/31 1,500J-3l,OOOJ 0 0 

Selected 
as a 

Station COPC? 
Background<4> (Yes/No) 

308 No 

ND No 

ND No 



Contaminant<1> 

Lead 

Mercury 

Selenium 

Silver 

Notes: 

TABLE 6-2 (Continued) 

SWMU7/8 
SUBSURFACE SOIL DATA AND COPC SELECTION SUMMARY 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Risk-Based COC Detection 
Screening Criteria<2> Frequency and Range(J> Comparison to Criteria 

No. of Positive Positive 
Positive Detects Detects 
Detects/ Ran~e of Above Above 

Industrial Residential No. of Positive Industrial Residential 
Scenario Scenario Samples Detections COCValue COC Value 

-- 400(8) 31131 0.5J-70 -- 0 

61 2.3 4/29 0.07-0.53 0 0 

1,000 39 6/31 0.26J-1.7J 0 0 

1,000 39 3/31 0.49-0.78 0 0 

(t) Organic concentrations are reported in J.Lg/kg; inorganic concentrations are reported in mg/kg. 

Station 
Background<4> 

6.86 

0.15 

1.05 

ND 

<2> COC = Chemical of concern risk-based screening values derived from USEPA Region III RBC Tables (USEPA, 1997a). 
<3> J = Analyte was positively identified. Reported value may not be accurate or precise. 

Selected 
as a 

COPC? 
(Yes/No) 

No 

No 

No 

No 

<4> Background concentrations presented represent the arithmetic mean plus two times the standard deviation. Background concentrations 
not used in the selection of COPCs. 

<5> COC screening value for naphthalene used as a surrogate. 
<6> COC screening value for pyrene used as a surrogate. 
<7l Chromium (VI) COC value used for chromium. 
<8> Action level for residential soils (USEPA, 1994b ). 
-- = No criteria published 
NA = Not analyzed. 
ND =No background concentrations detected for constituent. 
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Contaminant<1> 

Volatiles (JlgiL): 

Semivolatiles (Jlg/L): 

Phenol 

lsophorone 

• 
TABLE 6-3 

SWMU7/8 
GROUNDWATER DATA AND COPC SELECTION SUMMARY 

NAVAL STATION ROOSEVELT ROADS 

Groundwater 
Criteria<2> 

Federal 
MCL 
(~giL) 

USEPA 
Region 

III 
Tapwater 

coc 
Value 
(~giL) 

2,200 

71 

PUERTO RICO 

Frequency!Range(J> 

No. of 
Positive 

Detects/No. of 
Samples 

1112 

1112 

Concentration 
Range 
(~giL) 

2J 

1J 

Comparison to 
Criteria 

No. of 
Detects 
Above 
MCL 

No. of 
Detects 
Above 
coc 
Value 

0 

0 

Station 
Background<4> 

ND 

ND 

COPC 
Selection 

Retained as 
aCOPC? 

No 

No 

• 



Contaminant<1> 

Acenaphthene 

Fluorene 

Dimethylphthalate 

Diethylphthalate 

Anthracene 

Bis(2-ethylhexyl)phthalate 

Inorganics (Total, J.lg/L): 

Barium 

Chromium 

Iron 

TABLE 6-3 (Continued) 

SWMU7/8 
GROUNDWATER DATA AND COPC SELECTION SUMMARY 

NAVAL STATION ROOSEVELT ROADS 

Groundwater 
Criteria<2> 

Federal 
MCL 
(~giL) 

6 

2,000 

100 

300(S) 

USEPA 
Region 

III 
Tapwater 

coc 
Value 
(~giL) 

220 

150 

37,000 

2,900 

1,100 

4.8 

260 

18 

1,100 

PUERTO RICO 

Frequency /Range(3l 

No. of 
Positive 

Detects/No. of 
Samples 

1/16 

2/16 

4/12 

3/12 

l/12 

4/12 

111 

111 

111 

Concentration 
Range 
(~giL) 

1J 

41-51 

1J- 51 

1J- 21 

151 

1J- 11 

110 

11 

230 

Comparison to 
Criteria 

No. of 
Detects 
Above 
MCL 

0 

0 

0 

No. of 
Detects 
Above 
coc 
Value 

0 

0 

0 

0 

0 

0 

0 

0 

Station 
Background<4> 

ND 

ND 

7.75 

ND 

ND 

7.53 

708 

122 

ND 

COPC 
Selection 

Retained as 
aCOPC? 

No 

No 

No 

No 

No 

No(7) 

No 

No 

No 

• 



Contaminant<!) 

Inorganics (Dissolved, J.lgiL): 

Lead 

Mercury 

Notes: 

• 
TABLE 6-3 (Continued) 

SWMU7/8 
GROUNDWATER DATA AND COPC SELECTION SUMMARY 

NAVAL STATION ROOSEVELT ROADS 

Groundwater 
Criteria<2> 

Federal 
MCL 

(J.tg/L) 

15 

2 

USEPA 
Region 

III 
Tapwater 

coc 
Value 
(J.lg/L) 

1.1 

PUERTO RICO 

Frequency/Range(3> 

No. of 
Positive 

Detects/No. of 
Samples 

3/12 

2/12 

Concentration 
Range 
(J.lg/L) 

1.8- 4.8J 

0.111-0.37 

Comparison to 
Criteria 

No. of 
Detects 
Above 
MCL 

0 

0 

No. of 
Detects 
Above 
coc 
Value 

0 

(t) All concentrations reported in J.lg/L. 

Station 
Background<4> 

ND 

ND 

COPC 
Selection 

Retained as 
aCOPC? 

No 

No 

<2> Federal MCL- Federal Safe Drinking Water Act Maximum Contaminant Level (USEPA, 1996c; Drinking Water Regulations and Health 
Advisories). 
Virginia Drinking Water Standards- PMCLs- Primary Maximum Contaminant Levels (Bureau of National Affairs- December, 1994). 
COC values- USEPA Region III COC screening value derived from RBC Tables (USEPA, 1997a). 

<3> l= Analyte was positively identified, value is estimated 
<4> Background concentrations presented represent the arithmetic mean plus two times the standard deviation. Background concentrations 

not used in the selection of COPCs. 
<5> COC value for naphthalene used as a surrogate. 
<6> COC value for pyrene used as a surrogate. 
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Notes (Continued): 

• 
TABLE 6-3 (Continued) 

SWMU7/8 
GROUNDWATER DATA AND COPC SELECTION SUMMARY 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

<7l BEHP was not retained as a COPC since it is a laboratory contaminant and was detected in a rinsate blank. 
<s> Secondary MCL. 
<9> Action level. 

-- = No criteria published 
+ = Essential Nutrient 
NA =Not applicable. 
ND =No background concentrations detected for constituent. 

• 
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TABLE 6-4 

PHYSICAL AND CHEMICAL PROPERTIES FOR ORGANIC CHEMICALS OF POTENTIAL CONCERN 
OU2 

Vapor 
Pressure 

Constituents (mmHg) 

Volatiles: 

Benzene 9.52x10+01 

Chloroform 1.51x 1 0+02 

Methyl tert-butyl ether --
Ethylbenzene 7.00x10+00 

Methylene Chloride 3.62x10+02 

Toluene 2.81x10+01 

Total Xylenes 1.00 X 10+01 

Semivolatiles: 

Benzo( a )anthracene 2.20 X 10-08 

Benzo( a )pyrene 5.10 X 10'09 

Benzo(b )fluoranthene 5.oo x 10·07 

Indeno( 1 ,2,3-cd)pyrene 1.00 x 10·10 

1-Methylnaphthalene --
2-Methylnaphthalene --
Naphthalene 8.70 X 10'02 

Phenanthrene 6.80 X 10·04 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Water 
Solubility Log Log 

(mg!L) Koc K,w 

1.75x10+03 1.92 2.12 

8.20x10+03 1.49 1.97 

-- -- --
1.52x10+02 3.04 3.15 

2.00x10+04 0.94 1.30 

5.35x10+02 2.47 2.73 

1.98 X 10+02 2.38 3.26 

5.7 X 10-03 6.14 5.60 

3.8x 10'03 5.72 6.06 

1.4 X 10-02 5.74 6.06 

5.3 X 10'04 6.20 6.50 

-- -- --
-- -- --

3.44 X 10+01 2.97 3.29 

l.Ox 10+0° 4.15 4.46 

Specific Henry's Law 
Gravity Constant 
(g/cm3

) (atm-m3/mole) 

0.8786 5.59xl0-03 

1.489 2.87x10'03 

-- --
0.867 6.43x10-03 

1.3266 2.03x10-03 

0.867 6.37x10-03 

0.867 7.04 x 10·03 

1.27 1.16 x 1o-o6 

1.35 1.55 X 10'06 

-- 1.19 X 10-0S 

-- 6.86 X 10"08 

0.994 --
0.994 --
1.15 4.60 x 10·04 

1.025 1.59 x 10·04 

Notes: --=Value not available. 

• 

Mobility 
Index 

3 

5 

--
0 

6 

7 

1 

-16 

-18 

-14 

-19 

--
--
-2 

-7 



TABLE6-5 

EXPOSURE INPUT PARAMETERS FOR CURRENT ON~SITE WORKERS 
SURFACE SOIL 

Input Parameter 

ED, Exposure Duration 

IR, Ingestion Rate 

EF, Exposure Frequency 
AF, Adherence Factor 

ABS, Dennal Absorption Factor 
for Organics/Inorganics 
ET, Exposure Time 

SA, Surface Area 

PC, Permeability Constant 

FI, Fraction Ingested 

ATnc• Averaging Time-
Noncarcinogens 

ATe, Averaging Time-
Carcinogens 

BW, Body Weight 

RR, Respiration Rate 

Notes: 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Input 
Units Values 

years 25 

mg/day 100 

days/yr 250 

mg/cm2 10 

unitless Chemical-
specificOl 

hrsfday 8 

cm2/day 5,300(2) 

omlh' Chemical-Specific 

unitless 1 

days 9,125 

days 25,550 

kg 70 

m'!lrr 1.25 

Comments/References 

USEPA, 1991a 

USEPA, 1991a 

Professional Judgment 

USEPA, 1991/1992a 

USEPA, 1995a 

USEPA, 199la 

USEPA, 1992a 

USEPA, 1992a 

USEPA, 1989a, 1989b 

USEPA, 1989b 

USEPA, 1989b 

USEPA, 1989a, 1989b 

USEPA, 199la 

(ll The The following USEPA Region III default absorbance factors will be applied to estimate dermal intake of 
COPCs in soil (USEPA, 1995a): 

VOCs (Vapor Pressure> 95.2 mmHg)- 0.05% 
VOCs (Vapor Pressure< 95.2 mmHg)- 3% 
SVOCs- 10% 
Arsenic- 3.2% 
Inorganics - I% 

(z) Skin surface area available for contact asswning an adult wears a short-sleeved shirt, short pants, and shoes. 

References: 

USEPA, 1995a. Assessing Dermal Exposure from Soil. 

USEPA, 1992a. Dermal Exnosure Assessment: Principles and Applications - Interim Report. 

USEPA, 1991 a. Risk Assessment Guidance for Superfund Volume I - Human Health Evaluation Manual 
Sunnlemental Guidance. "Standard Default Exposure Factors." Interim FinaL 

USEPA, I989a. Exposure Factqrs Handbook. 

USEPA, 1989b. Risk Assessment Guidance for Superfund Volume I- Human Health Eva!JJation Manual (Part A) 
Interim Final. 



TABLE 6-6 

EXPOSURE INPUT PARAMETERS FOR FUTURE CONSTRUCTION WORKERS 
SUBSURFACE SOIL 

Input Parameter 

ED, Exposure Duration 

EF, Exposure Frequency 

ET, Exposure Time 

IR, Ingestion Rate 

SA, Exposed Surface Area 

RR, Respiration Rate 

Fl, Fraction Ingested 

ABS, Dermal Absorption Factor 

AF, Adherence Factor 

BW, Body Weight 

AT nc• Averaging Time -
Noncarcinogens 

ATe, Averaging Time-
Carcinogens 

Notes: 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Input 
Units Values 

years 1 

days/year 250 

hrs/day 8 

mg/day 480 

cm2/day 4,IOQ(l) 

m3/hr 1.25 

unitless 1.0 

unitless Chemical-
specific(2l 

mgjcm2 1 

kg 70 

days 36:'5 

days 25,550 

Comments/References 

USEPA, 199la 

USEPA, 199Ia 

USEPA, 1991a 

USEPA, I991a 

USEPA, I992a 

USEPA, I989a 

Professional Judgment 

USEPA, 1995a 

USEPA, 199la/1992a 

USEPA, l989b 

TJSEPA, 1989b 

USEPA, 1989b 

(tJ Skin surface area available for contact for an individual wearing a sleeveless shirt, long pants, and shoes. 

(Z) The following US EPA ~gion III default absorbance factors will be applied to estimate dermal intake of COPCs 
in soil (USEPA, 1995a): 

References: 

VOCs (Vapor Pressure> 95.2 mmHg)- 0.05% 
VOCs (Vapor Pressure< 95.2 mmHg)- 3% 
SVOCs- 10% 
Inorganics- 1%; Arsenic- 3.2% 

USEPA, 1995a. Assessing Dermal Exposure from Soil. 

USEPA, 1992a. Dermal Exposure Assessment: Principles and Annlicatjons - Interim Report. 

US EPA, 199la. Risk Assessment Guidance for Sunerfjmd Voh1me I - Human Health Eyalnation Manual Supplemental 
Guidance. "Standard Default Exposure Factors." Interim Final. 

USEPA, l989a. Exposure Factors Handbook. 

USEPA, 1989b. Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (part A) 
Interim Final. 

------- -------- --------
-------- -------- --------- ---



TABLE6-7 

EXPOSURE INPUT PARAMETERS FOR FUTURE RESIDENT CHILDREN AND ADULTS 
SURFACE SOIL AND GROUNDWATER 
NAVALSTATIONROOSEVELTROADS 

PUERTO RICO 

Input Values 

Child 
Input Parameter Media Units (I to 6 years) Adult 

ED, Exposure Duration SoiVGroundwater ycm 6 24 

EF, Exposure Frequency SoiVGroundwater days/year 350 350 

ET, Exposure Time Groundwater hrsfday 0.2 0.2 

IR, Ingestion Rate Groundwater L/day 1 2 

Soil mgjday 200 100 

SA, Surface Area Groundwater em' 8,023 (2) 20,000(2) 

Soil em' 2,006(J) 5,300(3) 

RR, Respiration Rate Air (Fugitive m3/hr 0.83 0.83 
Dusts) 

Fl, Fraction Ingested Soil unitless 1.0 1.0 

ABS, Absorbance Factor Soil unitless Chemical Chemical 
Specific<4> Specific<4> 

AF, Adherence Factor Soil mg/cm2 1 1 

BW, Body Weight SoiVGroundwater kg 15 70 

PC, Permeability Constant Groundwater cm/hr Chemical- Chemical-
Specific Specific 

AT no> Averaging Time-
Noncarcinogens SoiVGroundwater day 2,190 8,760 

AT, Averaging Time-
Carcinogens SoiVGroundwater day 25,550 25,550 

Notes: 

(!) Frequency conservatively assumes 2 d~ys per weekend, every weekend for 12 months. 

<2> Represents total body surface area. 

OJ Represents approximately 25% of the total body surface area. 

Comments/References 

USEPA, 1991a 

USEPA, 1991a 

USEPA, 1989a 

USEPA, 1991a 

USEPA, 1989b 

USEPA, 1992a 

USEPA, 1989a and 
1992a 

USEPA, 1991a 

USEPA, 1989b/ 
Professional Judgement 

USEPA, l995a 

USEPA, 1992b 

USEPA, 1989b 

USEP A, I992a 

USEPA, 1989b 

USEPA, 1989b 

<4J The following USEPA Region III default absorbance factors will be applied to estimate dennal intake of COPCs 
in soil (USEPA, 1995a): 

VOCs (Vapor Pressure> 95.2 mmHg)- 0.05% 
VOCs (Vapor Pressure< 95.2 mmHg)- 3% 
SVOCs- 10% 
Arsenic- 3.2% 
Inorganics - I% 

------- ------- -------------- ------ ------------- -------- -------- --



TABLE 6-7 (Continued) 

EXPOSURE INPUT PARAMETERS FOR FUTURE RESIDENT CHILDREN AND ADULTS 
SURFACE SOIL AND GROUNDWATER 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

References: 

USEPA, 1995a. Assessing Penna! Exnosnre from SoU. 

USEPA, 1992a. Dermal Exposure Assessment: Principles and Applications- Interjm Report. 

USEPA, l99la. Kisk Assessment (lui dance for Superfund Volume 1 - Human Health Eya!uation Manual Sunnlemental 
Guidance. "Standard Default Exposure Factors." Interim FinaL 

USEPA, 1989a. Exposure Factors Handbook. 

USEPA, 1989b. Risk Assessment Guidance· for Superfund Volume I- Human Health Evaluation Manual (Part A) 
Tnterjm Fjnal. 

--- --- ----
---- ---- ----



• 
Oral 
CSF 

Constituents 
(mg!krJday)" 

Volatiles: 
2.90E-02 

Benzene (i) 

6.10E-03 
Chloroform (i) 

Methyl tert-butyl ether --

Ethyl benzene --
7.50E-03 

Methylene Chloride (i) 

Toluene --

Total Xylenes --
Semivolatiles: 

2-Methylnaphthalene(ll --

1-Methylnaphthalene(ll --
7.30E-01 

Benzo( a )anthracene (e) 

7.30E+OO 
Benzo(a)pyrene (i) 

7.30E-01 
Benzo(b )fluoranthene (e) 

TABLE 6-8 

HUMAN HEALTH RISK ASSESSMENT TOXICITY FACTORS 
OU2 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Inhalation Oral Inhalation Oral 
CSF RID RID Absorption 

(mg/kg!day)·1 (mg/kglday) (mg/kg!day) Factors 

2.90E-02 1.71E-03 
(i) -- (e) 80% 

8.05E-02 l.OOE-02 
(i) (i) -- 80% 

-- 5.00E-03 -- 80% 
(e) 

l.OOE-01 2.86E-01 
-- (i) (i) 80% 

1.64E-03 6.00E-02 8.57E-01 
(i) (i) (h) 80% 

2.00E-01 1.14E-01 
-- (i) (i) 80% 

2.00 
-- (i) -- 80% 

4.00E-02 

-- (i) -- 50% 

4.00E-02 
-- (i) -- 50% 

6.10E-01 
(e) -- -- 50% 

6.10E+OO 
(w) -- -- 50% 

6.10E-01 
(e) -- -- 50% 

WOE 

A 

B2 

--

D 

B2 

D 

D 

--

--

B2 

B2 

B2 

• 
Target Critical 
Organ Effect 

(Systemic (Systemic 
Toxicants) Toxicants) 

-- --
Fatty Cyst 

Liver Formation 

-- --

Liver, Kidney Effects 

Liver Effects 

Liver, Kidney Weight Changes 

-- --

-- --

-- --

-- --
-- --
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TABLE 6-8 (Continued) 

HUMAN HEALTH RISK ASSESSMENT TOXICITY FACTORS 
OU2 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Oral 
CSF Inhalation Oral Inhalation 

(mg/k¥/day)" CSF RID RID 
Constituents (mg/kg/day)"1 (mg/kg/day) (mg/kg/day) 

Semivolatiles (Cont.): 
7.30E-01 6.10E-01 

Indeno( 1 ,2,3-cd)pyrene (e) (e) -- --
4.00E-02 

Naphthalene -- -- (i) --
4.00E-02 

PhenanthreneOl -- -- (i) --
Inorganics: 

1.50E+OO 1.51E+01 3.00E-04 
Arsenic (i) (i) (i) --

7.00E-02 1.43E-04 
Barium -- -- (i) (a) 

4.30E+OO 8.40E+OO 5.00E-03 
Beryllium (i) (i) (i) --

6.30E+OO S.OOE-04 
Cadmium (water) -- (i) (i) --

4.20E+01 5.00E-03 
Chromium (VI) -- (i) (i) --

7.00E-03 
Vanadium -- -- (h) --

Notes: 

(Il Toxicity criteria for naphthalene used in the absence of chemical-specific toxicity criteria. 
i =Integrated Risk Information System (IRIS), 1996. 
e = EPA-NCEA (as cited from USEPA, Region III RBC Tables, January-June 1996). 
h = Health Effects Assessment Summary Tables (HEAST), May, 1995. 

Oral 
Absorption 

Factors 

50% 

50% 

50% 

95% 

100% 

1% 

5% 

20% 

25% 

WOE 

B2 

D 

D 

A 

D 

B2 

B1 

A 

D 

• 

Target Critical 
Organ Effect 

(Systemic (Systemic 
Toxicants) Toxicants) 

-- --

-- --

-- --

Keratosis/ 
Skin Hyperpigmentation 

Increased 
-- Blood Pressure 

None Observed 
--

Significant 
Renal Cortex Proteinuria 

-- --

-- --

a= HEAST Alternative Method, 1995. 
w =Withdrawn from IRIS or HEAST. 
-- = Information not published 
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TABLE 6-9 

TOTAL SITE INCREMENTAL LIFETIME CANCER RISKs (ILCRs) AND 
HAZARD INDICES (His) FOR CURRENT AND FUTURE POTENTIAL HUMAN RECEPTORS 

SWMUs7/8 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

SWMU7/8 

Receptors Total HI 

Current On-site 
CommerciaVMaintenance 
Workers(ll -

Future Construction Workers<2> 

Future On-Site Residents<3> 

Notes: 

o_o8 

<t> Current on-site workers were evaluated for exposures to surface 
soil COPCs at SWMU 7/8_ 

<2> Future construction workers were evaluated for exposures to 
subsurface soil COPCs at SWMU 7/8_ 

<2> Future on-site residents were evaluated for exposures to surface 
soil and groundwater COPCs at SWMU 7/8_ Total HI and ICR 
values presented for residents are the sums of the resident adult and 
resident child HI and ILCR values, respectively_ 

Shading indicates exceedence ofUSEPA acceptable target risk criteria 
by total risk value_ 
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TABLE 6-10 

INCREMENTAL LIFETIME CANCER RISKS (ILCRs) AND HAZARD INDICES (His) 
FOR CURRENT ON-SITE WORKERS 

SWMU 7/8, OU2 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

Medium/Pathway 

Surface Soil 

Ingestion 

Dermal Contact 

Inhalation(ll 

TOTAL 

Notes: 

Current 
On-Site Worker 

ILCR 

1.7 X 10"5 

3.2 X 10-4 

HI 

0.02 

0.06 

6.9 x 10·8 <0.01 

0.08 

(I) Inhalation of fugitive dusts from soil. 

(
2

) Total ILCR exceeded USEPA's target risk range due to dermal 
exposures to benzo(a)pyrene and beryllium (75% and 18% risk 
contributions, respectively) in surface soil. 

Shading indicates exceedence of USEPA acceptable target risk 
criteria by total risk value . 
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Notes: 

TABLE 6-11 

INCREMENTAL CANCER RISKS (ILCRs) AND HAZARD INDICES (His) 
FOR FUTURE ADULT AND YOUNG CHILD RESIDENTS 

Pathway 

Surface Soil 

Ingestion 

Dermal Contact 

Inhalation (I) 

Subtotal 

Groundwater 

Ingestion 

Dermal Contact 

Inhalation <2> 

Subtotal 

TOTAL 

SWMU 7/8, OU2 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

ICR 

4.6 X 10"5 

5.5 X 10-4 

1.9 x w-7 

2.6 x 10·4 

1.4 x w-s 
4.6 x w-7 

Adult 

HI 

0.05 

0.11 

0.16 

2.9 

0.5 

<0.01 

Future Residents 

Young Child 

ICR 

1.1 X 10-4 

2.4 X 10-4 

2.2 x w-7 

1.5 X 10-4 

6.5 x w-6 

NE 

(I) Inhalation of fugitive dust. 

<2> Inhalation of volatilized organics while showering. 

HI 

0.44 

0.2 

0.64 

6.7 

0.93 

NE 

<3> Total ILCR exceeded USEPA's target risk range due to ingestion exposures to benzo(a)pyrene (86% risk 
contribution) and dermal exposures to benzo(a)pyrene and beryllium (75% and 18% risk contribution, 
respectively) in surface soil, and to ingestion exposures to benzene and dissolved arsenic (88% and 11% risk 
contribution, respectively) in groundwater. 

<4> Total HI exceeded USEPA's acceptable target value of 1.0 due to ingestion exposures to ethylbenzene in 
groundwater (54% risk contribution). The HQ for this inorganic was also greater than 1.0. 

No COPCs and/or toxicity criteria! available for evaluation. 

• NE - No evaluation performed since exposure pathway is not applicable to receptor. 

Shading indicates exceedence ofUSEPA acceptable target risk criteria by total risk value. 
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TABLE 6-12 

SUMMARY OF UNCERTAINTIES IN THE RESULTS OF THE 
HUMAN HEALTH RISK ASSESSMENT 

OU2 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

Potential Potential 
Magnitude for Magnitude for 

Over-Estimation Under- Estimation 
of Risks of Risks 

Environmental Sampling and Analysis 

Sufficient samples may not have been taken to 
characterize the media being evaluated. 

Systematic or random errors in the chemical analysis 
may yield erroneous data. 

Use ofunvalidated data from previous investigation. 

Elevated SQLs reported for VOCs and SVOCs in 
soil. 

Selection of COPCs 

The use ofUSEPA Region III COC screening values 
in selecting COPCs in soil and groundwater. 

Exposure Assessment 

The standard assumptions regarding body weight, 
exposure period, life expectancy, population 
characteristics, and lifestyle may not be 
representative of the actual exposure situations. 

The use of the 95% UCL of the arithmetic mean in 
the estimation of the soil, groundwater, surface water Low 
and sediment exposure point concentrations. 

Using one-half of the CRQL as a surrogate 
concentration in the derivation of the 95% UCL. 

the use of deep subsurface soil data. Low 

Assessing future residential property use when the High 
likelihood of residential development is low. 

The amount of media intake is assumed to be 
constant and representative of any actual exposure. 

Toxicological Assessment 

Toxicological indices derived from high dose animal Moderate 
studies, extrapolated to low dose human exposure. 

Lack of promulgated toxicological indices for the Low 
inhalation pathway . 

Adjusting toxicity values for a difference in toxicity Moderate 
between an aministered dose and an absorbed dose. 

Dermal exposure assessment of PAHs. Moderate 

Potential 
Magnitude for 

Over or Under-
Estimation of 

Risks 

Moderate 

Low 

Moderate 

Moderate 

Low 

Moderate 

Moderate 

Low 
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TABLE 6-12 (Continued)· 

SUMMARY OF UNCERTAINTIES IN THE RESULTS OF THE 
HUMAN HEALTH RISK ASSESSMENT 

OU2 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

Potential Potential 
Magnitude for Magnitude for 

Over-Estimation Under-Estimation 
of Risks of Risks 

Risk Characterization 

Assumption of additivity in the quantitation of cancer 
risks without consideration of synergism, 
antagonism, promotion and initiation. 

Assumption of additivity in the estimation of 
systemic health effects without consideration of 
synergism, antagonism, etc. 

Additivity of risks by individual exposure pathways 
(dermal, ingestion and inhalation) 

Notes: 

Potential 
Magnitude for 

Over or Under-
Estimation of 

Risks 

Moderate 

Moderate 

Low 

Low - Assumptions categorized as "low" may effect risk estimates by less than one order of magnitude. 

Moderate - Assumptions categorized as "moderate" may effect estimates of risk by between one and two 
orders of magnitude. 

High - Assumptions categorized as "high" may effect estimates of risk by more than two orders of 
magnitude. 

Source: Risk Assessment Guidance for Superfund. Yolume 1. Part A: Human Health Evaluation Manual. USEPA, 
1989b . 
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TABLE 6-13 

COMPARISON OF PREDOMINANT RISK CONTRIBUTORS 
DRAFT VERSUS REVISED DRAFT HUMAN HEALTH RISK ASSESSMENTS 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

September 1996 June 1997 
Draft Revised Draft 

Risk Assessment<1l Risk Assessment<2l 

SWMU7 SWMU8 SWMU7/8 

Surface Soil Surface Soil Surface Soil 

Beryllium (c)- Dermal Exposures No Unacceptable Risks Benzo(a)pyrene (c)-
to Future Residents Ingestion and Dermal Exposures to 

Future Residents 

Beryllium (c)-
Dermal Exposures to Future 
Residents 

Subsurface Soil Subsurface Soil Subsurface Soil 

No Unacceptable Risks Benzo(a)pyrene (c) and No Unacceptable Risks 
Chromium (c)-
Dermal Exposures to Future 
Construction Workers 

Groundwater Groundwater Groundwater 

Dissolved Arsenic (c/n)- Ingestion No Samples Collected Ethylbenzene (n) and Dissolved 
Exposures to Future Residents Arsenic (c)-

Ingestion Exposures to Future 
Residents 

Notes: 

(I) Risks estimated using 1996 Baker Data. 

<2l Risks estimated using 1996 Baker Data and Data from Previous Investigations. 

(c) Unacceptable carcinogenic risks estimated. 

(n) Unacceptable noncarcinogenic risks estimated. 

(c/n) Unacceptable carcinogenic and noncarcinogenic risks estimated . 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

A full RFI has been completed at Operable Unit 2 which includes SWMUs 7/8. The investigation, 

as required in the Final RCRA Part B Permit for Roosevelt Roads, was performed in accordance 

with the RFI Work Plan approved by the USEPA Region II. Data gathered during the investigation 

and that gathered during previous investigations were used to assess any contamination found at 

SWMU 7/8 in terms of its nature, extent and potential risk to human health and the environment. 

The analytical data developed during the RFI and previous investigations were compared to 

applicable screening criteria as well as to calculate potential risks for site specific conditions. Based 

on the analytical results and risk assessments, conclusions regarding releases and the potential need 

to additionally characterize the sites have been developed. 

This section of the RFI report presents conclusions reached regarding the site and provides 

recommendations for further actions as they relate to the conclusions. In general, the conclusions 

drawn pertain to the following topics: 

• Site geologic and hydrogeologic characterization 

• Future site use 

• Free product in the subsurface 

• Dissolved phase constituents in the groundwater 

• Soil contamination in the Upper TWFF 

• TPH in soil 

• Requirements for a Corrective Measures Study (CMS) 

Each of these items is discussed in the paragraphs which follow. 

Site Geolo~ic and Hydrogeologic Characterization 

The findings of the RFI have been combined with material available from previous work at the site 

and the entire information set has been reinterpreted to form a new conceptual hydrogeologic model 

of the site. The general components of the model are: 

7-1 
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1. There is no definable top of rock. Below a relatively thin fill layer is residuum 

which has been developed in place from the underlying bedrock. The contact 

between rock and overburden is gradational; i.e., the material becomes more rock­

like with depth, however, the difference in material type is generally unnoticeable 

between sample intervals. 

2. A close review of the subsurface information has led to the conclusion that the 

material below the fill acts as a single hydrostratigraphic unit. This means that, 

recognizing there is local variability in the subsurface, the characteristics of the 

subsurface are relatively uniform in terms of groundwater occurrence and 

movement. 

3. Understanding that the subsurface system consists of a single hydrostratigraphic 

unit, there is local variability that causes some areas of perched groundwater and 

some areas where semi-confined conditions exist. 

4. Seawall and tidal influences were found to be relatively insignificant. Precipitation 

events seem to exert much more influence to groundwater flow. 

5. The relatively minor tidal effect seen did not extend to the area containing the free 

product plume. 

Based on these findings, it does not appear that any further site investigations are required to 

adequately characterize geologic and hydrogeologic conditions. While this is the case, there are 

elements of work related to the ICM and others described later in this section that will provide 

additional subsurface information. In terms of the ICM, specific information will be obtained 

through the twice a year modeling efforts and through the placement of additional recovery or 

sentinel wells as the needs of the system and movement of the plume dictate. All future wells 

installed at the site will be geologically logged and soil and groundwater sampled in accordance with 

the provisions of the approved RFI workplans (Baker, September 1995). The same suites of 

constituents will be analyzed, using the same laboratory protocols and the data will be subjected to 

independent, third-party, validation . 

7-2 
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Future Site Use 

There were some unacceptable risks posed in certain future residential use risk scenarios. Based on 

this and the fact that there are no plans to ever use the site for anything but a fuel farm, the Navy 

intends to place a "land use restriction" on the site which will limit use to industrial purposes in 

perpetuity. 

Free Product in the Subsurface 

There is presently an ICM in progress at the TWFF which is addressing the recovery offree product. 

Separate requirements are associated with the ICM that address monitoring, engineering review of 

the system, upgrade to the system and reporting. Since the system in operation is an ICM, a formal 

CMS will be required to determine the full corrective measure. 

There is one specific conclusion related to the free product monitoring wells installed at the site. 

Some of the wells presently used for monitoring are screened inappropriately to detect free product 

(not screened across the water table). 

It is recommended that, in the future, boreholes intended for well installation be allowed to 

equilibrate with the groundwater so that a site specific water table can be determined. This will 

ensure that any semi-confined conditions are apparent and will allow proper installation of the well. 

Dissolved Phase Constituents in Groundwater 

There is a BTEX plume identifiable in the groundwater. It appears to be associated with the free 

product plume as it occurs in advance of and downgradient of the product. Over time, it has moved 

easterly along Forrestal Road with the free product. There is no risk posed to human health by the 

BTEX plume. While this is the case, there is a complete pathway for exposure to the environment 

by discharge to Ensenada Honda surface waters. A CMS for the dissolved phase plume appears 

warranted. This is discussed within the CMS subsection which appears later . 

7-3 
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Soil Contamination in the Upper TWFF 

There is a pattern of relatively low level PAH contamination in the Upper TWFF. This 

contamination is apparently related to the buried sludge which was found sporadically in the test 

pits/trenches. There is no current risk to human health posed by the PAHs. No ecological risks were 

assessed for the soil since there is not a complete pathway present and the area is entirely industrial 

use. 

The above notwithstanding, the sludge could be acting as a continuing source of release and 

therefore will be addressed in the CMS. 

TPH in Soil 

There is a definable area ofTPH contamination in the soil ofthe lower TWFF. The location of the 

TPH appears to approximately match the original configuration of the free product plume. Much 

of the TPH area contains concentrations above the PREQB cleanup guideline of 100 ppm. TPH is 

not evaluated in the human health risk assessment since there are no comparison or risk-based 

criteria. No ecological risk was assessed since there are no comparison criteria for TPH available 

and there is no complete pathway. 

Based on the occurrence ofTPH in the soil above the PREQB standards, an evaluation of potential 

remedial alternatives for TPH will be made in the CMS. 

Corrective Measures Study 

The need for a CMS has been established for: 

• Free product 

• BTEX in groundwater 

• Sludges present in the Upper TWFF 

• TPH in soil 

7-4 
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The Navy proposes to complete the CMS as described below . 

The TWFF is a unique site considering the lack of risk posed by the contamination and the ongoing 

free product recovery. Given the relatively low levels of contamination seen at the site (with the 

exception of free product) biological treatment and/or natural attenuation becomes obvious potential 

remedial alternatives. Specific information pertaining to the present biological activity and potential 

for success of future active or passive remedial approaches is lacking at this time. Also, the ability 

of the free product recovery system to effectively reduce the areal extent and thickness of the free 

product plume has not been established at this point. For these reasons, the Navy proposes that the 

draft CMS be delayed until December 1998. 

During the period between now and December 1998, the following activities would occur: 

1. Within 30 days of the approval of this approach, a workplan for additional 

investigations would be provided that detailed work related to additional sampling 

of the TPH affected soil and BTEX groundwater plume. Samples would be 

analyzed for conventional parameters as well as those needed to establish present 

and potential biologic activity. Two separate monitoring events would be 

conducted; one as soon as possible and one designed to provide information for the 

August 1998 semiannual report for the TWFF ICM. This sampling would allow the 

baseline information needed to analyze potential biological remedial alternatives 

and would also provide information regarding the plumes response to free product 

recovery. A brief summary report of each of these events would be provided to the 

EPA for review. 

2. During this period, three semiannual TWFF ICM progress reports would be 

submitted (August 1997, February 1998, and August 1998). Each ofthese would 

contain modeling results and may provide for significant system upgrades. This 

would allow the effectiveness of the system to be established. 

Utilizing this approach will allow a complete and accurate CMS to be prepared that can adequately 

address all the site concerns . 

7-5 



• 

• 

• 

8.0 REFERENCES 

Altol Environmental Services, Inc. 1997. "Project Status Report #1 -Diesel Fuel Marine (DFM) 

Pipe Replacement Program at U.S. Naval Station Roosevelt Roads, Ceiba, Puerto Rico." 

April29, 1997. 

Baker Environmental, Inc. 1995. Final RCRA Facility Investigation Work Plans. Naval Station 

Roosevelt Roads. Puerto Rico. September 1995. 

Baker Environmental, Inc. 1996. Final RCRA Facility Investigation Work Plans Naval Station 

Roosevelt Roads. Puerto Rico. Addendum 1 Tow Way Fuel Farm- SWMU7- Tow Way Fuel Farm 

Disposal Pits. January 1996. 

Baker Environmental, Inc. 1996a. Draft RCRA Facility Investigation Report for Phase I 

Investigations at Operable Units 1. 6. and 7. Naval Station Roosevelt Roads. Ceiba. Puerto Rico. 

July 1996 . 

Blasland, Bouck & Lee, Inc. (BB&L). 1994. Site Characterization. Tow Way Fuel Farm. 

U.S. Naval Station Roosevelt Roads. Ceiba. Puerto Rico. April1994. 

Blasland, Bouck & Lee, Inc. (BB&L). 1994. Corrective Action Plan. Tow Way Fuel Facility, 

U.S. Naval Station Roosevelt Roads, Ceiba, Puerto Rico. September 1994. 

Bouwer, H. 1989. The Bouwer and Rice Slug Test- An Update. Journal of Association of Ground 

Water Scientists and Engineers. May-June 1989 issue, v. 27, no. 3, pp. 304-309. 

Bouwer, H. and R.C. Rice. 1976. A Slug Test for Determining Hydraulic Conductivity of 

Unconfined Aquifers with Completely or Partially Penetrating Wells. Water Resources Research, 

v. 12, pp. 423-428. 

Bureau of National Affairs, Inc. 1994. Environment Reporter-State Water Laws. Volume 6. 

Washington, D.C . 

8-1 



• 

• 

• 

Clement Associates, Inc. 1985. Chemical. Physical. and Biological Properties of Compounds 

Present at Hazardous Waste Sites. Final Report. 

Cowherd et al., 1985. Rapid Assessment of Exposure to Particulate Emissions from Surface 

Contamination. Prepared by Midwest Research Institute, Washington, D.C. EPA/600/8-85-002. 

Environmental Science and Engineering, Inc. 1986. Evaluation of Data from First Round of 

Verification Sample Collection and Analysis. Confirmation Study to Determine Possible Dispersion 

and Migration of Specific Chemicals -- U.S. Naval Station Roosevelt Roads. Puerto Rico. and 

U.S. Naval Ammunition Facility. Yieques. May 1986. 

Environmental Science and Engineering, Inc. 1988. Evaluation of Data from First and Second 

Rounds of Verification Sample Collection and Analysis. Confirmation Study to Determine Possible 

Dispersion and Migration of Specific Chemicals-- U.S. Naval Station Roosevelt Roads. Puerto Rico. 

and U.S. Naval Ammunition Facility. Yieques. Aprill988 . 

Freeze, R. A. and J. A. Cherry. 1979. Groundwater. Prentice-Hall, Inc. Englewood Cliffs, New 

Jersey. 

Foster, S.A. and P.C. Chrostowski. 1986. Inhalation Exposures to Volatile Organic Contaminants 

in the Shower. ICF-Clement Associates, Inc. Washington, D.C. 1986. 

Geraghty & Miller, Inc. 1995. AQTESOLVTM Aquifer Test Solver. Version 2.01. February 1995. 

Gilbert, Richard 0. 1987. Statistical Methods for Environmental Pollution Monitoring. Van 

Nostrand Reinhold, New York, New York. 

Hantush, M.S. and C.E. Jacob. 1955. Non-Steady Radial Flow in an Infinite Leaky Aquifer. Am. 

Geophys. Union Trans. Vol. 36, pp. 95-100. 

ICHOR Services, Inc. 1997. Project Close-Out Report. Free Product Recovery System for the Tow 

Way Fuel Facility. February 1997 . 

8-2 



• 

• 

• 

ICHOR Services, Inc. 1997. Pre-Final Operation and Maintenance Manual for Free Product 

Recovery System for the Tow Way Fuel Facility. Naval Station Roosevelt Roads. Ceiba,. Puerto 

Rico. April 1997. 

Laskowski, et al. 1983. "Terrestrial Equipment in Environmental Risk Analysis for Chemicals," 

Environmental Risk Analysis for Chemicals. R.A. Conways, ed., Van Nostrand Reinhold Company, 

New York, New York. 

Law Environmentai-Caribe. 1993. Preliminary Site Assessment Report. Underground Storage Tank 

Site No. 443. U.S. Naval Station (Roosevelt Roads). Ceiba. Puerto Rico. April1993. 

Law Environmental-Caribe. 1993. Corrective Action Plan. Tow Way Fuel Farm. U.S. Naval 

Station. Roosevelt Roads. Ceiba,. Puerto Rico. October 1993. 

Naval Energy and Environmental Support Activity (NEESA). 1984. Initial Assessment Study of 

Naval Station Roosevelt Roads. Puerto Rico. NEESA 13-051. September 1984 . 

O'Brien & Gere Engineers, Inc. 1992. Final Report. Underground Fuel Investigation. Tow Way 

Fuel Farm. U.S. Naval Station Roosevelt Roads. Puerto Rico. February 1992. 

Reliable Mechanical, Inc. 1996. Closure Report for EQB # 02-86-1935. Tank 56. Remove/Replace 

Various Underground Storage Tank Systems. November 1996. 

Terra Vac. 1996. Report Tow Way Fuel Facility Multi-Stage Product Recovery Test. U.S. Naval 

Station Roosevelt Roads. Puerto Rico. March 1996. 

Theis, C.V. 1935. The Relation Between the Lowering ofthe Piezometric Surface and the Rate and 

Duration of Discharge of a Well using Groundwater Storage. Am. Geophys. Union Trans. Vol. 16, 

pp. 519-524. 

United States Environmental Protection Agency. 1997a. "Risk-Based Concentration Summary 

Table", January- June 1996. Region III, Philadelphia, Pennsylvania . 

8-3 



• 

• 

• 

United States Environmental Protection Agency. 1997b. Integrated Risk Information System . 

Environmental Criteria and Assessment Office, Cincinnati, Ohio. 

United States Environmental Protection Agency (USEPA). 1996a. Drinking Water Regulations and 

Health Advisories. Office of Water U.S. Environmental Protection Agency. Washington, D.C. 

May, 1995. 

United States Environmental Protection Agency. 1996b. Health Effects Summary Tables Annual 

FY 1995. Office of Solid Waste and Emergency Response, Washington, D.C. May 1995. 

OERR 9200.6-303(95-1 ). 

United States Environmental Protection Agency. 1995a. Assessing Dermal Exposure from Soil. 

Region III Technical Guidance Manual, December 1995. EPA/903-K-003. 

United States Environmental Protection Agency. 1994a. COC Screening Table, Region III 

Supplementary Risk Assessment Guidance for Superfund. Region III, Philadelphia, Pennsylvania . 

March 1994. 

United States Environmental Protection Agency. 1994b. Revised Soil Lead Guidance for CERCLA 

Sites and Corrective Action Facilities. OSWER Directive 9355.4-12, July 14, 1994. 

United States Environmental Protection Agency. 1993. Selecting Exposure Routes and 

Contaminant of Concern by Risk-Based Screening. Region III Technical Guidance Manual. 

Region III, Philadelphia, Pennsylvania. January 1993. EPA/903/R-93-001. 

United States Environmental Protection Agency. 1992a. Dermal Exposure Assessment: Principles 

and Applications. Interim. Office of Research and Development. Washington, D.C. January 1992. 

EPA/600/8-91/0llB. 

United States Environmental Protection Agency. 1992b. Risk Assessment Guidance for Superfund 

Volume I. Human Baseline Health Evaluation Manual Supplemental Guidance. Dermal Risk 

Assessment. Interim Guidance. Office of Emergency and Remedial Response. Washington, D.C . 

August 18, 1992. 

8-4 



I 

I 

United States Environmental Protection Agency. 1992c. Supplemental Guidance to RAGS: 

Calculating the Concentration Term. OSWER Publication Number 9285.7-081. May 1992. 

United States Environmental Protection Agency. 1991a. Risk Assessment Guidance for Superfund 

Volume I. Human Baseline Health Evaluation Manual Supplemental Guidance: "Standard Default 

Exposure Factors" Interim Final. Office Solid Waste and Emergency Response. Washington, D.C. 

March 25, 1991. OSWER Directive 9285.6-03. 

United States Environmental Protection Agency. 1991b. Risk Assessment Guidance for Superfund 

Volume I. Human Baseline Health Evaluation Manual (Part B) (Development of Risk-Based 

Preliminary Remediation Goals). Interim. Office Solid Waste and Emergency Response. 

Washington, D.C. December, 1991. OSWER Directive 9285.7-01B. 

United States Environmental Protection Agency. 1990. National Oil and Hazardous Substances 

Pollution Contingency Plan; Final Rule. Federal Register, 40 Code of Federal Regulations Part 300, 

March 8, 1990. 

United States Environmental Protection Agency. 1989a. Exposure Factors Handbook. Office of 

Baseline Health and Environmental Assessment. Washington, D.C. July 1989. EPA/600/8-89-043. 

United States Environmental Protection Agency. 1989b. Risk Assessment Guidance for Superfund 

Volume I. Human Baseline HEALTH Evaluation Manual (Part A) Interim Final. Office of Solid 

Waste and Emergency Response. Washington, D.C. December 1989. EPA/540/1-89-002. 

United States Environmental protection Agency. 1989c. Interim Final RCRA Facility Investigation 

(RFI) Guidance. Office of Solid waste. May 1989. EPA 530/SW-89-031. 

8-5 


	Revised Draft RCRA Facility Investigation Report for Operable Unit 2 (SWMU 7/8)

	Table of Contents

	List of Acronyms and Abbreviations

	Introduction

	Station Background

	Station Investigation

	Physical Characteristics of Study Area

	Nature and Extent of Contamination

	Human Health Risk Assessment

	Conclusions and Recommendations

	References




