
April 16, 1999 

U.S. Environmental Protection Agency 
Region II 
290 Broadway - 22nd Floor 
New York, New York 10007-1866 

Attn: Ms. Nicoletta DiForte 
Chief, RCRA Caribbean Section 

Re: Contract No. N62470-89-D-4814 
Navy CLEAN, District III 
Contract Task Order (CTO) 0277 
U.S. Naval Station Roosevelt Roads, Puerto Rico 
RCRA Corrective Action Program 
Response to EPA's Comment Letter of March 8, 1999 

Dear Ms. DiForte: 

Baker Environmental, Inc. (Baker), on behalf of the Navy, is pleased to provide responses to the comments 
received in your March 8, 1999 letter. Specific conunents arc addressed pertaining to the following reports: 

• Tow Way Fuel Farm Corrective Measures Study (CMS) Task I Report (November 30, 
1998), and 

• Navy's December 16, 1998 Response to EPA's Conunents on the June 30, 1998 CMS 
Investigation Report for the Tow Way Fuel Fann. 

Each document is addressed separately below. 

Tow Way Fuel Farm Corrective Measures Study (CMS)- Task 1 Report 

There were three major issues reflected in the EPA comments: 

• The clean·up levels 
• The detection ofTCE in well7MW07, and 
• The TechLaw comments. 

1) Clean-up levels 

Attachment 1 to this letter contains a fully revised Section 3.0 and associated appendices ofthe Task 
1 Report. The clean-up goals have been re-calculated based on EPA comments and some re-analysis 
of the various exposure scenarios. All the EPA comments have addressed. 

2) TCE in Well 7WM07 

Attachment 2 to this letter is a work plan for specific investigations in the area of well 7MW07 where 
a significant detection ofTCE occurred in a recent groundwater sample. The investigations extend 
to an adjacent well (7WM08) where a very low level detection ofTCE was found. Since there are no 
intervening wells between 07 and 08, MW08 was included. 
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The work plan contains a map showing all the TCE san1pling results including non-detect locations. 
TCE detections are indicated in blue. It should be noted that UGW24 contained 2 J..Lg/1 TCE. This 
well is included in the investigations in that a confirmatory sampling in this well will be performed. 
The detection is thought to be anomalous since there is no apparent potential source in the area of the 
well, the well is located near the top of the hill in an unlikely location for DNAPL accumulation and 
there are no other detections ofTCE between UGW 24 and 7MW07. 

3) TechLaw Comments 

The two TechLaw comments pertain to the risk assessment and clcan~up goals. These have been 
addressed in the revised Section 3. 0. 

Nayy's December 16, 1998 Response to EPA Comments on the June 30, 1998 CMS Investigation for the Tow 
Way Fuel Farm 

Insert/replacement pages (3-hole punched) are provided in Attachment 3 to this letter. Also, new report covers 
and spines are included which designate d1e report as final. 

All of the EPA comments have been addressed. The paragraphs which follow provide a summary of d1e 
comments responses. For ease of review, the comments arc repeated followed by the response. 

MARCH 8, 1999 EPA COMMENT LETTER 

Comment 

For the responses to EPA's comments #2, 3, 4, and 5, and those given in the TechLaw evaluation included with 
EPA's October 2, 1998 letter, the Navy indicates they accept EPA'sffechLaw's comments; yet instead of 
supplying the appropriately revised text or figure, the letter contains numerous statements to the effect that the 
revised text or figure, etc., will be provided either with the "final submission" or "next submittal". EPA 
requests that within 45 days of your receipt of this letter, the Navy submit an addendum to the June 1998 CMS 
Investigation report, which includes all revised text or figures, etc., as indicated in Baker's December 16, 1998 
letter. Such an addendum may be combined with the Addendum for d1e Task 1 report discussed above. 

Response 
The text and figures corresponding to the comments in question will be revised and submitted as 
insert/replacement pages into the Corrective Measures Study Investigations report. 

The comments from the EPA's comment letter dated October 2, I 998 are listed below with a brief description 
of where the revised figure or text is located. 

OCTOBER 2, 1998 EPA COMMENTS 

Comment .-:1 
2. Please revise Cross Section A-A· and B:Ji ·(Figures 3-2 and 3-3 respectively) to address the following 
EPA comments: ' 

a) The intersection of the two cross sections should be shown on each. 

Response 
A symbol identifYing the location of the intersection of the cross sections has been added to the 
replacement Figures 3-2 and 3~3. 
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Comment 
b) It would be very useful to EPA's understanding of the LNAPVphase separated hydrocarbons (PSH) 
accumulation at Tow Way Fuel F'arm if all such occurrences were reflected tn the wells shown on the two 
cross sections. 

Response 
Symbols have been added to the figures marked with "FP'' to identify the free product level 
encountered during the groundwater level measurements as shown on replacement Figures 3-2 and 3-3. 

Comment 
c) For cross section B-B ', the relationship between the notation "Gabro Bedrock" on the left half of cross 
section (between wells UGW-22 and 7MW05) and the "Weathered Zone" east ofwell MW02, and the 
depicted "Boundary between weathered and Unweathered Bedrock" apparently is erroneously depicted 
Please revise the figure, or explain this anomalous relationship. 

Response 
The description"Gabbro Bedrock" has been changed to "Weathered Bedrock" on replacement 
Figure 

Comment 
e) Does well 7MW08 contain unweathered bedrock at the suiface, as depicted in B-B '? 

Response 
Well 7MW08 does not contain unweathered bedrock at the surface, as depicted in B-B'. After 
reviewing the boring logs for 7MW08, unweathered bedrock was found to have been encountered eight 
feet below the ground surface. Replacement Figure 3-3 has been corrected to reflect this change. 

Comment 
3. EPA requests an explanation addressing the following comments/questions regarding the "Corrected 
Groundwater [Potentiometric] Surface Contour Map", Figure 3-13: 

a) What is the cause and significance of the groundwater"sink" depicted in the area of wells UGW-1 3 and 
UGW-17 (and also UGW-12)? 

Response 
It was determined that the wrong values were input into the model for the three mentioned wells. The 
proper values have been input in the model and the groundwater contour map (replacement Figure 3-
13) has been adjusted accordingly. 

Comment 
4. EPA requests an explanation for the very anomalous relationship between the elevated dissolved BTEX 
and TPH concentrations measured in the groundwater in wells 470~MW1 and 470-MW3, and the non-detect 
to very minimal concentrations of those same parameters in the groundwater at well 7MW01A, which is 
located between those two 470 series wells (refer to Figure 3~14 and Appendix D.3). Also please discuss if 
there are dissolved BTEX and TPH groundwater measurements in nearby downgradient wells UGW15, 
UGW20, 7MW05 and 7MW06, and if so, the measured concentrations? 

Response 
It was determined that the two 470 series wells are screened in the overburden groundwater while 
7MWO 1A was screened in the bedrock. A cross-section showing this has been developed and is 
attached to this response to conunents to assist in viewing the actual conditions. It should be noted that 
no boring logs are available for the two 470 series wells, the total depth of the wells was determined 
in the field during the CMS Investigation. 
There were no detections of dissolved BTEX in nearby downgradient wells UGW15, UGW20, 
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7MW05, and 7MW06 as indicated on Table 3-7 and Appendix 0.3. UGW15 wastheonlywell ofthe 
four listed which detected TPH GRO (110 J.<g/L). UGW15 and UGW20 were the only two wells of 
the four listed which detected TPH ORO {0.18 and 0.065 J pg/L, respectively). Replacement Figures 
3-14,3-15, and 3-16 have been modified to include the non--detected values were appropriate to avoid 
any confusion. 

Comment 
5. Please quantifY the volumes of contaminated soils (both surface and subsurface) as depicted in Figures 
3-4 through 3-12 of the report. Since several figures depict the same depth interval (but different 
constituents/parameters), one composite quantity of contaminated soil for each depth interval may be 
calculated Also, the basis for the volumetric calculations must be clearly described (e.g., all soils exceeding 
the Commonwealth of Puerto Rico's generally applied soil standard of 100 mglkg total petroleum 
hydrocarbons [FPH]). 

Response 
The volumes of contaminated soil above the Conm1onwcalth of Puerto Rico's generally applied soil 
standard of 100 mglkg total petroleum hydrocarbons [TPH]) have been calculated and is provided on 
replacement page 3-4 (Section 3. L2). 

TECHLA W COMMENTS- CMS INVESTIGATIONS REPORT 
Comment 
3.0 PAGE-SPECIFIC COMMENTS 

Page 3-7, Section 3.2.2, Paragraph 4 
The text should indicate that the concentration of trichloroethene (TCE) detected above the maximum 
contaminant/eve/ (MCL) was 2, 000 u.g/L. Since this concentration approaches one criterion for considering 
the presence of dense non-aqueous phase liquid (DNAPL) (one percent oft he aqueous solubility), the facility 
should consider the potential presence of DNAPL in the vicinity of monitoring well 7MW07. Subsequent 
subsurface investigation techniques should be carefully conducted in the area of monitoring well 7MW07 
to screen for DNAPL and to avoid mobilizing DNAPL. 

Response 
The text has been modified to reflect the comment and is provided on replacement page 3-7. 

Comment 
Figure 3-11 
Based on information presented in Table 3-10, Figure 3-17 should be corrected to indicate that the free 
product was detected at monitoring well UGWJO at a thickness of<0.01 feet. Currently, Figure 3-17 
indicates that no free product was detected at monitoring well UGWJO. 

Response 
The figure has been modified as requested and is presented on replacement Figure 3-17. 

Comment 
4.0 EDITOR/ALCOMMENTS 
Figure 3-6, Figure 3+7, Figure 3-9. and Figure 3-12 
The units of measure should be modified from mglkg to uglkg and the contour intervals revised as 
appropriate for consistency with data presented in Table 3-1, the text of the report, and other contaminant 
concentration figures. 

Response 
The units found in Figure 3-6, Figure 3-9, and Figure 3-12 arc correct. The units found in Figure 3-7 
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were changed to Jig/kg as presented in replacement Figure 3-7. Table 3-1 was adjusted to present the 
TPH ORO in mg/kg as presented on replacement Table 3-l. 

Comment 
Figure 3-9. 3-11. and Figure 3-12 
For clarity, sample locations with no available data should be appropriately annotated. Currently, it is 
unclear from the figure if results for the following locations are non-detect or not available: 7DP22, 7DP23, 
7DP28, 7DP27, and 7DP08. 

Resnonse 
Figures 3-9, 3-11, and 3-12 have been revised to identifY samples which are non-detect or not analyzed 
as shown on the replacement Figures 3-9, 3-ll, and 3-12. The not analyzed locations have been 
changed to gray color. It should be noted that Figures 3-4 through 3-12 have been modified to this 
format and are provided as replacements. 

Comment 
Figure 3-11 
The annotation in the legend should be revised to ''TPH GRO Concentration" instead of ''BTEX 
Concentration" 

Res[!onse 
The typographical error has been corrected as presented on replacement Figure 3-11. 

Please do not hesitate to call me at (412) 269-2065, or Mr. Christopher T. Penny (the Navy's Technical 
Representative) at (757) 322-4815, if you have any questions or desire further clarification on the points 
discussed. 

Sincerely, 

BAKER ENVIRONMENTAL, INC. 

Thomas C. Fuller 
Activity Coordinator 

TCF/Ip 
Attachment 

cc: Mr. Christopher T. Penny- LANTDN, Code 18231 (w/attachment) 
Ms. Madeline Rivera - NSRR (w/attachment) 
Mr. Isreal Torres - PREQB (w/attachment) 
Mr. John Tomik - CH2M Hill (w/attaclunent) 
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ATTACHMENT 1 
Revised Section 3.0 of the CMS Task l Reeort 
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3.0 ESTABLISHMENT OF CORRECTIVE ACTION OBJECTIVES 

This s<:ction of the document establishes the site specific objectives for the corrective action. The 

objectives arc based on public health and environmental criteria, information gathered during the 

RFI, EPA guidance, and the requirements of any applicable federal statutes. This section determines 

the potential need for corrective action to mitigate potential risk to human health at the TWIT. 

Mitigation requires the establishment of chemicals of concern (COCs) from a thorough review of 

the baseline risk assessment. Once COCs arc identified, current and future land use is evaluated to 

identity receptors and potential exposure routes. COCs, land usc and exposure can be distilled to 

identify specific corrective action objectives. 

3.1 The J)rocess 

The corrective action objectives consist of specific goals developed for protecting human health and 

the environment. The objectives should be as specific as possible, but not so specific that the 

corrective actions to be developed arc limited. Important components in the development of the 

corrective action objectives include the identification of media of concern/contaminants of concern 

(COCs), identification ofthe exposure routes and receptors, the identification of applicable tcderal 

statutes, and the development of clean-up These components along with the resulting 

corrective action objectives are presented below. 

3.2 Identification of Media of Concern/Contaminants of Concern (COCs) as Determined 

by the Human Health Risk Assessment 

The baseline RA for the TWFF identified the potential for human health risk to on site workers and 

future residents exposed to soil atlcctcd by related activities. Contaminants of concern (COCs) 

in surface soil include the polynuclear aromatic hydrocarbons (PAHs) benzo(a)pyrcne (maximum 

detected concentration = 17 mg/kg) and benzo(a)anthracene maximum detected concentration = 23 

mg/kg). Onsite construction workers exposed to surface soil containing PAHs exhibit an 

incremental I ifetirne cancer risk (ILCR) of 3.4 x l o-4, which exceeds the upper end of USEPAs 

generally acceptable risk range. Benzo(a)pyrene and benzo(a)anthracene were responsible for 

approximately 80 percent of this value (2.8 x 1 04
). Bcnzo(a) pyrene (maximum detected value= 7.4 

mg/kg) and benzo(a)anthracene (maximum detected value= 0.98 mg/kg) were also detected in 
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subsurface soil at lower concentrations. As a result, the corresponding ILCR value for construction 

workers falls within USEPA generally acceptable risk range of I x 1 0·6 to 1 x I 0-4 for subsurface soil 

exposure. 

PAHs were also responsible for unacceptable ILCR values for both future potential adult ( 4.7 x I o-4
) 

and child (2.9 x l0-4
) residents. No other contaminant caused unacceptable carcinogenic or 

noncarcinogenic human health risks under the scenarios evaluated in the baseline RA. 

Groundwater, if used tor potable purposes, would also pose unacceptable human health risks. The 

presence of benzene (maximum detected concentration= 13,500 ,ug/L) is responsible tor 86 percent 

of the ILCR. Dissolved arsenic detected at a concentration of 6.6 pg/L in one groundwater sample 

accounted for the remaining 14 percent of the groundwater ILCR value. The presence of toluene, 

ethylbcnzene and total xylenes were detected at maximum concentrations of 34,400, 95,700 and 

139,500 pg/L, respectively and produce unacceptable noncarcinogenic risks to both children and 

adults. Ethylbenzene was responsible for 58 percent of the total hazard indices of6.6 (children) and 

3.4 (adults). Levels of these contaminants evaluated for the inhalation pathway did not produce 

unacceptable ILCRs or His. 

Results of the baseline RA identified media and contaminants of concern at TWFF. These include 

surface soil and groundwater. Because of likely contaminant transport pathways and the presence 

of PAlls in subsurface soil and groundwater, subsurface soil will also be retained as a medium of 

concern. COCs in both surface and subsurface soil include bcnzo(a)pyrenc and benzo(a)anthracene. 

Benzene, toluene, ethylbenzene and xylenes, though not detected in soil at concentrations posing 

unacceptable risks will be retained for further evaluation in soil. 

Groundwater COCs include arsenic, benzene, toluene, ethylbenzene and xylenes. Arsenic will not 

be retained as a COC because it was detected in only one dissolved groundwater sample and is likely 

present because of natural conditions at the TWFF. The PAHs benzo(a)pyrene and 

benzo(a)anthracene will not be considered as groundwater COCs because of their relative 

immobility in environmental media. The water insolubility of benzo(a)pyrenc and 

benzo(a)anthracene is likely the reason for their detection in surface and subsurface soil but not the 

groundwater itself. Any soil remediation concerning PAHs will further inhibit their ability to reach 

groundwater and adversely affect water quality at the TWfF. 

3-2 
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3.3 Exposure Routes and Receptor·s 

Exposure routes considered in the baseline RA include dermal contact and accidental ingestion of 

contaminants in soiL The inhalation of fugitive dust was also considered for both surface soil and 

subsurface soil in the event that construction activities would bring subsurface soil borne 

contaminants to the surface where they would be exposed to wind action. Both current construction 

workers and future potential residents could be exposed to contaminants by these pathways. 

Groundwater was evaluated as a potable source for future potential residents. This conservative 

scenario considered direct dermal contact, ingestion and inhalation of volatiles emanating from 

showers. Also considered was the potential exposure of construction workers to contaminants in 

shallow groundwater. Because groundwater can be quite shallow at the TWFF at certain times of 

the year, construction workers digging to depths of 4 feet may well be exposed to contaminated 

groundwater. This pathway and a more likely nonpotable residential groundwater use scenario will 

be evaluated in this CMS Task l repmi to establish potential clean-up levels tor the TWFF. 

3.4 Clean-Ull Goal Options and Clean-up Levels 

The selection of clean-up levels begins with an evaluation of clean-up goals. Clean-up goals can 

be regulatory criteria, risk-based criteria or a combination of both. This section presents all pertinent 

risk-based cleanup goals and applicable regulatory criteria for media of concern and COCs identified 

for the TWFF The purpose of this section is to insure that all pertinent and applicable criteria arc 

evaluated so that the most reasonable and conservative clean-up levels can be selected to protect 

human health tor current and likely future property use. Clean-up goal options are presented in 

Table 3-1. 

3.4.1 Pertinent Regulatory Criteria 

Pertinent regulatory criteria for the TWFF include RBCs and an evaluation of Maximum 

Contaminant Level (MCL) values. MCLs will be presented for comparative purposes only because 

groundwater is not currently used as a potable source and is not likely to be used as such in the 

future because the Station has a dedicated water source in the mountains which is conveyed by 

pipeline to an on-Station treatment plant which has excess capacity. A description of RBCs and 

3-3 
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MCLs are presented in the following paragraphs. 

Region Ill (Ri.':>k Based Concentrations) RBCs- RBC values are derived using conservative 

US EPA promulgated default values and the most recent toxicological criteria available. The RBCs 

for potentially carcinogenic chemicals are based on a target Incremental Cancer Risk (ICR) of 

I xI o·(•. The RBCs for noncarcinogens are based on a target hazard quotient of 1.0. For potential 

carcinogens, the toxicity criteria applicable to the derivation of RBC values are oral and inhalation 

cancer slope factors (CSFs); tor noncarcinogens, they are chronic oral and inhalation reference doses 

(RtDs). These toxicity criteria are subject to change as more updated information and results from 

the most recent toxicological/epidemiological studies become available. Therefore, the usc of 

toxicity criteria in the derivation of RBC values requires that the screening concentrations be 

updated periodically to reflect changes in the toxicity criteria. The RBC table is issued on a semi

annual basis and was recently updated in October, 1998. 

Maximum Contaminant Levels - Groundwater Standards - 40 CPR 161- MCLs arc 

enforceable standards for public water supplies promulgated under the Safe Drinking Water Act and 

arc designed for the protection of human health. MCLs are based on laboratory or epidemiological 

studies and apply to drinking water supplies consumed by a minimum of 25 persons. They arc 

designed for prevention of human health effects associated with a lifetime exposure (70-ycar 

lifetime) of an average adult (70 kg) consuming 2 liters of water per day. MCLs consider the 

technical feasibility of removing the contaminant from the public water supply. Because the 

uppermost aquifer at the site will not be used for potable purposes, the MCLs do not necessarily 

apply. 

3.4.2 Human Health Risk-llascd Preliminary Clean-up Goals 

In conjunction with pertinent regulatory criteria, site specific risk-based cleanup were 

developed for TWFF groundwater and soil The methodology used to derive the risk-based 

cleanup levels was in accordance with USEPA Risk Assessment Guidance for Superfund, Parts A 

and 8 (USEPA, 1989 and USEPA, 1991 ). For noncarcinogenic effects, risk-based cleanup levels 

were calculated tor significant human exposure pathways that target a Hazard Index (I II) of 1.0, or 

unity. COC concentrations in a given medium that are less than a corresponding risk-based cleanup 

level indicate that systemic health effects will not occur subsequent to exposure tor even sensitive 

3-4 



Revised: April 16,1999 

populations. For carcinogenic etTects, risk-based cleanup levels were calculated that target an ICR 

range of I x I o-6 (one in a million) to 1 x 104 (one in ten thousand) that would be expected to result 

from exposure to a potential carcinogen over a litctime, from all significant exposure pathways for 

a given medium. Based on the National Contingency Plan (NCP) (40 CFR 300.430), acceptable 

exposure levels, for known or suspected carcinogens, are generally concentrations that represent an 

ICR between I x I 0-4 and I x I o-<>, with the latter ICR representing USEPA 's point of departure. 

Derivation of specific cleanup goals involve the identification of the most significant exposure 

pathways and site specific exposure factors. The following exposure scenarios were considered in 

determining total site cleanup levels associated with groundwater and soil at the TWFF: 

• Accidental ingestion of soil (future adult and child residents, military residents and 

dependents, current construction workers) 

• Dermal contact with soil (future adult and child residents, military residents and 

dependents, current construction workers) 

• Accidental ingestion of groundwater during construction activities (current 

construction worker) 

• Dermal contact with groundwater during construction activities (current 

construction worker) 

• Accidental ingestion of groundwater using a beneficial use scenario (future adult 

and child residents, military residents and dependents) 

• Dermal contact with groundwater using a beneficial use scenario (future adult and 

child residents, military residents and dependents) 

In addition to these scenarios and exposure routes the inhalation pathway was evaluated for 

commercial workers and future residents using the benzene RGO in a volatilization calculation 

(Farmer et al., 1980) and dispersion model (Horst, 1979). 

It is extremely unlikely that the TWFF would ever be developed into a residential area given the 

topography of the area and the fact that the presence of the TWFF is critical to the mission of the 

station. Groundwater is not currently used for potable purposes since a dedicated source of water 

is available from El Yunque which has redundant capacity to supply all of NSRR present and 

projected needs. Also, it is known based on investigations performed at the site to date that the yield 
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of the uppermost aquifer is insufficient to be used as a potable source. Based on these 

considerations, cleanup levels were calculated for groundwater using: 1) a residential beneficial 

(nonpotable- i.e., watering lawns and washing cars) use scenario fix the future adult and child 

resident; and 2) a direct contact scenario during construction activities by onsite construction 

workers. 

In accordance with USEPA guidance, noncarcinogenic health effects were estimated as hazard 

indices for human populations (including sensitive subgroups, that may be exposed without adverse 

effect during a lifetime or pati of a lifetime, incorporating an adequate margin or safety). The 

cleanup level incorporated the exposure time (hours/day) and/or frequency (days/year) that 

represented the occurrence or exposure along with averaging time, which was the period over which 

exposure was averaged. Carcinogenic health effects were calculated as an incremental lifetime 

cancer risk in the baseline Risk Assessment (RA), expected over the course of a potentially exposed 

individual's lifetin1c (70 years). 

The risk-based cleanup levels are the most applicable cleanup levels at the TWFF. The risk-based 

cleanup levels are site-specific, while the RBCs and MCLs are designed to cover a broad range or 

sites and may be too conservative for the TWff scenario. ln particular, the groundwater MCLs and 

tap water RBCs are calculated based on a drinking water scenario in which a 70 kg adult drinks two 

liters of water per day. As previously mentioned, it is unlikely that the TWFF will be developed into 

a residential area or the uppermost aquifer be used for potable water since the yield is insufficient 

to be used as a potable source. Additionally, there is currently a dedicated source of water at the 

TWFF. The use of site-specific cleanup goals is consistent with NCP guidance ( 40 CFR 300.430). 

The estimation methods and models used in this section were consistent with current USEPA risk 

assessment guidance (USEPA, 1989 and 1991 ). This evaluation was conducted to assure that media 

and contamination at the site would be addressed on a site-specific basis. Cleanup levels were 

developed, with site-specific inputs, for the groundwater and soil COCs. Risk-based cleanup level 

calculations and calculations for potential inhalation exposure pathways are presented along with 

exposure inputs in Appendix A. 

3-6 
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3.4.3 Selection of Clean-up Levels 

Because of the current propet1y use at TWFF and the continued operation of the Station by the DoN, 

cleanup goals were selected assuming current land use and the most likely current human receptors. 

Table 3-2 presents the proposed cleanup levels for TWFF. These values were selected to protect on

Station construction workers from contaminants in soil, subsurface soil and groundwater. Selection 

of residential cleanup goals would be overly conservative because there is currently no on-Station 

housing at the TWFF, nor is residential use of the property likely to occur in the future. To ensure 

the protectiveness of any subsequently selected remedy, institutional controls (i.e., restrictions 

prohibiting future residential property usc) must be included as part of the corrective measures 

alternative. 

A comparison of proposed soil cleanup goals to soil RBC values provides an analysis of residual risk 

associated with the selection of military residential proposed clean-up levels. Benzene at 345 mg/kg 

exceeds the residential soil RBC value of 22 mg/kg by a factor of approximately 1 5.7. This is 

analogous to a future residual risk to residents of approximately 2 x 1 o-5
, which is within USEPAs 

generally acceptable risk range. This risk is not significantly increased when exposure to benzene 

through volatilization is considered. A cleanup goal of 345 mg/kg benzene in soil produces a 

residual risk to inhabitants of only 2 x I o-9
. 

Cleanup goals were also established for the potentially carcinogenic PAils benzo(a)pyrene and 

benzo(a)anthracene. A cleanup goal of 1.1 mg/kg benzo(a)pyrenc and I 0.5 mg/kg 

bcnzo(a)ahthracene corn pared to Region III RBCs would result in a cancer risk of approximately 

1.5 x w-s for future residents. ;\cumulative risk to benzene and potentially carcinogenic PAHs for 

future residents would be approximately 3.5 x J0-5
, a value that falls within USEPA's generally 

acceptable risk range. 

Proposed cleanup goals for noncarcinogens derived for construction workers are higher than 

residential RBC values or cleanup goals for military residents. Therefore, institutional controls will 

be necessary to preclude property at the TWFF from future residential usage. Proposed soil cleanup 

goals were also derived for TPH assuming that the TPH detected in soil is residual JP-5. Although 

TPH at TWFF may be comprised of other fuels (marine diesel or gasoline), the proposed clean-up 

goals provides a quantitative benchmark tor evaluating TPH results other than disposal limits. A 
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qualitative goal was established for the remediation of phase-separated hydrocarbons (free product) 

in groundwater. A goal ofO.I foot is established based on the limits of technology to recover phase 

separated hydrocarbons (PSH). Technologies will be discussed in detail in subsequent sections of 

this CMS Task I report and in the CMS Tasks 2 and 3 reports. 

Proposed groundwater cleanup goals cannot be compared to residential groundwater RBCs which 

consider the potable usc of groundwater. Because groundwater is not used as a potable supply at 

TWFF, selected cleanup goals should be cotnparcd to other risk-based goals to determ inc overall 

protectiveness. Because groundwater is shallow at TWFF, the most likely human receptors would 

be construction workers who come into contact with affected groundwater during excavation 

activities. Construction worker cleanup goals are more conservative than residential, nonpotable 

groundwater usc cleanup goals. This is a function of the acute nature of potential exposure by 

construction workers ( 180 days per year for a I year period) and the duration of potential exposure 

to contaminated groundwater (I hour per day). As a result, groundwater clean up goals for potential 

construction workers will be established for noncarcinogens to ensure that goals are protective for 

any likely property use at TWFF, precluding potable use. 

3.5 Cm-rective Action Objective 

Corrective action objectives are specific goals for protecting human health and the environment. 

The corrective action objective identified for the TWFF is to establish a remedial action which 

protects human health and the environment by meeting or exceeding the clean-up goals described 

in the previous section of this report in a cost effective, economical manner. 
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TABLE 3-1 

CLEAN-UP GOAL OPTIONS 
CORRECTIVE MEASURES STUDY TASK I REPORT 

TO\V WAY FUEL FARM 
NAVAL STATION ROOSEVELT ROADS 

Pertinent Criteria Risk-Based Clean-up Goals 

Chemical 
of Region III Federal Future On-Site Residents 

Concern RBCs 

GW Air Soil Ind. Soil Res. 

Jlg/L Jlg/m3 mg/kg mg/kg 

Benzene J8~fp~~ 200 22 

Toluene 270 410,000 16,000 

Ethylbenzene 1,300 140 200,000 7,800 

Total Xylenes 12,000 2,700 -- 165,000 

TPH (JP-5) -- -- -- --
Benzo (a) pyrene 0.009 0.002 0.78 0.087 

Benzo (a) anthracene 0.09 0.008 7.8 0.87 

- Indicates no value or value is I 00% of a given medium 
(l} Non-potable use scenario 

MCLs 

Jlg/L Jlg/L 

5 340 

1,000 1 LOOO 

700 4,000 

10,000 1,092,000 

-- LOOO 

0.2 NA 

-- NA 

(lJ Volatilization Pathway evaluated using Farmer et at., 1980 and Pasquill & Horst, 1979 
(
3l Volatilization Pathway evaluated using Farmer et.a!. 

(4l Assumes a 4-year tour of duty for both military personnel and dependents. 
* Air evaluated using the benzene soil cleanup goal for residents and construction workers. 

Air13J Soil 

Jlg!m3 mg/kg 

* 25 

-- 12,500 

-- 6,250 

-- 125,000 

-- 1,100 

-- 0.09 

-- 1.0 

Military Residents14l 

GW 

~ !J.g!L 

800 * 37 

11,000 -- 12,500 

4,000 -- 6,250 

\,092,000 -- 125,000 

1,000 -- 1,100 

NA -- 0.13 

NA -- 1.3 

Construction Workers 

GW Air2) Soil 

JlglL J.Lg/m3 mg~ 
2,100 * 345 

5,500 -- 28,500 

2300 -- 14,000 

615,000 -- 285,000 

340 -- 2,100 

NA -- 1.1 

NA -- 10.5 



TABLE 3-2 

PROPOSED CLEAN-UP LEVELS 
CORRECTIVE MEASURES STUDY TASK I REPORT 

TOW WAY FUEL FARM 
NAVAL STATION ROOSEVELT ROADS 

Chemical of Concern Soil Groundwater 
Clean-up Lcvcl< 1l Clean-up LeveJP~ 

mg/kg J..Lg/L 

Benzene 345 800(l) 

Toluene 28,500 5,500 

Ethylhcnzcnc 14,000 2,300 

Total Xylenes 285,000 615,000 

TPH (JP-5)/PSH 2, I 00 O.t<Jl 

Benzo (a) pyrcnc 1.1 NA 

Henzo (a) anthracene 10.5 NA 

(ll Based on the Military Resident Scenario. Volatilization evaluated using the infiltration of foundations 
from both subsurface soil and groundwater. 

<
21 13ascd on construction worker scenario unless otherwise noted. 

01 PSI!- Phase Separated Hydrocarbons. Applies to groundwater only and is units of ft. 

NA Not Applicable. 
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APPENDIX A. I 

EXPOSURE INPUT PARAMETERS FOR FUTURE RESIDENT CHILDREN AND ADULTS 
SURFACE SOIL AND GROUNDWATER 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

Input Values 

Child 
Input Parameter Media Units (l to 6 years) Adult 

ED, Exposure Duration Soil/Groundwater years 6/4 24/4 

EF, Exposure Frequency Soil/Groundwater days/year 350 350 

ET, Exposure Time Groundwater hrs/day 1.0 1.0 

IR, Ingestion Rate Groundwater L/day 0.054 0.054 

Soil mg/day 200 100 

SA, Surface Area Soil/Groundwater cm1 2,006(3) 5,300(3) 

RR, Respiration Rate Air (Fugitive m3/hr 0.83 0.83 
Dusts) 

FI, Fraction Ingested Soil unitlcss 1.0 1.0 

ABS, Absorbance Factor Soil unitlcss Chemical Chemical 
S pecific<4l Specific(4J 

AF, Adherence Factor Soil mg/cm2 0.2 0.2 

BW, Body Weight Soil/Groundwater kg 15 70 

PC, Pcnneability Constant Groundwater cm/hr Chemical- Chemical-
Specific Specific 

AT ne• Averaging Time -
Noncarcinogens Soil/Groundwater day 2,190/1460 8,760/1460 

ATe, Averaging Time-
Carcinogens Soil/Groundwater day 25,550 25,550 

Notes: 

(ll Frequency conservatively assumes 2 ck'lys per weekend, every weekend for 12 months. 

OJ Represents total body surface area. 

(Jl Represents approximately 25% of the total body surface area. 

Comments/References 

USEPA, l99la/Site 
Specific Information<5l 

USEPA, 199la 

USEPA, l989a 

USEPA, 199la 

USEPA, 1989b 

USEPA, I989a and 
l992a 

USEP A, 199la 

USEPA, 1989b/ 
Professional Judgement 

USEPA, 1995a 

USEPA, 1997 

USEPA, 1989b 

USEPA, 1992a 

USEPA, 1989b/Site 
Specific Information<;;:~ 

USEP A, 1989b 

(
4> The following USEPA Region Ill 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 nunHg)- 3% 
SVOCs -lO% 
Arsenic- 3.2% 
Iuorganics - l% 

<SJ Assumes a 4 year tour of duty for enlisted personnel and dependents. 



APPENDIX A. I (Continued) 

EXPOSURE INPUT PARAMETERS FOR FUTURE RESIDENT CHILDREN AND ADULTS 
SURFACE SOIL AND GROUNDWATER 
NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

References: 

USEPA, 1997. E~.:posure Factors Handbook, General Factors-Volume I. August, 1997. EPA/600/P-95/002Fa 

USEPA, 1995a. Assessing Dem1al Exposure from Soil. 

USEPA, 1992a. Dennal Exposure Assessment: Principles and Applications - Interim Report. 

USEPA, 199la. Risk Assessment Guidance for Superfund, Volume 1 - Human Health Evaluation Manual 
SupplcmcntaJ Guidance. "Standard Default Exposure Factors." Interim FinaJ. 

USEPA, 1989a. Exposure Factors Handbook. 

USEPA, l989b. Risk Assessment Guidance for Superfund, Volume I- Human Health Evaluation Manual (Part A) 
Interim Final. 



APPENDIX A-2 

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 

FI, Fraction Ingested 

ABS, Dermal Absorption Factor 

AF, Adherence Factor 

BW, Body Weight 

ATnc• Averaging Time-
Noncarcinogens 

AT., Averaging Time-
Carcinogens 

Notes: 

NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

Input 
Units Values 

years I 

days/year 180 

hrs/day 8 

mgjday 480 

cm1/day 4,100(1) 

m3fhr 1.25 

unitless 1.0 

unitless Chemical-
spccific(2l 

mgjcm2 I 

kg 70 

days 365 

days 25,550 

Comments/References 

USEPA, 199la 

USEPA, l99la 

USEPA, 199la 

USEPA, 199la 

USEPA, 1992a 

USEPA, l989a 

Professional Judgment 

USEPA, 1995a 

USEPA, 199la/1992a 

USEPA, 1989b 

USEP A, 1989b 

USEPA, 1989b 

(IJ Skin surface area available for contact for an individual wearing a sleeveless shirt, long pants, and shoes. 

(l) Tite 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 nunHg)- 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 Applications- Interim Report. 

USEPA, 199la. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual 
Supplemental Guidance. "Standard Default E::\:posurc Factors." Interim Final. 

USEP A, 1989a. Exposure Factors Handbook. 

USEPA, 1989b. Risk Assessment Guidance for Superfund. Volume I- Human Health Evaluation Manual {Part A) 
Interim Final. 
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FUTURE RESIDENllAL ADULT 
SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGs) 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
CORRECTIVE MEASURES STUDY-TASK I, TOW WAY FUEL FARM 
US NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

RGOs from ace:C:en:al ongestion and derr.1al con~act wi~h so. I are calculated as follows. 

RGOc (mglkg) = ICR~(Ing 'CSFo)+ (Oerm'CSFd)] 
RGOnc (mg/kg) = HQ/((Ing/RfOo) + (Derm/RfOd}] 

lng = IR'ED'EF'CFIATc or ATnc'BW 
Derm = SA'ED'EF'AF'ABS'CFIATc or ATnc'BW 

\'Vhere: 

I C R = apporti o11ed target incrementa I cancer risk_ uni tl e ss 
H Q = target hazard quo I ient, u n itle ss 
R GOc = carcinogenic con~am ina nt concentrat 1on in surf ace so1l, m g 
R GOne = no:ncarcinoge-n ic conta m i11ant concentrat;on in swi ace soi 
AT c = averaging lime for carcinogen. days 
ATnc =averaging time for non carcinogen. days 
CF =conversion factor, kg/mg 
CSFo =oral cancer stope factor. (mglxg-day)-t 
CSFd = dermally adjusted cancer slope /actor, (rng/kg-day)·' 
RIDo = or at reference dose. m glkg -day 
RID d = derma lly adjusted ref e renee dose, m glkg-day 
ED = exposure duration. years 

EF = exp-osure frequency, days/year 
IR = ingestion rate, mglday 
BW = body weight, kg 
SA = skin surf ace a rea a va 11 able for conlact. cm2 
AF = soi I to skin adh e renee I actor, m glcm 2 
ABS = Absorption Factor, unitless 

No! e: lnpu~ s are seen a r1o and s 1te specific 

I ICR HQ bsorptio:n 

I C ontam ir.ant 
Factor 

! 
(unit less) 

I VOLATILES i 10(06 Ben-zene 1.0 0.10 
Toruene 1.0 010 

1 
Ethylbenzene 1 0 0.10 

!Total Xylenes 1.0 0.10 
:JP-5 1.0 0.10 

SEMIVOLATILES 
B enzo{ a) pyrene 1 OE-06 - 0.10 
Be nzo{ a) anthracene 1.0E-06 .. 0.10 

31,5~ 
~ 

Slope 
Factor 

mglkg-day)· 

2.90E-02 
.. 
.. 
.. 
.. 

7.30E+OO 
7.30E-01 

llif'.J..IIS_ 

1E-06 
1.0 

calculated 
calculated 

25550 
8760 

0.000001 
cs 
cs 
cs 
cs 
24 
350 
100 
70 

5300 
0.2 
cs 

Reference 
Dose 

(mglkg-day 

300E-03 
2.00E-01 
l.OOE-01 
2.00E+OO 
2 OOE-02 

.. 

.. 

ermafly Adj 
Stopa Facto 
mglkg-day)· 

3.63E-02 
.. 
.. 
.. 
.. 

1.4€E+01 
1.46E+OO 

Derm. Adi lngestion DerMal 
Ref. Dose Dose Dose 

(mglkg-day Care Care 

2.40E-03 4.70E-07 4 98E-07 
1.60E-01 4.70E-07 4 98E-07 
S.OOE-02 4.70E"J7i 4.98E-07 
1 6GE+OO 4.70E-07 4 98E-07 
1.00E-02 4.70E-07. 4 98E-07 

.. ~.70E--D7 4 98E-07 

.. 4.70E-07. 4 98E-07 

lngestio~ I Dermal RGO 
Dose Dose Care 

N oncarc Non care (mglkg) 
; 

31" 1 37E-06c 1.45E-06 
1. 37E-06: 1.45E-06 
1 37E-06~ 1 45E-06 
1 37E-06; 1 45E-06 
1 37E-o6: 1 45E-06 

i 

1.37E-06: 1 45E-06 009 
1 37E-06i 1 45E-06 0.93 

! 

::: 

RGO ! 

Noncarc I 
(mg/ko) 

I 

942 I 
62,796 
31,398 

627,957 
4,679 

.. 

.. 

-1 
tf, 3 xlo 



FUTURE ON-SITE ADULT RESIDENT 
FUTURE BENEFICIAL USE SCENARIO 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
CORRECTIVE MEASURES STUDY-TASK I, TOW WAY fUEL fARM 
US NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 
YORKTOWN, VIRGINIA 

R GOs from fngesti on and derma! contact with grou n dwa',e r are ca!cu I a ted as to II ow s: 

RGOc (mgiL) : ICRI([Ing + Demn][CSFJ) 
RGOnc (mgiL): HQ*RIDI(Ing + Derm) 

lng : IR"EF*EDI{ATc or ATnc*BW) 
Derm: SA*EF*ET*PC*ED*CFI(ATc or ATnc*BI'.~ 

HQ =haur-a-~uoh~MI :urilless) 

R'GO'IC z 'l()o"ltai'Cinoge~k: C<Jn1BI'T11Mrf. tor<:en1ratl0~ nwat-tr (ug.'L) 

ATe z BYIE'I'llg'rtg t'l"!'e l'ot ~~'"Cn::Jgen (d!I~SI 

CF "' ~on~e>siO~ fa~r -:o 00' Ll;::m3) 

CSII'" caro::-er si!Y.lt' fa..:l:or 1'1"9-''kg-d~~·)-1 

RID"te'tnrK:e-:lou[.,-.g.ikg-:lay) 

EF -"hpoSLM!!I'rl!<:lutrK:r~da·fs•yea') 

BWzbo-:lyw-t!igh1{kg) 

ET'"' ~:o:posLXe Urnt {I"Kiul'$.1dlyl 

PC=pef""rro!Bbiit't C01'1Sl:Bn1•:crnohr:· 

NO':e li"IC'll'ls art! scenario and s~e speciftc 

ICR "' ~ermeabilt~~ 

Conltflrt 

so,. 

il'atlor I 
;~n1a11irart lcrnohn Mi)l'o:g-a.y)-

Vot.Ant.ES-

!!ienze.M 1.0E-OS 1.::0 0.02 :<:.OOE-02 

To~11!- " 10C 

:t:11Tp"bl!-<"l.ze-ne- " "'' 
Tolar X~ltn~s ,., O.Dil 

JP·S. H} -.oo 

; 

S EMIVOLA Tlt.ES I 

I , OOE-~ I Benz:::-:a:p~rene 

Jerrrary . .!.d1j 

SklptFactor. 

~•kg-<lay;,_ 

~ •XIE~~3 

'1'-.PIJTS 

0.00:1 

40 

005 

530::0 

,, 

Refereru-

Do~ 

(~·'1<-;!-C'a~) 

3.S3E...Ol 

:<:.OOE.IJ1 

'OOE...01 

200E+OC· 

2.00E...02 

C-errralt~ A~l ln;eslicn 

~ef Do'!le Om 

(11'9-•l<g--da~) C!rC 

2 40E...O~ 2'5BE.(;5 

1 £OE...01 26SE..:S 

BOOE...OZ :2"'58E.(;5 

f-50E.J-00 2'5BE..:S 

1 OOE...OZ :l'5BE.(l5 

Oemal Ingest-or- De mal =me RGO 

.Jose Close Dose C•~ 

Care 'lorc~rc !o.lot"J:;!JrC (11'9."~:· 1m~.'l! 

5.97E...OS 7BJE-IY.: '74E-O<I -~ 3~"!1 ,~ n 

2.e-.:~E-ro 7BJE~ BJOE.(I:3 " 
341E-03 7BJE-05 9~E-DJ 

2.28E·O<I 7B3E..OS 61S4E-D4 2.20~ 

2.e..:;E·03 ~ SSE-04 e. ~OE-03 



SITE: Naval S tali o o Roo seve It R oa:Js - On srte Ad uf!s 
LOCATION: Tow 'Nay Fuel Farm 
JOB~ 

DATE: 4/14/99 
SCENARIO CALCULtl TE Tr'S HYPCTHE~ICAL VAPOR INTRUSION THROUGH CRACKE::> f'OUND.~ TIO~S FO" !'UiU~E R ~s·D~NTS 

PURPOSE: THIS SPRE.~DSHEET CALCU'~TED THE HYPOTHETtCtiLI N>IL TR.~ TION OF Vti"OR p-~ASE CONSTITUENTS FRCI,' GRCUNO'NATE ~ cHROUGH A FOUND.~ TION V~~H SOliE CR~.CKI NG AND THE CCRR :OSPONDING RISKS 
ASSOCitiTED v,nH Th'S EXPOSURE PATH'NAY. CONSERVA~IVE ASSUMPTIONS ARE USED IN THIS SCENA.RIO WHICH IS DESIGNED TO RSP~ESSN~ FUTURE RESIDENTS 
INHALA rON RATES. BODY WEI·GH~S. AND EXPOSURE DURATIONS ~.RE ~ AKSN FRO'~ THE MOST RECENT UTERATUR :0 

Q = [28'(b'3)'(1)/(F)]'{P1-P2)'(Csg) (11URPHY 1985 & 1986;• 

where: 0 =THE CONTA~~INANT EMISSIO~ TYROUGH .A CRA::'~ED FOUNDATIO~· (mgls) 
b = THE CRACK '.'.10TH (O.Smm) 
I= THE TOTAL CRACK LENGTH {em) 
F =THE FOUNDATION THICKNESS (10-20cm) 
(P1-P2) =THE PRESSURE DIFFERENCE BET\'.':' EN THE INSIDE AND THE OUTS'D~ pvNES/cm'2) 
Csg =THE CONSTITUENT CONCENTRtl TION IN SOIL GAS (mg/cm'3) 

Csg = {H/Ri)'Cg (MURPHY 1985 & 1 986) 

where: H = KENRY'S CONSTANT (a\m'm'3htol.) 
R =THE IDEAL GAS CONSTANT (L'atm/mot.• K) 
T = THE TEMPERATURE OF THE SOIL (293 K) 
Cg = TKE CONSTITUENT CONCENT~t\TION !N THE GROUND 'Nt\ TER (mg/ml) 

(P1-P2) = 1.176E-2'(d)'(T -TO/TO) (MURPHY 1985 & 1986) 

where: d = THE DISTANCE TO A POINT OF .~EUTRAL PRESSURE (m:• 
T.TO =THE INDOOR AND OUTDOOR TEMPERATURES {K) 

Ca = (QIX'Qa)'(1-e'(-KN)'(Qa)'(t)) + Cs'e-{KNt;Qa)'(t) (WADDEN et al 1983) 

where: Qa =THE AIR FLO'ivRATE THROUGH THE C'NELLING (m·'2/hr) 
K = THE MIXING FACTOR 
V =THE ROOM VOLUME {m'3) 
Cs =THE BASELINE INDOOR AIR CONCENTRATION (rtg/rt'3) 
t =TIME {s) 

as time approaches infinity, a steady state is approac.""Jed a:id the equation reduces to ... 

Ca = Q/Qa 

where: Qa = Vd'AE 

and: Vd =THE ROOM VOLUME (m'3) 
AE =THE AIR EXCHANGE RATE (l1r'-1) 
Ca =THE AMBIENT MR CONCENTRATION (mg/m'3,> 



CO~IS'"ITUENTS 

benzene 

Cg 
r1'glmL 

8 OOE-04 

CARCINOGENIC CONSTITUENTS 

DOSE= Ca'RR'D'EV'ED'ABiB'A"70yrs•365d/yr (USEP.>. C988) 

where: RR =THE RESP:RA 710N RATE (m3/hr) 
D THE WDR'<'JAY LENGTH (hr/d) 
EY = 7HE ~U~BER OF EXPOSURES PER vEAR 
ED= THE EXPOSURE DU~A TiON (yrs) 
AB THE ABSORBED F~ACTION OF T'~E C8NSTITUENTS 
B'N 7>1E 'lECEPTOR 2·0DY 'NEIGHT (Kg) 

NOI,CARCINOGENIC CONSTITUENTS 

DOSE Ca'RR'O'.A.B/B'N' (USEP.''. 1S88) 

whe'e RR THE RESPIRATlON RAE {m3/hr) 
D THE \lliORKD.AY LENGTH (hrtd} 
~.B =THE ABSORBED F'l.ACTION OF TfiE CONSTITUENTS 
SW THE RECEPTOR 80'Jv 'N"E:IGI-'7 (Kg) 

========== ========== ========== ========== ===---==== ========== ========== ========== ========== ========== ========== ========== 

5 50E-03 

mm em m 
d 

m 
(P,-P2) 

dyr'es/cm-'2 

========== ========== ========== ========== ========== ========== 
24.055 1 83E-04 0.5 15 11400G 15 2.96E-03 

0 
mgls 

AE 

========== ========== ========== ========== ========== ========== ========== 
1 44!':-02 34200 0.5 17100 842E-07 

========-'=============== ========== =========== ========== ========== ========== ========== ========== ========== ===··===== 
CONSTITUENTS 

benzene 

TOTAL 

D 
hrld 

::v 
dlyr 

350 

ED 
yr 

24 

BW 
Kg 

C.A.RC. 
DOSE 

mq!Kqld 

NO'<CARC 
DOSS 

r1'g/Kgld 

CPF RO !CR HI COIJMENTS 

mg/Xgld 
========== ========~~ ~=====~=== ~========= ========= ========== =====,,=== =====,,== ===,,==,,== ========== ========== ========== 

70 7 59E-G8 0 COE+OO 0029 0 2.20E-09 O.OOE+OO 

2 20E-09 0 OOE+OO 



Volatilization Emissions Analysis- Onsite Resident Adults 
Farmer et al. (USEPA, 1980) 
Volatiles Emissions from toxic landfills 

Ei is emission rate of chemical i given the chemical, temperature of subsurface environment (T), depth of contamination (d), and concentration in soil (Cw). 

Area of the site is (A). 

CONTAMINANTS 

Benzene 

Mol. Wght. 
{gLmQl) 

78 

Naer Field Box Model 

p 

(mmHg) 

95 

Pasquill, 1975 and Horst, 1979 

Dc(10o C) 
(cm2/sec) 

8.20E-02 

pt 

0.3 

I 
(K1 

283 

Csi 
(g/cm3) 

A 

2.E+08 

Takes Emission Rate to the breathing zone. Input width of contaminated area and annual mean wind speeds. 

CONI AMINANTS Hb u10 urn Wb Ca 
£m1 (m/sec) {m/sec} £m1 (glm_3l 

Benzene 1.4 1 0.127560069 15240 9.408E-07 

CQNTAMIMAtjiS RR D EV ED AB BW CARC. 
~ hrlQ dlxr }rr uoitl~ss Kg DOSE 

mg/Kg/d 

Benzene 0.8 24 350 24 70 8.48E-08 

TOTAL 

Cw 

152 345 

NONCARC. CPF 
DOSE 

mg/Kg/d Kg-d/mg 

O.OOE+OO 0.029 

cf 
(Kg/mg) 

1.00E-06 

RfD 

mg/Kg/d 

0 

Ei 

~ 

2.56E-03 

ICR 

2.46E-09 

2.46E-09 

HI 

O.OOE+OO 



FUTURE RESIDENTIAL CHILO 
SotL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGs) 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
CORRECTIVE MEASURES STUDY-TASK I, TOW WAY FUEL FARM 
US NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

RGOs from accidental ingeslion and dermal contac! with soil are calculated as follows: 

ICRI{(Ing 'CSFo)+ (Oerm'CSfd)] 
HQI[(Ir.giRfDo) + {Dern;'RfDd)) 

lng ~ IR'ED'EF'CFIATc or ATnc'BW 
Derm = SA'ED'EF'AF'ABS'C0 /ATc cr ATnc'B'W 

'Where: 

IC R = apportioned target incremental can ce: ri s <. un itless 
HQ target hazard quotient. u~itless 
RGOc = carcinogenic contaf"1inant concentration in surface so•r. mgl 
RGOnc = noncarcinogenic contaminant concentration 1n surface soi: 
ATe= averaging time for carcinogen. days 
ATr;c =averaging time for noncarci~ogen. days 
CF = conversion factor. kglmg 

l.tolEl.J.IS 
1E-I.l6 
10 

calCJ.Jiated 
ca'cula\ed 

25550 
2190 

0.000001 
CSFo = oral cancer slope factor. (mglkg-day)-1 CS (chemiCal specific va!ue) 
CSFd = dermally adjusted cancer slope factor. (mg.lkg-day)-1 
RfDo = oral reference dose f"1·;J/l<g-oay 
RfDd = dermally adjusted relereoce dose. mglkg-day 
ED = exposure duratio'1. years 
EF =exposure frequency, dayslyear 
IR = ingestion rate. mglday 
BW =bOdy weight. kg 
SA = skin sufface area avairable for contact. cm2 
A F = soil to skin adhere nee factor, mg/cm2 
ASS= Absorption Factor, u~itless 

Note: Inputs are s ce nari o and site specific 

.. Con~minaf'lt 
VOLATILES 
B-enzene 
Toluene 
Elhylt>enzene 
Total Xylem!s 
JP-5 

SEMIVOLATILES 
Benzo(a)pyrene 
Ber;zo( a)anthracene 

ICR 

1 OE-00 

1 OOE-00 
't.OOE-00 

cs 
cs 
cs 
6 

350 
200 
15 

2006 
0.2 
cs 

1.46E+01 
1.46E+OO 

U30E-01 
S.OOE-0.2 
HlOE+OO 
100E-I.l2 

Dermal ! Ingestion Dermal RGD 
Dose Dose Dose 

.Care Noncarc Noncarc 

2.20E-07 12SE-05 2.56E-06 , 
22DE-07 1..28E-05 ' 2.56E~06 
220E-07 1.28E-05 2.56E-06 
.2..20E-07, 128E-05 256E-06 
2 20E-07 ' 128E-05 2 56E-06 1,116 

2.20E~J7 1.28E-05 2.56E-06 0.09 
2.20E-07 1.28E-05 2.56E-06 0.89 



FUTURE ON-SITE CHILD RESIDENT 
FUTURE BENEFICIAL LISE SCENARIO 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
CORRECTIVE MEASURES STUDY-TASK I, TOW WAY FUEL FARM 
US NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 
YORKTOWN, VIRGINIA 

RGOs from ingestion and dermal contact 'tlith groundwater are calcula!ed as folto•.vs. 

RGOc (mgiL) = ICRI([Ing + Derm][CSF]) 
RG0'1c (mg/L} = HQ'RfDI(Iog 4 Derm) 

l'lg = IR.EF"EDI(ATc or ATnc•B\N) 
Derm = SA'EF•ET.PC"EO•CFI(ATcor ATnc•!JV.J) 

Where: 

ICR = incremen!al cancer risk (unrtless) 
HQ =hazard quotient (unitless) 
RGOc carcinogenic contaminant concentration in water (ug/L) 
RGOnc::: noncarcinogenic contam)nant concentration m wa~er {ug/L) 
ATe= averaging time for carcinogen (days) 
ATnc averagi~g ti<ne for nc.ncarc•nogen (days) 
CF = conversoon faclor (0 001 Llcm3) 
C SF = cancer slope fa clo r { m gikg-day) -1 
RID reference dose (1'1gikg-day) 
EF =exposure frequency {daysiyear) 
IR = water ingestion rate (L/hour) 
SA skin surface area available for contact 1 cm2) 
ED =exposure duration {years) 
BW = booy weight (kg) 
ET exposure time (hours/day) 
PC permeability constant ( cm/h r) 

Note: lnpllls are scenario and site speci'ic 

ICR HQ 

1 OE-00 UJ 
10 
10 

1.0 
1.0 

SEMIVOLATILES 
1.00E-06 

Benzo(a)anthracene t.OOE-06 

'Permeability 
Constant 
(cmlh(l 

O.Q2 

1.00 
1.20 
0.08 
1.00 

1.00 
1.00 

2.90E-02 

7.30E+OO 
7.30E-O• 

300E-03 

t.•6E+01 
1.46E+OO 

!~PUTS 

1.00E-05 

calcurated 
calculated 

25550 
2190 
0.001 

specific 
specif'c 

40 
0 05 
2006 

6 
15 
1 

specrfic 

363E-02 
2.DOE-01 
1.00E-01 
200E+OO 
2.00E-02 

Dermal 
Dose 
Care 

240E-03 3.13E-05 2'.64E-05 
1 6DE-01 3.13E-05 1.26E-03 
8.00E-02 3.13E-05 1.51 E-03 
1.SOE+OO 3.13E-D5 ~.OOE-04 

1.00E-02 3.13E-05 1.26E-03 

Ingestion Dermal 
Dose Dose 

Noncarc Noncarc 

3.65E-04 3.08E-04 0536 4 Q(i 

3.65E-04 147E-02 11 
3.65E-04 176E-02 4 
3.65E-04 1.17E-03 1 ,040 
3.65E-04 1.47E-02 

3.65E-D4 147E-02 
3.65E-04 1.47E-02 



S;TE: Naval Station Roosevelt Roads- Onsite Chtldem 
LOCATION: Tow Way Fuel Farm 
JOB# 
DATE: 4114199 
SCENA~IO CALCULATE THE HYPOTPETICAL VAPOR INTRUSION THROUGH CRACKED FOUNDATIONS FOR FUTURE RESIDENTS 

PURPOSE- THIS SPREADSH!::ET CA.LCULATED THE HYPOTHETICAL INFILT~ATION OF VAPOR PPASE CONSTITUENTS FROM GROUNDWATER THROUGH-~ FOUNDATION WITH SOME CRACKIN·3 A.ND THE CORRESPOND'NG RISKS 
ASSOCIAT=DWITH THIS EXPOSURE PA71-''NAY. CONSERVATIVE ASSUM"'TIONS ARE USED IN T~IS SCEN~.~10 WJ-<:ce~ !S DESIGNED TO REPRESENT FU~L'RE RESIDENTS 
'NHALATION RATES, BODY WEIGHTS. AND EXPOSURE DURATIONS A.RE TA.KEN FRO'~ THE MOST RECE~T LITERATURE. 

PERTINENT EQUATIONS: 

Q = [28'{b'3!'{i)/{ 0 j]'{P1-P2)'{Csg) (MURPHY '985 & 1986:• 

where: Q =THE CON> Alo/INA ~T EMiSSION THROUGH A CRACKED FOUND.~ TICN (mg.'s) 
b = THE CRACK v.mTH (0.5mm) 
I= THE TOTAL CRACK LENGTH (em) 
F =THE FOUNDATION THICKNESS (1 0-20cM) 
(P1-P2) =THE PRESSURE DIFFERENCE BETI'lEEN THE INSIDE A.~D THE OUTSIDE (DYNES1cm'2) 
Csg =THE CONSTITUENT CDNCE-~TRATION IN SO'L GAS {mgi-~11-'3) 

Csg = (HIRT)'Cg (MURPHY ~ 985 & 1 986) 

where: H =HENRY'S CONSTANT (atm'm'31mol.) 
R =THE IDEAL GAS CONSTANT (L 'a'.ml01ol.' K) 
T = THE TEMPERA TLIRE OF THE SOIL (293 K) 
Cg =THE CONSTITUENT CONCENTRATION IN THE G~OL'NO W.~ TER {mglml) 

(?1-P2) = 1.176E-2'(d)'(T -TO/TO) (MURPHY 1985 & 1 986) 

where: d = THE D•STANCE TO A POINT OF NEUTRAL PRESSURE (m) 
T.TO =THE INDOOR AND OUTDOOR TEMPER~TURES (K) 

Ca = (01K'Qa)'{1-e'(-Kfi/J'(Qa)'(t)} + Cs'e-(KN)'(Qa)'(t) i'IIIAOOEN et at. 1 983) 

where: Qa = THE AIR FLOW RATE THROUGH THE D'/1/ELLING (m'3ihr) 
K =THE MIXING FA.CTOR 
V = THE ROOM VOLUME (m'3) 
Cs =THE BASELINE INDOOR AIR CONCENTR~ TION (mglm'3) 
t =TIME (s) 

as time approaches infinity. a steady state is approached and the equation reduces to .. 

Ca: QIQa 

where: Qa : Vd" AE 

and: Vd =THE ROO \.I VOLUME {m'3) 
AE =THE AIR EXCHANGE RATE {hr'-1) 
Ca =THE AM31 ENT AIR CONCENTRATION (mglm'3) 



CONSTITUENTS 

benzene 

CO'~STITIJENTS 

benzene 

TOTAL 

Cg 
mglmc 

8.00E-04 

RR 
mA3Jhr 

0.8 

CARCINOGENIC CONSTITUENTS 

DOSE = ca•RR'O'EV'ED'A31B>';'70yrs'365dlyr !USEP,.t., 19SB} 

where: RR THE RESP1RAT:ON RATE (m31hr) 
D THE \'VORKDAY LENGTH 
EV = THE NUMBER OF PER YEAR 
ED= THE EXPOSURE DURATION (yrs) 
AB = THE ABSORBED FRACTION OF THE CONSTITUENTS 
BW =THE ReCEPTOR BODY WEIGHT {Kg) 

H 
atrr"'m"3/mol ltatm/mol 

5.50E-03 

D 
hrld 

24 

24.055 

EV 
diyr 

350 

Csg 
mglcm"3 

1.83E-04 

ED 
yr 

6 

b 
mm 

A.B 

0.5 

F 

BW 
Kg 

15 

15 

m 

1~4000 

CARC 
DOSE 

mg/Kgld 

6.66E-08 

NONCARCINOGE~{iC CONSTlTUENTS 

DOSE= Ca'RR'D'~.31BW (USEP.A 1988) 

where RR THE RESP.'RA.710N RATE 
D =THE V\"ORKOAY LENGTH (hrld) 
AB THE ABSORBED FRACTION OF THE CONS~ITUENTS 
'3W =THE ~ECEPTOR BODY 1/vEIG~T ;:Kg) 

{P1-P2) 
dy-nes/cm"2 

Vd 

m"3 
AE 

hr'~-: 

15 2.96E-03 L44E-02 34200 0.5 17'00 

NONCARC 
DOSE 

mg!Kgid 

O.OOE+OO 

CPF 

Kg-dlmg 

0.029 

RfD 

mg/Kgld 

ICR ,.,I CO \AMENTS 

======:::::::::::::;; ====::::::::::::::::::; 

2.57E-09 O.OOE+OO 

2.57E-09 OOOE+OO 

Ca 
mglm'3 

8.42E-07 

========== ========== 



Volatilization Emissions Analysis- Onsite Resident Children 
Farmer eta!. (USEPA, 1980) 
Votatiles Emissions from toxic landfills 

Ei is emission rate of chemical i given the chemical, temperature of subsurface environment (T), depth of contamination (d), and corrcentra!ion in soil (Cw). 

Area of the site is (A). 

CONTAMINANTS 

Benzene 

Mol. Wght. 
(glmQ!} 

78 

p 

(mmHg} 

95 

Naer Field Box Model 
Pasquill, 1975 and Horst, 1979 

Dc(10o C) 
{cm2/sec) 

8.20E-02 

pt 
(unitless) 

0.3 

I 
(Kl 

283 

Csi 
(g/cm3) 

0.00042 2.E+08 

Takes Emission Rate to the breathing zone. Input width of contaminated area and annual mean wind speeds. 

CONI AMINANTS Hb u10 um Wb Ca 
Lm1 (m/sec) (m/secl !ml .(gLnJ_3_} 

Benzene 1.4 1 0.127560069 15240 9.408E-07 

CQNIAMI~ANIS RR D EV ED AB BW CARC. 
~ hrLd dlyr ¥L unitless Kg DOSE 

mg/Kg/d 

Benzene 0.8 24 350 6 15 9.90E-08 

TOTAL 

d 
(em) 

152 

NONCARC. 
DOSE 

mg/Kg/d 

O.OOE+DO 

Cw 
(mg/Kg) 

345 

CPF 

Kg-d/mg 

0.029 

cf 
(Kg/mg) 

1.00E-06 

RfD 

0 

Ei 

~ 

2.56E-03 

ICR 

2.87E-09 

2.87E-09 

HI 

O.DOE+DO 



CHILO MILITARY RESIDENT 

FUTURE BENEFICIAL USE SCENARIO 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 

CORRECTIVE MEASURES STUDY-TASK I, TOW WAY FUEL FARM 

US NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

YORKTOWN, VIRGINIA 

RG-Oc ("'9•'L: = ICR.'([Ing +- Deri""'J:CSF]) 

Wht'"fl 

1-f.;)=hazardquotient(urHless) 

RGOc = carcmogenic co~tammant o:JncEintratx:n ~ waoter ivgiLI 

RGOr.::: :: nonce.rtinog~c oo~1a.Tunant cort::entraton 1,.. wa-ter : ...g.'LI 

AT c = :8'.'1!"11ging ~iTII!• for ca .-.::incgen (da ~s:• 

CSF-:: e:anCIIr atope- ~a~ (mglkg-::lay)-1 

SA= Pin~ :area available 'to-r oontact 1t:m21 

ED = e:«lls.....rtl <Lrat>Ct!'l (yurs.) 

FNJ =-~ wll'ght (k;) 

ET-= e-Jo:posure ti~ ft-.olJrslda~l 

PC = perme.ability eons:ta-"11: [cr-r.'i"rl 

No~ Inputs are SO!Ina-no and s.o~e :s.oocrfic 

ICR 

CoMarniNI"~ 

VOlATILES 

9enzel'll ~ OE-03 

Toluel"ll 

~t"ylben;reN~ 

To';al X~lene• 

~1 P-5 

SE"M"I\IOLA nLES 

B&nz<>:a)p~ne 1.00E-Oa 

B!nz-::-::a·lan1hracene- 1 OOE--00 

>-0 

,., 
1·, 

10 

1.0 

1C 

Permeat-.li'!y. Slope 

CDI"st:ant ~~ctor 

(O'Tll71rJ o1"19fkg-da~)-

0.02 200E-C2 

1.00 

120 

"'' 100 

'00 7 3CE ... OC· 

1.00 7 :3CE-:)1 

INP•JTS 

1.00E-05 

talc...-iat-f!d 

26550 

1460 

0:))1 

spedfc 

"Specific 

15 

!::errT.allyM, .:;:e1erence 
1 Sio~:>E~F~tor Do,. 

rrtgf.<:;;o-<ta~l- r•nglk~-da.~J 

J.OOE-0:3 36JE-02 

20C€...01 

1 OC€...01 

2.0CE->OO 

2 OOE-02 

1-'BE+a· 

1 ..:.sE+OO 

De-na··:~ .~J l1gesbon ·:-errr.al lnge-s~ <Jn De-•ma· RGO RGO 

Ref Co.::"Se J-~se Do,. Jose "'" Ca•c ".,!.:;.nca~c 

(mg/kg-.:ay) Cocc Ca,r~ -\onc:arc: N-mcarc (rr..;~IL) (mg/Ll 

24:)E-03 209E-05 1 76E-0:5 365E-C4 30SE-C-' 0804 <.00 

16-J:::-01 209E-05 B37E-04 36SE-04 1-'7E-G2 11 

SOOE-02 209E-05 1 OCE~:C 36SE-C4 1.76E-G2 

1 60E-o~-OO 209E-05 6.7CE.VS 36-SE-04 1.HE-03 1092 

100::-02 2::t9E-D5 :9.37E~:t4 38:5::-04 1t7E-02 

B.37E-C' I 3 <5E-:>4 l·::EA)S ~ 47::-02 a 1E-OS 

2 ·::E~~ 637E-0.:!. 3-55E..J.:I I 147:::-02 a 1E-o4 i 



FUTURE RESIDENTIAL CHILD 

SOIL EXPOSURE ASSESSMENT-PREL1MfNARY REMEDIATION GOALS (PRGsj 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 

CORRECTIVE MEASURES STUDY-TASK I, TOW WAY FUEL FARM 

US NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

RGOs from accidental ingestion and dermal contact with soil are calculated as follows: 

RGOc (mglk.g) = ICR![(Ing *CSFo)+ (Denn*CSFd)] 

RGOnc (mglk.g) = HO/[(Ing/RIDo) + (Denn/RfDd)J 

lng = IR*ED*EF'CF/ATcorATnc*BW 

Derm = SA*ED*EF*AF*ABS•CF/ATc or ATnc"BW 

Where: 

ICR" ~PS>Q~d ltr\W ncreme11a1 cance-· 'is!< Li'lllleu 

1-'Q "ifltgell'!!!tafd quo!IIOI'l, !Y!IIIK! 

P.OOe • t:ai¢"NN9f:~ ecnb:'l'IN~rl ec<r.¢e'N:'all3n ill$~'" ao4 IIV·~'il 

Af.t:"'Wr<traglrglltnf!fcrc&~!O"di!J'$ 

,t.,f"'(' •twtHfll1f'Y,I brrle fur mr.:;tt¢Mgf!n .c:bys 

CF"' c.orw.enkln lilo::IIY. t.g.''l'g 

CS"'~•dleJ"''NNJy adjuatedeai'JCilr~opefB.::Io.• fm;.'l:g...::lay)-1 

~ 11)::, • orb! re-ftrerv.:• ~Mtl tngihg.<:l~~o~ 

.ll:l'Od "' dt>rM~It~ n~.ius~ed reterf!r.ee dose. ~IV·l:g...::l~y 

EO • upoun d\Jr:»11on, ~enrs. 

EF • -t~fHVIi..,..• Fr•qJexy et.tyt..'~e<Jor 

IR•I~ioortltfl,mp/11'1\y 

BW.,br.tdywe!Jii:,kg 

SA•Ikitllurfno::c.nl'*t~~n·lablet.lre.ort,act,cf"''~ 

AFor&OH10ikln.nctutreneel'ltttor,mg:.•-:rrr2 

ASS '"'Ab10M'ltion FlciO" untlen 

'''"" 
·:·C00001 

OS 

cs 
cs 

"" 
15 

'""' 
~-2 

cs 



RESIDENTIAL AOUL T • MILITARY ASSIGNMENT 
SOIL EXPOSURE ASSESSMENT-PRELIMiNARY REMEDIATION GOALS {PRGs) 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
CORRECTIVE MEASURES STUDY-TASK I, TOW WAY FUEL FARM 
US NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 

RG Os from accidental ingeshon and dermal contact with soil are ca lcu!ated as .follows. 

RGOc (mgfkg) ICR!!(Ing 'CSFo)• (Derm'CSFd)] 

RGOnc (mgll<g}: HQfl(lngfR;Do) + (Derm/RfDd)] 

lng" IR'ED'EF'CF!ATc or ATnc"BW 
Derm SA'ED'EF'AF'ABS'CFIATc or ATr.c'B'N 

INhere: 

ICR "'Apportioned ttri}'flt ii'M:n:menwl ca~t "'111k. uniljn"' 

'tfQ :: targM hazlt!'d qu:~':ient, W'!i!tlttll& 

RGO<': ,. e~:reii'!C>g+n~~~minant>CoflC.e'rrtrabQn 1n "SI.Yfa,ce so1!, mg.l!.;g 

.o\1c ,. svtna;;~~ time for ea:"cin~n. dars 

Aine"' t:'iHaging tim& f« M"'C!rcin~n, d!l¥!1 

Ct., ¢t<!'WlHaiorlfar:te<, kl)!'rl'lg 

CSFo"' ¢'111 canotr slop;!! hletor 

CSf:d"' deiT'l"dl!)' adjueted'.canc.r &IOPf 1'»1i!r:lr, (rngf!o:frda:r.H 

Rll:')o,. Onlll nllf"nt>ll tk:n.m~ay 

RIOd ""®•mally l'd,t.utU!d r.MnH'Ioe doN!!, n'Qlkg-de:y 

EO 11: eo:polll.ll'1l ®nrtion, y.e:•r• 

E:F .2o t"Xf!0$1..11"4 ft~rn:y, dayAI'yaat 

IR"'1o!gei'SM !'at!l, mgftlay 

ew;;; t:ody ;,veigh'l, ~ 

M ='SOil to tldn adiY;rt~nee ~. mgtc:rni 

AB-5 = A~tption F-ar;tor. un•lh!IMJ 

COnta rninant 
VOLATILES 
Benz:ene 
TolueM 
El~ylbenzeoe 

Total Xy!enes 
JP-5 

SEMIVOLA TILES 
Benzo{a)pyrene 
Benzo(a)enthraeene 

0.!0 
0.10 

0.10 
010 

Jle.!IS. 

1E-06 

1.0 

C•::C0001 

cs 

cs 

cs 

cs 

5<)X-



ADULT MILITARY RESIDENT 
FUTURE BENEFICIAL USE SCENARIO 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
CORRECTIVE MEASURES STUDY-TASK I, TOW WAY FUEL FARM 
US NAVAL STATION ROOSEVELT ROADS 
PUERTO RICO 
YORKTOWN, VIRGINIA 

RG O.s from inge'SOOrt and derm1l contact -.vitfl grourtdw~l'er a~ ca.'cula!~d u foHo ws · 

RGOrc [mg:LJ '"' >-10 "R IDO(Ing -+ Je-'Tll) 

lr.:;~=I~"EF"-E.D.•(o!.TcorATnc"ffi'\1) 

""'" 
1.0C:E..o5 

'"1Qzhn"roquo11enl!(lol"lr.leu.) 

.l:lGOc "' c~n::no(;leno:: conla .,..,.rarr. co1tl!'ntra'll0r. In wali!'r r "9-'LJ calcul!lle-:1 

CSF ._ ta'l(:er ak:lpe l'act-::Jr ('1"9-lkg<la~: 

Rr.J =-'l!!i'e-t-racklse-(ITJ9''kg<lav:· 

E F = e~ :tt»Jre ~c,Janc~ :da~:!..'~e-~r: 

IR = wa~r i-lgesbo1 ra:e ·:L'Mur) 

calcui!IIM 

25550 

1~0 

COOl 

specinc 

., 
cos 

'""' 
,, 

SDe-:ifk: 

ICR ~Q ?erme-abl~y Slo:H- ~Oerr1a11y A~ Re-fe~~c~ Je-"'llaly M:! 

Cor-s1an1 Fact!lr i S'Ope Facio Oose- Re-r. Oosl!' : 

:c'l\1>1') rog.lkg-<layr m9o'kg-da~·:- (mg/kg-day) ~mg.'k(rday]: 

'II'Ol.A.T1LES 

1 C€-05 10 C02 29:£.(:2 JOCE-0~ 3SJE-02 2-40€-..".J 

10 1.00 200E·D1 1 oct~~· 

10 "'' 1 OOE~1 aOC€...::2 

10 ODS 200E•:::O 16CE+<JO 

10 1.0::· :!"OOE--::·2 1.0::€..(12 

SEM1VOLAT1LES 

'.OOE·OO 1.00 7.3CIE-+OC 146E•D1 

'OC:E-06 "'' 730E-01 1 46E~~·J 

,,,.,.,.I Dermal ln-;~sho1 ! 01!''1""131 RGO :;:.so 

D~ . ~"Ose Dos-e ' "'" Co-e lo.lorenc 

Care Co-< NIYlcar: N-:lncarc ('1"9-·'L: (rrg•l_) 

447E ..... '05 95a5E-06 ? 8~E.VS 174E-04 2036 101J 

447E ..... --.s 4.74E·D4 7 8!£~:-5 S.X:E-03 ,, 
-447E .... --.s 5E9E-04 7 a~£.os 9.96E-0.3 

447E--06 J79E-C6 78~~ .... ~ 6B-4E-D-4 2.2-:·J 

-4.47E~:OS <11.7..:;E.I)<I J 6~£~:;-t. 8.3CIE-0.3 

..!!.47E...OO .:!. 7~E-~~ 
! 703E~5 e.30E-::O 1 4E.(:4 

"'.:~r:.~:-s ~7~E-~~ 178JE-D~ e.30E-:oJ ; 1 4E~J~ 



CIJRRENT CONSTRUCTION WORKERS 
SOfL EXPOSURE ASSESSMENT-i>RELIMtNARY REMEDIATION GOALS (f'RGs) 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
CORRECTIVE MEASURES STUDY-TASK I, TOW WAY FUEL FARM 

US NAVAL STATION ROOSEVELT ROADS 

PUERTO RICO 

RG::Jc {~J "',ICP./f-:(r:g 'CSF;:;J+ (Dftrm""CSFd}} 

HGOn:':' (mgikil) "'HQ/iilng'Fit{')(!} + {fann!RfDd}} 

lttg •IR"ED'EF"*CF/ATo ;:,_~ ATflc'"SW 

O.mt"' SJt"l3D'£;::~A,r:;•ABS"*CFIJ.Tc w A7o:.c'5.V 

Oil: • l1flj)l)llkni!d ~11'Jl'll heratnf'~lil ta~ 0'1'' ~.-.'lli!u 

HC • t:<lr1f"' ~arrl!Julrllanl o.mh•n 

ROOt."' ¢1K(lii'I(I(I~O~ C(llllan~ ~ooc....,.alm.., surfRce to!, rrgikg 

RQOm:•..-e~ug8nlll ~Qnlamil~nl ~11'110n111 u·[a::>fo 1011 ~'kg 

ATQ • •~•9'V~ Nf~$r~an, ::la\'!1 

ATnc • a.,....api-'!I'~I'Nll'nf~r>:>n~n.'*"'rs 

Cf'•:x>I'~•I1KI"lt1tclt>',kq.~ 

cs~o • "n~~ • ..,. ·~ o\lo:tox .;lf'\l.'\';1-lja~·~-1 

.Z:SFd • d~r'nlftr otdiul'\il<l ~a~cet tbpt: [;~<Jinr, ;n•gik~ da~i-1 

~Oo•llf3tWttral'l(l(!d!:lll~t~111~) 

ROd • dafi'Oiotlfly •d;.w~ re~,.fleellow ~l:g-4wf 

!!0•e<ponu,.4U~Yfl"' 
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HQ Absorptio'1 Sl Gpe Reference De rmally .A.dj · Oerm Adf ~·~·g·e·st;On ! 0 erma I 

ContamInant 
VOLATILES 

BenzeM 
Toluene 

·Ethylb<!n»n• 
T ota! Xylene& 
JP-5 

t.OOE-<Je 
I.ODE-06

1 

t.O 
1.0 
1.0 
1.(> 

1.0 

- i 

F .actor Factor Dose Slope F .act[)or Ref. Oos:e Oos e 0-a se 
(unrtless} (Kg_lda:y~mg '(mglkQ'-day (K lday-mg)·(rng/kg-day Care- Care 

0.10 2.90E~02 : 3.00E-03 3.£3E-OZ 2.4GE-03 4.83E-ll8 i 4.13E-08 '3.38E-Oo, 2.89E-Ooi 
010 2.00E-OI 1.60E-01 4.83E-08 4.13E-OB 3.38E-0Si 2.89E-OO 
o.m I.OOE-01 B OOE-02 4.83E-08 4.13E-08, 3.38E-00 2.89E-00 
0.10 2.00!'.+00 l 60E+DD t 4.83E-08 4.13E-08 i 3.38E-OO 2.89E-Illl 
o.m 2.00E~o2 ~ I.OOE-02 4 83E-08 4.13E-OB 3.38E-OO 2.89E·OO 

0.10 7.30!'.+00 1.46E+01 1483E-08 4.13E-08 3.3BE-06 2.89E-06 
0.10 7.30E-01 1.46E+00 4.83E-06, 413E-08 3 38E-06 2.89E-06 

344.97 429 
28,603 
14,302 

286,034 
2.184 

1.05 
10.47 



ON-SITE CONSTRUCTION WORKER 

OIRECT CONTACT WITH GROUNDWATER 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
CORRECTrvE MEASURES STUDY-TASK I, TOW WAY FUEL FARM 

US NAVAL STATION ROOSEVELT ROAOS 

PUERTO RICO 
YORKTOWN, VIRGINIA 

R GOs frO I'll i"''gesti on and derma I contact with groundwater are cat cu la~ed as follows: 

RGOc (mg/L) = ICRI{[Ing + Derm][CSF]) 
RGOnc (mg/L) = !-!Q'RIDI(Ing + Derm) 

lng = IR'EF'EDI(ATc or ATnc'B'f•1 

Derm = SA'EP'ET'PC'ED'CFI(ATc or ATnc'BV\1) 

'/'.'here: 

I CR = incrementa I cancer risk ( u ni~ ess) 

H 0 = naza rd quoti e~t ( uni tl ess) 
RGOc = carci11o-genic contaminant concentration in water {ug/L) 
R GOne :: noncarcinogenic contaminant concentration in water ( ugll) 
AT c = averaging time for ca r::i~ogen (days) 

AT nc = averaging time for noncarci nogen (days) 
CF =conversion factor (0.001 Ucm3) 

CS F = cancer slope factor ( m glkg-da y )-1 
RID = reference dose (mglkg-day) 

E F = exposure frequency {day slyear) 
I R = water i nges~ on rate ( Ut!ou r) 
SA= skin suMace area available for contact {cm2) 
ED = exposure duration {years) 

BW = body weig hi (kg) 
ET =exp-osure time (hours/day) 

PC = permeability con slant ( cmlh r) 

Note: Inputs are scenario and site speciti c 

i ICR HQ ; Pe rmeabi I ity 

! Constant 

Contaminant (cml11r) 

VOLATILES 
Benzene 10E-D6 10 0.02 

Toluene .. 1.0 1.00 

Ethylbenzene -- 1.0 120 

Total Xylenes .. 1.0 0.08 

JP-5 .. 1.0 100 

S E MIVOLA Tl LE S 

8enzo{ a )pyrene 1.0E-D6 .. 100 

Slope Derma lly Adj. 
Factor 51 ope Factor 

(mglkg-day)· mglkg-day)-

2.90E-D2 3 OOE-03 

- .. 

- .. 

- .. 

- .. 

7 30E+DO 146E+01 

i 

1.00E-06 

1 
calculated 
calculated 

25550 
365 

0.001 
specific 
specific 

180 
0.05 
4100 

70 

1 
specific 

Rererence 
Dose 

lim~q-day) 

! 3.o3E-D2 
2.00E-D1 
1.00E-D1 

2.00E+OO 

2.00E-D2 

.. 

Dermally Ad j lnges~on Dermal Ingestion Dermal RGO RGO 

Ref Dose Dose Dose Dose Dose Care Noncarc 

/mgi1<g-day) Care Care Noncarc Noncarc mg!L) lmg/L) 

2.40E-D3 5 03E-D6 8.67E-D6 3.52£-04 6.07£-04 2.172 2.7 

1.60E-D1 5 03E-08 4.13E-04 3.52£-04 2.89E-02 5.5 

8.00E-D2 5 03E-08 4.95£-04 3.52£-04 3.47£-02 2.3 ' 1.60E+OO 503E-08 3.30E-05 3.52£-04 2.31E-03 617.1 
' 

1.00E-D2 5 03E-08 4.13E-04 3.52£-04 2.89\'.-02 0.3 

·- 5 03E-08 4.13E-04 3.52~·04 2.89~·02 1.6E-04 -
: 



Volatilization Emissions Analysis- CONSTRUCTION WORKER 
Farmer et al. {USEPA, 1980) 
Volatiles Emissions from toxic landfills 

Ei is emission rate of chemical i given the chemical, temperature of subsurface environment (T), depth of contamination (d), and concentration in soil (Cw). 

Area of the site is (A). 

Mol. Wght. 
CONTAMINANTS 

Benzene 78 

p 

(mmHg) 

95 

Naer Field Box Model 
Pasquill, 1975 and Horst, 1979 

Dc(10o C) 
(cm2/sec) 

8.20E-02 

pt 
(unitless) 

0.3 

T 

!Kl 

283 

Csi 
(g/cm3) 

0.00042 

A 

2.E+08 

Takes Emission Rate to the breathing zone. Input width of contaminated area and annual mean wind snE!eus. 

CONTAMINANTS Hb u10 um Wb Ca 
{ml (m/sec) (m/sec) {ml ~ 

Benzene 1.4 1 0.127560069 15240 9.408E-07 

CQNIAMINAt-!IS RR D EV ED AB BW CARC. 
mA3fhr hrLd. _d1y_r ~ YDitl~~§! Kg DOSE 

mg/Kg/d 

Benzene 1.2 8 180 70 9.09E-10 

TOTAL 

d 

152 

NONCARC. 
DOSE 

mg/Kg/d 

O.OOE+OO 

Cw 
(mg/Kg) 

345 

CPF 

Kg-d/mg 

0.029 

cf 
(Kg/mg) 

1.00E-06 

RfD 

mg!Kgfd 

0 

Ei 

~ 

2.56E-03 

ICR 

2.64E-11 

2.64E-11 

HI 

O.OOE+OO 
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1.0 INTRODUCTION 

The Tow Way Fuel Fann (TWFF) has been the subject of numerous investigations extending back 

beyond the advent ofRCRA corrective action requirements. A full RCRA Facility Investigation (RFI) 

was perfonned at the site and the subsequent report for which was approved by the EPA. It was 

reconunended in the report that a Corrective Measures Study (CMS) be perfonned at the site to select 

the appropriate corrective measure. The first step in the CMS was to perfom1 certain additional 

investigations designed to fill data gaps remaining from the RFI. Groundwater samples were obtained 

during the additional investigations. 

The most recent sampling indicated the presence of a significant level of TCE in monitoring well 

7MW07. Based on this detection, its possible ramification in tenns of a potential Dense Non-Aqueous 

Phase Liquid (DNAPL) plume and the historic usc of the area surrounding the well, focused 

investigations of the TCE occurrence are warranted. This work plan describes the elements of the 

investigatory program. 

2.0 CURRENT CONDITIONS 

2.1 Sampling Results 

Groundwater samples were obtained from the wells at the TWFF during the CMS investigations which 

were analyzed for, among other constituents, TCE. The results of the sampling are shown on Figure I. 

It should be noted that this figure shows all the TCE detection and non-detection points. As can be 

seen, TCE was detected in three wells: 

• UGW 24 at 2 flg/1 

• 7MW07 at 2,000J f.!g/1 (J=estimated), and 

• 7MW08 at 3 f.!g/1. 

It is the significant concentration seen at 7MW07 which has prompted the need for focused 

investigations. 



2.2 Historical Buildin2 Use 

The building immediately northeast of7MW07 (between Forrestal Drive and the well) was comprised 

of a half-cylindrical structure constructed of cloth over a frame which was anchored to a concrete slab. 

The building was destroyed during hurricane Georges. A previous, more substantial, structure which 

was on the same pad was destroyed during hurricane Hugo. 

The buildings which have occupied the area have been used for the storage and maintenance of small 

craft used in various harbor operations. This information is based on conversations with long-term 

station employees. While the repair activities have apparently been somewhat limited, the fact that 

maintenance was performed indicates the potential for cleaning and degreasing operations which could 

have resulted in a release of solvents. Also, it is unclear to what extent the buildings were used for 

storage and what was stored. The potential of stored material release can not be discounted. 

3.0 SCOPE OF INVESTIGATIONS 

The "TCE" investigations at the TWFF will consist of confirmatory sampling, off-set drilling, 

installation of temporary wells and groundwater grab sampling with on-site screening. The various 

investigatory elements are described in detail in the subsections which follow. 

3.1 Confirmatory Samplin2 

TCE was detected in wells 7MW07, 7MW08 and UGW 24. These wells will be resampled to 

ascertain if the TCE occurrence is persistent at these locations. Samples will be obtained without 

purging the well using a bottom filling bailer. Purging is generally employed to ensure that fresh, 

formation water is sampled. In this case, the intent is to maximize the ability of the sampling to detect 

a DNAPL layer which could be present in the well bottom. The bailer will be emptied from the bottom 

into sampling containers. 

Each sample will be analyzed in a local laboratory for VOCs on a rapid turnaround basis so the 

information is available to make field decisions. The samples will also be subjected to field screening 

using QuickTest® test kits which provide a Method Detection Limit of 4 parts per billion (ppb). 

2 



Appendix A to this work plan contains technical infonnation related to the QuickTest® screening tool. 

Using both the laboratory and screening test on these samples will: 

• Provide data from the laboratory which is comparable to that from previous sampling 

events, and 

• Provide data to "calibrate" the screening tests. 

This step will serve to confinn if TCE is still present in the wells and increase the utility of the 

screening test. 

3.2 Boring and Temporary Well Program 

Three borings will be made ncar well 7MW07 {designated A, Band C) and two more {designated D 

and E) will be placed in the vicinity of7MW08. The borings will be 50 feet from the monitoring wells 

and will be placed in the pattern shown on Figure 1. The purpose of the borings is to provide 

infonnation ncar the wells which contained TCE. Boring placement is skewed in the downgradient 

direction: however sidegradient locations are included since DNAPL do not necessarily follow 

groundwater in tenns of flow direction. 

The borings will be advanced using hollow-stemmed augers. Initially, the hole will be drilled to the 

same depth as the monitoring well (either 7MW07 or 7MW08 as appropriate). Split-spoon soil 

samples will be obtained at five foot intervals to verifY stratigraphy; no soil samples will be analyzed. 

A boring log will be maintained indicating, among other things, lithology and water occurrence. The 

logs of 7MW07 and 7MW08 are provided in Appendix B for infonnation. 

Once the borings reach depth, a temporary well will be installed in the hole. This installation will 

consist of two-inch diameter, schedule 40 PVC, riser with a five foot screen that extends to the bottom. 

The temporary well will be sealed at the surface to prevent inflow of surface water or accidental 

introduction of foreign material into the hole. 

A groundwater sample will be obtained from the temporary well after allowing sufficient time for the 

groundwater to enter the screen. Samples will be obtained using the teclmiques described for 

3 



confinnatory sampling. Each sample will be screened using the Quick Test® technique. This will 

provide inunediate infom1ation regarding the presence ofTCE. 

Once the initial sampling is performed, the temporary well will be removed and the boring will be 

advanced another five feet. Split-spoon samples will obtained at two foot intervals to the bottom of 

the boring to provide information on the lithology in this zone. A temporary well, as previously 

described, will be installed in the boring. This temporary well will be sampled and analyzed as 

described previously. Upon completion of the sampling, the temporary well will be removed and the 

hole backfilled with drill cuttings placed in the hole at approximately the same depth as that from 

which they were derived. 

TCE detections in the temporary wells will trigger the following responses: 

• IfTCE is detected in temporary well "A" 

- Contingent temporary wells I and 2 will be installed 

- UGW 16 will be sampled and screened for TCE 

• IfTCE is detected in temporary well "B" 

-Contingent temporary wells 1, 2 and 3 will be installed 

• IfTCE is detected in temporary well "C" 

- Contingent temporary wells 3 and 4 will be installed 

• IfTCE is detected in any two temporary wells A, Band C 

- Contingent temporary wells 1-4 will be installed 

• IfTCE is detected in temporary well "D" 

- Contingent temporary wells 4 and 5 will be installed 

• IfTCE is detected in temporary well ''E" 

- Contingent temporary wells 5 and 6 will be installed. 

4 



Each of the contingent temporary wells will be drilled, installed (including the two depths) and sampled 

in the same manner as the initial temporary wells. They will be placed 150 feet away from the original 

wells. 

The detection of TCE in any of the contingent temporary wells will inunediatcly be brought to the 

attention of the project manager who, in consultation with the Navy and EPA, will assess what, if any, 

further steps should be taken while the investigation team is in the field. 

3.3 Other Investigation Considerations 

Investigation Derived Wastes (!DW) 

The generation of IDW is not anticipated since wells will not be purged and drill cuttings will be 

returned to the boring. 

Decontamination 

Disposal, single use, bailers will be employed for the sampling. New riser and screen will be used for 

each temporary well. The drill rig will be decontaminated in accordance with the EPA approved 

RCRA Facility Investigation Work Plans between each use. 

Surveying 

The borings for temporary well installation will be surveyed by field measurements to permanent 

objects. 

4.0 REPORTING 

A full report on the investigations described herein will be prepared and submitted. Included will be 

a description of the field activities, boring logs, all screening and laboratory analytical results and an 

interpretation of the information obtained. 

5 



5.0 SCHEDULE 

A schedule for the investigations will be developed upon work plan approval. The schedule will need 

to take into account Navy budgetary constraints. 

6 
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Quick Test for Volatile Organic Halides 
Water Test Method Performance: 
Performance Parameters: 
Dynamic Range 
Number of False Positives· 
Numbor of False Negatives' 
Method Detection Limit (MDL): 
Trichloroethylene (TCE) 
Perchloroerllylene !PCE) 
Carbon l'etr.achiOiid~ (CCI.,) 
Chloroform (CHCI) 
Method Quantitalion 
Limit {MOl); 
Trichloroethylene (TCE) 
Pcrchloroethylene (PCE) 
Carbon Tetrachlofide (CCI,) 
Chloroform (CHCI) . 

5-2.000 ppb 
0 
0 

4 ppb 
4 ppb 
3 ppb 
5 ppb 

9 ppb 
8 ppb 
7ppb 
10ppb 

Other Volatile Organic Halides: Relative Sens11ivity Compared to: 

T(ichloroethylene (TCEJ 
Perchloroethylone (PCE) 
Carbun Tetrachloride (CCIJ) 
Chloroform (GHCI,) 
1,1 ~Dichlaroetheue 
Vinyl Chloride 
[rans·l ,2-Dichlorocthene 
cis-1 .2-Dichtoroethene 
Diclllaromethane 
1.1, 1-Trichloroethane 
1.1.2-TrichloromelhMo 
1.2-0ichloroethane 
Bromoform 
6romodichtoromethane 
Chlorodibromometh<~nc 

rCE 
tocto/ .. 
82% 
114% 
82% 
69% 
0.8% 
61% 
43% 

20% 
112% 
80% 
15% 
77% 
75% 
71% 

' Fal~t posttllle ana false nP.oattve study tcnductea on ICE Mly 

Interferences, 
Ben:rene 
Methanol 
Toluene 
OxaliC Acid 
Glyoxylic Acid 
Sodium trichloroacetate 
Sodium Dichloroacctate 
2.2.2-trichloroethanol 
Vinyl Chloride 
Pentachlorophenol 

' IMJal Trichloroethylene conccnlrauoo wu 2.0 ppb. 

PC£ CCI, CHCI 
122•k 88% 122% 
100% 72% 100% 
139°1. 100% 139% 
100~. 72% 100"1. 
84% 61% 84% 
1.0'Yo 0.7% 1.0% 
74% 54% 74% 
52% 38% 52%. 
24% 18% 24% 
137% 98% 137% 
98'Y. 70% 98% 
18% 13% 18% 
94% 68"1~ 94% 
91% 65% 91% 

87% 63% 87% 

Coocenlrlllilll'l tlequm:d tcr ,, 
O~lecl~ble IUI~r1Rrl!flr.e tppl111 

>2,000 
>2.UOO 
>2,000 
>2.000 
>2,000 
:>2,000 
>2.000 
:>200 
>200 
>20 

I 

Complete Volatile Organic Halides in 
Water Test Kit 

·-ENVIftf:)lj 
1770 Reseaf'f':h P'drk W'0Y • Suite 160 
North Loyan. Utah 84341 
435-753-7946 ·FAX: 435-787-2878 
E-rnail: cnvirol·-, ntwosr.net 

To place an order or have technical questions answered, please cafl1-800·748-3548 



The OuickTest field analytical test kit for volatile organic halides in waler contains materials far analyzing ten water samples. 
Two sets of standard solutions and calibration checks, specific to the organic halide of interest, are provided with 

each kit to ensure accurate, reliable results. 

PROCEDURES: 

! 
l 

____ ,,_ Sample Extraction 

I 
i 
! .. 

A water sample :s 1al<en and mixed 
with a solventtc ~~tract the analyte 
lrom the sample 

Removal of Extract 
Teflon·~· tape is used in the extraction 
process to separate lhe extraction 
solventtrom the waler sample and 
mJnimir.e vola!ization of the atlalvte. 
The teflon tape is removed and the · 
extraction solvent containing the 
analyte is forced !rom lhe tape by I he 
sytinge. 

Sample Quantification 
The extract containing the analyte is 
mixetl With a reagent and exposed to 
ultra-violet light in the Enviromete('. 
The concentraJion of the analyte is 
Qtmlilaliwly displayed in parts per 
billion {WJ) on the Envirllooter display. 

FEATURES: 
Inexpensive 

Ease of Use 

Quantitative 

Rapid 

Recyclable 
Reliable 

Ease of 
Standardization 

APPLICATIONS: 

• Law COS/ compared to 
standard methods 

• Easy to foil ow layout 
'TJinimizes opera/or errar 

• fnvirometet gives a quantitative 
·cading 1i1 parts per billion {ppb) 

• Samples CiiJJ be analyzed in 
20 minutes or less · 

• Foam insert is recyclable 

• Ouick Test results have e~cellent 
:;orrelation with standard met/rods 

• iolemal standard curve stored 
~lectronica//y in tile instrument 
eliminates the need to run a standard 
with each lest 

Testing Outing Remediation and Treatment 
Monitoring Wastewater Discharge 
Site Characte~ization or Assessment 
Screening Samples 
Testing ol Stormwater Runoff 
Testing of Groundwater Monitoring Wells 
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Quick Test® for Volatile Organic Halides 
lncludins: Trichlorethylene (TCE)t Perchloroethylene (PCE), 
Trihalomethanes (THMs}, and Carbon Tetrachloride (CCI4) 

Abstract: Halogenated volatile organic compounds such as trichloroethylene (TCE), 
perchloroethylene (PCE), trihalomethanes (TH1\1s), carbon tetrachloride (CCI4) and others can be 
found as pollutants in a variety of environmental samples. Since these compounds present serious 
health risks, the Envirorunental Protection Agency (EPA) has mandated the clean-up of waters 
containing such compounds. Currently, laboratory methods exist for the detection and 
quantitation of these compounds, but on-site field methods have been desired. Envirol, Inc. has 
developed a quick, reliable and sensitive analytical field test procedure for the analysis of these 

·compounds in water. This procedure is called the Quick Teste Volatile Organic Halides Water 
Test. 

The Quick Test Volatile Organic Halides Water Test Kit for onwsite and laboratory analysis is 
designed to give the user quick, reliable screening results for environmental decision making. The· 
Quick Test Volatile Organic Halides Water Test Kit can be used for site characterization and 
mapping, ground water monitoring, selecting samples for.laboratory analysis, and monitoring 
remediation processes. 

The Quick Test Volatile Organic Halides Water Test system is based on a photochemical reaction 
that produces coloration proportional to the concentration of the contaminate in water. A water 
sample is taken and mixed with a solvent to extract the analyte from the sample. Teflon• Tape is 
used in the extraction process to separate the extraction solvent from the water sample and 
minimize analyte volatilization. The Teflon Tape is removed and the extraction solvent 
containing the analyte is forced from the Teflon Tape and mixed with a reagent. The reagent
analyte complex is then exposed to ultra-violet (UV) light. 

An instrument (Envirometer'"") is used to expose the sample to UV light and measure the 
absorbance produced by the re.agent-analytc complex. The absorbance is compared to an internal. 
standard curve that is stored electronically within the instrument. The conctmtration of the 
analyte in water is then displayed· in J,.tg/1 or parts per billion (ppb ). The user should note that if 
multiple organic halides are present in the water sample the result will be a total of a.ll organic 
halides. Optimaf agreement with standard methods is obtained by establishing a correlation 
between the Quick Test Volatile Organic Halides test and standard methods. 

Standard solutions and calibration checks are provided with each Quick Test Volatile Organic 
Halides Water Test Kit to ensure that quality control standards are met. The standard curve for 
the instrument should be set at the beginning of each testing period. The Quick Test Volatile 
Organic Halides Water Test Kit standard curve can be set and checked with one of four standard 
compounds: pcrchloroethylcnc (PCE), trichloroethylene (TCE), trihalomethanes (THMs), and 
carbon tetrachloride (CCI~). 
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Quick Test111 Demonstration 

Steo 1:· Extraction 
A Fill the Extraction Container (1) with the Water Sample to the blue mark on the neck of 

the Extraction Container ( 1). 
B. Pour all of the cle(lr solution from the Extraction Solvent Vial (2) into the. E>rtraction 

Container (l). Leave the red crystals in the Extraction Solvent Vial (2). 
C. Shake for 3 minutes. 

Step 2: Extraction Solvent Transfer 
A Remove the cap of the Extraction Solvent Vial (2). Remove the plunger from the barrel 

of the Extraction Solvent Transfer Syringe (3). 
B. Remove the Teflon111 Tape, using the plastic fork device, from the .Extraction Container (1) 

and place it inthe Extraction Solvent Transfer Syringe (3). 
C. ]:llace the tip of the Extraction Solvent Transfer Syringe (3) in the Extraction Solvent Vial 

(2). Replace the plunger in the barrel of the Extraction Solvent Transfer Syringe (3). 
Force the plunger of the Extraction Solvent Transfer Syringe (3) to the blue line on the 
barrel of the Extraction Solvent Transfer Syringe (3). This will allow for adequate 
removal of the extraction solvent from the Teflon 1'ape. 

D. Invert the Extraction Solvent Vial (2) three or four times. Allow separation of the two 
layers. 

Step 3: De:yin~ 
A. Remove the cap from the Drying Vial (4). Place a new disposable tip on the pipette. 

· Adjust the pipette volume to 0.6 ml (600 J.tl). Use the pipette to transfer all of the clear 
top solution (which contains the TCE and/or PCE) from the Extraction Solvent Vial (2) to 
the Drying Vial ( 4). 

Note: He careful to remove only the clear top solution from the Extraction Solvent Vial (2). 
Removal of the red colored layer can negatively effect the result of the test. 

Step 4; . Liguid/Liquid Transfer 
A. ·Place a new disposable tip on the pipette. Adjust the pipette volume to 0.6 ml (600 t.tl). 

Using the pipette, transfer all of the solution from the Drying Vial (4) to the Liquid/Liquid 
Transfer Vial (5). 

B. Cap the Liquid/Liquid Transfer Vial (5). Shake vigorously for approximately I minute, 
C. Allow the contents to separate into two layers. 
D. Place a new disposable tip on the pipette. Adjust the pipette volume to 0.6 ml (600 J..tl). 

Using the pipette, transfer all of the upper layer from the Liquid/Liquid Transfer Vial (5), 
into the Drying Vial (4) and cap for discard. 

E, Place a new disposable tip on the pipette.· Adjust the pipette volume to 0.6 m1 (600 ,ul). 
Transfer 0.6 ml (600 ,ul) of the remaining layer from the Liquid/Liquid Transfer Vial (5) to 
the Reai;tion Vial (6). Do this by placing the pipette tip on the bottom of the 
Liquid/Liquid Transfer Vial (5) and then drawing up the solution. 
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Note: Be careful to remove only the upper layer from the Liquid/Liquid Transfer Vial (5). 
When approaching the meniscus between the two layers, the user may pipette up 
some of the bottom layer into the pipette tip. Separation of the two solvents wiU be 
visible in the pipette tip. Carefully force the bottom layer back into the 
Liquid/Liquid Transfer Vial (:5). This technique may he used to ensure t·hat all of 
the top layer is removed from the Liquid/Liquid transfer Vial (S). 

·If the user removes too much of the lower layer. or leaves too much of the upper 
· layer in the Liquid/Liquid Transfer Vial (5), the final concentration reading may be 

effected and result in a low or diluted reading. 

Step 5: Reaction/Reading Concentration . 
A. Cap the Reaction Vial (6). 
B.· Invert the Reaction Vial (6) three or four times. 
C, Place t.he Reaction Vial ( 6) in the Envirometer "'. 
D. After exposure is complete, read the sample concentration from the Enviromeler display. 
E. If"OL" (over limit) appears on the Envirometer display, the sample concentration is 

greater than 200 ppb. 
F. After exposure is complete and the user has recorded the displayed concentration. remove 

the Reaction Vial (5) from the Envirometer. 
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TEST BORING AND WELL CONSTRUCTION RECORD 
Baker Environmental,"'' 

PROJECT: 
CTONO_: 
COORDINATES: EAST: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

RIG: 
WATER tAo~',\ B-qo 

DATE 
PROGRESS 

WEATHER DEPTH TIME 
SPLIT 

CASING AUGERS 
CORE (FT) 

(FT_) 
SPOON BARREL 

SIZE (DIAM.) 3 ,, "if IJ tt '" to/z,[cn 20 \O(tl m~~-~~ s~"";i 1 I '~iff" :.__ It.:) lf)l l. 2- ar,;- o \0-3 z l-or. 

LENGTH z' 1 s' 
TYPE S:.Tt::\ IH SA 
HAMMERWT. \ L.\0 \~ 
FALL .so'' 
STICK UP 

REMARKS: Loe.o..\ca ~ m.• ... "" o-\- t?::. \.l"', th Z31'1 
SAMPLE TYPE Well Diam. Type Top Butt om 

s Split Spoon A"' Auger Jnlilllnat ion Depth Depth 
T = Shelby Tube W"' Wa::.h (li.) (lt.) 
R = Air Rotary c '-' C(H't.: pv<:.- ~...~. 5 ~ D =Denison p Piston p' ::,e, c... lsfick-vf 5 

N =No Sample ;;c , <:::.e. 'I\ PVc .5 25 o. 0 2.0 o:;;.bt tc," 
Depth Samp. Samp. SPT Lab PID 
(ft) Type Rec. or Class_ (ppm) Wdl 

Elcvatic.nl and (ft. & RQD or 
6&/PS 

Vi:mal Description lnstullation 
(ll M:->L) No. %) Pen. Detail 
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TEST BORING AND WELL CONSTRUCTION RECOR 
Baker Environmental.-. 

PROJECT: 
CTONO.: 

SAMPLE TYPE 
S = Split Spoon 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

T =Shelby Tube 
R Air Rotnry 
D =Denison 

Depth 
(11.) 

Samp. 
Type 
and 
No. 

N 
Samp. 
Rec. 
(!l. & 
%) 

or 
RQD 

l.b 7 zo 
Z.l 

DRILLING CO.: So\\ \"Cc..h 
DRILLER: ":l of ;)c' 1:::>' A,_ 

A Auger 
W=Wash 
C Core 
P Piston 

Lab 
Class. 

or 
Pen. 
Rnte 

I'ID 
(ppm) 

BORING NO.: 

DEFINITIONS 
SPT"" Standard Penetration Test (ASTM D-15i:l(>)(l31ows/0.5') 

RQD =Rock Quality Designation(%) 
L;~h. Ch1ss. = USCS (ASTM D-24~\7) or AASHTO (ASTM D-32 
La h. Moist.= Moisture Content (ASTM D-2216) Dry Weight Bas 

Visual Description 

Continued from Sheet I 
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Detail 
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TEST BORING AND W~:LL CONSTRUCTION RECORD 
Saker Environmental, ... 

PROJECT: 
CTONO.: 
COORDINATES: EAST: NORTH: 
ELEVATION: SURfACE: TO!' OF PVC CASING: 

RIG: 
WATER Me \J'. \ 5- C\D DATE 

PROGRESS 
WEATHER DEPTH TIME 

SPLIT 
CASING AUGERS 

CORE (FT.) 
(H.) 

SPOON BARREL 

SIZE (DIAM.) 3'~ <3 \/4 
., 1012.ll:'l_1 '" C\c"< <" ' 1 olz ei" 1 l.O "\0" \I 

LENGTH 2' '5 

TYPE "-"'\J \-\.SA 
IIAMMER Wf. 1\40 \\ s 
FALL oo'· 

STICK UP 
REMARKS: Av..\Oe (' f:{ e ~"'- '\<._\ ~ -;?,o/ f; 'r\ ~~"' be.r\\\o ~4 (\\\ l+«'fV\,..,,e'( Le><:."' "'""a .,"' rD~ ~c''"~ A\ \:...~ 

SAMPLE TYPE W~!l '-' Diam. Typ<:: Top Bottom 
S = Split Spoon A= Auger lnli.lllnation Depth Dt::pth 
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DRILLING CO.: BAKER REP.: 

DRILLER: BORING NO.: SHEET I OF 2 
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;;~:f~;;,ji.~:~l~{ji!,.::.::~,; i;i'i:;,, TEST BORING AND WELL CONSTRUCTION RECORD 
Ialor Environmental, .... 

PROJECT: 
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Continued fi·om Sheet I 

Wdl 
Installation 

Detail 

__; . -
3c '!l ~ 1'\ A~(" f\u.""" '"'< .- :0 - , -
'8' be~.s ~ o.zoo \<~{z~J•n-- ~ _ 

uj>::Ll.._o:"'( t:-t\t.. C"-"'......,'"\cH )..._ 0 lt:' 
r-l<.o-<1.~ <'-"'""-"="";:') ~w \..,.~ 
,';) \ \' \,<;')$ 

-' 

- ' 
-. 
- • -
-

-

~\I, -
"""-~-f 

_., 
-·-- . 

. -
-
-
- .. 
- ' -
- ; 

i--. 

!-

-

-

-

-
-

-
-

-
-

-
-

-
- -

() -- -
-

• - 6 

-
2 o' \]. \A.,. {d. R--J... O.d.vo. VIc<- - ~ _ 

~'• v .......... -<.- \, ~o< G """~"-- • -- -
-

-· 
-' -

- 1- u . - -- 1-
- --

--
~ -· .. --

~ . 
- -

" - - . 
- -

-

--
-

-
~ 

_, 

-
-

-

-
-

-
-

-
-
~ 

_, 

--

- Gol±,mM -- . 
?. -o' Alo{ .,-f w,.t .. r.' Ro~\).U~ • - '5<::.\(.cc'\-i) 

2'2>' \.,~ s-Ft·om f';A..\.1;;,) ..J. \ic._\cu.'l\~, ;~. _ 1 

"-<'~'""'~" \_ -\'«<' <• 
-

-

Eleva!. 
(tiM' 

HAKER I<EI' .. 

!~ORIN<; NO • stuJi 



ATTACHMENT 3 
CMS Investigation Report 

Tow Way Fuel Farm Replacement Pages 



Directions for Insert/Replacement Text, Tables and Figures 
Corrective Measures Study Investigation Report 

Tow Way Fuel Farm 
Naval Station Roosevelt Roads 

June 30, 1998 

Description Remove Insert 

Cover/Spines Draft Cover/Spines Final Cover/Spines 

Section 3.0 Text Pages 3-3, 3-4, and 3-7 Revised Pages 3-3, 3-4, 3-4a, and 

Section 3.0 Tables Table 3-1 Revised Table 3-l 

Section 3.0 Figures Figures 3-2 through 3-17 Revised Figures 3-2 through 3-17 



• 

• 

• 

Revised April 16, 1999 

located close to Ensenada Honda indicate the presence of naturally deposited sediments. These 

sediments were encountered at monitoring well UGWIO (on the southwestern end of Cross

section A-A') and are primarily silt with lesser amounts of sand and clay. In other borings close to 

Ensenada Honda, but not on the cross-section, the sediments were observed to contain coral and 

shell fragments, which are indicative of a marine origin. The particle size sample from 70P03 is 

an example of the particle size distribution of the marine sediments. 

The information used to develop the cross-sections came from this investigation and from RCRA 

Facility Investigation Report (Baker, June 1996). Information was also taken from the Additional 

Well Installation Interim Corrective Measure Report (Baker, March 1998). 

3.1.2 Subsurface Soil Analytical Results 

A total of68 subsurface soil samples were submitted for laboratory analysis from the TWFF during 

the CMS investigation . 

At least one of the four constituents in the BTEX analysis were detected in 34 ofthe 60 samples as 

presented in Table 3-1. None of the detected levels exceeded the residential or industrial RBCs. 

Sample 70P15-02 contained the maximum detections for three of the four BTEX constituents, 

including benzene (150 J f-lg/kg), toluene (680 f-lg/kg), and xylene (2,300 f-lg/kg). The location of 

the maximum detection of ethylbenzene was 70P07-04, with a concentration of 12,000 f-lg/kg. 

TPH (ORO and GRO) were detected in 43 of the 60 samples as shown in Table 3-1. There were a 

total of 14 samples which exceeded the EPA Region Ill RBCs for TPH ORO ( 1 00 mg/kg) with 

concentrations ranging from 270J mg/kg (70P07-06) to 22,000 mg/kg (7DP15-04). A total often 

samples exceeded the screening criteria for TPH GRO (1 00,000 f-lg/kg) with concentrations ranging 

from 180,000 f-lg/kg (7DP10-05) to 1,100,000 J f-lg/kg (70P25-06). 

Isopleth maps ofthe BTEX and TPH (ORO and GRO) concentrations were developed on five. foot 

intervals to a total depth of 15 feet bgs. A minimum ofthree positive detections were required in 
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each interval for the respective constituent to generate the isopleth maps. This yielded a BTEX, 

TPH (DRO and GRO) isopleth from the three five foot intervals for a total of nine isopleth maps. 

Figures 3-4, 3-5, and 3-6 provide the BTEX, TPH GRO, and TPH ORO isopleth maps for the 0-5 ft 

bgs interval. Figure 3-7, 3-8, and 3-9 correspond to the 5-10ft bgs interval while Figures 10, 3-11, 

and 3-12 provide the BTEX, TPH GRO, and TPH DRO isopleths. An estimated volume of 

contaminated soil was determined utilizing the isopleth maps. This volume was calculated for those 

soils which exceeded I 00 mg/kg (Commonwealth of Puerto Rico's generally applied soil standard 

for TPH in soil). It was estimated that 146,000 cubic yards of soil is in excess of 100 mg/kg TPH. 

TOC was detected in eight of the 68 samples submitted for analysis as presented in Table 3-1. The 

concentrations ranged from 0.046 p.g/kg (7DP23-02) to 0.77 J.tg/kg (7DP03-02). 

A total of five samples (7DP02/l0, 7DP03-02, 7DP04-03, 7DP05-02, and 7DP08-0l) were 

submitted for analysis of hulk density. The density of the samples ranged from one gram per 

milliliter (g/ml) in sample 7DP08-0 1 to 1.4 g/ml (7DP03-02) . 

3.1.3 Soil Gas Analytical Results 

A tot:'ll often soil gas samples were submitted for laboratory analysis as summarized on Table 3-2. 

These samples were submitted for analysis ofTPII (DRO and GRO), percent carbon dioxide, and 

percent oxygen. 

TPH GRO was detected in fouroftheten samples with a minimum detection of5.6 parts per million 

by volume (ppmV) in sample 7SG10, and a maximum detection of 45 ppmV in sample 7SG06. 

TPH DRO was not detected in any of the ten samples. Carbon dioxide was detected in nine samples 

with a minimum concentration of 0.9% from sample 7SG02, and a maximum concentration of 

20.8% from sample 7SG01. The concentration of oxygen detected in the subsurface soils ranged 

from 7.6% (7SD01) to 25.4% (7SG06) as indicated in Table 
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3.1.4 Vertical Permeability Test Results 

A total of three vertical permeability tests were performed at the TWFF at the locations shown on 

Figure 2-2. The results of the tests are presented in Tables 3-3 through 3-5. The tests were 

conducted according to the EPA approved work plan, and utilized the "flush bottom in uniform soil 

with variable head" calculation to determine the mean coefficient of permeability (Wintcrkorn and 

Fang, 1975). The formula used consists of the following: 

3-4a 
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centimeter (glee). The apparent elevation of groundwater was obtained by measuring depth to 

groundwater from the top of the PVC casing with a known elevation. 

The corrected groundwater elevations are provided in Table 3-6. A corrected groundwater surface 

contour map was developed as shown on Figure 3-13. The groundwater at the site generally follows 

the topographic surface down the TWFF hillside in a southwest direction toward Ensenada Honda. 

3.2.2 Groundwater Analytical Results 

A total of 4I groundwater samples were collected from the TWFF during the CMS investigation. 

Twenty one VOCs were detected in the groundwater samples collected. Only fourteen of the 

detected VOCs were in excess of either or both of the screening criteria as shown in Table 3-7. 1,1-

Dichloroethene, chloroform, bromodichloromethane, and I, I ,2-Trichloroethane exceed the EPA 

Region III Tap Water RBCs in one sample each. 1,3,5-Trimethylbenzene, 1 ,2,4-Trimethylbenzene, 

n-Propylbenzene, Sec-butylbenzene, and n-butylbenzene all exceeded their respective tap water 

RBCs. A total of five constituents exceeded both ofthe listed criteria. Trichloroethene with a MCL 

of 5 1-1g/1 was detected in three samples ranging in concentration of2-2,000J f.lg/1. An isopleth map 

providing the BTEX concentrations in the groundwater at the TWFF is shown on Figure 3-I4. 

TPH GRO was detected in 26 out of 41 samples ranging from 29 J to 420,000 J J.tg/L. An isopleth 

map of the TPII GRO concentrations in groundwater at the TWFF is provided on Figure 3-15. TPH 

DRO was detected in 33 of 41 samples with concentrations from 65 J to 960,000 J.tg/L. An isopleth 

map of the TPH DRO concentrations in groundwater at the TWFF is provided on Figure 3-16. 

Methane was detected in 33 of the 41 samples with concentrations ranging from 0.05 to 55 J.tg/L as 

provided in Table 3-7. The alkalinity of the groundwater samples ranged from I56,000 to I ,400,000 

J.tg/L. Nitrate was detected in 17 out of 41 samples ranging in concentration from Il 0 to 3,200 J.tg/L. 

Sulfate detections ranged from 260 to 681,000 J.tg/L in 38 of the 41 groundwater samples. Chloride 

which was detected in all of the groundwater samples ranged from 14,100 to 8,340,000 J.tg!L, while 

ferrous iron was detected in 39 of the 41 samples ranging from 80 to 28,000 J.tg/L as shown in 

Table 3-7. 
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Sample lD 
Sample Date 

• 
TABL£3-1 

Sli.\IMARY OF St:BSCRFACE SOIL ANAL \'TICAL RESCL TS 
C\IS 1:"\VESTIGA TlO:"Ii 

TOW WAY HEL FAR\t 
:'\A VAL STATION ROOSEVELT ROADS, Pt:ERTO RICO 

EPA Region III 7DP-TWFF-C 7DP-TWFF-Ul 7DP01 7DPOI-0) 7DPOl-08 
Residential 04/21198 04/21/98 04/14/98 04114/98 04/14/98 

• Revised Apri I 16. 1999 

7DPOI-ll 7DPOI-13 7DPOI-14 7DP02-05 7DP02110 
04/14/98 04/14/98 04/14/98 04i15/9S 04ll6/9S 

Depth Range (ft.) RBC 0.00-29.00 8.00-10.00 14.00-16.00 20.00-22.00 24 00-26.00 27.00-28.50 9.00-10.00 

BTEX (ug/kg) 
Benzene 200,000 22,000 NA NA NA uu 1.2 u l.IU !.IU l.IC LIU NA 
Ethylbenzene 200,000,000 7.800,000 NA NA NA 1.2 u L2U l.!U l.IU l.lU LIU NA 
Toluene 410,000,000 16,000.000 NA NA NA 1.2\J L2U l.!U 1.1 u l.IU LlU NA 
Xylenes 4, I 00,000.000 160.000,000 NA NA NA 1.2 {) 1.2 u 3.4 l.IU 0.82 J 0.6 J );A 

TPH 
Diesel Range Organics (mg/kg) 100 100 NA NA I\' A 12 11 5.3 J 6.9 u 15 26 NA 
Gasoline Range Organics (ug/kg) 100.000 I 00,000 NA "!A Kl\ 58 t: 32 J 79 55 u 65 54 u NA 

Grain-size 
%Clay NE "'E 12.2 63 23.8 NA l\'A NA NA NA. NA N/1. 
•/;, Silt 1\'E NE 25.9 24 7 25.9 NA "'A NA NA NA "!A NA 
%Gravel NE NE 8.4 2.1 4.1 NA "!A NA NA NA NA NA 
%Sand "'E NE 53.5 10.2 46.2 NA NA NA NA NA NA NA 

Engineering Properties 
Total organic carbon (ug/kg) NE "'E NA NA l'iA NA NA NA "!A "!A NA NA 

Density 
Density (g/ml) NE NE >iA NA NA NA NA NA NA NA NA 1.05 

Data Qualifiers: 
J- Analyte present Reported value may not be accurate or precise. 
U - Not detected. The associate number indicates the 

sample concentration necessary to be detected. 
UJ -Not detected, quantitation limit may be inaccurate 
"'E- Not established. 
NA - Not analyzed. 

Sb-ht.xls SB-HT I of7 
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Sample JD EPA Region EPA Region HI 
Sample Date Industrial.·. Residential 
Depth Range (ft.) RBG RBC 

BTEX (ug/kg) 
Benzene 200.000 22,000 
Ethylbenzene 200.000,000 7,800,000 
Toluene 410.000.000 16,000.000 
Xylenes 4, I 00,000,000 160.000,000 

TPH 
Diesel Range Organics (mg/kg) 100 100 
Gasoline Range Organics (ug/kg) 100,000 100,000 

Grain-size 
%Clay NE 1\'E 
%Silt l"E NE 
%Gravel ).IE NE 
%Sand NE NE 

Engineering Properties 
Total organic carbon (ug!kg) NE NE 

Density 
Density (g/ml) NE NE 

Data Qualifiers: 
J - Analyte present. Reported value may not be accurate or precise. 
U • Not detected. The associate number indicates the approximate 

sample concentration necessary to be detected. 
UJ- Not detected, quantitation limit may be inaccurate or imprecise. 

NE ·Not established. 

NA- Not analyzed. 

Sb·ht.xts SB-HT 

• 
TABLE 3-1 (continued) 

Sl'\JJ\IARY m· Sl'BSL'RFACE SOIL ANALYTICAL RESt:LTS 
C\IS INVESTIGATION 

TO\V \VA Y !TEL FAR\! 
\'AVAL SL\TION ROOSEVELT ROADS, PCERTO RICO 

iDP03-0J 7DP03-02 iDP04-0J iDP04-03 7DP05-02 7DP05-0l 
04!15/98 04!15/98 04/!5/98 04115/98 04/!5/98 04/15/98 
1.00-2.00 3.00-4.00 1.00-3.00 5.00-7.00 3.00-5.00 2.00-3 00 

l.2U uu 1.2U 1.2 u NA LlU 

1.2U 1.3 u 1.2 u 10 NA l.IU 
L2J 0.68 J l.2U 2.3 NA l.IU 
v 1.2 J !.2 u 10 'SA l.IU 

7.3 l' 8.1 u 7.3 c 6.9 L' NA 6.6 u 
59 u 66 L' 61 u 1.100 J NA 29 J 

NA 31.3 ).[A NA NA NA 
NA 32.7 NA NA NA I\' A 

NA 0.7 NA NA NA 1\'A 
1\'A 353 NA NA NA NA 

NA 0.77 NA ).lA NA NA 

NA 1.4 NA 1.37 1.1 NA 

• Revised A,pri I 16. 1999 

7DP05-05 7DP06-0l 7DP06-05 7DP07-01 iDP07-04 7DP07-06 

04/15/98 041!5/98 04/15/98 04/15/98 04/l )/98 04!!5/98 

9.00-11.00 0.00-4.00 8.00-12.00 0.00-4.00 4.00-8.00 12.00-14 00 

l.IU uu 4.5 1.2 c 28 J 6.2 u 
l.IU L2U 3.8 l.2U 12.000 3! J 
LIU 1.2 L' 0.92 J 1.2 u 37 J 24 J 
LIC l.2C 9 1.9 560 53 J 

6.9 u 7.6 u 13 J 35 5.700 270 J 
57 u 61 u 2.100 110 730,000 60,000 

1\'A NA l\'A 15.6 :-JA NA 
NA ).[A NA 56.8 NA NA 
).[A ).[A NA 0.3 NA NA 
NA NA ).[A 27.3 NA NA 

NA KA NA NA 1\'A 1\'A 

1\'A NA NA !\A NA ).[A 
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• • 
TABLE 3-1 (continued) 

SViW\IARY OF St'BSURFACE SOIL ANAL \TICAL RESt'L TS 

Cl\IS INVESTIGATION 

TO\\' WA '\'FUEL FARM 

NAVAL STATIO~ ROOSEVELT ROADS, PCERTO RICO 

Sample ID Ill EPA Region III 7DP08-01 7DP08-04 7DP09 7DP09-03 7DP10-01 7DPI0-03 
Sample Date Residential 04/15/98 04/15/98 04/16/98 04/16/98 04/16/98 04/16/98 
Depth Range (ft.) RBC 0.00-4.00 4.00-8.00 0.00-9.00 5.00-7.00 1.00-2.00 5.00-7 00 

BTEX (ug/kg) 
Benzene 200,000 22.000 l.lC I.IU ~A 2.5 u L2l 12 u 
Ethyl benzene 200,000,000 7,800,000 l.IU 11 u NA 2.5 u L2U 180 J 
Toluene 410,000,000 16,000.000 l.IU I I t: NA 2.5 u 1.2U 190 J 
Xylenes 4, l 00,000,000 J 60,000.000 0.75 J l.lU NA 1.7 J L2 450 J 

TPH 

Diesel Range Organics (mg/kg) 100 100 6.7 CJ 6.7 u ~A 7.9 u 7 l u 8,400: 
Gasoline Range Organics (ug/kg) 100.000 100,000 54 u 56 u NA 640 51 J 220,0001 

Grain-size 

%Clay ~E NE NA NA 15.3 NA NA NA 
%Silt NE NE NA 1\A 38 NA KA NA 
%Gravel NE NE NA NA 7.6 I\' A NA NA 
%Sand NE NE NA :.!A 39.1 NA :.!A NA 

Engineering Properties 

Total organic carbon (ug/kg) NE NE 0.34 NA NA NA NA NA 

Density 

Density (g/ml) ~E NE ~A NA ~A NA 

Data Qualifiers: 

J • Analyte present. Reported value may not be accurate or precise. 

U • ~ot detected. The associate number indicates the approximate 

sample concentration necessary to be detected. 

UJ ·:.lot detected, quantitation limit may be inaccurate or imprecise. 

NE ·Not established. 

NA ·Not analyzed. 

Sb-ht.xls SB-HT 

• Revised 

7DPI 0-05 7DP11-02 7DP11-05 7DP12-0I 7DPI3-02 
04/16/98 04./16/98 04116/98 04116/98 04/16/98 

10.00-12.00 4.00-6.00 1000-12.00 100-3.00 4 00-5 50 

6U 1.2U !OJ l.!U !.2 u 
41 1.2U !40 J uu L2U 
8.4 1.2U 15 J LIC L2U 
54 1.2 u 170 J LIC 0.7 J 

2,300 93 1,100 19 5.8 J 
,180,000 62 u 280,000 56 u 58 u 

NA '\A NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

:.!A N!\ NA NA NA 

NA NA NA NA NA 
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• 
Sample ID EPA Regi:§pill EPA Region Ill 

Sample Date 1(1 tim Residential 

Depth Range (ft ) c~ RBC 

BTEX (ug/kg) 

Benzene 200,000 22,000 
Ethyl benzene 200,000,000 7.800,000 
Toluene 410,000.000 16,000,000 
Xy!enes 4,100,000,000 160,000,000 

TPH 
Diesel Range Organics {mglkg) 100 100 

Gasoline Range Organics (ug/kg) 100,000 100.000 

Grain-size 

%Clay NE NE 

%Silt NE l\:E 

%Gravel NE NE 
%Sand NE NE 

Engineering Properties 

Total organic carbon (ug/kg) NE NE 

Density 

Density (g/ml) NE NE 

Data Qualifiers: 

J - Analyte present. Reported value not be accurate or precise. 

U- Not detected. The associate number indicates the approximate 

sample concentration necessary to be detected. 

UJ- Not detected, quantitation limit may be inaccurate or imprecise. 

>-IE- Not established. 

NA- Not analyzed. 

Sb-ht.xls SB-HT 

• 
TABLE 3-1 (continued) 

SCI\1:\IAR\' OF Sl_IBSt;RFACE SOIL A:\'AL \TICAL RESULTS 

CMS J:\VESTIGA TION 

TOW \VA Y FCEL FARM 

1\AVAL STATIO~ ROOSEVELT ROADS, Pt:ERTO RICO 

7DPI4-0l 7DP15-02 7DP15-04 7DPI5-07 7DPI6-03 7DP16-05 

04!16/9& 04/l 7/98 04/17/98 04/li/98 04/17/98 04117198 

L00-3.00 3.00-5.00 6.00-8 00 !2 00-14 00 2.00-6.00 10.00-12.00 

uu 150 J 340 v 140 u 2.3 u l.IV 
1.2 u 2.300 3.400 140 u 2.8 v 1.1 li 
1.2 u 680 340 c 140 u 2.8 u l.IU 

0.17 J 2.300 2.000 910 J 9.5 0.82 J 

7.5 u • 7~'9{1(1 J ~2\1llf6 F 9,400 9,500 3.8 J 
60 u 540,0011 66o:ottf ~~~ OQO uoo 46 J ~/ ?00<-"~1 /p// 

1\A NA NA NA "''A NA 

"''A "''A NA NA NA NA 
NA NA NA NA NA NA 
NA NA "''A NA NA 1\A 

0.09 NA NA NA NA NA 

NA NA NA NA NA NA 

• Revised April J 6. 1999 

7DP17-02 7DPI 7-04 7DPl8-02 7DP19-03 7DPI9-06 7DP!9-08 

04117198 04/17/98 04117198 04/17/98 04/17/98 04i17/98 

3.00-6.00 7.00-9.00 4.00-6.00 5.00-7.00 12 00-14.00 16.00-18.00 

l.3U 1.2 u uu 6.2 u 1.21 uu 
uu 1.2 u 1.2U 6.2 u 7.4 0.79 J 
1.3 u 1.2U !.2 u 6.2 u 2 8 0.81 J 
1.8 1.2U 0.82 J 12 35 3.9 

5.5 J 5.5 J 7.4 u :3,20!1 15 8.1 u 
95 60 u 61 u 3,600 3,800 71 

NA NA NA !\A I\' A NA 

NA NA NA '\;A "''A NA 

NA NA NA NA NA NA 

NA NA NA NA NA I'\ A 

;\!A 0.053 NA NA NA "''A 

NA NA NA '\;A !'\A NA 
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• • 
TABLE 3-1 (continued) 

SUl\L\IARY OF SliBSL'RFACE SOIL A:'IIAL Y'TICAL RESCLTS 

C\IS IN\'ESTIGATIO:\ 

TOW WAY FUEL FAR.\1 

NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Sample lD Region ill EPA Region 1I1 
Sample Dale Industrial Residential 

Depth Range (It) RBC RBC 

BTEX (ug/kg) 

Benzene 200,000 22.000 

Ethyl benzene 200,000.000 7,800,000 

Toluene 410,000,000 16.000,000 

Xylenes 4, I 00,0{)0,00{) 160,000,000 

TPH 

Diesel Range Organics (mglkg) 100 100 
Gasoline Range Organics (ug/kg) 100,000 100.000 

Grain-size 

%Clay NE NE 

%Silt 1'\E NE 

%Gravel NE NE 

%Sand \IE NE 

Engineering Properties 

Total organic carbon (ug/kg) NE KE 

Density 

(g!ml) NE NE 

Data Qualifiers: 

J - Analyte present. Reported value may not be accurate or precise. 

U -Not detected. The associate number indicates the approximate 

sample concentration necessary to be detected. 

UJ Not detected, quantitation limit may be inaccurate or imprecise. 

NE -Not established. 

NA- Not analyzed. 

Sb-ht.xls SB-HT 

7DP20 

04/17/98 

0 00-9 00 

1\A 

NA 

\fA 

NA 

NA 

NA 

34.6 

323 

1.5 
31.6 

NA 

NA 

7DP20-02 7DP20-0S 7DP21-0l 7DP22-0I 7DP23-02 

04/17/98 04i17/98 04118/98 04!18!98 04/1 S/98 

3.00-5.00 0.00-12.0 100-3.00 0.00-4.00 3.00-4.00 

1.2U !.2 t: L3U II U IJU 
1.2 u 1.2U 1.3 u l.lU l.IU 
1.2 u 1.2 u uu 1.1 0 uu 
1.2 u uu 0.71 J l.IU l.lU 

7.1 u 5.3 J su 6 J 6.5 u 
59 1,; 58 u 49 J 54 u 53 u 

I\ A NA NA \fA NA 

NA NA NA NA KA 

NA NA NA NA NA 

\fA NA NA NA NA 

NA \fA 0.17 KA 0.046 

NA NA NA NA NA 

• Revised April 16, !999 

7DP24-02 7DP24-0l 7DP24-03 7DP24-05 7DP25-0l 

04118198 04118/98 041!8!98 04/!8198 04!19/98 

3.00-5.00 3.00-5.00 5.00-7.00 10.00-1100 0.00-4 00 

\fA l.lC 1.2 R 1.4 u 160 u 
NA LJU 1.2 R 1.4 u 1.300 J 
NA IJU 1.2 R 14 u !60 u 
NA !.Ill 1.2R 14 u 82{) J 

NA 5.8 J 7.6 LJ 8.5 t: 3,600 
NA 57 u 62 R 160 1,000,000 J 

24A NA "'A NA NA 

32.8 NA \fA NA NA 

10.6 NA NA NA NA 

32.2 NA NA NA 1\A 

NA NA NA \fA 

NA NA NA NA NA 
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• 
Sample lD EPA Region III 
Sample Date Residential 
Depth Range (ft.) RBC 

BTEX (ug/kg) 
Benzene 200,000 22,000 
Ethyl benzene 200,000,000 7,800,000 
Toluene 410,000,000 16,000,000 
Xylenes 4, l 00,000.000 160,000,000 

TPH 
Diesel Range Organics (mg/kg) 100 100 
Gasoline Range Organics (uglkg) 100,000 100,000 

Grain-size 
%Clay NE :--IE 
%Silt NE NE 
%Gravel NE NE 
%Sand NE NE 

Engineering Properties 
Total organic carbon (ugfkg) NE NE 

Density 

Density (g/m!) NE NE 

Data Qualifiers: 

J • Analyte present. Reported value may not be accurate or precise. 

U ·Not detected. The associate number indicates the approximate 
sample concentration necessary to be detected. 

UJ ·Not detected, quantitation limit ma_y be inaccurate or imprecise. 

NE ·Not established. 
NA ·Not analyzed. 

Sb-ht.xls SB-HT 

• 
TABLE 3-1 (continued) 

SUM:\IARY OF SUBSURFACE SOIL ANALYTICAL RESULTS 
CMS I'>;VESTIGATION 

TOW \VA Y FUEL FARM 
NAVAL STATIO;\" ROOSEVELT ROADS, PUERTO RICO 

7DP25-03 7DP25-06 7DP26-02 7DP26-04 7DP26-06 7DP27-01 
04/19/98 04/19/98 04/19/98 04/19/98 04/19/98 04/19!98 
4.00-7 00 10.00-13.00 2.00-4.00 6.00-10.00 12.00-14.00 0.00-4.00 

5.3 u 140 u L2U 24 J uu 1.2U 

17 1,700 J 1_2 u 87 J 1.3 u uu 
2.7 J 140 u l.2U 29 J uc L2U 
43 [ ,200 J 2.4 370 J 1.3U 1.2 c 

:2-!1.0 J 4,000 7.6 u 2,500 J 20 u 7.2 u 
64.000 1,100,000 J 720 J 310;!1QJl 290 58 u 

NA :--lA 1\A NA l\A NA 
NA NA NA NA NA NA 
NA NA NA NA :--lA NA 
NA NA NA NA NA NA 

NA NA 1'\A NA NA NA 

NA NA NA NA NA NA 

• Revised April 16. 1999 

7DP27-04 7DP28-01 7DP29-01 7DP29-04 7DP30-01 7DP30-03 
04/19/98 04/!9/98 04!19!98 04/19/98 04/19.198 04/l9/98 
7 00-8.00 L00-3.00 L00-3.00 7.00-8.00 1.00-3.00 5.00-6.00 

!SU Llt: uu 1.3 u LIL' L!U 
J.SU l.lU uu IJU l.lli l.IU 
LSU l.IU 1.3U uu l.IU I.IU 

1.5U l.IU L3li uc I.!U l.!U 

9IC 15 14 8.2 u 6.8 u 7 .I L'J 
73 c 54 u 65 u 67 ll 55 u 36 J 

NA 29.2 282 NA NA NA 
NA 35.9 54.7 :--lA :--lA NA 
NA 2.2 2.7 NA :--lA NA 
NA 32.7 14.4 NA NA NA 

039 0.051 NA NA NA NA 

NA :SA NA NA NA NA 
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Sb-ht.xls SB-HT 

• 
TABLE 3-1 (continued) 

SUllt:VIARY OF St:BSl'RFACE SOIL At';AL YTICAL RESULTS 
CMS [\VESTIGATIOX 

TOW WAY Fl'EL FAR.\I 
NAVAL STATION ROOSEVELT ROADS, Pl'ERTO RICO 

Sample ID EPA Region III 
Sample Date Residcntia I 
Depth Range (ft.) RBC 

BTEX (ug/kg) 

Benzene 200,000 22,000 
Ethylbenzene 200,000,000 7,800.000 
Toluene 410.000,000 16.000.000 
Xylenes 4, I 00,000.000 I 60,000,000 

TPH 
Diesel Range Organics (mglkg) 100 100 
Gasoline Range Organics ( uglkg) 100.000 I 00.000 

Grain-size 
%.Clay NE l\'E 
%Silt NE NE 
'Vo Gravel NE NE 
%Sand NE NE 

Engineering Properties 
Total organic carbon ( ug/kg) NE 1-'E 

Density 
Density (g/ml) NE NE 

Data Qualifiers: 
J • Analyte present Reported value may not be accurate or precise. 
U- Not detected. The associate number indicates the approximate 

sample concentration necessary to be detected. 
UJ- Not detected, quantitation limit may be inaccurate or imprecise. 
NE ·Not established. 
NA- Not analyzed. 

Number 
Exce-eding 

EPA Region III 
Residential RBC 

0160 0/60 
0/60 0160 

0/60 0/60 
0/60 0/60 

14/{iO 270.!-22.000 14/60 
10/60 18 0. 000-1.100.0001 1060 

NE NE 
NE NE 
NE NE 
1-'E NE 

NE NE 

NE NE 

• Revised Aprill6. 1999 

Range Location 
Exceeding Maximum 

EPA Region III Detect 
Residential RBC 

7DPI5-02 
7DP07-04 
7DPt5-02 
7DPI5-02 

2701-22.000 70Pl5-04 
180,000-l. I 00, OO()J 7DP25-06 

7DP-TWFF-U t 
7DP07-0I 
7DP24-02 

7DP-TWFF-lJ 

7DP03-02 
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THE SOIL BORING INFORMATION IS CONSIDERED TO BE REPRESENTATIVE OF 
SUBSURFACE CONDITIONS AT THE RESPECTIVE BORING LOCATIONS. SUBSURFACE 
CONDITIONS INTERPOLATED BETWEEN BORINGS ARE ESTIMATED BASED ON 
ACCEPTED SOIL ENGINEERING PRINCIPLES AND GEOLOGIC JUDGEMENT. 

Baket Enviroomental, be. 

FIGURE 3-2 
HYDROGEOLOGIC CROSS-SECTION A-A' 

TOW WAY FUEL FARM 

NAV4L STATION ROOSEVELT ROADS 
PUERTO RICO 
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THE SOIL BORING INFORMATION IS CONSIDERED TO BE REPRESENTATIVE OF 
SUBSURFACE CONDITIONS AT THE RESPECTIVE BORING LOCATIONS. SUBSURFACE 
CONDITIONS INTERPOLATED BETWEEN BORINGS ARE ESTIMATED BASED ON 
ACCEPTED SOIL ENGINEERING PRINCIPLES AND GEOLOGIC JUDGEMENT. 

B.T. 81.58 Baker Environmentsl, -.c. 

FIGURE 3-3 
HYDROGEOLOGIC CROSS-SECTION B-8' 

TOW WAY FUEL FARM 

NAVAL STATION ROOSEVELT ROADS 
1 PUERTO RICO 
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