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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 ITI
Contract Task Order (CTQ) 0277
U.S. Naval Station Roosevelt Roads, Pucrto 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 comments arc addressed pertaining to the following reports:

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

] Navy’s December 16, 1998 Response to EPA’s Comments on the June 30, 1998 CMS
Investigation Report for the Tow Way Fuel Farm.

Each document is addressed separatcly below.

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

There were three major issues reflected in the EPA comments:

. The clean-up levels
. The detection of TCE in well TMWO07, and
] The TechLaw comments.

1) Clean-up levels
Attachment 1 to this letter contains a fully revised Section 3.0 and associated appendices of the Task

1 Report. The clean-up goals have been re-calculated based on EPA comments and some re-analysis
of the various exposurc scenarios. All the EPA comments have addressed.

2)  TCE in Well TWMO07

Attachment 2 to this letter is a work plan for specific investigations in the area of well TMWO07 where
a significant detection of TCE occurred in a recent groundwater sample. The investigations extend
to an adjacent well (TWMO08) where a very low level detection of TCE was found. Since there are no
intervening wells between 07 and 08, MWO08 was included.
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The work plan contains a map showing all the TCE sampling results including non-detect locations.
TCE detections are indicated in blue. It should be noted that UGW24 contained 2 pg/l 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 of TCE between UGW 24 and TMWO7,

3) Techlaw Comments

The two TechLaw comments pertain to the risk assessment and clcan-up goals, These have been
addressed in the revised Scction 3.0.

Navy’s December 16, 1998 Response to EPA Comments o 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 the report as final.

All of the EPA comments have been addressed. The paragraphs which follow provide a summary of the
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’s/TechLaw’s comments; yet instead of
supplying the appropniately revised text or figure, the letter contains numerous statements to the effect that the
revised text or figure, ctc., 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 the Task | 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 thc EPA’s comment letter dated October 2, 1998 are listed below with a brief description
of where the revised figure or text 1s located.

OCTOBER 2, 1998 EPA COMMENTS

Comment -
2. Please revise Cross Section A-A’ and B-b ’f(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 interscction 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 LNAPL/phase separated hydrocarbons (PSH)
accumulation at Tow Way Fuel Farm if all such occurrences were reflected in 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

¢) For cross section B-B’, the relationship between the notation “Gabro Bedrock” on the left half of cross
section (between wells UGW-22 and 7MW03) and the “Weathered Zone” east of well 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 3-3.

Comment
e) Does well TMW08 contain unweathered bedrock at the surface, as depicted in B-B'?

Response
Well TMWO08 does not contain unweathered bedrock at the surface, as depicted in B-B*. After

reviewing the boring logs for TMWO8, 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-13 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 inwells 470-MW 1 and 470-MW 3, and the non-detect
to very minimal concentrations of those same parameters in the groundwater at well TMWOI1A, 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, 7TMWG35 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

TMWO1A was screened in the bedrock. A cross-section showing this has been developed and is
attached to this response to comments 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 necarby downgradicnt wells UGW 15, UGW20,
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TMWO5, and TMWO06 as indicated on Table 3-7 and Appendix D.3. UGW 135 was the only well of the
four listed which detected TPH GRO (110 pg/L). UGW15 and UGW20 were the only two wells of
the four listed which detected TPHDRO (0.18 and 0.065 J ug/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 mg/kg total petroleum
hydrocarbons [TPH]).

Response
The volumes of contaminated soil above the Commonwealth of Puerto Rico’s generally applied soil

standard of 100 mg/kg total petroleum hydrocarbons [TPH]) have been calculated and is provided on
replacement page 3-4 (Section 3.1.2).

TECHLAW 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 level (MCL) was 2,000 ug/L. Since this concentration approaches one criterion for considering
the presence of dense non-aqueous phase liquid (DNAPL) (one percent of the 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 DNAFL..

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

Comment

Figure 3-17

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 UGW10 at a thickness of <0.01 feet. Currently, Figure 3-17
indicates that no free product was detected at monitoring well UGW10.

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

Comment

4.0 EDITORIAL COMMENTS

Figure 3-6, Figure 3-7, Figure 3-9, and Figure 3-12

The units of measure should be modified from mg/kg to ug/kg 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 are correct. The units found in Figure 3-7
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were changed to ug/kg as presented in replacement Figure 3-7, Table 3-1 was adjusted to present the
TPH DRO in mg/kg as presented on replacement Table 3-1.

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 7DP0S.

Response
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, 3-11, 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”.

Response
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/lp
Attachment

cc: Mr. Christopher T. Penny - LANTDIV, Code 18231 (w/attachment)
Ms. Madeline Rivera - NSRR (w/attachment)
Mr. Isreal Torres - PREQB (w/attachment)
Mr. John Tomik - CH2M Hill (w/attachment)
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3.0 ESTABLISHMENT OF CORRECTIVE ACTION OBJECTIVES

This section of the document establishes the site specific objcctives for the corrective action. The
objectives are based on public health and environmental criteria, information gathered during the
RF1, 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 TWFF.
Mitigation requires the establishment of chemicals of concern (COCs) from a thorough review of
the baseline risk assessment. Once CQCs are identified, current and future land use is evaluated to
identify receptors and potential exposure routes. COCs, land usc and exposure can be distilled to

identify site specific corrective action objectives.

3.1 The Process

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 are limited. Important components in the development of the
corrective action objectives include the identification of media of concern/contaminants of concern
(COCs), identification of the exposure routes and receptors, the identification of applicable federal
statutes, and the development of clean-up goals. 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 ITuman Iealth Risk Assessment

The baseline RA for the TWFF identified the potential for human health risk to onsite workers and
future residents exposed to soil affected by site related activities. Contaminants of concern (CQOCs)
in surface soil include the polynuclear aromatic hydrocarbons (PAHs) benzo(a)pyrene (maximum
detected concentration = 17 mg/kg) and benzo(a)anthracene maximum detected concentration = 23
mg/kg). Onsite construction workers exposed to surface soil containing these PAHs exhibit an
incremental lifetime cancer risk (ILCR) of 3.4 x 10*, which exceeds the upper end of USEPAs
generally acceptable risk range. Benzo(a)pyrene and benzo(a)anthracene were responsible for
approximately 80 perceut of this value (2.8 x 10*). Benzo(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 TI.CR value for construction
workers falls within USEPA generally acceptable risk range of | x 10%10 1 x 107 for subsurface soil

exposure.

PAHs were also responsible for unacceptable ILCR values for both future potential adult (4.7 x 107
and child (2.9 x 10 residents. No other contaminant caused unacceptablc carcinogenic or

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

Groundwater, if used for potable purposes, would also posc unacceptable human health risks. The
presence of benzene (maximum detected concentration = 13,500 pg/1.) is responsible for 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,
ethylbenzene and total xylenes were detected at maximum concentrations of 34,400, 95,700 and
139,500 zg/L, respectively and produce unacceptable noncarcinogenic risks to both children and
adults. Ethylbenzene was responsible for 58 percent of the total hazard indices of 6.6 (children) and

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

unacceptable ILCRs or Hls.

Results of the bascline RA identified media and contaminants of concern at TWFFE. Thesc 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 benzo(a)pyrenc and benzo(a)anthracene.
Benzene, toluene, ethylbenzene and xylenes, though not detected in soil at concentrations posing

unaceeptable 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 TWTF.
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3.3 Exposure Routes and Receptors

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.

Groundwalter was evaluated as a potable source for future potential residents. This conservative
scenario considercd 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 1 report to establish potential clean-up levels for the TWFF.

34 Clean-up Goal Options and Clean-up Levels

The selection of clean-up levels begins with an evaluation of clcan-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 purposc of this section is to insure that all pertinent and applicable criteria arc
cvaluated so that the most reasonable and conservative clean-up levels can be sclected to protect

human health for 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
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MCLs are presented in the following paragraphs.

USEPA Region IIT (Risk Based Concentrations) RBCs - RBC values are derived using conservative
USLEPA 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
1x10%. 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), for noncarcinogens, they are chronic oral and inhalation reference doscs
{R1Ds). These toxicity criteria are subject to change as more updated information and results from
the most recent toxicological/epidemiological studies become available. Therefore, the use 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 scmi-

annual basis and was recently updated in October, 1998.

Maximum Contaminant Levels - Federal Groundwater Standards - 40 CFR 161- MCl.s 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 are
designed for prevention of human health effects associated with a lifetime exposure (70-vyecar
lifetime) of an average adult (70 kg) consuming 2 liters of water per day. MCLs also 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-Based Preliminary Clean-up Goals

In conjunction with pertinent regulatory criteria, site specific risk-based cleanup levels were
developed for TWFF groundwater and soil COCs. The methodology used to derive the risk-based
cleanup levels was in accordance with USEPA Risk Assessment Guidance for Superfund, Parts A
and B (USEPA, 1989 and USEPA, 1991). For noncarcinogenic effects, risk-based clecanup levels
were calculated for significant human exposurc pathways that target a Hazard Index (111) 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 for cven sensitive
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populations. For carcinogenic effects, risk-based cleanup levels were calculated that target an ICR
range of | x 10 (one in a million) to 1 x 10* (one in ten thousand) that would be expected to result
from cxposure to a potential carcinogen over a lifetime, 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 1 x 107 and 1 x 10, with the latter ICR representing USEPA’s point of departure.

Derivation of site 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 TWFI%:

. Accidental ingestion of soil (future adult and child residents, military residents and
dependents, current construction workers)

L 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)

L] Dermal contact with groundwaler using a bencficial use scenario (future adult and

child residents, military residents and dependents)

In addition to these scenarios and exposure routes the inhalation pathway was cvaluated for
commercial workers and future residents using the benzene RGO in a volatilization calculation

(Farmer et al., 1980) and dispersion modcl (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 TWFEF 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 caleulated for groundwater using: 1) a residential beneficial
{nonpotable - i.e., watering lawns and washing cars) use scenario for the future adult and child
resident; and 2) a direct contact scenario during construction activitics 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 part of a lifetime, incorporating an adequate margin of safety). The
cleanup level incorporated the exposurc time (hours/day) and/or frequency (days/year) that
represented the occurrence of 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 exposcd

individual’s lifetime (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 of
sites and may be too conservative for the TWIF scenario. In 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

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

The estimation methods and models uscd 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,
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3.43 Selection of Clean-up Levels

Because of the current property 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 1o occur in the future. To ¢nsure
the protectiveness of any subsequently selceted remedy, institutional controls (i.c., restrictions
prohibiting future residential property usc) must be included as part of the corrective measurcs

alternative.

A comparison of proposed soil clcanup 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 mp/kg
exceeds the residential soil RBC value of 22 mg/kg by a factor of approximately 15.7. This is
analogous to a future residual risk o residents of approximately 2 x 107, which is within USEPAs
generally acceptable risk range. This risk is not significantly increased when exposure (o benzenc
through volatilization is considered. A cleanup goal of 345 mg/kg benzene in soil produces a

residual risk to inhabitants of only 2 x 107,

Cleanup goals were also established for the potentially carcinogenic PAlls benzo(a)pyrene and
benzo(a)anthracene. A cleanup goal of 1.1 mghkg benzo(a)pyrenc and 10.5 mg/kg
benzo(a)ahthracene compared to Region 111 RBCs would result in a cancer risk of approximately
1.5 x 107 for future residents. A cumulative risk to benzene and potentially carcinogenic PAHs for
future residents would be approximately 3.5 x 107, a value that falls within USEPA’s gencrally

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 for evaluating TPII results other than disposal limits. A
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qualitative goal was established for the remcediation of phase-separated hydrocarbons (free product)
in groundwalter. A goal of 0.1 foot is established based on the timits of technology to recover phasc
scparated hydrocarbons (PSH). Technologies will be discussed in detail in subsequent sections of

this CMS Task 1 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
TWIE, selected cleanup goals should be compared to other risk~-based goals to determine overall
protectiveness. Because groundwater is shallow at TWEFE, the most likely human receptors would
be construction workers who come into contact with alfected groundwater during excavation
activities. Construction worker cleanup goals are more conscrvative than residential, nonpotable
groundwater use cleanup goals. This is a function of the acute nature of potential exposure by
construction workers (180 days per year for a | vear period) and the duration of potential exposure
to contaminated groundwater (1 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 hikely property use at TWFF, precluding potable use.

3.5 Corrective 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 1 REPORT

TOW WAY FUEL FARM
NAVAL STATION ROOSEVELT ROADS

Pertinent Criteria Risk-Based Clean-up Goals
Chemieal
of Region I Federal Future On-Site Residents Military Residents™ Construction Workers
Concern RBCs MCLs
GW Air | SoilInd. | Soil Res. Gw At Soil GW Air® Soil GW Air® Soil
pe/L | pg/m' | mgkg | mgkg rgl ug/L pg/m3 | mgke ug/l. ug/m3 | mgkg | pg/l | pg/m3 | mgke
Benzene .36 0.11 200 22 5 340 * 25 800 * 37 2,100 * 345
Toluene 750 270 | 410,000 | 16,000 1,000 11,000 - 12,500 11,000 - 12,500 5,500 - 28,500
Ethylbenzene 1,300 140 | 200,000 | 7,800 700 4,000 - 6,250 4,000 - 6,250 2,300 - 14,000
Total Xylenes 12,000 | 2,700 - 165,000 | 10,000 | 1,092,000 - 125,000 | 1,092,000 - 125,000 | 615,000 - 285,000
TPH (JP-5) - - - -- -~ 1,000 - 1,100 1,000 - 1,100 340 - 2,100
Benzo {(a) pyrene 0.009 | 0.002 0.78 0.087 0.2 NA - 0.09 NA - 0.13 NA - 1.1
Benzo (a) anthracene 0.09 (.008 7.8 0.87 - NA -- 1.0 NA -- 1.3 NA -- 10.5

Notes:

- Indicates no value or value is 100% of a given medium

) Non-potable use scenario

@ Volatilization Pathway evaluated using Farmer et at., 1980 and Pasquill & Horst, 1979
® Volatilization Pathway evaluated using Farmer et.al.

& 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.




TABLE 3-2

PROPOSED CLEAN-UP LEVELS
CORRECTIVE MEASURES STUDY TASK 1 REPORT
TOW WAY FUEL FARM
NAVAL STATION ROOSEVELT ROADS

Chemical of Concern Soil Groundwater
Clean-up Level™ Clean-up Level”

mg/kg pg/L

Benzene 345 goo

Toluene 28,500 5,500

Ethylbenzene 14,000 2,300

Total Xylenes 285,000 615,000

TPH (JP-5)/PSH 2,100 0.1%

Benzo (a) pyrene 1.1 NA

Benzo (a) anthracenc 10.5 NA

Notes:

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

) Based on construction worker scenario unless otherwise noted.
G) PSII - Phase Separated Hydrocarbons. Applies to groundwater only and is units of ft.

NA Not Applicable.



APPENDIX A

EXPOSURE INPUTS AND RISK ASSESSMENT CALCULATIONS




APPENDIX A1

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 (1 0 6 years) Adult Comments/References
ED, Exposure Duration Soil/Groundwater years 6/4 24/4 USEPA, 1991a/Site
Specific Information®
EF, Exposure Frequency Soil/Groundwater | days/year 350 350 USEPA, 1991a
ET, Exposure Time Groundwater hrs/day 10 L0 USEPA, 1989a
IR, Ingestion Rate Groundwater L/day 0.054 0.054 USEPA, 1991a
Seil mg/day 200 100 USEPA, 198%
SA, Surface Area Soil/Groundwater om? 2,006% 5,300® USEPA, 1989a and
19923
RR, Respiration Rate Air (Fugitive m?/hr 0.83 0.83 USEPA, 1991a
Dusts)
FI, Fraction Ingested Soil unitlcss 1.0 1.0 USEPA, 1989/
Professional Judgement
ABS, Absorbance Factor Soil unitless | Chemical | Chemical USEPA, 1995a
Specific® | Specific®
AF, Adlicrence Factor Soil mg/cm® 0.2 0.2 USEPA, 1997
BW, Body Weight Soil/Groundwater kg 15 70 USEPA, 1989
PC, Permeability Constant Groundwater cmy/hr Chemical- | Chemical- USEPA, 1992a
Specific Specific
AT,., Averaging Time -
Noncarcinogens | Soil/Groundwater day 2,190/1460 18,760/1460 | USEPA, 1989b/Site
Specific Information®™
AT, Averaging Time -
Carcinogens Soil/Groundwater day 25,550 25,550 USEPA, 1989

Notes:

®  Frequency conservatively assumes 2 days per weekend, every weekend for 12 months,

@ Represents total body surface area.

@ Represents approximately 25% of the total body surface area.

@ The following USEPA Region II default absorbance factors will be applicd to estimate dermal intake of COPCs

in soil (USEPA, 1995a):

VOCs (Vapor Pressure > 95.2 mmHg) - 0.05%
VOCs (Vapor Pressure < 95.2 mmHg) - 3%
SVOCs - 10%
Arsenic - 3.2%
Inorganics - 1%
®  Assumes a 4 year tour of duty for enlisted personnel and dependents.




APPENDIX A.1 (Continued)
EXPOSURE INPUT PARAMETERS FOR FUTURE RESIDENT CHILDREN AND ADULTS
SURFACE SOIL AND GROUNDWATER
NAVAL STATION ROOSEVELT ROADS
PUERTO RICO

References:

USEPA, 1997. Exposure Factors Handbook, General Factors-Volume 1. August, 1997. EPA/600/P-95/002Fa

USEPA, 1995a. Assessing Dermal Exposure from Soil.

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

USEPA, 1991a. Risk Assessment Guidance for Superfund, Volume 1 - Human Health Evaluation Manual
Supplemental Guidance, “Standard Default Exposure Factors." Interim Final,

USEPA, 1989a. Exposure Factors Handbook.

USEPA, 1989b. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual (Part A)
Interim Final.




APPENDIX A-2

EXPOSURE INPUT PARAMETERS FOR FUTURE CONSTRUCTION WORKERS

SUBSURFACE SOIL
NAVAL STATION ROOSEVELT ROADS
PUERTO RICO
Input
Input Parameter Units Values Comments/References
ED, Exposure Duration years 1 USEPA, 1991]a
EF, Exposure Frequency days/year 180 USEPA, 199]a
ET, Exposure Time hrs/day 8 USEPA, 1991a
IR, Ingestion Rate mg/day 480 USEPA, 1991a
SA, Exposed Surface Arca cm?fday 4,1000 USEPA, 1992a
RR, Respiration Rate nr’fhr 1.25 USEPA, 1989a
FI1, Fraction Ingested unitless 1.0 Professional Judgment
ABS, Dermal Absorption Factor unitless Chemical-~ USEPA, 1995a
specific?®
AF, Adherence Factor mgfem’ I USEPA, 1991a/1992a
BW, Body Weight kg 70 USEPA, 1989
AT, Averaging Time -
Noncarcinogens days 365 USEPA, 198%b
AT,, Averaging Time -
Carcinogens days 25,550 USEPA, 1989b
Notes:

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

@ The following USEPA Region I default absorbance factors will be applied to estimate dermal intake of COPCs
in soil (USEPA, 1995a);

VOCs (Vapor Pressure > 95.2 mimnHg) - 0.05%
VOUCs (Vapor Pressure < 95.2 mmHg) ~ 3%
SVOCs - 10%
Inorganics - 1%; Arsenic - 3.2%

References:

USEPA, 1995a. Asscssing Dermal Exposure from Soil.
USEPA, 1992a. Dermal Exposurc Assessment: Principles and Applications - Interim Report.

USEPA, 1991a. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual
Supplemental Guidance, "Standard Default Exposurc Factors." Interim Final.

USEPA, 1989a. Exposure Factors Handbook.

USEPA, 1989b. Risk Assessment Guidance for Superfund, Volume ] - Human Health Evaluation Manual (Part A)
Interim Final,




FUTURE RESIDENTIAL ADULT

SOIL EXPOSURE ASSESSMEMT-PRELIMINARY REMEDIATIGN GOALS {PRGs)
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE

CORRECTIVE MEASURES STUDY-TASK |, TOW WAY FUEL FARM

US NAVAL STATION ROOSEVELT ROADS

PUERTQ RICG

RGOs from accidental ingeslion and dermal contact with soil are caiculated as fellows:

RGOc (mgkg) = ICRA{Ing *CSFo)+ (Cerm*CSFd)]
RGOnc (mg'kg) = HQM{Ing/RiGe) + {Derm/RiDd}]

Ing = IR*ED*EF*CF/ATC or ATnc"BW
Derm = SATED'EF*AF*ABS*CF/ATC or ATnc BW

Where:
INPUTS .
ICR = apporticned target incremental cancer risk. unitiess 1E-05
HQ = target hazard quotient, unilless 1.0

RGOc = carcinogenic contaminant concentration in surface soil, mg  calculated
RGOCne = noncarcinogenic conlaminant concentration in surface soi caloulated

ATc = averaging time for carcinogen, days 25550
ATnc = averaging time for nencarcinogen, days a7et
CF = conversion factor, kgfmg 0.000001
CSFo = oral cancer slope facior. imgikg-dayl-1 cs {chemical soecific valug]
CSFd = dermally adjusted cancer slope facior, (mgfkg-day)-t s
Rfl}o = orai reference dose, mg/kg-day Cs
Rf0d = dermally adjusted reference doss, mg/kg-day cs
ED = exposure duration, years 24
EF = exposure frequency, daysiyear 350
iR = ingestion rate, mgiday 100
BwW = body weight, kg 7
SA = skin surface area available for contact. cm2 5300
AF = soil to skin adherence factor, mgfem?2 a2
ABS = Absorption Factor, unitless CS

Note: Inputs are scenario and site specific

! | ICR HQ | bsorplion|  Slope Reference | ermaily Adj| Derm. Adj [Ingasticn: Dermal [Ingestion] Dermal | RGO RGO
i Factor Facter Dose  |Siope Facto| Ref Dose | Dose | Dose Oose Dase LCarc | Nencarc
Contamirant ! funitiess) | mg/kg-day)- |(mg/kg-day |mgkg-day)-|ima/kg-day | Carc ! Carc | Noncarc | Noncarc | {mg/kg)| imaike)
VOLATILES Py !
Benzene 10E-08( 10 ! 0410 2.90E-02 | 300E-03 | 363E-02 | 2.40E-03 |470E-CT. 4 9BE-O7 |1 3TE-06:1.45E-06! 31.55 942
Tofuene 10§ 010 - 2.00E-01 - +.60E-01 |4.70E-07 4 9BE-07 | 1.37E-08: 1.45E-06 - 62,796
Ethylbenzene 140 0.10 - 1.00E-01 - B.ODE-02 |4.70E-07! 4. 98E-07 |1.37E-06, 1 456-067 - 31,398
Total Xylenes 1.0 010 - 2.0CE+00 -- 16CE+0] | 4.7OE-07: 4.98E-07 |1 3?E-05:§ 1.45E-08| - 827 857
JP-E 1.0 010 - 2.00E-02 - 1.00E-02 [4.70E-07; 4 98E-O7 |1.37E-06: 1.45E-06¢ - 4679
SEMIVOLATILES :
Benzofa)pyrene 10E-0E| - G.10 T.30E+CC -- 1.48E+01 - 4.70E-07. 4.98E-07 |1.37E-06; 1.45E-06° 0.09 -
Benzo{a)anthracene 1.0E-05| -- .10 7.30E-01 - 1.46E+00 - 4.70E-C7. 4 98E-07 | 1.37E-06; 1 45E-06° 0.93 -

by
3:.55@;% * O'Zﬁ%x* 5300 ¢ x D % 350}1‘,& 24yce x 10 ‘;ﬁg

.z
157 %70 g 4 3.63x10 K4d 59,7

DD%D = =3 F — o - k‘ .d
70&9;; 25550{) 3 ~g
Doser = 3LESMI y 10024 & 3509 4 2dyes x 194G > 2 .
* My DA Ty J = L 4Txi0 Y, g x 39x00 Kad o 43 x/0
70K3  x 255554 < 4




FUTURE ON-SITE ADULT RESIDENT
FUTURE BENEFICIAL USE SCENARIC

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 with groundwater are calculated as follows:

RGOc {mgiL} = ICR/([Ing + Derm][CSF])
RGOne imgl) = HO*RIDI(Ing + Derm}

Ing = IR*EF*ED/AATC or ATRe*BVY

Derm = SA*EF*ET*PC ED*CFIATc or ATnc*BW)

Where:

ICR = incremertal cancer rish [un bess)
HO = hazata quolienl turilless)
RGOc = cansinegenk comarmirart concervrabor in water (ugl)

RGOnc =

ATc = averagng trre for zarcinagen (cays!
ATre = averaging lime far nancarcncgen days)
CF = zonversion Tactar J0.02% Licm3d)

CSF = cancer slooe factor [Tgkg-tay)-1

RID = re‘erence dose [rgkg-day)

EF = exposire requency idaysiyear]

IR = water ingestion rate i raur]

SA = skin surface area avadable [orcolacl leT2)
ED = scposure suraion frears;

BWY = body weigh tkg)

ET = sxposure lima jhaursiday)

PC = permeabilty constart {ormhr;

Hete: Inguts are scenarka and ske spacifc

nwater (gL

HPUTS

1 S0E-6

cakuiated

cakuisted
25580
a6
a1

specific

ISR WG | Permesbilty; Skpe  [Jenraly Adi| Refersrce [Dermally Adi| Ingesicn | Oemal | Ingestor |  Darral Elete] RGO
Constart | Faclor | Shkpe Facter  Doss Raf Dase Dose Jose Cose Dose cac Honears

Coria-mirant servhrt | mgdeg-cay)- | mgikgdavi-” imgikg-cay)| (mgkg-tay) Carg Carc “oncarc Honcarc irgily ImngeL)
WOLATILES
Benzene 1.0E-06 18 002 ZPOE-02 | 390E23 | 3EIEO7 | 240E-01 | 2SGESS | SGFE0S | TEIEOS | TAE-D4 3339 1213
Tohene - 13 100 - - 200E01 | 180E-01 | 26BELS | 2E4E-03 | TEIEOE | 630E-03 19
Eihybeazere - 12 1.2 - - “DOE-01 | BOOE-02 | 26BESS | 341E-0 | TE3EOS | 9S6EM e
Talal Xyhanes - 14 0.08 - - 2DOE+0Z | THOE+D0 | ZSEEGS | 228E-04 | TEIEDS | BE4E-D4 2202
1P5 - 12 Lo - - 2POE-07 | 100E-0F | Z46ESS | 2B4E-b3 | 3ESE-04 | 620E-03 1
SEMIVOLATILES i
Benzolaipyrene 1 C0E-06 - 100 TADE<D3 | 146E-3t - - IS8ESS | 2BLEDG | TEIEDS | BIOEI3 | 24505




SITE: Naval Station Roosevell Roads - Onsite Adufts

LOCATION: Tow ‘Way Fuel Farm

JOB #

DATE: 4/14/92

SCEMNARIO: CALCULATE THE HYPCTHETICAL VAPQOR INTRUSION THROUGH CRACKED FOUNDATIONS FOR FUTURE RES'DENTS

PURPOSE: THIS SPREADSHEET CALCULATED THE HYPOTHETICAL INFILTRATION OF WYAPOR PHASE CONSTITUENTS FRCM GROUNCAWATER THROUGH A FOUNDATION WATH SOME CRACKING AND THE CORRESPONDING RISKS
ASSOCIATED WITH TH!S EXPOSURE PATHWAY. CONSERVATIVE ASSUMPTIONS ARE USED IN THIS SCENARIC WHICH IS CESIGMED TO REPIESENT FUTURE RESICENTS
INHALAT:ON RATES. BODY WEIGHTS, AND EXPOSURE DURATIONS ARE TAKEN FROM THE MOST RECENT LITERATURE

PERTINENT EQUATIONS
Q= 287 (b A IIAF)HP1-P2 (Csgy (MURPHY 1985 & 1966}

where! @ = THE CONTAMINANT EMISSION THROUGH A CRASKED FOUNDATION {mgrs)
b = THE CRACK WIDTH {0.5mm)
I= THE TOTAL CRAGK LENGTH {em}
F = THE FOUNDATION THICKNESS {10-20cm)
{P1-P2) = THE PRESSURE DIFFERENCE BETWEEN THE INSIDE AND THE OUTSIDE (D¥NES/em®2)
Csg = THE CONSTITUENT CONCENTRATION IN SOIL GAS (mgiem®3)

Csg = {H/RT)"Cg (MURPHY 1985 & 1985}
where: H=HENRY'S CONSTANT {aim*m"3/mol.}

R = THE IDEAL GAS CONSTANT [L*atmimot.* K

T = THE TEMPERATURE OF THE SOIL {293 K)

Cg = THE CONSTITUENT CONCENTRATION IN THE GROUND WATER (mgiml)
(P1-P2) = 1.176E-24(d)*{T-TOMS) {MURPHEY 1885 & 1985)
where: d = THE DISTANCE TO A POINT OF NEUTRAL PRESSURE {m:

T.70 = THE INDOCR AND CUTDCOCR TEMPERATURES {K)
Ca = [QA*Qa) {1-e-KV"Qa)* [t} + Cs*e-{KA I iQai(t] {WADDEN et al. 1983}
where: Qa=THE AR FLOW RATE THRCUGH THE DWELLING (m*2/hr)

K = THE MIXING FACTOR

¥ = THE ROOM VOLUME {m*3)

Cs = THE BASELINE INDQOR AIR CONCENTRATION [mgim™3)

t=TIME (s)
as time approaches infinity, a steady state is approached and the equalicn reduces 1o...
Ca={iQ0a
where: Qa=Vd AE
and:  Vd = THE ROQOM VOLUME (m"3)

AE = THE AIR EXCHANGE RATYE (hr*-1)
Ca = THE AMBIENT AIR CORCENTRATION {mg/m"3)



CARCINOGENIC CONSTITUENTS ROKCARCINCGENIC CONSTITUEMTS

DOSE = Ca*RROTEVED*ABBW TOyrs 385dhyr (USEPA 1928) DOSE = Ca*RRD“ABBW {LISERA 16RE)

where: AR = THE RESPIRATION RATE (m3/hri wheee RR = THE RESPIRATIN RATE {m3thr)
D = THE WORMDAY LENGTH (hrid) D= THE WORKDAY LENGTH [hrid;
EV = THE NUMBER OF EXPOSURES PER YEAR AB = THE ARSORBED FRACTION OF THE CONSTITLENTS
ED = THE EXPOSURE DURATION (yrs) SW = THE RECEPTOR BODY WEIGHT {Kq)

AB = THE ABSORBED FRACTION OF THE CONSTITUENTS
By = THE RECEPTOR 200DY WEIGHT (Kg)

COMSTITUENTS Cg H RT Cag b g L [ (P1-PZ} aQ v AE Qa Ca
mgiml ater'm 3imol Lramimal mafemt3 mm cm il m dyresfom’2 mg's m3 bt al mh3r mgin'g
tenzene B.0OE-04 5 50E-03 24055 183804 G5 15 114000 15 Z.98E.03 1.442.02 34200 4.8 17160 B42E-07
CONSTITUENTS |R o] gy ED AB =y CARG. RONCARC. CPF RID ICR Hi COMMENTS
mA3hy hrid dfyr ¥t Kg DOSE DosE
moftigid mgikgid Kyg-dimg mgKgdd
benzene Q8 24 50 24 1 70 7.59E-08 QL0E+00 2.029 o 2.208-09 2.00E+00
TOTAL 2. 20E-09 Q0 QCE+Q0



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).

Mol. Wght. P Dc{100 C} pt T Csi A d Cw cf
CONTAMINANTS {gimol] {mmHg) {cm2isec] {unitless) Kl {gicm3) {cm2} {cm) img/kg) (Ka/mg)
Benzene 78 85 8.20E-02 0.3 283 0.00042 2 E+(08 152 345  1.00E-06

Naer Field Box Model
Pasquill, 1975 and Horst, 1979

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

CONTAMINANTS Hb u10 um Wb Ca
(m}  (misec) {misec (m  (g/m3)
Benzene 1.4 1 0.127560069 15240 9.408E-Q7
CONT. A RR D EV ED AB BW CARC. NONCARC. CPF RfD
mA3hr  held diyr yr  unitless  Kg DOSE DOSE
mo/Kg/d  mg/Kgid Kg-dimg mg/Kgid
Benzene 0.8 24 350 24 1 70 B8.48E-08 0.00E+00 0.025 4
TOTAL

Ei
ise

2.56E-03

ICR

2.48E-09

2.48E-08

Hi

0.00E+Q0



FUTURE RESIDENTIAL CHILD

SOIL EXPOSURE ASSESSMEHT-PRELIMINARY REMEDIATION GOALS [PRGSs)

COMBINED INGESTION AND DERMAL RCUTES OF EXPOSURE
CORRECTIVE MEASURES STUDY-TASK |, TOW WAY FUEL FARM
US NAVAL STATION RODSEVELT ROADS

PUERTO RICO

RGOS from accidental ingsestion and darmal contact with soil are calculated as follows:

RGOC [mpkg) = ICRA(ing *C8Fo (Derm*CSFd)]
RGOne {mgfog) = HWIngMRIDo) + {DermRfDd)

Ing = IRPEDEF*CFATS or ATnc B
Derm = SA'EDEFAF*ABS*CFIATT or ATne B

‘Where:

ICR = apportioned target incremental cancer risk, unitless

HQ = target hazard quatient. uritless

NPUTS
1E-08
10

RGOC = carcinogenic contaminant cancentration in surface soit, mg/  caloulated
RGOne = noncarcinoganic contaminant concentration in surface sof ca’culated

ATe = averaging time for carcinogen, days 25850

ATne = averaging time for noncarcinogen, days 2190

CF = conversion factor, kgimg 4000001

CSEe = oral cancer slope factor, (mg/kg-day -1 [ {chemical specific value}

C8Fd = dermally adjusted cancer slope factor, (matkg-day)-1 cs

RfOo = oral reference dose mgkg-day Ccs

RiDd = dermally adjusted raference dose, mg/kg-day cs

€0 = exposure duration, years 8

EF = exposure frequency, daysiyear 38¢

IR = ingestion rate, myiday 200

BW = biody weight, kg 15

S = skin surface area avaitable for contact. em2 2005

AF = soil to skin adhaerence factor, mgfem2 G2

ABS = absomption Factor, unitless cs
Noter Inputs are scenarc and site specific

ICH HO Absorption | Stope | Reference | ermally Adii Derm. Adj. [ingestion  [Dermal Ingestion  {Dermal RGO RGO
Factor Factor Dose  [Slope Facle| Ref Dose |{Dose Dosa Dose Dose Carc Nancare

Contaminant {unitiess] | ghg-davy (mafkg-day imgkg-dayl- [ {makg-dayi Carc (earc Honeare Noncars  [{mgfkg)  Hmoka)
YOLATILES
Benzene 10E-06 | 140 010 |2806-02| 300803 | 353E.02 | 240803 ° 110E0B | 220E.07 | 12805 | 2.58E-08, 2518 188
Toluens - 1.0 .10 - 2.00E-01 - 160E-01 | 1.10E-08 | 220E-07 | 1.28E-05 | 2.58E-08 - 12,507
Ethylbenzene B 1.0 0140 - 1.00E-01 - 800E-02 | 1.10E.06 | 220E-07 | 1.28E-05 | 2.66E-08 - 8,253
Total Xylenss - 1.0 0,10 - 2.00E+0C - C 1B0EsD0 | 1L10EW08 | 220507 | 1.28E.D5 | 256506 -, 125088
JP-5 - 1.0 410 - 200E02 - 1.00E02 | 110E-06 | 220E-07 | 1.28E-05 | 258E.05 - 1,118
SEMIVOLATILES
Benzu{ajpyrens 1.00E-08 - @10 F.30E+00 - 146E+01 - : 1.10E-06 | 2.20E-07 | 1.2BE-0S | 2.56E-08 0.08 -
Benzo{ajanthracene TLO0E06] -~ 010 7.30E-B1 - 1.46E+00 - 110E-06 | 2.20E-07 | 12B8E-05 | 255E-06 ) 088 -




FUTURE ON-SITE CHILD RESIDEMT
FUTURE BENEFICIAL USE SCENARIO
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE
CORRECTIVE MEASURES STUDY-TASK |, TOW WAY FUEL FARM
US NAVAL STATION ROOSEVELT ROADS

PUERTQ RICC

YORKTOWN, VIRGINIA

RGUs from ingestion and dermal contact with groundwater are calowated 8s folfows:

RGOc (mgiL) = ICRH]Ing + Dermj[CSF)
RGOne {mg/Ly = HQ'RIDHIng + Deym)

Ing = IR*EFEDAATC or ATnc BYY)

Derm = SA'EPETPCEDCRAATC or ATRe BV

Where:

R = incremental cancer risk {unitless}
HQ = hazard quotient {unitiessi

RGOC = carcinogenic contaminant cancentration in water {ugiL)
RGOnC = noncarcinagenic conaminant consentration in water {ugil}
ATe = averaging time for carcinogen {days}
ATne = averagirg lime for noncarcinogen {days)
CF = conversion factor (0 001 Licm3)

C8F = cancer slope factor {mgfkg-day)-1
RfD = reference duse (mplkg-day)

BF = axpasura fraquency {daysiyear)

IR = water ingestion rate [L/hour}

8A = skin surface area available for contact (cm2)

ED = exposure duration {years)

BWW = body weight (kg

ET = exposure time {hoursiday}

PC = parmeability constant (emshr}

Note: Inputs are scenario and site specific

NPUTS

1.00E-03
hl
calculated
calvulated
25550
218¢
0001
specific
specific
40
0as
2006
8
15
1
specific

IoR HO ’Permeabimyl Slope Dermally Adj.| Reference [Dermally Adi| Ingestion |  Dermal Ingestion | Dermal | RGO | RGO
Constant ! Factor Slope Factor, Dose Ref. Dose Dose Dase Dose Daose Care ¢ Noncarc

Contaminant feminet  j{mgikg-dayi-1Emaig-davi- [ imgkg-dayi Imgfhg-day) Care Lare Morcare | Monearc | (mgiy | (imgll)
VOLATILES :
Banzene 1.0E-06 1.0 002 2.90E-Q2 300E-03 | 383F-02 ;| 240B-03 | 313E058 | 284E-D5 | 3B5E-04 | 30BE-04| (536 4.00
Toluene - 14 1.00 - - 2 00E-01 180E-01 313E-05 1.26E-03 ABSE-O4 | 1.47E-D2 - 11
Ethylbenzens - 10 1.20 - - 1.00B-01 8O00E-02 | 3.13E-05 1.51E-03 3.85E-04 | 1.78E-02 - 4
Total Xylenes - 1.0 J.08 - - : 200E+00 | 180E+00 | 313E-D5 1.00E-04 388E-04 | 117E-03 - 1,040
JP-§ - 1.0 1.00 - - 2.00E-02 | 100E-02 | 313E-D5 | 1.2BE-03 | 365E-04 | 1.47E.02 - 1
SEMIVOLATILES
Benzofaipyrens 1.00E-08 - 1.00 T30E+00  1.45E+01 - - 3.13E-08 1.28E-03 385604 | 1 47E02 | 54E-05 -
Benzolajarthracens | 1.00E-08 - 1.00 7.30E-0Y ¢+ 148E+00 - - o R13E-05 1.26E-03 3.85E-04 | 1.47E02 | 5.4E-04 -




SiTE: Naval Station Roosevelt Roads - Onsite Childem

LOCATION: Tow \Way Fuel Farm

JOB#:

DATE: 4/14/93

SCENARIO: CALCULATE THE HYPOTHETICAL VARPOR INTRUSION THROUGH CRACKED FOUNDATIONS FOR FUTURE RESIDENTS

PLURPQOSE: THIS SPREADSHEET CALCULATED THE HYPCTHETICAL INFILTRATION OF WAPOR PHASE CONSTITUENTS FROM GROUNDWATER THROUGH A FOUNDATION WITH SOME CRACKING AMND THE CORRESPONDING RISKS
ASSOCIATED WITH THIS EXPOSURE PATHWAY . CONSERVATIVE ASSUMPTICNS ARE LISED IN THIS STENARIO WHICH 1S DESIGNED TQO REPRESENT FUTURE RESIDENTS
INHALATIOM RATES, BOCY WEIGHTS. AND EXPCSURE DURATIONS ARE TAKEN FROW THE MCST RECENT LITERATURE.

PERTIMENT EQUATIONS:
Q= [2B%BA3IMIVFIP1-P2){Csg) (MURPHY ~885 & 1985)

where: Q = THE CONTAMINANT EMISSION THROUGH A CRACKED FOUNDATICN [mads)
b = THE CRACK WICTH (0.5mm)
I = THE TOTAL CRACK LENGTH (om)
F = THE FOUNDATION THICKNESS (10-20¢m)
{P1-P2) = THE PRESSURE CIFFERENCE BETWEEN THE INSIOE AND THE QUTSIDE (DYNES/em®2)
Csg = THE COMNSTITUENT CONCENTRATION 1N SO'L GAS {matem®3)

Csg = (HIRT*Cg (MURPHY 1985 & 1986}
where: H = HENRY'S CONSTANT (atm*m*2/mal.}
R =THE IDEAL GAS CONSTANT {L*atm/maol.* Kj
T = THE TEMPERATURE OF THE SOIL {283 K}
Cg = THE CONSTITUENT CONCENTRATION IN THE GROUND WATER jmgiml)
(P1-P2) = 1.176E-2"d)*{T-TOTQ) (MURPHY 1985 & 1986)
where: d = THE DISTANCE TO A POINT OF NEUTRAL PRESSURE [m)
T.TC = THE INDCOR AND OUTDOOR TEMPERATURES (K}
Ca = (G Qa) ' {1-e*{-KA M Qa) 1)} + Cs*e-{KNI"[(Qa){t) (WADDEN et al. 1983}
where: Qa = THE AIR FLOW RATE THROUGH THE DWELLING [m*3/hr)
K. = THE MIXING FACTOR
W = THE ROOM VOLUME (m*3)
Cs = THE BASELINE INDGOR AIR CONCENTRATION {mgfm*3}
t = TIME (s}
as $rme approaches infinity. a steady state is approached and the equation reduces tc..
Ca=Qfla
where: Qa = Vd"AE
and:  Vd=THE RCOM VOLUME {m*3)

AE = THE AIR EXCHANGE RATE {hr*-1)
Ca=THE AMBIENT AIR CONCENTRATION [mgfm*3}



CARCINOGENIC COMSTITUENTS
COSE = Ca'RR* O EVEDARBYTlyrs 3652y (USEPA 1983}

wherg: RR = THE RESPIRATION RATE (m3hn)
0 = THE WORKDAY LENGTH (hrid)
EW = TRE MUMBER OF EXPOSURES PER YEAR
ED = THE EXPOSURE DURATICN {yrs]
AB = THE ABSORBED FRACTICN OF THE CONSTITUENTS
By = THE RECEPTOR BODY WEIGHT {Kg}

RONCARCINDGEMIC CONSTITUENTS

DOSE = Ca"RE D AZBW (USERA 1288}

where KR = THE RESPIRATION RATE {m3fr}

D= THE WORKDAY LENGTH (hrict

48 = THE ABSORBED FRACTION OF THE CONSTITUENTS
By = THE RECEPTOR BODY WEIGHT iKg}

CONSTITUENTS Ca H RT Csg o F L ¢ {P1.P2] o] wd AE Ca Ca
mg/mdL atr*m*3moel L atmimel mglem*3 mm om m m dynesfom*2 mg's M3 htes ekl mghmt 3
benzens B.C0E-D4 §.60E-03 24.085 1.83E-04 0.5 15 114000 15 2.96E-03 1.44E-C2 34300 a5 17400 BAZELT
COMSTITUENTS RR o EW ED AH =04 ARG, MONCARD, CPF 2(v] ISR i COMMENTS
M3 frid diye ¥r Kg o0sE DOSE
mgfkgid mgrgid Kg-dimg mgfkgid
benzene 08 24 350 g 1 15 8.BEE-0B Q.00E+00 0024 i} 2.57E-0% {.00E400
TOTAL 2.578-09 Q.00E+CD



Volatilization Emissions Analysis - Onsite Resident Children
Farmer et al. (USEPA, 1980)

Volatiles Emissions from toxic landfills

Ei is emission rate of chemical | 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. P Dc(100 &} pt T Csi A d Cw cf
CONTAMINANTS {g/mol} {mmHag} {cm2isec} {unitless) (K} {g/cm3) {cm2) {cm) {mg/Kg} (Kg/mg)
Benzene 78 a5 8.20E-02 0.3 283  0.00042 2.E+08 152 345  1.00E-08

Naer Field Box Model
Pasquill, 1975 and Horst, 1979

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

CONTAMINANTS Hb u10 um wh Ca
(m) {m/sec} {misec) {m) (g/m3)
Benzene 1.4 1 0.127560069 15240 9.408E-07
CONTA NTS RR D EV ED AB BW CARC. NONCARC. CPF RfD
m*3thr hrid diyr ¥r unitless Kg DOSE DOSE
mg/Kgid mg/Kg/d  Kgd/img malkgld
Benzene 0.8 24 350 B 1 15  9.90E-08 0.00E+00 0.028 0
TOTAL

Ei
{gisec)

2.56E-03

ICR

2.87E-08

2.87E-09

Hi

0,00E+00



CHILD MILITARY RESIDENT

FUTURE BENEFICIAL USE SCENARIO

COMBINED INGESTION AND DERMAL ROUTES OF EXPCSURE

CORRECTIVE MEASURES STUDY-TASK [, TOW WAY FUEL FARM

US NAVAL STATION ROOSEVELT
PUERTO RICO
YORKTOWN, YIRGIMIA

ROADS

RGa from ingestion and darmal cantar! wth groundiwaler 878 caicolaled as folioks

RGOC (mgiL! = ICRA[Ing + Derm GSF]
RGANE [mgiL] = HI*RIDHIng + Den)

Irg = iR*ES"EDMATS or ATnc Bt
Dartr. = SA*EFET*PCEDACRIATE 2 ATrcBY

Whera INPUTS

ICR = incramantal cancer rigk funitless) 1.00E-06

H = hezard quotiant (uritiess) 1

RGOc = ~ watsr jugill calcated

RGO = in water fugiL| caleilated

ATe = gueeaging time for carcincgen (days: ZEESC

ETrec = awvaraging ime %or nercarsinogen [deys! 1480

CF = gorwvergion facter (0.00% Licm3) Qe

CSF = cancar sfope "actar (mgikg-day)-1 spesifc

RID = referenca dose [mphg-day| spesific

EF = axpasurs fraqusncy (daysipear] 0

IR = water ingestion rate (Lihour] Q0

54 = pkin surfaca srea available ‘or contact [om2) 006

ED = axpasura duration [years) 4

B = body weight (kg 15

ET = exposure fime [hoursiday] 1

PC = permeability constet formr| specific
Mate Inputs are scanario and sie soacific

IcR kg Parmeatility:  Slope | Sermally &d;] Reference |Dewmay Adi| lageston Cerral Ingestan Dema’ | RGO RGC
Cerstant Factor ! Slope Factor| Dose Ref. Dose Cuose Dose Cose Cose Care Noncate
Cortaming~: fominr) | mgkg-day)- : matcg-day]- | [mgika-day] | imgikgcax) Care Carz Nangare Mancarc {mgiLy mgi]
VOLATILES
Banzena * DE-06 12 a.o2 290EG2 3.00E-23 I SEDE 242E-03 209E-05 1.TEE-D5 3E5E-04 3J0BE-Le D804 400
Talusna - 12 1.00 - - 2.0cE-0 2D9E-05 8ITE 3B5E-04 14TE-G2 - 1
Etrylbenzers - 10 1.2 - - 1.0CE-01 2.09E-05 1.0CE-I0 3B5E-04 1.7T6E-G2 - 4
Total Xylenes - 1.0 [ R ) - - 20CE-0C © 1 BOE+00 2 09E-05 B.70E-D5 3BSE04 11TE-03 - 1.0
JE-5 - 1c 1.00 - - 2.00E-02 100202 209E-05 14TE-02 - 1
SEMIVOLATILES £
Benzzialpyrene 1.00E08 | - 10 7 ACE<DZ | 1 4BE+D° - - BITE-L4 147202 81E-05 -
Benzoiaianthracens 1.00E-C6 ' - 1.00 7 WE-M 1 2BEH0D - - B.ITE-02 1472-02 81E-D4 ! -
i
| |




FUTURE RESIDENTIAL CHILD

SOl EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS {PRGs})
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE
CORRECTIVE MEASURES STUDY-TABK {, TOW WaY FUEL FARM

US NAVAL STATION ROCSEVELT ROADS
PUERTO RICO

RGOs from accidental ingestion and dermal contact with scil are catoulated as follows:

RGOe fmgfkg} = ICRA(INg *CSFa)+ {Derm™CSFd))
RGONe fmg/kgd = HQMIng/RIDo) + (Denm(RICd)]

ing = IR'‘ED*EF*CF/ATC or ATnc*BW
Derm = SA*ED*EF*AF*ABS CFIATC or ATnc BW

Where:

HCR * apporticned Isrgel noremental cance” visk Lofiiess
O x targel mnzand quotiens, nitiess
RGN & CaRcewge GO miran ConoEreaiin i surtsse 868, Irghg

RGO * irop in surface 304, wgig

ATew averaging fme for csonogen, avs

ATa¢ @ Boerapy brae for moncRAGRAGRN. days

CF = comvarsion Bacter, kging

LS50 = oral carer sope fucor. (rgbg ey
CB%a = termaly agusted carcer $ope Balos imgkg-dayi-1
Ry w aral eeferanca deaa wehg-day

R4 > dermmlly adjusted reference dose, mgkg-day
EL) < aaposire duratian, yesrs.

EF » axpuauce fraplency daysiyear

IR wimgesticn rate, movisy

B> burty veeight, kg

Sl = wkier murfce ares avarlable far contact, emz

AF * goli 10 ukin adherence tactor, mgian?

ABS = Absarsion Factor unkless

Maote: Inputs ate scenario and site specific

weTs
1E-06
1.0
caicuied
cictaled
25650
1450
200000
43
oS
<5
(=]
4
50
w0
15
2108
o2
<8

ehernical specili: vatue]

[ uo | absarprion T Slepe | Refarencs }Detmam‘ &di| Dern Adi | inpesbsn | Desmed | ingeston | Derew! R REC
Fantor Fagtor Dose ‘Slope Faclar] Rel Dose Onse Dese Doss Dose b2 Harzars

Contsminsat {uniliesn) | mphg-cay | mpkpdeyl] mgkgsark | imgkgayl  Carc Cas [ Morosrs | Meraert | Il | Imgdgl
YOLATILES
Heazare LOED8 1.8 a1p 2IEDT | IONE-03 | IE3EL2 1 2408403 | THMEW 1ATEST 1REDE T ESED8 o 188
Telure - L 10 - ZIBEGY - THELT 1ATEGT 1EE08 2 BEE.D8 - 12807
Eiryinentens s T a4 -~ LmEDt - SUGEOY | THMELY < ATEOT CIEELE | 2EEE - BIEY
Tt Xyleney - i e - 2O0E+0 - TEIESY | TRMEST £ ATEAY © IHELS RS - 12058
A5 - 149 aig - ZHE2 - TIGER THEOT 1 ATEDT 1 EELE | AR - b
SEMIVOLATLES
Berasiaipyrers 1EEN8 B o THEGD - 148E+01 - T RET REEEE o1y
Barzainaninracers wees | - s | vxoEm - + 45E 00 - i rvEm zsegos | 3 -




RESIDENTIAL ADULT - MILITARY ASSIGNMENT
SCIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGs)
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE

CORRECTIVE MEASURES STUDY-TASK |, TOW WAY FUEL FARM

US NAVAL STATION ROOSEVELT ROADS

PUERTO RICQ

RGDs froar acoidental ingestion and darmal contact with soil are calowated as folows.

RGOe (mptg} = ICRA(Ing *CSFE ol (Derm*CSFd))
RGOne (mahg) = HOMIng/RfDa) + (Derrmy/RIDd)]

Ing = IR*EDEFCFATS or ATreBW

Derm = BAEDEFAFABS CRATe or ATne B

Where:
HEUTS
R = apporfioned et wreranisl cancet ek, uniffess 1808
0 = wrgst haxed quatisnt, whitiess 18
Rz = 2 : in mrfsoe soil, mgfg gacutsted
RtiDne = i i ation in sursce soit_mplkg calcates
ATe = gesageg Sre Tor sassinogen, degs 565
ATne = ausraging tme for restarsinogen, davs *450
OF 2 soemarsion fattor, kping L0001
LEFo = oopl vanoer slops frotor Jroglbg-dari-1 =3 (ehmrrsca goetv i valus)
CEFd = dermally sdjunted sancer slope fector, [mghordayi] =3
Rl = orel ratevencs dose, mghgeday cs
RI = deemaily sciustad refararcs dosa, roglkg-dey s
EQ # expomas durslon, yanrs 4+
EF = pxposurs fequarcy, dayaiyast 3
iR = dagenticn ratw, rgiday e
B = tody weight, g ™
§& % axin surtacs ares available for contact Smd 53¢
AF = 0l o ahin adrarence fase, mgiom? oz
ABE = Absarption Factor, unitees S5
Mots. Inputs are acsmaria gad sith Spaciac
ICR | R | baorplion| Slope Reference | emmally & [Derrr. Adj[ Ingestion | Cermal [ Ingestion| Dermal | RGO | RGO
! Factar Factar Cose ilope Fact [Ref Dose| Dose [osa Druse Cose Carc ¢ Nonsarc
Contaminant (uniffess) | (mgkg-day)-1 {mg'kg-day] | g'kg-day)'mgikg-da | Care Cars | Noncarc | Moncare { {mg'kg) | {mgika)
VOLATILES
Benzere 1.0E-08 10 Q.10 2.90E-02 3.00E-03 363E-02 | 2.40E-03 | 7.HIE-0B; 8.30E-08 | 1.37E-08 | 1.45E.06| 189.32 942
Toluens 1.0 0.10 - 2.00E-01 - 1.60E-01 | 7.83E-09 | &.306-08 | 1.37E-06 | £.45€.06 . 62798
Ethylbenzens 1.0 0.90 - 1.00E-01 - B.00E-02 | 7.83E-08 | B.30E-08 | 1.37E-06 | 1.45E.06 - 1388
Total Xylenes 1.6 0.10 - 2.00E+00 - 1.60E+00; T.83E-08] 8.30E-08 | 1.37E-068| 1 45E.06 827,957
iP5 1.0 0.10 - 200802 - 1.00E-02| 7.83E-08| 8.30E-08 | 137E.06| 1.45€.06 - 4478
SEMIVOLATILES .
Benzofa)pyrene 1.0E-06 . 0,10 T.30E400 - 148E+01 - TBIE-08 BI0E-08| 1 I7E-06 | 145E.08] 058 -
Benzo{ajenthratene | 10E-08 - 010 730801 - 148E+00 - 7.83E-08 B30E-08| 1.376.06 ! 45E.06] 561 -




ADULT MILITARY RESIDENT

FUTURE BENEFICIAL USE SCENARIO

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE
CORRECTIVE MEASURES STUDY-TASK |, TOW WAY FUEL FARM
US NAVAL STATION ROCSEVELT ROADS

PUERTC RICO

YORKTOWN, VIRGINIA

RGOs from ingestion and dermal contact with groundweler are calcwlaled as follows:

RGO (mgiLh = ICRitfIng + Darr TSF|)
RGORC mgel) = HORMDiting + Den)

Ing = IR*EF*EDATC ar ATne" 3
Cerm = SA*EFET"PCTES'CRUATE or ATne B

Where INELTS
ICR = incremertal cancer rsx funtess) 1.00E-05
HO = hazard quotlent (untless] 1
RG0c = tarcnapense conla ninar? concentration In waier [ug'l) cakoulaled
250nc * i dior, In water [uL) caleutaled
A™t = averaging lime far carzincgen isavs) 25550
ATre = pueragng time for nencarcnagen [days) 1250
CF = carversion *aclor (2021 Liem3) c.oM
CSF = cancer slope factar [(1gkg-dayl-' specific
RID = refeerce dose [mgkg-day! specific
EF = exdosare egquancy idays'year; 40
IR = water ingeslion rate {L'hour) caos
SA = ghin surface aren availedle for cortact (o) S
ED = exposurs dursbar [years] . a
B = bady weght jkg) 0
ET = expasurs ime jhoursiday) 1
PC = parrmabikty constant (crit] specific

HMete: Inpuls arw scenaria and st specific

ICR HO  |Permesbity|  Siose  Dermaty Ad| Refereace |Dermaty »\u_-! Ingestien | Dermal | Ingeslicn | Demal RGO 250
Carstan Factor |SupeFaclo| Oose | Relose : Dose | Dose Canc Harcare
Corda-ninart jemne | mgtkgday)- | mpko-dayl- | (mgkg-day) ,'mgfkp-day'.f Carc Cax (gl imgLy
WOLATILES
Benzens 1 CE-08 13 coz 290607 | A00ED3 | 3SIE-02 | 240500 | 44TED6 | 9G6E06 | TAAELS [ 1T4E-D4 20% 1013
Tolene - 10 1.0 - - 200E-M 1R0EST 4ATE-D6 | 4T4E-14 | TIN5 | BMEM - 'q
Eibyhenzers - 14 120 - - TO0E-D1 { BO0E2 | 44TEDG | SESEL4 © 705 | 9.96E-03 . [
Tolal Xylenes - 14 008 - - zo0e-00 b 160500 | aavEse | 3tsEs : 5E4E-04 - 223
ILE] - 14 1,00 - - 200ELZ | 105E02 | 44TEDS | aT4E-Dd 5.30E-03 - .
SEMIVOLATILES
oy t.DIE-D5 - 1.02 TIE+DZ | 1 dBE=M - - A ATELE BME-I3 . 14ED4 -
Bengeiaisriracere * OGE-DG - 100 TIED | A ABE-DD ;- - < ATEDE B30ED | 14E-02 -
H i
1




CURRENT CONSTRUCTION WORKERS

B0 EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GUALS (PRGs)
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE

CORRECTIVE MEASURES STUDY-TASK |, TOW WAY FUEL FARM

US NAVAL STATION ROOSEVELT ROADS
PUERTO RICO

RGUe o pecidecial ingestion sod darmel contad! Anth sud are calvulsled oy Tlivws.

RGO frrgkn) = IRl "OSFal+ (s CSFa
BGON: gyl = HOTingRIDa] ~ DermyRIDIY

g w OELPER ORI T ae ATos 8W
L & SAEDEFAS AR CEAT or ATna BN

Where
PUTS
A HppatioNd WAl ETBIERTR: SRR Sk urdiess 1808
3 ™ Favgen bagard qualant nkiess n
surfacs soil, moky capikated
R sofase scd rgkg canled
AT o wemeging teow Rac sarsinogan, dava 25550
AT # awe-aging fime e noncansinagen, dops 85
CF = opvartsion hstor, kglng 4.0
80w pratenncer shod BCIor (Mt davi-1 o} ot ey spwale vaked
LEFA W dacmetly wfiusted cancer akpe (elor, imgkg dayi-1 ke
B0 » ora rederance dove. g Ry-tey <8
LS garenn®y wdiusied raiorence dove. gy -day o5
0w meopus SUrricen. yoars 1
EF w saponute froquanty, days'vea e
1B % dogocron e, rgiday a8
Fr= Fraction hgetied unttiess *
BV = 2oty weigis, b k]
Btow gk aurtacs wiak anmlatse for comuet, vl X106
AF % 5ol o sk aceratics favwy, rginml 1
MBS & Aiypoeptioe FRCioe, unmess o5
Note: [nputs are scenario and site specific
ICR F Absorption | Siope | Reference [Dermally Adj: Derm Adj. | Ingestion | Dermal Iﬁges!ian| Dermal | RGO
Factor Factor | Cose | Slepe Factor Ref, Dose Dose Dase Dose | Dose * Can:  Woncare |
Cond | funitless} |[Kgiday-mg (maikg-day | (Kgdday-mg): (mg/kg-day Carc Carc__ | Moncars ' Noncarc  {mgfg)  (mg'kg)
YOLATILES ; i : i
Banzene " 1.00E-08 1o 010 290E-02 | 3.00E-03 | 3.83E-02 | ZAGE-2 | 4.83E-08 | 4.13E-08 3.386-08: 289808 24487 428
Toluene - .o 010 - 2.00E-01 - 1EAE.01 | 483E-08 | 4.138-08 " 3.38E-06) 2BE-0E B 285803
Ethylbenxens . -~ 1.8 0ib - 1.008-01 - 8.00E-02 | 4.83E-08 | 4.138-08; J.38E-08] 280606 - 14,302
Total Xylenes -~ 14 DAl - 200400 e 1EOE40D ¢ 4.83E-08 | 4.13E-08 | 3.38E-08| 2.89E-06 - 288,004
JPB - 14 c10 - 2.00E-02 - 100E-0F 483208 | 4 13E-08 | 3.38E-D5| 2 85608 B 2184
SEMIVOLATILES !
Benza(ajpyrene 1.0DE-08 - a1 7.30E+00 - 146E401 1 4 83E-08 | 4.13E-0B | 3.30E-08| 2.89E-08| 1.05 -]
Benzofe)anthrasens {.00E-08, - : 010 7.30E-07 7 - 1ABE400 - 483E-08 | 4 13E-08 1047 - ’

28E-08) 2.53E-08|




ON-SITE CONSTRUCTICN WORKER

DIRECT CONTACT WITH GROUNDWATER

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE
CORRECTIVE MEASURES STUDY-TASK |, TOW WAY FUEL FARM
US NAVAL STATICN ROQSEVELT ROADS

PUERTO RICC

YORKTOWN, VIRGINIA

RGOs from ingestion and dermal contact with groundwater are catculated as follows:

RGOc {mgflL} = ICRA[Ing + Derm][CSF])
RGOne (mgiL) = HG*RDIIng + Derm}

Ing = IR*EF*ED/ATE or AT BWY)
Derm = SA*EF*ET*PC*'ED"CFAATG or ATNC BW)

Where: INBUTS
ICR. = incremental cancer risk (unitless) 1.0CE-05
MG = hazard quotient (unitless) 1
RGOc = earcinogenic contaminant concentration in water {ugiL) calculated
RGOne = nencarcinogenic contaminant cencentration in water (ugfL} calculated
ATe = averaging time for carcinogen (days) 25550
ATnc = averaging time for noncarcinogen (days) 385
CF = conversion factor (0.001 Licm3) 0.001
CSF = cancer slope factor (mgfkg-day)-1 specific
RfD = reference dose {mgkg-day) specific
EF = exposure frequency {daysiysar) 180
IR = water ingestion rate (L/mour) .05
SA = skin surface area available for contact {om2} 4100
ED = exposure duration {years] 1
BwW = body wefght (kg) 0
ET = exposure time {hoursiday) 1
PC = permeability constant jcm/hr) specific

Mote: Inputs are scenario and site specific

ICR ¢ HQ !Permeability Slope Dermally Adj.| Reference |Dermally Adj|Ingestien |Cemal Ingestion Dermal  |RGO RGO |

Constant Factor Slops Factor Dose Ref. Cose |Dose Dose Dose Dose Carc Moncarc :

Contaminant {emitr)  |(mgfkg-day)- |(mg/g-day)- | (mgkg-day)| {mgfkg-day) |Carc Carc Moncarc |Noncare |[{mg/L]  Hmgil) |

YOLATILES i

Benzens 1.0E-08 10 Q.02 2.9CE-02 3.00E-03 | 363E-02 | 2.40E-03 | 5.03E-06 | 8.67E-06 | 3.52E-04| 6.0TE-04| 2172 27
Toluene - 10 1.00 - - i 2.00E-01 1.60E-01 | 503E-08 | 4.13E-04 | 3.52E-04 | 2.89E-C2 - 55
Ethylbenzene - 10 1.2 - - . 1.00E-01 8.C0E02 | 5.03E-06 | 4.95E-04 |3.52E-04| 347E-02 - 23
Total Xylenes - 10 c.08 - - 2.0CE+C0 | 180E+C0 | 5.03E-08 | 3.30E-05 |3.52E-04| 2.31E-03 - £17.1
JP-5 - 10 1.00 - - 2.00E-02 | 1.00E-02 | 5.03E-06 | 4.13E-04 | 3.52E-04|2.895-02 - c3

SEMIVOLATILES :

Senzo{a)pyrens 1.0E-08 - 1.00 7T30E+00 | 1.46E+D1 - - ! 5.03E-06 | 4.13E-04 |3.525-04| 2.89€-02| 1.6E-04 - ;




Volatilization Emissions Analysis - CONSTRUCTION WORKER
Farmer et al. (USEPA, 1980)

Volatiles Emissions from toxic landfills

Eiis 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. P Dc{100 T} pt T Csi A d Cw of Ei
CONTAMINANTS {gimol} {mmHg) (cm2isec] {unitless) {K) {gfcm3] {em2) {cm) {mg/Kgy {Ka/mg) {g/sec)
Benzene 78 g5 8.20E-02 03 283  0.00042 2.E+08 152 345  1.00E-06 2.58E-03
Naer Field Box Model
Pasquill, 1975 and Horst, 1979
Takes Emission Rate to the breathing zone. Input width of contaminated area and annual mean wind speeds.
CONTAMINANTS Hb u1o um Wb Ca
{m} {m/sec) {misec}) (m} (g/m3)
Benzene 1.4 1 0.127560069 15240 9.408E-07
CONTAMINANTS RR D EV ED AB BW CARC.  NONCARC. CPF RED ICR
m*3/hr hrid diyr yr unitless Kg DOSE DOSE
mgiKaid mg/Kgid Kg-dimg mg/Ka/d
Benzene 1.2 B 180 1 1 70 9.09E-10 0.00E+00 0.029 0 2.64E-11
TOTAL 2 84E-11

HI

0.00E+00
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1.0 INTRODUCTION

The Tow Way Fuel Farm (TWFF) has been the subject of numerous mvestigations extending back
beyond the advent of RCRA corrective action requirements. A full RCRA Facility Investigation (RFI)
was performed at the site and the subsequent report for which was approved by the EPA. It was
recommended in the report that a Corrective Mcasures Study (CMS) be performed at the site to select
the appropnate corrective measure, The first step in the CMS was to perform 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
TMWO7. Based on this detection, its possible ramification in terms of a potential Dense Non-Aqueous
Phasce Liquid (DNAPL) plume and the historic use 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 1.
1t 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 pg/l
] TMWO7 at 2,000) pg/l (J=estimated), and
L TMWOS at 3 pg/l.

It is the significant concentration seen at TMWO7 which has prompted the need for focused

mvestigations.



2.2 Historical Building Use

The building immediately northeast of TMWO7 (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 employeces. While the repair activitics 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 relcase 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 Sampling

TCE was detected in wells TMWO07, TMWO8 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 tumaround 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).



Appendix A to this work plan contains technical information related to the Quick Test® screening tool.

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

L Provide data from the laboratory which is comparable to that from previous sampling
events, and
L Provide data to “calibrate” the screening tests.

This step will serve to confirm 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 TMWO07 (designated A, B and C) and two more (designated D
and E) will be placed in the vicinity of TMWO08. The borings will be 50 fect from the monitoring wells
and will be placed in the pattern shown on Figure 1. The purpose of the borings is to provide
information ncar the wells which contained TCE. Boring placcment is skewed in the downgradient
direction: however sidegradient locations are included since DNAPL do not necessarily follow

groundwater in terms 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 TMWO07 or TMWO8 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 TMW07 and TMWO08 are provided in Appendix B for information.

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 forcign 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 techniques described for



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

provide immediate information regarding the presence of TCE.

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:
. If TCE is detected in temporary well “A”

- Contingent temporary wells | and 2 will be installed
- UGW 16 will be sampled and screcned for TCE

L If TCE is detected in temporary well “B”
- Contingent temporary wells 1, 2 and 3 will be installed

L If TCE is detected in temporary well “C”
- Contingent temporary wells 3 and 4 will be installed

. If TCE is detected in any two temporary wells A, B and C
- Contingent temporary wells 1-4 will be installed

L If TCE is detected in temporary well “D”
- Contingent temporary wells 4 and 5 will be installed

. If TCE is detected in temporary well “E”
- Contingent temporary wells 5 and 6 will be installed.



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 immediately 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.

33 QOther Investigation Considerations

Investigation Derived Wastes (IDW)

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

objeets.

4.0 REPORTING

A full report on the investigations described herein will be prepared and submitted. Included will be
a description of the field activitics, boring logs, all screening and laboratory analytical results and an

interpretation of the information obtained.



5.0 SCHEDULE

A schedule for the investigations will be developed upon work plan approval. The schedule will need
to take into account Navy budgctary constraints.
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SENT BY:SDI : ' ; 3-19-99 ; 15:04 ;Strategic Diagnostic~

Qul('l\Test For Volatile Organic Halides in Water |

Including: Trichloroethylene {TCE). Percmomemylene(PBE) Trihalomethanes (THMs), and Carban Telrachl anr}e(cm)

Quick Test for Volatile {lrganic Halides
Water Test Method Performance:

Perfarmance Parameters

~ Dynamic Range ‘ 5-2.000 ppb
Number of False Positives' » ‘ 0
Numbar of False Negatives! 0
Method Defection Linit (MDL) : :
Trichlorocthylene (TCE) , ; " 4ppd
Perchloroethylene (PCE) 4ppb
Carbon Tetrachioride (CC) ‘ 3ppb
Chloroterm (CHC! ) ; : 5 pob
Method Quantitalion o
Ligit (MAL); ‘ : i
Trichloroethytene (TCE) - 9 ppb i
Perchlorosthylene (PCE) ' 8 ppb —
Carbon Tetrachloride (CCl)) ‘ o 7ppbd - Complete Volatile Organic Halides in
Chioroform (CHCIL} s 10 ppb ' e :
Dmer Volatile Organic Halides;  Relative Sensitivity Compared 1o; Water Test Kit - ;
. e PCE CCI,  CHCL ‘
Tncmomemytene (TCE) 100% 122%  88%  122% , ;
Perchioroethylene (FCE) 82% . 100% 72%  100% V
{Carbon Tetrachioride (CC1) 4%  139%  100%  139% S ‘
Chloratorm (CHCL) 82% 100% 72% . 100% i
1,1-Dichioroethene CB9%  B4%  B1%  84% :
Vinyl Chioride 0.8% 1.0% 0.7% 1.0% :
trans-1,2-Dichloracthene 61%  74%  S4%  74% | |
cis-1.2-Dichloroethene 43% . 52% 8% §52%
Dichivromethane ‘ 20% 24% 18% = 24%
1.1.1-Trichloroethane 12% 137% 98% 137% '
1.1.2-Trichloromethans . 80%  98% 0%  98% {
1.2-Dichloroethane 15% 18%  13%  18% }
Bromolform 7% 94% 68% 94%
Bromadichloromethane 7%% 9% 85% . 9%
Chlorodibromomethanc O TM%  87% 63%  87%
! False positive 200 Yalse negative study conducted on 1CE only ’
1 : i . :
Interferences’ . eciattc Aterasenes (oo
Benzepe ' »2000
Methanoi : >2,000
Toluene ' 52,000
Oxalic Acid I »2.000
Glyoxylic Acid : 2,000
_Sodiumn Yrichloroacetate o : >2,000
Sodium Dichloroacetate »2,000
22 2-trichloroethanol | 5200 1770 Research Park Way - Suite 150
Vingl Chtoride _ 5200 North Logan, Utah 84341
Pentachiarophenol g >20 | 435-753-7846 - FAX: 435-787-2878
: : : | Eqmiit envirolyntwostnet

! initiat Trichloroethyleng concentration was 20 ppl.

To place an order or have ‘technil':al’ questions anSwered,"please call 1-800-748-3548_
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| uiCkTeSf For \Io,latile Organic Halides inWater'

Including: Trichiarpethylene (TCE), Perchicroethylene (PCE], Trihalomethanes (THMS), and Carban Telrachloride {CGI,)

it i sirhc

The QuickTest field analytical test kit for volatile organic halides in water cnmams materials for analyzing en water samples.

Two sets of standard solutions and calibration checks, specific to the arganic halide of interest, are provided with
each kit to ensure accurate, reliable results.

BPROCEDURES: | BN [ cATURES:

I s e g i

{ 4 Sample Extraction Inexpensive ® Lowoust compiredlo
1 | Avwialer sample s taken and mixed - Stangard metfods 3
i with @ salvent {c oxtract the analyte Ease of Use ’ @ 35y Lo foflow fayout f
L I from the sample ‘ : Timimizes operalor errar ‘
E i ’ ' kgt . . . ?
3 ' Quantitative ® nviromeler gives a quaniitative
3 ' - + gading in parts per billion (ppb)
‘ Rapid ® Samples can be analyzed in
“ Removal of Extract | | 0minutes orless
Teflon lape is used in the extraction ‘ Recyclame & Loominseriis recyclable
10cess to separate the extiaction : i , ) «
| gmm irome&e:valer sample and Reliable - & Quick Tost resuls have excellent
minimiz vlalizaion ofthe analyc . - ;o{feiafcan with tandard methods
The eflon lape s emoved and the - © Faseof ® inlermal standard curve stored
exdaction solven Conlaining the Standardization ~  elewonicaly in e instument
analye s forced trom the Lape by ihe . C O iminales the need o un a St
Syfinge. R : - - wilh each lest

Sample Quantification |
The extract canlaining the analyle is A P U G A IONS. B

mixed with 2 reagent and exposed ta ina Ouii iation and Trealment
ultra-vialet light in the Envirometer™, g:ﬂ?gmg%? gg:g‘fg?;‘cm(ger ATEn

The concentralion of the analyle s - Site Chiaracterization or Assessment
quantitatively displayed in parls per " Seregning Samples

billion (ppb) onthe Envirometee disoly. Tasting of Stormwaler Runotf
V ' Testing of Groundwater Monitaring Wells
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Quick Test® for Volatile Organic Halides
Including: Trichlorethylene (TCE), Perchloroethylene (PCE),
Trihalomethanes (THMs), and Carbon Tetrachloride (CCl,)

Abstract: Halogenated volatile organic compounds such as trichloroethylene (TCE),
perchloroethylene (PCE), trihalomethanes (THMs), carbon tetrachloride (CCl4) and others can be
found as pollutants in a variety of environmental samples. Since these compounds present serious
health risks, the Environmental 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 ficld test procedure for the analysis of these
‘compounds in water. This procedure is called the Quick Test“ Volatile Organic Halxdcs Water
Tcst ‘

‘ The Quick Test Volatilc Organic Halides Water Test Kit for on-site and laboratory analysis is
designed to give the user quick, reliable screcning 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 Tepe is removed and the cxtraction solvent -
containing the analyte is forced from the Tcflon Tape and mixed with a reagent. ' The reagent-
analyte complex is then exposed to ultra-violet (UV) light,

An instrument (Cavirometer ) is used to expose the sample to UV light and measure the

- absorbance produced by the reagent-analyte complex. The absorbance is compared to an internal.
standard curve that is stored clectronically within the nstrument. The concentration of the
analyte in water is then dsspldyed in 1g/1 or parts per billion (ppb) The user should note that if
multiple organic halidcs are present in the water sample the result will be a total of all organic
halides. Optimal 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 sct and checked with one of four standard.
compounds: perchloroethylenc (PCE), trichlorocthylene (T CE), trihalomethanes (THMS), and
carbon tctraohlorldc (CCly).
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“Quick Test® Demonstration

Step 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 clear solution from the Extraction Solvent Vial (2) into the Extraction
Contaxner (1). Leave the red crystals in the Extractlon Solvent Vial (2)
C. Shake for 3 minutes, -

Steg 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 Teflon® Tape, using the plastic fork device, from the Extr action Container (1)
and place it in the Extraction Solvent Transfer Syringe (3). v

C. Place the tip of the Extraction Solvent Transfer Syringe (3) in the Extraction Solvent le
(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 Tape.

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

Step 3 g‘_gmg
A Rcmovc the cap from thc Drying Vial (4). Place a new disposable tip on the pipette.
- Adjust the pipette volume to 0.6 ml (600 u1). Use the pipette to transfer all of the clear
top solution (which contains the TCE and/or PCE) from the Extraction Soiven‘t Vial (2) to
the Drymg Vial (4). «

Note: Be 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 tcst.

Step 4: . Liguid/Liquid Transfer ’

A. Place a new disposable tip on the pxpctte ‘Adjust the pxpette vc)lumc to 0.6 ml (600 pl).
- Using the pipette, transfer all of the solution from the Drymg Vial (4) to thc Liquid/Liquid
Transfer Vial (5).

B. Cap the Liquid/Liquid ransfer Vial (5). Shake vzgomusly for appri)x}matcly 1 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 mi (600 ul). -
Using the pipette, transfer all of the upper layer from the quuxdelqmd Transfer Vial (5),

 into the Drying Vial (4) and cap for discard. '

E. Place a new disposable tip on the ptpatte Adjust the plpette volume to 0.6 ml (600 ul).
“Transfer 0.6 ml (600 w1) of the remaining layer from the Liquid/Liquid Transfer Vial (5) to
the Reaction 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 Iayers, the user may pipctte up
some of the bottom layer into the pipette tip. Separation of the two solvents will be
visible in the pipette tip. Carefully force the bottom layer back into the

~ Liquid/Liquid Transfer Vial (5). This technique may be used to ensure that all of
_the top layer is rcmoved from the Liquid/Liquid transfer Vial (5).

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
Cap the Reaction Vial (6).

“Invert the Reaction Vial (6) three orfour times.
Place the Reaction Vial (6) in the Envirometer ™, : :
After exposure is complete, read the sample concentration from the Envxrometer dzsplay
If “OL” (over limit) appears on the Envxrometer dsspla.y, the sample concentration is
greater than 200 ppb. :
After exposure is complete and the user has recorded the displayed concentranon, remove
the Reaction Vial (5) from the Envirometer. .

b WUQWP



APPENDIX B
MONITORING WELL LOGS
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located close to Ensenada Honda indicate the presence of naturally deposited sediments. These
sediments were encountered at monitoring well UGWI10 (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 7DP03 is

an cxample 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 of 68 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 of the 60 samples as
presented in Table 3-1. None of the detected levels exceeded the residential or industrial RBCs.
Sample 7DP15-02 contained the maximum detections for three of the four BTEX constituents,
including benzene (150 J pg/kg), toluene (680 ng/kg), and xylene (2,300 pg/kg). The location of

the maximum detection of ethylbenzene was 7DP07-04, with a concentration of 12,000 pg/kg.

TPH (DRO 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 111 RBCs for TPH DRO (100 mg/kg) with
concentrations ranging from 270J mg/kg (7DP07-06) to 22,000 mg/kg (7DP15-04). A total of ten
samples exceeded the screening criteria for TPH GRO (100,000 pg/kg) with concentrations ranging
from 180,000 png/kg (7TDP10-05) to 1,100,000 J pg/kg (TDP25-06).

Isopleth maps of the BTEX and TPH (DRO and GRO) concentrations were developed on five foot

intervals to a total depth of 15 feet bgs. A minimum of three 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 DRO isopleth maps for the 0-5 ft
bgs interval. Figure 3-7, 3-8, and 3-9 correspond to the 5-10 ft bgs interval while Figures 3-10, 3-11,
and 3-12 provide the BTEX, TPH GRO, and TPH DRO isopleths. An estimated volume of
contaminated so0il was determined utilizing the isopleth maps. This volume was calculated for those
soils which exceeded 100 mg/kg (Commonwealth of Puerto Rico's generally applied soil standard

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

TOC was detected in cight of the 68 samples submitted for analysis as presented in Table 3-1. The
concentrations ranged from 0.046 pg/kg (7DP23-02) to 0.77 pg/kg (7TDP03-02).

A total of five samples (7DP02/10, 7DP03-02, 7DP04-03, 7DP05-02, and 7TDP08-01) were
submitted for analysis of bulk density. The density of the samples ranged from onc gram per

milliliter (g/mT) in sample 7DP08-01 to 1.4 g/ml (7DPO3-02).

3.1.3  Soil Gas Analytical Results

A total of ten soil gas samples were submitted for laboratory analysis as summarized on Table 3-2.
These samples were submitted for analysis of TPII (DRO and GRO), percent carbon dioxide, and

percent oxygen.

TPH GRO was detected in four of the ten samples with a minimum detection of 5.6 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 78G02, and a maximum concentration of
20.8% from sample 7SGO1. The concentration of oxygen detected in the subsurface soils ranged
from 7.6% (78D01) to 25.4% (758G06) as indicated in Table 3-2.
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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 (Winterkomn and

Fang, 1975). The formula used consists of the following:
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centimeter (g/cc). 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 sitc generally follows

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

3.2.2  Groundwater Analytical Results

A total of 41 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-
Dichlorocthene, chloroform, bromodichloromethane, and 1,1,2-Trichloroethane exceed the EPA
Region I1l 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 of the listed criteria. Trichloroethene with a MCL
of 5 ug/l was detected in three samples ranging in concentration of 2-2,0007 1.g/l. An isopleth map
providing the BTEX concentrations in the groundwater at the TWFF is shown on Figure 3-14,

TP GRO was detected in 26 out of 41 samples ranging from 29 J to 420,000 J pg/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 pug/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 ug/L as
provided in Table 3-7. The alkalinity of the groundwater samples ranged from 156,000 to 1,400,000
ug/l. Nitrate was detected in 17 out of 41 samples ranging in concentration from 110 to 3,200 pg/L.
Sulfate detections ranged from 260 to 681,000 pg/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 pg/L, while
ferrous iron was detected in 39 of the 41 samples ranging from 80 to 28,000 pg/L as shown in

Table 3-7.
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SUMMARY OF SUBSURFACE SOIL ANALYTICAL RESULTS
CMS INVESTIGATION
TOW WAY FUEL FARM
NAVAL STATION ROOSEVELT ROADS, PUERTQ RICO

Sample ID EPA Region [II  7DP-TWFF-U  7DP-TWFF-U} FDPOL FDPO1-OS  7DPOI-0R  7DPOL-t1 7DPOI-13 7DPOL-14 7DPO2-05 7DPO2/10
Sample Date Residential 04/21/98 042198 04/14/98 0471498 01498 O4/14/98 0471498 O4/14/98 (0471598 04/16/98
Depth Range (ft.) RBC 0.00-20.00 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 12U 12U 11 u 1y 11U I NA
Ethylbenzene 200,000,000 7.800,000 NA Na NA 12U 1.2 0 11U 1y 1iu 1.1u NA
Toluene 410,000,000 16,000,000 NA NA NA 12U 12U 11U 1.1 u 11U 11 u NA
Xylenes 4,100,000.000 160,000,000 NA NA NA 120 1.2 0 34 1.1 U 0827 0.61] NA
TPH

Diesel Range Organics {mgikg) 100 100 NA NA NA 1 537 69 U 15 26 NA
Gasoline Range Organics (ugfkg) 100,000 100,000 NA NA N& 38U kP 9 55U 63 54 1) NA
Grain-size

% Clay NE NE 12.2 63 23.8 NA NA NA NA NA NA NA
% Silt NE NE 259 247 259 NA NA NA NA NA NA NA
% Grave] NE NE 8.4 2.1 4.1 NA NA NA NA WA NA NA
% Sand NE NE 535 10.2 46.2 NA NA NA NA NA MNA NA
Engineering Properties

Total organic carbon {ug/kg) NE NE NA NA NA NA NA NA NA NA NA NA
Density

Density (g/ml} NE NE MNA NA NA NA NA WA 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 approximate
sample concentration necessary to be detected.

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

NE - Not established.

NA - Not analyzed.

Sb-ht.xls SB-HT lof?



TABLE 3-1 {continued)

Revised April 16, 1999

SUMMARY OF SUBSURFACE SOIL ANALYTICAL RESULTS
CMS INVESTIGATION
TOW WAY FUEL FARM
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO

EPA Region Y 7DP0O3-01 7DP3-02 7DP04-01 7DP04-03 7DP0S-02 7DPOS-01 7DP05-05 TDPOS-01 7DPO6-05 7DPO7-01 TDPO7-04  7DPO7-06

Sample 1D
Sample Date Residential  04/15/98  04/15/98 O4/15/98  O4/15/98  04/18/98  04/15/98  04/15/98  (4/15/98  04/15/98  04/13/98  O4/13/98 0441398
Depth Range (ft.) RBC 1.00-2.00 3.00-4.00 1.00-300 5.00-7.00 3.60-5.00 2.00-3.00 5.00-11.00 0.00-4.00 2.00-12.00 000400 4.00-800 12.00-14.00
BTEX (ug/kg)
Benzene 200,000 22,000 12U 13U 12 u t2u NA 1.1 u 11 u 12U 43 12U 281 62U
Ethylbenzene 200,000,000 7,800,060 124 13 u .2 U 10 NA 11 u [ R 12U 38 2y 12.000 3t
Toluene 410.600.000 16,000,000 121 06817 1.2 0 2.3 NA 1 u 1.1 u 12U 09217 12U 371l 247
Xylenes 4,100,000.000 160,000,000 27 1217 12U 10 NA 1.1 u [iv 120 g 360 531
TPH
Diese] Range Organics (mg/kg) 100 100 73U g1 73U 69 U NA 6.6 U 69 U 76U 13] ER) 3,700 270
(Gasoline Range Organics (ug/kg) 100,000 100,000 G u 66 U 61 U 1,100 NA 290 7T U 61 1 2,100 110 730,000 50,000
Grain-size
% Clay NE NE NA 3 NA NA NA NA WA NA NA 13.6 NA NA
% Silt NE NE NA 327 NA NA NA NA NA NA NA 56.8 NA NA
% Gravei NE NE NA 0.7 NA NA NA NA NA NA NA 0.3 NA NA
% Sand NE NE NA 353 NA NA NA NA N4 NA NA 273 NA NA
Engineering Properties
Total organic carbon (ug/kg) NE NE MA .77 N4 NA NA NA NA NA NA NA WY KA
Density
Density (g/ml} NE NE NA 14 NA 137 1.1 NA NA NA NA KA NA NA
Data Qualifiers:
1 - Analyte present. Reported value may not be aceurate or precise.
U - Not detected. The associate number indicates the approximate

sample concentration necessary to be detected.
U - Not detected, quantitation limit may be inaccurate or imprecise,
NE - Not established,
NA - Not analyzed.

Sheht.xls SB-HT 20f7



Sample [D
Sample Date
Depth Range (ft.}

BTEX {ug/kg}
Benzene
Ethyibenzene
Toluene
Xylenes

TPH
Diesel Range Organics {mg/kg)
Gasoline Range Organics (ug/kg)

Grain-size
% Clay

%% Silt

% Gravei
% Sand

Engineering Properties
Total organic carbon {ug/kg)

Density
Density (g/'mh)

Data Qualifiers:

200,000
200,000,000
410,000,000

4,100,000.000

1600
100,004

NE
NE
NE
NE

TABLE 3-1 {continued}

SUMMARY OF SUBSURFACE SOIL ANALYTICAL RESULTS
CMS INVESTIGATION
TOW WAY FUEL FARM
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO

EPA Region III  7DP08-01

Residential
RBC

22,000
7,800,000
16,000,000

160,000,000

100
100,000

NE
NE
KNE

NE

NE

I~ 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 gstablished.
NA - Not analyzed.

Sb-ht.xls SB-HT

04/15/98
.00-4.00

LU
i
1.1 u
0751

6.7 UJ
54U

NA
NA
NA
NA

TDP08-04
04715/98
4.00-8.00

NA

NA

TDPOS
04/16598
0.00-9.00

NA
NA
NA
NA

NA
NA

153
38
7.6
391

RNA

NA

TDP09-03
04/16/98
5.00-7.00

790
644

NA
WA
WA
NA

NA

NA

TDPI0-01
04/16/98
1.00-2.00

12U
12U
12 u

1.2

AW
51

NA
NA
NA
NA

NA

NA

TDP10-03
04/16/98
5.00-7.00

12U
180 1
196 J
431§

© ga00
220,000

NA
NA
NA
NA

NA

NA

TDP10-05
04/16/98

DP11-02
04/16/98

10.00-12.00 4.00-6.00

6 U
41
8.4

2,300,
80.000

NA
NA
NA
MNA

NaA

N&

Revizsed April 16, 1999

TDP11-05 TDPI2-01 TDP13-02
04/16/98  04/16/98  04/16/98
10.00-12.00 1.00-3.00  4.00-5.50

124U 101 t1u 12U
12U 14011 L1u 12U
1z2u 131 L1 U (2 u
12U 1701 1 v 071
93 L1004 19 58
62 U 2 280,000 s6 U S8 U
WA WA N4 NA
MNA NA NA NA
NA NA NA NA
MNA NA N& NA
NA KA NA HA
NA NA NA NA
3of7?



Sample ID
Sample Date
Depth Range (ft)

BTEX {ug/kg)
Benzene
Ethylbenzene
Toluene
Xylenes

TPH
Diesel Range Organics {mg/kg)
Gasoline Range Organics (ug/kg)

Grain-size
% Clay

% Silt

% Gravel
% Sand

Engineering Properties
Total organic carbon (ug/kg)

Density
Density (g/ml)

Data Qualifiers:

I- Analyte present. Reported value may not be accurate or precise.

200,000
200,000,000
410,000,000

4,100,000,000

100

100,060

NE
NE
NE
NE

NE

NE

22,000
7,800,000
16,000,000

160,000,000

100

100,000

NE
NE
NE
NE

NE

NE

U - Not detected. The associate number indicates the approximate

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

NE - Not established.
NA - Not analyzed.

Sb-ht.xls SB-HT

TABLE 3-1 {continued)

SUMMARY OF SUBSURFACE SOIL ANALYTICAL RESULTS
CNS INVESTIGATION

TOW WAY FUEL FARM
NAVAL STATION ROOSEVELT ROADS, PUERTO REICO

_ EPA Region 111 7DP14-01
Residential
RBC

04/16/98
1.60-3.00

1.2 U
12U
12U
0177

73U
60 u

NA
NA
NA
NA&

0.5

NA

TDP15-02
04/17/98
3.00-5.00

1501
2,300

680
2.300

TDP15-04
04/17/98
6.00-8.00

340U
3.400

340 U
2.000

FOP15-07
04/17/98

12.00-14.00

40U
4o u
140 U
G )

NA
NA
NA
NA

NA

NA

NA
NA
NA
NA

NA

NA

NA

NA

7DP1s-03

04/17/98
2.00-6.00

28U
23U
28U
9.5

9,500
1,200

NA
NA
NA
NA

NA

TDP16-03
04/17/98

0PE7-02 7DPIT-04 TDPIS-02

04/17/98

10.00-12.00 3.00-6.00

11 v
11U
1.1U
0.821

381
46 ]

NA
NA
NA
NA

NA

NA

13u
13 u
13 v
1.8

=
LA

NA
NA
NA
NA

NA

04/17/98
7.00-9.00

12U
12 u
12 u
120

@
=
(ol

NA
NA
NA
NA

NA

04717598
4.00-6.00

1zu

12u

120
0.82)

NA

NA

Revised April 16, 1969

7DP19-03 TDPIO-06 TDPIS-08
04/17/98  O4/17/98  04/17/98
5.06-7.00 12.00-14.00 16.00-18.00

62U 121 13U
62U 7.4 0.79 1
62 U 28 08117
12 33 39
15 g1
3,800 71
MA WA M
NA WA MaA
NA NA NA
NA WA NA
NA NA NA
NA NA NA
4 of 7



Sample 1D
Sample Date
Depth Range {ft.}

BTEX (ug/kg)
Benzene
Ethyibenzene
Toluene
Xylenes

TPH
Diesel Range Organics (mgikg)
Gasoline Range Organics (ug/kg)

Grain-size
% Clay

% Silt

% Cravel
% Sand

Engineering Properties
Total organic carbon (ug/kg)

Density
Density (g/ml)

Data Qualifiers:

TABLE 3-1 {continued)

SUMMARY OF SUBSURFACE SOIL ANALYTICAL RESULTS
CMS INVESTIGATION
TOW WAY FUEL FARM
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO

%ﬁ?ﬁl&gion [l EPARegion I 7DP20 7DP20-02 7DP20-05 7DP21-01 7DP22-01 7DP23-02 7DP24-02 7DP24-01
Industrial Residential 4417598 D4/17/98 0441798 (4/18/98  04/18/98  O4/1898  04/18/98  04/18/98
RBC RBC 0.00-9.00 3.00-5.00 0.00-12.0 1.00-3.00 0.00-4.00 3.00-4.00 3.00-5.00 3.00-5.00
200,000 22,000 NA 12U [zvu 13u Ly I u NA 1.1 U
200,000,000 7,800,000 NA 12U 12u 13U Liu Lt u NA 13y
410,000,000 16,000,000 NA 12U 12 u 13u iy Lt u NA LTy
4,100,000,000 160,000,000 NA 12 u L2y 671 Ly v NA 1y
100 100 NA 71U 531 U [ 65U NA 381
106,000 100.000 NA 59U S8 U 49 4 4 U 33U NA 57 u

NE NE 34.6 NA NA NA NA NA 24.4 NA

NE NE 323 NA MNA NA NA NA 32.8 NA

NE NE 1.5 NA NA NA NA NA 106 NA

NE NE 316 NA NA NA NA NA 322 NA

NE NE NA NA NA 0.17 KA 0.046 NA NA

NE NE NA NA NA NA NA NA NA NA

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.

U3 - Not detected, quantitation limit may be inaccurate or imprecise.

NE - Not established.
NA - Not analyzed.

Sb-ht.xIs $B-HT

TDP24-03
04718798

Revised April 16, [999

TDP24-03
04/18/98

5.00-7.00 10.00-11.00

L2 R
1.2 R
L2 R
1.2 R

7.6 U
62 R

NA
NA
NA
Na

NA

NA

14 u
14U
14 u
14 U

B U
160}

NA
WA
MA
Nt‘ﬁx

NA

NA

7DP25-01
04/19/98
0.00-4.00

160 U
1,300 1
160 U
820 J

3,600
1,000,000.)

MNA
NA
NA
KA

NA

NA

5o0f7



TABLE 3-1 {continued)

SUMMARY OF SUBSURFACE SOIL ANALYTICAL RESULTS
CMS INVESTIGATION
TOW WAY FUEL FARM
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO

Sample 1D A Region Ill  EPA Region Ul 7DP25-03
Sample Date dustral Residential — 04/19/98
Depth Range (ft.) . LRBC RBC 4.00-7.00
BTEX {ug/kg)

Benzene 200,000 22,000 33U
Ethylbenzene 200,000,000 7,800,000 17
Toluene 410,000,000 16,000,000 2.71
Xylenes 4, 100,000,000 160,600,000 43
TPH

Diesel Range Organics (mg/kg) 100 100 22801
Gasoline Range Organics {ug/kg) 100,000 100,000 64,000
Grain-size

% Clay NE NE NA
% Silt NE NE NA
% Gravel NE NE NA

% Sand NE NE NA

Engineering Properties

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

Density (g/ml) NE KNE NA
Data Qualifiers:

I - 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

TDP25-06
04/19/98
10.00-13.00

140 U
1,700 3
140 U
1,200 3

4,000
1,100,000 J

NA
NA
MNA
NA

NA

NA

7DP26-02 7DP26-04  7DP26-06 TDP2T-01

04/19/98
2.00-4.00

12 u
12U
12U
24

76U
7201

NA
NA
NA
NA

NA

NA

04/19/9%

04/19/98

04/19/98

6.00-10.00 12.00-14.00 0.00-4.00

24
871
29
370 1

2,500 1
310,000,

NA
NA
Na
NA

WA

NA

13U
13U
130
13 u

NA
NA
NA
NA

NA

12U
2 u
L2 u
L2 u

72U
38U

NA
NA
NA
NA

NA

NA

TDP27-04 7DP28-01 7DP23-01

041998
7.00-8.00

LS
13U
15u
15U

9.1 U
73U

MNA
MA
MNA
NA

039

NA

04/19/98
1.00-3.00

LI u
Lt u
L1y
INEY

292
359

22
327

0.051

1.00-3.00

t3u
t3u
13u
13U

282
54.7

27
144

NA

NA

Revised April 16, 1999

TDP28-04 TDP30-01
04/19/98  OH19/98 04719598

7.00-8.00

13 u
13 u
13u
[3v

§2 U
67 U

NA
NA
NA
NA

1.00-3.00

L1
Lty
Ty
Lru

68 U
550

NA
NA
NA
NA

NA

NA

TDP30-03
04/19/98
5.00-6.00

iy
Lty
Ly
Lty

7.1 U
36

N!‘\
MNA
NA
NA

NA

Na

Got?



TARLE 3-1 {continued)

Revised April 16. 1999

SUMMARY OF SUBSURFACE SOIL ANALYTICAL RESULTS
CMS INVESTIGATION
TOW WAY FUEL FARM
NAVAL STATION ROOSEVELT ROADS, PUERTO RICO

Sample 1D EPA Region 11 Number Range Location

Sample Date Residential Exceeding Exceeding Maximum

Depth Range {ft.) RBC EPA Region I11 EPA Region II Detect
Residential RBC  Residential RBC

BTEX (ug'kg)

Benzene 200,000 22,000 (64 0460 7DP15-02

Ethylbenzene 200,000,000 7,800,000 0/60 060 7DPO7-04

Toluene 410,000,000 16,000,000 0/60 &0 TDP15-02

Xylenes 4,100,000.000 160,000,000 0/60 0/60 TDPIS-02

TPH

Diesel Range Organics {mg/kg) 100 100 14160 2701-22.000 14760 270-22.000 TDPIS-04

Gasoline Range Crganics (ug/kg) 100,000 100.060 10/60 180L000-1,100.000 1060 180,000-1.100,000) TDP25-06

Grain-size

% Clay NE NE NE NE TDP-TWFE-UL

% Silt NE NE NE NE T0PY7-01

% Gravel NE NE NE NE TDP24-02

% Sand NE NE NE NE TDP-TWFF-U

Engineering Properties

Total organic carbon (ugfkg) NE NE NE NE TDPO3-02

Density

Density {g/ml} NE NE NE NE TDPO3-02

Data Qualifiers:

§ - Analyte present, Reported value may not be accurate or precise.

{J - Not detected. The associate number indicates the approximate
sample concentration necessary to be detected.

1JJ - Not detected, quantitation limit may be inaccurate or imprecise.

NE - Not established.

NA - Not analyzed.

~3

i
[
—~

Sk-ht.xls SB-HT



i
i

277807wr

NOTE: .
1. DATUM PLAN USED IS MEAN LOW WATER = 100.00 fT. AS A’

A,
ESTABLISHED BY U.S. NAVY SURVEY SECTION AS OF NOVEMBER 1941.
MORTHEAST ; SOUTHWEST
2. A SAPROLITE IS A TRANSITION ZONE BETWEEN WEATHERED BEDROCK AND
GROUND SURFACE OVERBURDEN SOILS. ‘
1807 UGW24 § 7DPO2 r 180
SAND AND SILT
N
165 ~ 165
DP {7 UGWO02
B.T. 161 SILT, some fine to
medium sand
150+ B.T. 151.4 L 150
- SL.T, ktlle rock fragments —~
Frd ™~ frace fine sand and clay -
.
= R =
= -
Led Lad
b WEATHERED L
<1354 ZONE - 135~
prd P
o ]
5 <
Ly SILT, Kile fine to o
(] medium sand trace I
fine to coarse gravel
120 - -~ 120
WEATHERED
ZONE
I " UCWOS 70PO6 UGW1C
a T -
I Ty SILT, ittie
- A oy fine o medium |
105 i i c_;f? and clay 105
1 B.T. 102.18 H ¥ gl L
i t petroleum odor] B.T. 101.9
pe KA i
i WEATHERED ZONE H
GABBRO [{ BEDROCK 7 . , ]
I et 92l ¢ ouss B.7. 94.9 WEA i M 5T 940 i
90~ BOUNDARY BETWEEN I |+ B.T. 90197 7T B.T. 91.1 B.T. 90.3 - 90
WEATHERED AND UNWEATHERED || L
troleun ador
B.T. B5.96 BEDROCK | 8 a aker
B.T. 82.6 B.T. 83.98
Baker Environmental, ke,
LEGEND 150 o 75 150 300
X GROUNDWATER ELEVATION (4/15/98 THROUGH 4/21/98) e —————
- - CORRECTED GROUNDWATER ELEVATION (4/21/98) ) ] ) ” ‘
v GROUNDWATER ENCOUNTERED DURING DRILLING Horizontal Scale: 1 inch =150 ft. FIGURE 3-2 ’
i 2 FREE PRODUCT ELEVATION (4/15/98 THROUGH 4/21/98) T’ 0 T T’ J’IO HYDROGEOLOGIC CROSS-SECTION A—-A
8.1 X' BORING TERMINATED, ELEVATION MSL ; TOW WAY FUEL FARM
Vertical Scale: 1 inch = 15 ft. :
f WELL SCREEN INTERVAL
P INTERSECTION OF CROSS~—SECTION 8-B' THE SOIL BORING INFORMATION IS CONSIDERED TO BE REPRESENTATIVE OF :
ESTIMATED  — — —  PROJECTED SUBSURFACE CONDITIONS AT THE RESPECTIVE BORING LOCATIONS. SUBSURFACE
CONDITIONS INTERPOLATED BETWEEN BORINGS ARE ESTIMATED BASED ON NAVAL STATION ROOSEVELT ROADS
ACCEPTED SOIL ENGINEERING PRINCIPLES AND GEOLOGIC JUDGEMENT. PUERTO RICO




277808WP

ESTIMATED PROJECTED

SUBSURFACE CONDITIONS AT THE RESPECTIVE BORING LOCATIONS. SUBSURFACE
CONDITIONS INTERPOLATED BETWEEN BCRINGS ARE ESTIMATED BASED ON
ACCEPTED SOIL ENGINEERING PRINCIPLES AND GEOLOGIC JUDGEMENT.

120 - B NOTE- B’ - 120
. NORTHWEST DATUM PLAN USED IS MEAN LOW WATER = 100.00 FT. AS SOUTHEAST A
| ESTABLISHED BY U.S. NAVY SURVEY SECTION AS OF NOVEMBER 1941,
_ ALL MATERIAL consisting L
of fine to coarse sands
115 - GROUND SURFACE with lesser amounts of - 115
| MWO02 gravel, si#f, and clay |
| UG% Nwm
TMW05S UGW13 JMWO8
3 UGwW17 F
UGw21 R
] silt, some gravel ALL 7DP30 uGw19 |
\

1101 \\\ medium sand | FiLL - 110
- i \’ I _—
2] %]
> ! il Sght I >
- I il green -
v, | L g staining L L
[T
=105 - i il - 105 =

i HH »
z | i ks i B.T. 104.9 ] 3
';—( | i []r] hydrocarbon { ¢ k3 T I I E
L i Odof ._L L
= Ins i X x 1k3 ik I =
| I 1] slhght i i e |
100 - | H | oolr oum X iy | - 100
A ] ] | odor i ] ] |
] L | | { ]
| 1 i i T i B.T. 98.15 i I
H i WEATHERED | L I i ]
) H HH X H H i
95 - I i I | ZonE I I I g
] WEATHERED BEDROCK LI | | L | S
B | LI 8@’1‘ 4 | | 3 n
i L 1 hydrocarbon | H i H a |
. ial 1 ] T ‘ |
L A B.T. 92.0 ]
A : i I I 1< | I :
90 - H i i n H / H - 90
I ~ I /\¥ i
/ : B.T. 87'2/ BOUNDARY BETWEEN WEATHERED ||
Ve AND UNWEATHERED BEDROCK
B.T. 86.2 :
/ / H
—_ |
»
Baker
LEGEND 160 o 80 160 320
L GROUNDWATER ELEVATION (4/15/98 THROUGH 4/21/98) h:-:d::H:J
¥ CORRECTED GROUNDWATER ELEVATION (4/21/98) Horizontal Scale: 1 inch = 160 ft : FIGURE 3-3
- GROUNDWATER ENCOUNTERED DURING DRILLING s o 25 5 10 '
§ FREE PRODUCT ELEVATION (4/15/98 THROUGH 4/21/98) h:-:i_:i:j HYDROGEOLOGIC CROSS-SECTION B-B
BT. X' BORING TERMINATED, ELEVATION MSL Vertical Seale: 1 inch — 5 ft. TOW WAY FUEL FARM
i WELL SCREEN INTERVAL
& INTERSECTION OF CROSS—SECTION A—aA' THE SOIL BORING INFORMATION IS CONSIDERED TO BE REPRESENTATIVE OF

NAVAL STATION ROOSEVELT ROADS
! PUERTO RICO
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LEGEND
~ MOMITORING WELL LOCATION

VERTICAL PERMEABILITY SAMPLE LOCATION

ICHOR PRODUCT RECOVERY WELL LOCATION
BTEX CONCENTRATION (ug/kg) IN SOILS
ISOCONCENTRATION LINE (ug/kg)

SOURCE: LANTDIV, FEB. 1992/1997

FIGURE 3—-4

e Y s s Loon BTEXIN SOIL 1SOPLETH MAP 0-5" BGS
@ TERRAVAC PRODUCT RECOVERY WELL LOCATION TOW WAY FUEL FARM

NAVAL STATION ROOSEVELT ROADS

PUERTO RICO
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LEGEND
%% — MONITORING WELL LOCATION
— VERTICAL PERMEABILITY SAMPLE LOCATION FIGURE 3-5 ,
® — SOIL BORING LOCATION TPH GRO IN SOIL ISOPLETH MAP 0-5 BGS

SOIL BORING AND SOIL GAS SAMPLE LOCATION
TERRAVAC PRODUCT RECOVERY WELL LOCATION
ICHOR PRODUCT RECOVERY WELL LOCATION

TPH GRO CONCENTRATION (ug/kg) IN SOILS
— ISOCONCENTRATION LINE (ug/kg)

SOURCE: LANTDIV, FEB. 1992/1997

NAVAL STATION ROQOSEVELT ROADS

TOW WAY FUEL FARM
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LEGEND
— MONITORING WELL LOCATION
% ~ VERTICAL PERMEABILITY SAMPLE LOCATION FIGURE 3‘“6
2ol BORING AND SOIL GAS SAPLE LOGATION TPH DRO IN SOIL ISOPLETH MAP 0-5" BGS
0y ~ TERRAVAC PRODUCT RECOVERY WELL LOCATIIN TOW WAY FUEL FARM

SOURCE: LANTOLV,

ICHOR PRODUCT RECOVERY WELL LOCATION
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ISOCONCENTRATION LINE (mg/kg)
FEB. 1992/1997

NAVAL STATION ROOSEVELT ROADS
PUERTO RICO
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SOURCE: LANTOHV,

LEGEND
MONITORING WELL LOCATION
VERTICAL PERMEABILITY SAMPLE LOCATION
S0i. BORING LOCATION
SOIL BORING AND SOIL GAS SAMPLE LOCATION
TERRAVAC PRODUCT RECOVERY WELL LOCATION
ICHOR PRODUCT RECOVERY WELL LOCATION
HTEX CONCENTRATION (ug/kg) IN SOILS

ISOCONCENTRATION LINE (ug/kg)
FEB. 1992/1997

100
1 inch = 200 ft.

25 50
1 inch = 50 ft.
NOTE:
DATUM PLAN USED IS MEAN LOW WATER = 100.00 FT. AS ESTABLISHED BY »
U.S. NAVY SURVEY SECTION AS OF NOVEMBER 1941. » aker

FIGURE 3-7
BTEX IN SOIL ISOPLETH MAP 5—-10’ BGS
TOW WAY FUEL FARM

NAVAL STATION ROOSEVELT ROADS
PUERTO RICO
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1 inch = 200 ft.

25 50
1 inch = 50 ft

NOTE:
DATUM PLAN USED IS MEAN LOW WATER = 100.00 FT. AS ESTABLISHED BY »
U.5. NAYY SURVEY SECTION AS OF NOVEMBER 1941. aker
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LEGEND
. = MONITORING WELL LOCATION
§ = VERTICAL PERMEABILITY SAMPLE LOCATION FIGURE 3-8
® - ;g;t gg::x ;:(II:}M‘.::::.GAS SAMPLE LOCATION TPH GRO IN SOIL ISOPLETH MAP 5—10’ BGS
@ - TERRAVAC PRODUCT RECOVERY WELL LOCATION TOW WAY FUEL FARM
— ICHOR PRODUCT RECOVERY WELL LOCATION
= TPH GRO_CONCENTRATION (ug/kg) IN SOULS NAVAL STATION ROOSEVELT ROADS
—~ ISOCOMCENTRATION LINE (ug/kg) PUERTO RICO
SOURCE: LANTDIV, FEB. 1992/13897
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200

DATUM PLAN USED IS MEAN LOW WATER = 100.00 FT. AS ESTABLISHED BY
U.S. NAVY SURVEY SECTION AS OF NOVEMBER 1941.

100 200
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FIGURE 3—13

CORRECTED GROUNDWATER SURFACE CONTOUR MAP

APRIL 21, 1998
TOW WAY FUEL FARM

NAVAL STATION ROOSEVELT ROADS
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NOTE:
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