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Mr. Daniel S. Musel
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U.S. Army Transportation Center
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Re:  Final Remedial Investigation Report
Redline/Strikeout Version for Review
Fort Story Sites
Contract DACA31-94-D-0017, D.O.s 17, 20, and 24

Dear Mr. Musel:

Malcolm Pirnie is pleased to provide to Fort Eustis this Final Remedial Investigation

Report (Redline/Strikeout Version for Review Purposes) and responses to comments

(one copy enclosed) for the FTA, LARC 60, and Auto Craft sites at Fort Story, Virginia.
— Please review the enclosed report and comments and provide us with any
\ recommended changes so that we revise and submit to VDEQ.

We have also enclosed a copy of the Final QCS/AR Addendum for the 2000 sampling
event for your review and comment.

It has been a pleasure to provide this document to Fort Eustis. We look forward to
further discussions relative to this project.

Very truly yours,
MALCOLM PIRNIE, INC.
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Comment on the draft "Remedial Investigation Report
Firefighter Training Area, LARC 60 Maintenance Area,
Auto Craft Building Area, Fort Story" December, 1995.

Page 2-10: Section 2.2.10 Investigation Derived Waste
Management-Please find attached the Department of

Environmental Quality Policy regarding investigation derived
wastes.

Page 2-14: The PA/SI for several sites included in this RI
indicated that pesticides or PCBs were detected. This class
of compounds were not evaluated in the RI. Some explanation
should be provided as to the reason for not evaluating the
pesticide/PCB fraction in this RI. Comments on the ecological
risk will also address this point.

Page 2-18: It is noted that samples were not collected north
of the site. In a comment provided by the staff in October,
1991 it was suggested that the area north of the site be
further investigated, even though the contaminant

levels were low. Some additional discussion of the

determination not to sample in the north area seems
appropriate.

Page 3-1: Physical Characteristics. This section states that
the land features at Fort Story consist of sand ridges, sand
flats, and wetland areas. These areas as well as the
Chesapeake Bay and Atlantic Ocean are all potential targets
and should be addressed in an ecological assessment.

Page 3-2, Section 3.1.3: This section states that "surface
water on Fort Story is conveyed by drainage ditches or storm
water lines to the Chesapeake Bay on the northwestern portion
of the facility, to the Atlantic ocean on the northeast
portion of the base, to wetland areas adjacent to Broad Bay on
the southern portion of the facility". These areas are all
potential targets and need to be addressed in an ecological

assessment with sampling results included and continued
monitoring.

Page 3-10: It is not clear why no inorganic analyses were

performed for the upgradient well at the Firefighter Training
Area.

Page 3-11: The first paragraph on this page indicates that
arsenic was not detected in the upgradient wells. However,
the table on the previous page indicates an arsenic
concentration of 40.01 mg/L in well MW-118. The data
validation summary table indicates that arsenic was undetected
at this well. Please clarify.
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8.

10.

1l.

12.

13.

14.

15.

ls6.

17.

Page 3-12: Section 3.1.6. Ecology-This section should address
fauna as well as flora. It is difficult, or impossible, to
know if receptors are exposed to the contaminated media when
it is unknown what potential receptors exist on or near the
sites. It is recommended that a species inventory be
performed at Fort Story to establish potential receptors.
Performing site specific inventories would not account for
terrestrial animals that range over larger areas.

Page 4-1: Section 4 Nature and Extent of Contamination-The
results of the quality assurance checks by the U.S. Army
Corps of Engineers New England Division (NED) Laboratory
should be provided and discussed.

Page 4-1: Section 4.1.1 Definition of ARARs-Attached is a
preliminary identification of Commonwealth of Virginia ARARs.
This information identifies state statutes and regulations
which may serve as ARARs. As the site proceeds to the
feasibility phase these ARARSs may be refined or expanded.

Page 4-6: Section 4.3.1 Surface and Subsurface Soils-Is
access to this site(s) sufficiently restricted to justify the
use of the industrial soil screening criteria?

Table 4-5: Fire Training Pit Soils Data-Volatile Organic
Compounds. The concentration of acetone in SB04-022 may be
sufficient to result in transfer from soil to groundwater.

Table 4-5: The concentrations of fluoranthene and pyrene at
all sampled soils levels in SB04-022 exceed the

Biological Technical Assistance Group (BTAG) screening levels
for ecological risk (100 ppb for fluoranthene and pyrene).

Table 4-5: The total metals data indicate that levels of
arsenic in several soil samples at the Fire Training Pit

exceed the EPA Region III Risk Based Concentration (RBC) for
residential soils.

Table 4-5: From an ecological risk perspective chromium,
copper, lead and zinc may pose some concern at the Fire

Training Pit and should be compared to the BTAG screening
levels.

Table 4-6: Fire Training Area-Sediment. The concentration of

lead exceeds the BTAG screening level for ecological risk in
SD04-001.

Page 4-16: Fire Training Area-Groundwater. It is indicated
that vinyl chloride concentrations detected by onsite
methods could not be confirmed by offsite lab analysis. How
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18.

19.

20.

21.

22.

23.

24.

25.

26.

did the New England Division Lab data compare to the onsite
lab and the Savannah Lab? Vinyl chloride is a degradation
product of perchloroethylene (PCE) and trichloroethylene (TCE)
and could be present in future samples even if not
confirmed at this time.

Page 4-20: This section of the report mentions a change in
flow direction from previous determinations. Does this
statement relate to the issue in the PA/SI on pages 2-37 and
2-38 concerning a groundwater divide? Please clarify.

Table 4-9: Soil Results for the LARC 60 Area. While the data
indicate the concentrations are less than the industrial
screening level, some consideration should be given to the
residential level proposed by EPA since Fort Story is not a
restricted access Area. This issue of residential versus
industrial will be addressed in the risk assessment section.

Table 4-9: Levels of methylene chloride greater than 10 ppb
would have the potential to transfer from soil to groundwater.
A number of soil boring samples contained methylene chloride
concentrations greater than this level and the impact on
groundwater should be discussed. The levels of TCE in several
samples were also at concentrations at which groundwater
would be impacted. Please address TCE in the discussion.

Table 4-9: The levels of arsenic in SB06-001 (0-1 ft) and (5

=7 ft) exceed the EPA region III RBC for residential exposure
in soil of 0.37 mg/kg.

Page 4-23: Twenty-nine soil samples had total petroleum
hydrocarbons as heavy oils at concentrations greater than the

screening level of 100 mg/kg. What is the impact of these
concentrations on the site?

Table 4-11: Surface Water Results. The surface water data

should be compared to Virginia's Surface Water Standards VR
680-21-00, May 20, 1992.

Table 4-12: The groundwater data in Table 4-12 indicates
tetrachloroethene (PCE) and trichloroethene (TCE) have MCLs of
5 ppb. Concentrations of PCE and TCE in MW-117 exceed the 5
pPpb MCL. Please discuss the impact of these compounds.

Table 4-12: The concentrations of total and dissolved arsenic
in MW-117 exceeds the Virginia Groundwater Standard as well as
the EPA Region III RBC. This should be addressed.

Page 4-34: Was vinyl chloride detected in the samples sent to
the New England Division Laboratory?
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27.

28.

29.

30.

31.

32.

33.

34.

35.

Table 4-13: The MCLs for cis 1,2-DCE, toluene, TCE and PCE
were exceeded in several groundwater samples. Please discuss
the significance of these compounds in groundwater.

Table 4-13: Metals concentrations in Table 4--13 should be
compared to the Virginia Groundwater Standards. The following
metals appear to exceed the standards in one or more

groundwater samples: arsenic, cadmium, chromium, lead, and
zinec.

Page 4-38: While the concentration of PCE, TCE, or DCE may

not exceed the 1% to 10 % rule of thumb, the level of solvents
present would suggest that the groundwater may be contaminated
with DNAPL and if the sampling was expanded the non-aqueous

phase may be located.

Page 4-39: Some discussion of vinyl chloride as a degradation

product seems appropriate since vinyl chloride is one of the
final breakdown product of PCE and TCE.

Table 4-14: The concentration of methylene chloride and TCE

in SB07-001 (0-1 ft) would indicate a potential transfer to
groundwater.

Table 4-14: The levels of semivolatile organic compounds in
soil should be compared to the EPA soil screening levels for
transfer from soil to groundwater.

Table 4-14: Arsenic exceed the residential screening

concentrations for soils compared to the EPA Region III RBC
Tables.

-

Page 6-3: Ecological Risk Assessment.
A significant exposure pathway which has been overlooked
includes groundwater to surface water (i.e., Chesapeake Bay
and the Atlantic Ocean) where aquatic receptors could be
exposed. Groundwater flow information obtained from the
monitoring wells (including the direct push technology)
indicates contaminated groundwater from the Fire Training
Area (FTA) likely discharges to the Chesapeake Bay, and
contaminated groundwater from the LARC 60 Area and the Auto
Craft Area likely discharge to the Atlantic Ocean. A
preliminary evaluation using EPA Region III's interim
guidance should be conducted. The groundwater Contaminants
of Potential Concern (COPCs) and the BTAG aquatic marine
values should be used to calculate an EEQ (or hazard
quotient). The calculated EEQ will dictate whether
additional studies are necessary (e.g., modelling studies).

Page 6-3: Ecological Risk Assessment
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36.

37«

38.

39.

40.

41.

The collection of pesticide and PCB data has been excluded
from the Remedial Investigation at all three sites. Data
presented in the Preliminary Assessment Report Addendum for
Fort Story, VA shows DDT and its metabolites were detected
in the surface soil at all three sites. It is also noted
that PCBs were detected in the sediments at Site 8, which
comprises the drainage outfall line for the LARC maintenance
area. Since these chlorinated compounds were detected
during an earlier study, this by itself is a valid reason to
have included these compounds in the RI. These compounds
generally play a significant role in the evaluation for
ecological risk. This is considered a data gap.

Page 6-3: Ecological Risk Assessment

Relative to the number of surface soil samples/soil borings
collected at each site, limited samples were analyzed for
total metals. This concern is raised since the metals that
have been detected in the surface soils and sediments appear
to be the COPCs driving the ecological risk. In fact, when
EEQ's are calculated for these contaminants, many of the
calculated numbers are well above the values established in
the Region III guidance which suggest there is potential for
moderate (EEQ >10) to extreme risk (EEQ > 100). With

limited metals data, the extent of contamination may not be
fully delineated.

A shortage of metals data also precludes the use of the 95%
Upper Confidence Level (UCL). In order to calculate a
statlstlcally valid UCL, a minimum of 7 independent data
p01nts at each site for that medium are necessary. This is
important because the EEQ calculations derived by VDEQ are
based on the maximum concentrations which may be overly
conservative (unless hot spots exist).

Page 6-5: The third paragraph on this page indicates that
there is no opportunity for human contact with subsurface
soils as long as they are not disturbed. For the future use
scenario, it should be assumed that construction activities
may occur in the future and subsurface soils could be
brought to the surface and be available for direct contact.

Table 6-1: The Region III risk based concentrations (RBCs)
should be adjusted to a target hazard quotient of 0.1 for
noncarcinogens. (Divide noncarcinogen RBCs by 10.)

The RBC values for arsenic on this table are for

noncarcinogenic effects. The RBC for carcinogenic effects
should also be included.

Table 6-2: The values shown as the minimum and maximum
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42.

43.

44.

45.

46.

47.

48.

49.

50.

detected concentrations for aluminum in filtered samples
have been qualified "R" in the data validation summary

tables. It is not clear why they have been included on this
table.

It is not clear why the frequency of detection column shows
a total of three dissolved samples. The summary tables show
four samples with and "F" suffix. Does the "F" indicate
that the samples were filtered?

It is not clear why the detected range for barium is shown
as 0.021 - 0.052 mg/l. Sample number 4MW-2SF had a
detection of barium of 0.14 mg/L. Please clarify.

As noted above, the RBCs on this table should also be
adjusted to a target hazard quotient of 0.1

Table 6-3: The RBCs on this table should also be adjusted
to a target hazard quotient of 0.1 and the RBC for
carcinogenic effects for arsenic should also be included.
The more conservative of the RBCs for the thallium compounds
may be used as a surrogate RBC for thallium.

Page 6-7: The exposure assessment should also describe site
access controls and surrounding land use. For example, is
there housing on the installation? Is the site fenced?
Could children or other trespassers access the site?

Page 6-8 (Current Situation): Since the aquifer is
apparently capable of supporting non-potable uses, at a
minimum, the risk due to exposure to groundwater during
nonpotable use should be assessed quantitatively for any
contaminant that exceeds the screening level.

Page 6-8 (Future lLand Use): Since the decisions concerning
base closure are not made by the facility, continued
government ownership cannot be assumed. For risk assessment
purposes, the most conservative scenario (residential)
should be assumed for future use of the installation. 1In

addition, military and civilian workplace scenarios should
be assessed.

Page 6-8 (Human Health Evaluation Summary): If the results
of the risk-based screen change due to the above comments, a
quantitative assessment of risk should be performed for any
contaminants that exceed the screening levels. The
conclusions should be revised as appropriate.

Page 6-10, Section 6, Baseline Risk Assessment FTA site:
This section indicates that "because the site has been
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51.

52.

53.

54.

55.

56.

57.

highly disturbed from numerous training and operational
activities (little or no vegetation is present), and no
minimal habitat is available, no pathways for exposure are
present. Therefore, no impacts to the environment through
contact with surface soils from the site are expected". Due
to the lack of vegetative cover, soil contaminants are
likely to be transported through the air pathway.

Page 6-10, Section 6, Baseline Risk Assessment FTA site:
This section indicates that several metals were detected at
concentrations above EPA Region III BTAG screening levels in
the lowland area. This section also indicates that "because
sediment is covered with a minimum of three inches of pine
needles and leaves, no exposure pathway is identified for
wildlife to the sediment in the lowland area". It is not
clear how this would prevent exposure to wildlife. Please
provide an explanations to how wildlife and ecological
receptors would not be at risk. It is also a valid pathway
for the transport and migration of contamination.

Page 6-11: The third paragraph on this page indicates that
there is no opportunity for human contact with subsurface
soils as long as they are not disturbed. For the future use
scenario, it should be assumed that construction activities
may occur in the future and subsurface soils could be
brought to the surface and be available for direct contact.

Table 6-7: As noted above, the RBCs on this table should
also be adjusted to a target hazard quotient of 0.1 and the
RBC for carcinogenic effects for arsenic should also be

included. This will effect the conclusion on the top of
page 6-12.

Table 6-8: As noted above, the RBCs on this table should
also be adjusted to a target hazard quotient of 0.1 and the
RBC for carcinogenic effects for arsenic should also be
included. This will result in additional contaminants
exceeding the screening levels.

The maximum values listed on Table 6-8 for arsenic, barium,
cis-1,2-dichloroethene, trichloroethene, tetrachloroethene,

and xylenes could not be verified from the summary tables.
Please clarify.

It also appears that two detections of 4-methyl-2-

pentanone were not included on the hazard assessment
table.

Table 6-9: As noted above, the RBCs on this table should
also be adjusted to a target hazard quotient of 0.1
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58.

59.

60.

61.

62.

63.

64.

65.

Table 6-10: Summary tables for surface water samples could
not be located to verify the table values. Federal Ambient

Water Quality Criteria for manganese should also be included
on this table.

Page 6-14: The third paragraph on this page indicates that
additional impacts to groundwater quality due to leaching of
tetrachloroethene (PCE) would not be anticipated since the
concentration exceeded the soil screening level in only one
sample. However, PCE is a contaminant of potential concern
in groundwater. Therefore the potential for leaching to
groundwater should not be ruled out at this time.

Page 6-14, Section 6: This section states that "Methylene
chloride is a common laboratory contaminant which may
account for the widespread detection in site soils". While
it is true that methylene chloride is a common laboratory
contaminant, it should not show widespread detection in
soils. Was methylene chloride detected in samples

sent to the New England Lab? Were lab blanks analyzed which
would indicated the level of lab contamination?

Page 6-15: The exposure assessment should also describe
site access controls and surrounding land use as discussed
in a previous comment. Could children or other trespassers
wade in the ditch at this site?

Page 6-15 (Current Situation): Since the aquifer is
apparently capable of supporting non-potable uses, the risk
due to exposure to groundwater during nonpotable use should

be assessed quantitatively for any contaminants exceeding
the screening level.

Page 6-16 (Future Land Use): Since the decisions concerning
base closure are not made by the facility, continued
government ownership cannot be assumed. For risk assessment
purposes, the most conservative scenario (residential)
should be assumed for future use of the installation. In
addition, military and civilian workplace scenarios should

be assessed for contaminants that exceed the screening
levels.

Page 6-16 (Human Health Evaluation Summary): If the results
of the risk-based screen change due to the above comments, a
quantitative assessment of risk should be performed. The
conclusions should be revised as appropriate.

Table 6-15: The concentrations shown for fluoranthene,
pyrene, and benzo(g,h,i)perylene could not be verified from
the summary tables. For metals, it is not clear why there
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66.

67.

68.

69.

70.

71.

72.

is only one sample when two are shown on the summary table.
If these are duplicate samples, why were they taken on
different days? Please discuss how duplicate samples were
treated for risk assessment purposes. Why is the nickel
detection not included in the hazard assessment? Why is the
maximum arsenic concentration shown as 1.3 mg/kg when sample
SSB07-004-24 had a detection of 1.5 mg/kg?

As noted above, the RBCs on this table should also be
adjusted to a target hazard quotient of 0.1 and the RBC
for carcinogenic effects for arsenic should also be
included. This will result in additional contaminants
exceeding the screening levels.

Arsenic, benzo(a)anthracene, benzo(b)fluoranthene,
benzo(a)pyrene, and indeno(l,2,3-cd)pyrene should be listed
as contaminants of potential concern on this table.

Page 6-19: The second paragraph on this page indicates that
there is no opportunity for human contact with subsurface
soils as long as they are not disturbed. For the future use
scenario, it should be assumed that construction activities
may occur in the future and subsurface soils could be
brought to the surface and be available for direct contact.

The last paragraph on this page (and the top of the
following page) indicates that PAHs were less than the RBCs
although the previous paragraph indicates that some PAHs

exceeded RBCs. The last paragraph should be modified
accordingly.

While it is probably true that the levels of PAHs detected
at this site are consistent with leaching from asphalt, the
levels would also be consistent with used motor oil. 1Is
there any way to definitively link the contaminants to the
asphalt cover? It would be preferable to assess risk for
those contaminants that exceed RBCs. However, if the
installation chooses not to, it should be noted that any
decision document related to this site should include a
provision to maintain the integrity of the asphalt cover.

Page 6-21: The first paragraph on this page states that
there is only minimal potential for barium to impact
groundwater quality since it was only detected in one sample
above the soil screening level. However, metals were
analyzed in only a limited number of samples. It is
therefore difficult to justify this statement.

Page 6-21: The exposure assessment should also describe
site access controls and surrounding land use. For example,
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73.

74.

75.

76.

77.

78.

79.

is there housing on the installation? 1Is the site fenced?
Could children or other trespassers access the site?

Page 6-21 (Current Situation): Since the aquifer is
apparently capable of supporting non-potable uses, the risk
due to exposure to groundwater during nonpotable use should

be assessed quantitatively for any contaminants exceeding
the screening level.

Page 6-22 (Future Land Use): Since the decisions concerning
base closure are not made by the facility, continued
government ownership cannot be assumed. For risk assessment
purposes, the most conservative scenario (residential)
should be assumed for future use of the installation. In
addition, military and civilian workplace scenarios should

be assessed for contaminants that exceed the screening
levels.

Page 6-22 (Human Health Evaluation Summary): If the results
of the risk-based screen change due to the above comments, a
quantitative assessment of risk should be performed. The
conclusions should be revised as appropriate.

A section presenting an uncertainty analysis should be added
to the risk assessment.

Page 6-22: Section 6 Baseline Risk Assessment, Ecological
Assessment. According to this section, on-site vegetation
and wildlife inventories were not conducted as part of this
investigation. Ecological inventories should be developed
for all of the sites in this investigation.

Page 6-23, Section 6, Groundwater/Soil: This section states
that "groundwater probably discharges to the Atlantic
Ocean", but that "no impacts to the environment through
groundwater contact are expected, and no potential
ecological risk will be conducted". Due to the Atlantic
Ocean being a potential target, an ecological risk
assessment should be done to determine the effect, if any
that these contaminants are having on it. This section also
states that because the site is partially paved and little
vegetative cover exists, that no impact to the environment
through contact with the surface soils from the site are
expected. Due to the lack of vegetative cover, soil

contaminants are possibly transported through the air
pathway.

Table 6-18: 1In the ERA portion of Section 6 for the Auto
Craft Building Area, Table 6-18 does not identify many of
the PAHs as "Potential Concern?" Please note that 10 of
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these compounds exceed the Fauna BTAG screening levels plus
the majority have EEQs >10.

80. Section 7: This section may need revision after revision of
the baseline risk assessment.

81. Section 8: The no further action recommendations cannot be
supported until human health risk is adequately assessed at
the sites. The groundwater at the LARC 60 site is a
particular concern. In the section on fate and transport,
it was noted that levels of degradation products of
tetrachloroethene (PCE) have increased since the PA/SI.
Note that vinyl chloride, a degradation product of PCE, is
more toxic than the original compound and may be a concern
in the future. Therefore, at the very least, continued
groundwater monitoring should be considered.



RESPONSE TO VDEQ COMMENTS
DRAFT RI FOR FTA, LARC 60 AND AUTO CRAFT SITES
FORT STORY, VA

COMMENT

RESPONSE

Page 2-10: Analytical data obtained from the containerized soil and purge water indicated that
the material was not classified as a hazardous waste with the drums subsequently managed as
a solid waste. The text will be revised to reflect the results of the analytical data. Future projects
at these sites will include IDW management pursuant to the requirements of the VDEQ Policy.

Page 2-14: Neither pesticides nor PCBs were detected at concentrations greater than trigger
levels established during the PA/SI, and therefore, they were not identified as contaminants of
concern and were not included in the RI. In addition, the levels detected during the PA/SI are
consistent with levels expected due to normal application in industrial areas for pest and weed
control, and not from uncontrolled spills or leaks. The text will be revised to reflect these issues.

Page 2-18: It is not clear which site (FTA or Auto Craft) the reference is made since the text at
the top of page 2-18 refers to the Auto Craft site while the text at the bottom of the page refers
to the FTA site. It is assumed that since Figures 2-10 and 2-11 show the location of samples
collected from the area north of the Auto Craft site that the reference is for the FTA.

FTA Site - The northern area of the site was investigated in this RI with four DPT points (#1
through #4), one monitoring well (4MW-1), six surface soil (SS-23 through SS-28), and six soil
borings (SB-1 through SB-6) sampled in this area of the site with low levels of various
contaminants detected. If the area that VDEQ is referencing is the area north of the site then
it is unclear why investigations are required there. No samples were collected from the area
north of the road (north of where 4MW-1 and SB-1 were installed during this RI) during previous
investigations and no documentation is present that suggests that area was used for industrial
operations, storage or past disposal.

Page 3-1: Agreed. A detailed revised ecological risk assessment (ERA) addressing these issues
will be conducted. The findings (Section 7.0 of the RI Report) will be submitted to VDEQ for
review prior to issuance of the Final Rl Report.

Page 3-2: Same as response to Comment #4. We believe that there is sufficient analytical data
located within drainage areas and conveyances to assess ecological risk. However, if the ERA
indicates that there is a potential risk to downstream receptors (i.e., Chesapeake Bay and/or
Atlantic Ocean), then additional investigations may be required. The need for additional sampling
(if required) will be stated in Section 9, Recommendations.

Page 3-10: Based on the estimated groundwater flow direction stated in the PA/SI, monitoring
well 4AMW-1 was installed as the upgradient location with all parameters including inorganics
analyzed for. However, based upon our evaluation, the groundwater flow direction was
determined to be towards the Chesapeake Bay to the north. This change in direction makes
4MW-1 a downgradient well and 4MW-4 the upgradient well, however, inorganics were not
analyzed at 4AMW-4. The text will be revised to reflect this.

0285-588-330
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COMMENT

RESPONSE

Page 3-11: There was a typo in the table on Page 3-10. The total arsenic concentration should
have read <0.01 not 40.01. The table will be revised.

Page 3-12: The discussion on ecology will be expanded to include fauna including the
identification of endangered species for the Fort Story area. A species inventory was conducted
by the USACE in 1993 for the Fort Story/Cape Henry region. This list is included as an appendix
to the Draft Fort Story Integrated Natural Resource Management Plan prepared by Horne
Engineering and Environmental Services in June 1995.

A full fauna survey of Fort Story is not expected to be conducted as part of the ERA. In
conjunction with the database established in the Horne report, a biological survey for each site
will be conducted. Each site’s ecology will be described based on vegetative community.
Qualitative vegetative surveys would be performed to note vegetation diversity and abundance
(e.g., line intercept or quadrant sampling). Additional faunal surveys (herpetological, avian, and
mammalian) would be conducted in the field through limited trapping and incidental occurrence
verification. A full list of species that could occur on the base will be included. This list would be
compiled from the existing information.

By conducting surveys at each site and utilizing the list of species for the region, receptor species
can be selected with certainty and species’ use of each site can be more accurately determined
and fewer assumptions made during the risk modeling process. VDEQ states that site-specific
inventories would not account for terrestrial animals that range over larger areas. However, the
potential exposure to contaminants for these animals would be reduced due to their larger range
and typically these animals are not selected as indicator species. The selection of a species with
a smaller range is more conservative and therefore, preferable since the potential risk of
exposure is greater

Page 4-1: If the results of the USACE NED laboratory analysis are greater for specific
compounds than the original sample, the greater results will be reported in the tables in Section
4.0. The raw data results of the NED QA sampling are provided in Appendix D of the Quality
Control Summary/ Analytical Results Report (QCS/ARR) and their impacts on data quality
discussed in Section 4.2 of the QCS/ARR. Section 4.0 of the RI Report discusses the nature and
extent of contamination, not a review of data quality which is discussed in the QCS/ARR.

10

Page 4-1: Agreed. If any of the sites proceed to a Feasibility Study, the ARARs will be refined
to a more site-specific basis.

11

Page 4-6: All discussions in Section 4.0 regarding comparison to industrial soil screening criteria
are preliminary in nature. The results are compared to the industrial screening criteria only as
a means for discussion of the severity or significance of the concentrations detected. The text
will be revised to reflect this.

The human health risk assessment discusses both the industrial and residential screening criteria
and is the primary means for determining impacts. Although screening to residential criteria will
be conducted for “future land use” scenario, no residential development at these sites are
planned or expected.

0285-588-330



COMMENT

RESPONSE

29

Page 4-38: The highest concentrations measured were within the former UST pit where the leaks
probably occurred. If the concentrations of the chlorinated organics are not above 1% of the
solubility limit at this location, it is unlikely that a DNAPL is present. Numerous groundwater
samples have been collected in the shallow and deeper areas of the water table aquifer
downgradient of the pit and no DNAPL has been detected. Additional groundwater monitoring
in this area is unnecessary.

30

Page 4-39: Agreed. The text will be revised to include a discussion for potential degradation to
vinyl chloride. This information will also be included in the fate and transport section.

31

Table 4-14: A detailed discussion of the potential leachability and transfer to groundwater for
these compounds is provided in Section 5.

32

Table 4-14: They are compared in the risk assessment on page 6-29. .
'\‘é‘r )& ;

33

Table 4-14: The industrial and residential RBC for arsenic as a carcinogen will be added to the

risk as/sessment and further evaluations will be made to discuss its impacts.
R

\© 2)

34

Page 6-3: Agreed. A revised ERA will include all of these factors and potential receptors.

35

Page 6-3: As stated in the response to Comment #2, neither pesticides nor PCBs were detected
at concentrations greater than trigger levels established during the PA/SI, and the levels detected
during the PA/SI were consistent with levels expected due to normal application in industrial
areas for pest and weed control, and not from uncontrolled spills or leaks. However, a
subsequent field investigation included the collection and analysis of soil and groundwater

samples for pesticides and PCBs. This data has been included in the revised report.
Wihere ?

36

Page 6-3: As stated on page 4-2 in the Final Work Plan dated December 1994, due to their
infrequent detection during the PA/SI with concentrations typically lower than the trigger levels,
only 20 percent of soil samples were analyzed for total metals to determine whether significant
levels were present. If the results of the ERA indicate that metals are at unacceptable levels due
to adverse risks to the environment then additional investigation to establish the extent of metal
contamination may be necessary.

37

Agreed. The use of the 95th UCL is preferred over the use of maximum concentrations in order
to more accurately assess risk. However, because of the 20% screening conducted for metals,
insufficient numbers of samples are available to calculate UCLs and maximum concentrations
will be used for the quantitative risk assessment calculations.

38

Page 6-5: Agreed. A “future land use” scenario to include potential exposure to soils through
residential activities will be evaluated in the revised risk assessment. G b -7
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39

Table 6-1: The EPA Region Il RBCs for non-carcinogens will be adjusted to a target hazard
quotient of 0.1 by dividing the RBCs by a factor of 10 because of the detection of multiple
contaminants within each media.

40

RBCs for arsenic have been revised to reflect Sept 2001 RBC Table info.

41

Aluminum not identified as a COPC in groundwater in revised assessment.

42

The “F” designated denotes filtered or dissolved samples. The data summary tables in the
QCS/ARR provide the results of MW-211F which is a duplicate sample of MW-112F, thereby,
showing 4 samples instead of the 3 shown in Table 4-7 and 6-2 of the Rl report. The tables in
the RI report show the highest concentration of a given compound detected, whether in the
original, duplicate or QA split sample. All analytical data will be reviewed again to ensure that
the highest concentration detected for each contaminant is presented in the data tables in
Sections 4.0 and 6.0.

43

Tables and text will be revised to show barium concentration of 0.14 mg/I for 4AMW-2F.

44

Same as response to Comment #39.

45

Table 6-3: Same as response to Comment #39. The correct RBC for arsenic will be added to the
table. The RBCs for thallium have been used.

46

Page 6-7: The exposure assessment discusses site conditions and controls. No additional text
to be included.

47

Page 6-8: Since there are no current potable or non-potable users of the groundwater at Fort
Story, no quantitative analysis will be conducted for the “Current Situation”. An evaluation of
the potable use of the aquifer will be made for the “Future land Use” scenario. Only dissolved
antimony and manganese exceeded the EPA RBCs for tap water and non-potable exposure
would not seem to be of concern.

48

Page 6-8: Residential exposures (including adult and children exposures to groundwater, soil,
and sediment) for the “future land use” scenario will be evaluated for the revised human health
risk assessment.

49

Page 6-8: Agreed. A quantitative evaluation will be conducted if screening levels are exceeded
and exposure pathways are complete.

50

Page 6-10: This pertains to the ecological risk assessment and those habitat issues and
exposures have been included in Section 7.
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51 Page 6-10: A revised ERA will be conducted that addresses these issues.

52 Page 6-11: Same as response for Comment #38.

53 Table 6-7: Same as response to Comment #39. Arsenic RBCs have been revised.

54 Table 6-8: Same as response to Comment #39 for RBCs adjustment and same as response to
comment #53 for arsenic RBC.

55 Tables in section 6 have been revised to reflect appropriate concentration ranges.

56 Section 6 tables have been checked and revised as appropriate.

57 Table 6-9: Same as response for Comment #39.

58 Table 6-10: Summary tables for surface water samples were included in the QCS/ARR.

59 Page 6-14: In addition to PCE only exceeding the SSL in 1 of 49 samples, PCE was only
detected in 3 of 49 samples. Although PCE is a COPC in groundwater, soil results indicate that
the majority of PCE may have already leached out due to a high infiltration rate associated with
the sands present in the subsurface. The exceedence of the one PCE result does not justify
continued analysis.

60
Page 6-14: Methylene chloride was detected in the USACE NED split samples, however, they
had a “B” designation indicating that it was also detected in the lab blank samples. The QC
data including lab blanks did not demonstrate widespread methylene chloride detects.

61 Page 6-15: Same as response to Comment #46.

62 Page 6-15: Same as response to Comment #47.

63 Page 6-16: Same as response to Comment #48.

64 Page 6-16: Same as response to Comment #49.
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65

Table 6-15: The fluoranthene result of 5,800 ug/kg and benzo(g,h,i)perylene result of 2,000 ug/kg
at SB07-001-01 are correct. The summary table result does not include the results from a
dilution sample run. The pyrene result of 11,000 ug/kg reported in Table 4-14 and 6-15
exceeded the calibration range, however, as a conservative approach, the number was used in
the risk assessment evaluation. The summary table in URS’ Data Validation Report only reports
the 9,000 ug/kg result because it was within acceptable reporting quality.

Table 6-15 is an evaluation of surface soils. Only 1 metal result was available for surface soils.

The greatest concentration whether in original, duplicate, QA split or dilution sample was used
in the risk assessment.

The nickel result will be added to Table 4-14 and evaluated in the hazard assessment in the
revised risk assessment. As previously stated, this hazard assessment addresses potential
exposures to surface soils, the arsenic detect of 1.5 mg/kg was in sample SB07-004-24 which
is a subsurface sample collected at a depth of 2 to 4 feet below land surface. The evaluation of
subsurface soil contaminant concentrations will be addressed in the future land use scenario for
construction activities.

66

Same as response to Comment #39 and Comment #53.

67

Arsenic will be added to the COPC list in the revised risk assessment. However, as stated on
page 6-19, the PAHSs present are the result of leaching from the asphalt. They will be included
as COPCs but will be discussed in the uncertainty section.

68

Page 6-19: A future scenario to include exposure through construction activities will not be
quantitatively evaluated because the PAH concentrations are not above EPA RBCs for industrial
soils.

69

The last paragraph will be revised to state exceedances of the RBCs for some PAHSs.

INO U/ ¢ N (50 T

70

The sampling location (SB07-001) is upgradient of the former Auto Craft building with no
historical evidence that any petroleum hydrocarbons were spilled or leaked at this area.
However, the PAHs have been included in the revised risk assessment as COPCs.

71

Barium was not detected above EPA RBC values and will not be evaluated further.

72

Page 6-21: Same as response to Comment #46.

73

Page 6-21: Same as response to Comment #47.

74

Page 6-22: Same as response to Comment #48.
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75 Page 6-22: Same as response to Comment #49.

76 A discussion on the uncertainty will be added to the revised risk assessment.

77 Page 6-22: Ecological inventories will be included in the revised ERA in Section 7.

78 Page 6-23: The revised ERA address potential exposures at receptors in the Chesapeake Bay
and Atlantic Ocean and through the soil to air pathway as discussed in Section 7.

79 Table 6-18: Agreed. The revised ERA will evaluate exposures to the PAHSs.

80 Section 7: This section will be revised based on the results of the revised risk assessment.

81 Section 8: This section will be revised based on the results of the revised risk assessment.
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35.

36.

59.

65.

67.,

Comments on the responses to comments on "Remedial
Investigation Report Firefighter Training Area, LARC 60
Maintenance Area, Auto Craft Building Area, Fort Story
December, 1995",

The response adequately explains why there were no inorganics
analyzed for 4MW-4. However, it does not explain what will be
done to fill the resulting data Gap.

Were the trigger levels in the PA/SI adequate to determine
that there is no potential for either human health or
ecological risk? Were data provided that verify that
pesticide levels were consistent with levels resulting from
pest control (i.e. anthropogenic background). The soil boring
within the LARC Maintenance Area contains the DDT
metabolite, p,p’DDD at a concentration of 2.9 mg/kg.
Additional discussion regarding this issue should be included
in the RI document. Additional investigation of all three
sites would adequately address the original comment.

Were the trigger levels used in the PA/SI adequate to

determine that there is no potential for either human health
or ecological risk?

This explanation should be included in the text of the
report.

What is the source of the results for fluoranthene,
benzo(g,h,i)perylene, and pyrene provided in the report?
Surface soil sample SB07-004-24 is apparently mislabeled in
the data summary table. This should be corrected or
explained.

68., 70. The report should provide a reference that would
verify the assumption that the PAHs detected in this area are
due to leaching from the asphalt.



RESPONSE TO SECOND SET OF VDEQ COMMENTS
DRAFT Rl FOR FTA, LARC 60 AND AUTO CRAFT SITES
FORT STORY, VA

COMMENT

RESPONSE

The only dissolved metal at the FTA site that exceeded EPA RBC values for tap water in the risk
assessment was dissolved manganese. Although we have not fully delineated the extent of metals in
groundwater, based on the relatively low concentrations present, we do not believe that collecting an
additional groundwater sample for metals in the upgradient well will provide critical data for the site.

35

Additional soil and groundwater samples were collected in 2000 for pesticide/PCB analysis and the results
of this sampling effort are provided in the revised RI Report.

36

The trigger levels for the metals in the PA/SI were based on background data collected from soil borings
at Fort Story. BTAG screening levels and EPA RBC values for residential soils for many metals are lower
than background levels, and therefore, may not be a true indication of risk caused by site activities. It
should be noted that the BTAG screening levels were not in place at the time of the PA/SI.

However, if the results of the ecological risk assessment indicate that metals are at unacceptable levels
due to adverse risks to the environment then additional investigation to establish the extent of metal
contamination may be necessary. However, the concentrations of the metals detected during the Rl were
typically consistent with facility and regional background data. Further discussions related to risk and
comparisons to background will be provided in the Rl Report.

59

Agreed. This rationale and discussion have been provided in the revised Final Rl Report.

65

The source of fluoranthene and benzo(g,h,i)perylene in the tables and text of the report are dilution analysis
conducted by the laboratory. However, as previous stated in our initial response to comments, these
dilutions did not meet URS’ data validation acceptance criteria, and therefore, they did not report them in
their data summary tables provided in the appendices to the QCS/AR Report. Since these two compounds
did not exceed the calibration range in the original run, the data from the original run is considered the valid
result not the data from the dilution run, therefore, URS only reported the original sample results. We
reported the dilution results in our data tables (Tables 4-14 and 6-15) and used these higher numbers as
a more conservative approach to risk evaluation.

The pyrene result of 11,000 ug/kg reported in Table 4-14 and 6-15 exceeded the calibration range in the
original run, however, as a conservative approach, the number was used in the risk assessment evaluation.
The summary table in URS’ Data Validation Report only reports the 9,000 ug/kg result for the dilution run
because it was within acceptable reporting quality and the 11,000 ug/kg result did not meet acceptable
validation criteria. In summary, to be on the conservative side, we utilized the maximum concentration
detected from original or dilution runs whether the higher number was validated or not, and URS only
reported the validated number in their data tables in the appendices. A copy of the laboratory sheet for the
original and dilution run are attached for your information.

SB07-004-24 is mislabeled as “SSB07-004-24" in the data summary tables. This will be explained in the
Final Rl Report with a reference to the data summary tables in the QCS/AR Report.
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67, 68, 70

A Health and Safety Survey for “The Use of Petroleum Asphalt in the Paving Industry” was conducted by
the University of Texas at Austin, Center for Transportation Research, to assess the environmental health
impacts of asphalt paving operations. A summary of the study is provided as follows.

A determination of the amount of asphaltic material leached from a simulated road surface under conditions
approaching normal rainfall was conducted. Asphalt was mixed and poured into 12 inch square steel plates
at 140 degrees C and cured at 21 degrees C for various lengths of time. Simulated rainfall was applied
by use of a fine sprinkler hose at an average rate of 1.5 inches per hour. The runoff from one hour of
simulation was processed to obtain an asphalt residue.

The study showed that considerable asphaltic material could be washed from a road surface during the
first few days after application. Although the study reported results in the pounds of asphaltic material that
could be washed away, due to the high PAH concentrations in coal tar pitches including 43,000 parts per
million (ppm) for fluoranthene, 31,000 ppm for phenanthrene, 29,000 ppm for pyrene, etc., high levels of
contaminants are discharged to the environment.

Because the asphalt at the Autocraft site is permeable and standing water (as observed during the field
investigation) is present on the asphalt after a rain event, it follows that after application, not only was there
runoff containing PAHs, water permeated through the asphalt with significant amounts of PAHs leaching
into the underlying soils.

This information will be included in the text of the revised Rl Report.
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RESPONSE TO 3 SET OF VDEQ COMMENTS (SHARON WILCOX REVIEWER)
DRAFT RI FOR FTA, LARC 60 AND AUTO CRAFT SITES
FORT STORY, VA

COMMENT

COMMENT AND RESPONSE

Comment: Section 6.2.1, page 6-4: At the bottom of the page, the phrase “EPA criteria” is used. Please
clarify by specifying the criteria used. This phrase was used in the LARC 60 and Auto Craft sections as
well.

Response: The phrase “EPA criteria” has been changed to “EPA RBC criteria” throughout Section 6.

2 Comment: Page 6-9, 2™ paragraph, last sentence: Concluding that there are no exposed populations
under current conditions is inaccurate. “Exposures, under current conditions will not exceed risk based
limits” would be a more appropriate sentence. It is recommended that this sentence be deleted wherever
it is used throughout the document as it is inaccurate and possibly misleading.

Response: This phrase has been revised throughout the text as proposed above.
3 Comment: When calculating risks and exposures, it is preferred to assume that the adult resident lived
. § 6 years at the site as a child and 24 years as an adult. This somewhat more conservative, through more
in line with the concept of reasonable maximum exposure.
Response: This changed has been made for all 3 sites.

4 Comment: DPT data is not generally accepted for use in human health risk assessments beyond the
screening level.

Response: The risk assessment has been revised to only include the groundwater data from the
permanent monitoring wells. The DPT was not used in the revised assessment.

5 Comment: The fraction ingested should assume 100% from the contaminated area as the assumption

for the resident and the construction worker.

Response: This change has been made for all 3 sites.

Comment: The HHR for the FTA did not address the construction worker scenario. While conducting the
calculation checks, | also performed a default based calculation for the construction worker and
commercial/industrial worker scenarios using maximum detected concentrations for arsenic, manganese,
thallium, and tetrachloroethene. The calculated cancer risks did not exceed 1E-5 and the hazard quotient
totals did not exceed 1.0.
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Response: Since no chemical concentrations exceeded the EPA RBCs for industrial soils, there is no
need to calculate industrial or construction worker exposures.

Comment: The PQL for vinyl chloride was 10 ug/kg for all of the groundwater samples, whereas the MCL
is 5 ug/kg. Based upon information provided during our meeting on August 10, 2000, the actual detection
limit for vinyl chloride was 2 ug/kg, therefore, it has been shown not to be present at levels exceeding the
MCLs.

Response: Agreed.

Comment: Regional background data is not sufficient to demonstrate that concentrations at the site are
within background limits. As, Tl, and Mn were included as COPCs in my calculations. Use of the maximum
concentrations of As, Mn, TI, and TCE for all pathways for soil and groundwater did not result in a target
organ hazard quotient in excess of 1.0.

Response: Wherever possible in the assessment, a comparison of site metals data is compared against
the background data collected by Montgomery Watson during the PA/SI, however, they did not analyze
for all metals. In these cases, a comparison to regional background data was made solely for comparison.
If concentrations of metals exceeded RBCs or MCLs, they were identified as COPCs and carried through
the quantitative risk assessment.

Comment: Use of the 95% UCL applies only when multiple samples from the same location are being
evaluated. In this case it is not appropriate. Please use the maximum value for all constituents where
sufficient data is not available on a well by well basis. The significant change will be the use of 78 ug/l for
TCE. Total cancer risks approached 1E-4 when using this value for TCE.

Response: Section 6.5.1 of the RAGS manual states that the 95 percent UCL should be utilized to assess
risk from a particular medium for each chemical. This provides for a reasonable exposure assessment.
Also, TCE was not detected in the FTA monitoring well data so no assessment of it has been conducted.

Comment: Section 6.2.1, page 6-5 Inorganics: The last sentence of the 1% paragraph states that a
summary of the background data for the FFT can be found in Appendix H. Appendix H contains a chart
that duplicated the information presented in this paragraph. Please include a discussion of the number of
samples taken to determine background, the sample locations, and the individual sample results. A
summary table would suffice.

Response: The text and tables from the Montgomery Watson Fort Story PA/SI has been added to
Appendix H for the background samples.

Comment: Page 6-5, VOCs: Use of frequency of detection to eliminate benzene as a COPC is
questionable. However, since use of the groundwater will have to be restricted due to the presence of
another VOC, TCE, it will not significantly affect the ultimate decision making process.

Response: As noted in the revised assessment (using well data only), neither benzene nor TCE were
detected in the wells and therefore, are not COPCs in the assessment.
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Comment: Vinyl chloride is a decomposition product of TCE. Though it was not detected, the
groundwater should continue to be monitored, as the presence of detectable amounts of vinyl chloride
would most likely elevate the maximum cancer risk above 1E-4.

Response: Neither vinyl chloride nor TCE were detected in the monitoring wells during sampling in 1995
and 2000. Thorefore , No furthe moniter 9 1S NeSsary
(

Comment: When recalculating the risks using the maximum concentrations, it was noted that different
assumptions were used in the shower model presented in the report than are used in the VDEQ model.
The results for volatile intakes was significantly higher with our model; however, the results did not exceed
1E-04 for cancer to any target population. An electronic copy of the shower model has been sent via e-mail
to Tony Pace at Malcolm Pirnie.

Response: Received e-mail but did not use for FTA site because only COPCs in groundwater were metals
with minimal volatility expected.

Comment: When recalculating the HQs for the different intake pathways using the most recent oral
reference dose for manganese, 0.02 mg/kg/day, instead of the former value of 0.005 mg/kg/day, there were
no pathways exceeding a HQ of 1.0.

Response: Updated RfD for manganese used in the revised risk assessment.

10

Comment: Given the levels of risk demonstrated, it is suggested that groundwater monitoring continue
until such time as it can be reliably demonstrated that TCE and vinyl chloride are not present above MCLs.
It has been noted that the most recent sets of groundwater monitoring data have not detected either TCE
or vinyl chloride.

Response: Neither TCE nor vinyl chloride has been detected from monitoring well samples during the
1995 and 2000 sampling events. Tho ¢ ,5.,{(»,( e no fourther Mon T iy s

Comment: Page 6-32, 3" paragraph — The last sentence states that there are no exposed populations.
This is not an accurate statement. The paragraph provides the necessary information. The concluding
statement is best left out as it is misleading. Similar statements are made in other sections of this
document and should be corrected.

Response: This statements have been deleted.

Comment: Page 6-33, 3" paragraph under Future Land use — The report should consider wading in
surface water (in the ditch) as a potential future exposure route for children and adults.

Response: Text has been added to this section discussing the possible scenario.
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Comment: The report should also address construction worker risk from incidental soil ingestion, skin
absorption, particulate inhalation, and groundwater volatilization. Before any construction work were to
occur at this site involving subsurface excavation, this scenario should be evaluated to ensure that no
unacceptable risks are present for the workers. The commercial industrial worker scenario should also be
evaluated.

Response: Because the EPA RBCs for industrial soils were not exceeded for the surface and subsurface
soils and the sediment, there is no need to evaluate these exposure scenarios.

Comment: Page 6-46, Uncertainty — It is agreed that a larger data set for dissolved metals in groundwater
would reduce the uncertainty regarding the risks posed by manganese and arsenic in groundwater.
However, it has not been demonstrated that these levels are consistent with background levels of these
chemicals.

Response: Agreed. No mention of metals data as compared to background has been provided in the
uncertainty section. In fact, several of the samples (primarily MW-117) have metals concentrations clearly
above background.

Comment: The updated reference dose for manganese will significantly reduce the HQ, though it will still
exceed 1.0 due to arsenic. Future groundwater sampling would need to demonstrate, statistically, that the
concentrations reflect background in order to remove manganese and arsenic from the list of COPCs. Use
of the maximum concentration of the organic COPCs, as recommended, will also elevate the HQ value.

Response: Updated RfDs have been used in the revised assessment. At this point, as discussed in the
revised report, manganese and arsenic have not been removed from the list of COPCs.

Comment: The use of the 95" UCL is not applicable to the current set of groundwater data for the LARC
site. It is appropriate for use when multiple samples have been obtained from the same well. Use of the
maximum concentration data will significantly increase the contribution of the organic COPCs to cancer
risk.

Response: See response to FTA comment #4. However, due to the statistical variation in the data, which
resulted in a non-parametric evaluation, the maximum concentration was utilized for the majority of the
COPCs in groundwater.

Comment: Section 6.3.5 — Use of maximum levels for the COPCs, will likely change the contribution to
the exposure hazard index from arsenic and manganese to the organic COPCs.

Response: See revised assessment for changes.

Comment: Section 6.3.5 — Use of maximum levels for the COPCs, will likely change the contribution to
the total cancer risk from arsenic and manganese to the organic COPCs.

Response: See revised assessment for changes.
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9 Comment: Section 6.3.5 — No demonstration has been made in the document that natural attenuation
would be sufficient to reduce the concentrations of contaminants below the MCLs.
Response: References to this have been removed from the text.

10 Comment: Due to the relatively high concentrations in one particular area, and the high risks posed by

these concentrations, it appears reasonable to conduct some sort of remedial action at the site.

Response: A feasibility study (including a groundwater treatability study) will be initiated shortly to discuss
possible remedial options for the groundwater at the site.

Comment: There is some confusion regarding which wells/DPT sample locations the various detected
compounds were from. When trying to compare the data in Table 6-26 of this report to the data in Tables
4-15 and 4-16 of the RI Report, dated December 1995, it did not appear to match. If was not clear if there
was another round of sampling. Please reference the raw data sources for all data used for FFT, LARC,
and Auto Craft risk assessments in the text or as a footnote to a table. It is important to be able to check
the validated data and know the locations of the wells/DPT points.

Response: As previously discussed, the revised report only includes the monitoring well data in the
quantitative risk assessment.

Comment: Again, use of the 95% UCL across different wells is not appropriate at this site. Please use
the maximum values detected.

Response: Due to the limited number of wells at the site, the maximum groundwater values are used in
the revised risk assessment.

Comment: Please provide additional information to support the conclusions that the PAHSs found in the
surface soil originated from the asphalt pavement. Discussion of types of activities that produce PAHs and
the fact that they are known not to have occurred at this site would be supportive.

Response: A Health and Safety Survey for “The Use of Petroleum Asphalt in the Paving Industry” was
conducted by the University of Texas at Austin, Center for Transportation Research, to assess the
environmental health impacts of asphalt paving operations. A summary of the study is provided as follows.

A determination of the amount of asphaltic material leached from a simulated road surface under conditions
approaching normal rainfall was conducted. Asphalt was mixed and poured into 12 inch square steel plates
at 140 degrees C and cured at 21 degrees C for various lengths of time. Simulated rainfall was applied
by use of a fine sprinkler hose at an average rate of 1.5 inches per hour. The runoff from one hour of
simulation was processed to obtain an asphalt residue. The study showed that considerable asphaltic
material could be washed from a road surface during the first few days after application. Although the
study reported results in the pounds of asphaltic material that could be washed away, due to the high PAH
concentrations in coal tar pitches including 43,000 parts per million (ppm) for fluoranthene, 31,000 ppm for
phenanthrene, 29,000 ppm for pyrene, etc., high levels of contaminants are discharged to the environment.
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Because the asphalt at the Auto Craft site is permeable and standing water (as observed during the field
investigation) is present on the asphalt after a rain event, it follows that after application, not only was there
runoff containing PAHs, water permeated through the asphalt with significant amounts of PAHs leaching
into the underlying soils.

The above information has been included in the text of Section 6.4.1 of the RI Report. However, it should
be noted, that these PAHs were quantitatively evaluated in the revised risk assessment but their presence
and mitigating factors are discussed in the Uncertainties section.

Comment: When the updated reference dose for manganese is used, and when maximum concentrations
for COPCs are applied, the total exposure index does not exceed 1.0.

Response: The updated reference doses for the COPCs have been included in the revised risk
assessment.

Comment: When the maximum groundwater contaminant concentration values are used along with the
more conservative parameters (shower model and all pathways included), the maximum target population
total lifetime cancer risk is calculated to be in the order of 1E-5. Levels of contaminants detected at this
site do not appear to pose an unacceptable risk to human health.

Response: Revised risk assessment agrees.
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Section 6
FINAL REPORT HUMAN HEALTH RISK ASSESSMENT

of the RfD.

The ratio of the estimate of the CDI to the health-protective criterion (CDI/RfD) is called the hazard
quotient (USEPA, 1989a). The hazard quotient assumes that there is a level of exposure (i.e., the
RfD) below which it is unlikely for even sensitive subpopulations to experience adverse health
effects. If the hazard quotient exceeds 1.0, there may be concern for potential non-cancer effects.
The greater the hazard quotient above 1.0, the greater the level of concern.

RfDs for oral exposure are available for most chemicals. For dermal exposure, however, RfDs are
not available. In their absence, the oral RfDs are used and adjusted to reflect absorbed dose. This
allows for comparison between exposure estimated as absorbed doses and toxicity values
expressed as absorbed doses. The absorption efficiencies identified for the COPCs have been
estimated at the following rates:

e Antimony—2%

e Arsenic—41%

e lron—15%

e Manganese — 4%

e Cis 1,2-DCE — 100%

e MIBK —80%

e Toluene — 80%

e Vinyl chloride — 100%

® _2-Methylnaphtalene — 80%
e Naphthalene — 80%

These rates were obtained from the Risk Assessment Information System (RAIS) database. The
RAIS is a U.S. Department of Energy database of information developed from data from the USEPA
Integrated Risk Information System (IRIS) and Health Effects Assessment Summary Tables
(HEAST) and other literature sources. A copy of the absorption efficiencies is provided in Appendix
1.

The RfDs are multiplied by the absorption efficiencies to come up with the adjusted RfDs. The
adjusted RfDs are presented in Table 6-21.

Except for a few COPCs, reference doses for inhalation exposure, referred to as RfDi, are typically
not available. However, it should be noted that the only inhalation pathway identified for the site is
for VOCs and SVOCs during showering activities. The EPA RBC table identifies those compounds
considered VOCs and SVOCs. Identified RfDi for these compounds are provided as follows:

e Cis 1,2-DCE — None identified

e MIBK - 2.00E-02

e Toluene — 1.14E-01

® 2-Methylnaphthalene — None identified

Page 6-44 Remedial Investigation
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e Naphthalene — 9.00E-04

e Vinyl chloride — 2.8E-02 (adult and child)

Carcinogenic Effects

Regardless of the mechanism of effect, risk assessment methods generally derive from the
hypothesis that thresholds for cancer induction by carcinogens do not exist and that the dose-
response relationship is linear at low doses. Such risk assessment methods require extrapolation
from high dose animal studies to evaluate low dose exposures to humans. In the absence of
adequate information to the contrary, a linearized, multistage, non-threshold low dose extrapolation
model is recommended by the USEPA as the most appropriate method for assessing chemical
carcinogens. The USEPA emphasizes that this procedure leads to a plausible upper limit to the risk
that is consistent with some proposed mechanisms of carcinogenesis.

Through application of this approach, the USEPA has derived estimates of incremental excess
cancer risk from lifetime exposure to potential carcinogens. This is accomplished by establishing
the carcinogenic potency of the chemical through critical evaluation of the various test data and the
fitting of those dose-response data to a low dose extrapolation model. The CPS (which describes
the dose-response relationship at low doses) is expressed as a function of intake [i.e., per (mg/kg-
day)". This expression incorporates standard pharmacological considerations such as body weight.
CPSo data for the COPC are presented in Table 6-22 and are used to estimate finite, upper limits
of risk at low dose levels administered over a lifetime. The weight-of-evidence classification for
carcinogenicity, the type of cancer associated with each COPC and the basis and source of the
CPSo are also presented in Table 6-22.

To arrive at an estimate of incremental cancer risk, the following equation is used (USEPA, 1989a):

Risk = CDI x CPS
where:

Risk = a unitless probability (e.g., 2 x 10® or 2 in 100 thousand) of an individual developing
cancer

CDI = chronic daily intake averaged over 70 years (mg/kg-day)

CPS = Cancer Potency Slope expressed in (mg/kg-day)™

This linear equation is valid only at low risk levels (i.e., below estimated risks of 0.01). This approach
does not necessarily give a realistic prediction of risk. The true value of the risk at trace ambient
concentrations is unknown, and may be as low as zero.
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As with RfDs, there are no assigned CPS values for dermal exposure. In their absence, CPS factors
for oral exposures (denoted as CPSo) are used and adjusted to reflect absorbed dose. This allows
for comparison between exposures estimated as absorbed doses and toxicity values expressed as
absorbed doses. The same absorption factors used to adjust RfDs are applied in adjusting CPSo
values. The adjusted CPS values are presented in Table 6-22.

Except for a few COPCs, cancer potency slope factors for inhalation exposure, referred to as CPSi,
are typically not available. However, it should be noted that the only inhalation pathway identified
for the site is for VOCs and SVOCs during showering activities. Identified CPSi for these compounds
are provided as follows:

Cis 1,2-DCE: Non-carcinogenic

MIBK: Non-carcinogenic

e Toluene: Non-carcinogenic

e 2-Methylnaphthalene: Non-carcinogenic
e Naphthalene: Non-carcinogenic

e Vinyl chloride: 3.00E-02 (child)

e Vinyl chloride: 1.5E-02 (adult)

Mixtures

The USEPA has also developed guidelines to evaluate the overall potential for noncancer and
cancer effects posed by multiple chemicals. This approach assumes that subthreshold exposures
to several chemicals at the same time could result in an adverse health effect. It assumes that the
magnitude of the adverse effect will be proportional to the sum of the ratios of the subthreshold
exposures to acceptable exposures. The hazard index is equal to the sum of the hazard quotients.
When the hazard index exceeds 1.0, there may be concern for potential health effects. Generally,
hazard indices are only used in the evaluation of a mixture of chemicals that induce the same effect
by the same mechanism of action. In this evaluation, the hazard quotients of a mixture of chemicals
which can have different effects are used as a screening-level approach, as recommended by the
USEPA (USEPA, 1989a). This approach is likely to overestimate the potential for effects.

For the assessment of carcinogenic risks, the individual risks associated with exposure to each
contaminant are summed. This represents an approximation of the precise equation for combining
risks which accounts for the joint probabilities of the same individual developing cancer as a
consequence of exposure to two or more carcinogens. This additive approach assumes
independence of action by the contaminants involved (i.e., that there are no synergistic or
antagonistic chemical interactions and all chemicals produce the same effect, i.e., cancer).
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6.3.4 Risk Characterization

The final step in the HHRA is the characterization of risk. Here the toxicity and exposure
assessments are summarized and combined into quantitative and qualitative expressions of risk.
Potential noncarcinogenic effects are characterized by comparing intakes and toxicity values, while
carcinogenic risks are characterized by estimating the probability that an individual will develop
cancer over a lifetime of exposure.

Potential non-cancer health effects, those associated with long-term chronic exposure to surface
soils and groundwater at the site for potential future residential populations are presented.
Carcinogenic risks are similarly presented for the COPC, for each pathway of concern and for each
potential exposed population. The cumulative impact of exposure from the various pathways
evaluated is estimated, for the residential populations (adults and children) including ingestion of
chemicals in surface soils and ingestion of, dermal contact with and inhalation of volatilized
chemicals in groundwater.

The USEPA (1989a) recommends absorption efficiency adjustments to ensure that the site exposure
estimate (CDI) and the toxicity criteria (RfD and CPS) are both expressed as absorbed doses or both
expressed as intakes (administered doses). All CDI calculations are provided in Appendix |. As
indicated in the following tables, the oral RfDs and CPSs have been adjusted for absorption to match
the absorbed dose for dermal exposure.

Non-cancer Risks

Table 6-23 presents the chemical-specific hazard quotients for each pathway involving surfase soils
and groundwater. In addition, the total pathway risk, also referred to as the hazard index, which is
the sum of the chemical-specific hazard quotients for each pathway are presented in Table 6-23. The
total exposure risk incorporates all the appropriate exposure pathways for the residential populations.

To assess the overall potential for adverse non-cancer effects posed by the chemicals of potential
concern, the hazard quotients for the chemicals are summed for each of the pathways through which
on-site exposure may occur.

As shown in Table 6-23, the total exposure hazard index for ingestion of soils and ingestion of,
dermal contact with, and inhalation of chemicals in groundwater is greater than the criterion of 1.0
for both adults and children. Thus, adverse non-carcinogen health effects in these residential
populations are likely. The majority of this risk is associated with ingestion of cis 1,2-DCE, arsenic
and iron manganese in groundwater and the inhalation of naphthalene in_groundwater during
showering activities. In addition, exposure to the COPCs arsenic-and-manganese in groundwater
is the only exposure scenario above the criterion.
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Cancer Risks

Table 6-24 presents estimated chemical-specific and total pathway cancer risks calculated for
ingestion of soils and ingestion of, dermal contact with, and inhalation of chemicals in groundwater.
The estimated total exposure cancer risks are also noted in this table, incorporating all the
appropriate exposure pathways for the residential populations.

The estimated cancer risk for exposure to chemicals in surface soils and groundwater is about 37
in 10 thousand (3 x 10™) for adults and 23in 10 thousand (2 x 10™) for children. These values are
greater than the USEPA Superfund remediation goal of 10* (1 in ten thousand) to 10 (1 in one
million) which serves as the target for site cleanup. The greatest component for adult and child

exposures is ingestion of the COPC (especially arsenic) in groundwater. -addition-exposure-to
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Uncertainty

Some uncertainty is inherent in the process of conducting predictive, quantitative health risk
assessments. Environmental sampling and analysis, fate and transport modeling and human
exposure modeling are all prone to uncertainty, as are the available toxicity values used to
characterize risk. Such uncertainty is generally related to the limitations of the sampling in terms of
the number and distribution of samples and analytical information in terms of systematic or random
errors used to characterize a site, the estimation procedures and the input variables and
assumptions used in the assessment.

There are uncertainties in every step of the risk assessment process; uncertainties that relate to this
human health evaluation may be noted. Selection of the chemicals of potential concern provides
uncertainty since the selection process relies heavily on professional judgment. If different chemicals
of concern were chosen or if some were excluded the estimates of risk would be affected.

Model input parameters and assumptions that tend to overestimate exposure were used in the
exposure assessment. For example, the "representative" concentrations used in /some of the
analyses were the maximum concentration detected. This may overestimate risk. Also, frequent
exposure to contaminants is considered even though exposures may occur infrequently or not at all.
Additional uncertainties are inherent in the exposure assessment for individual chemicals and
exposure routes.

There is also some uncertainty in the derivation of health effects criteria in the toxicity assessment.
In most cases, the criteria are derived from the extrapolation from laboratory animal data to the
human condition. This may have the effect of either overestimating or underestimating the risk.

For the LARC 60 site, some important uncertainties that may influence the results of the HHRA
include:

Page 6-48 Remedial Investigation
0285-588-330 Fort Story, Virginia




V o

Section 6
FINAL REPORT HUMAN HEALTH RISK ASSESSMENT

* Although a limited data set (11 surface and subsurface soil samples) for arsenic and-manganese
in soils at the site was available, as previously stated in Section 6.3.1, arsenic and-manganese
concentrations (range of 0.86 to 1.1 ma/kg in only 3 detects) in soils are consistent with the 2.1

ma/kg UCL for arsenic in the background soils data.

e __The noncancer and cancer risk estimates for the VOCs, SVOCs, and some metals (antimony,
arsenic, and iron) in groundwater may be biased high because of the use of the maximum
concentration for these COPCs. The concentrations of these contaminants in monitoring well
MW-117 were much higher than in the other wells which resulted in a non-parametric statistical
evaluation of the data and the resulting 95" UCL was equal to or exceeded the maximum
concentration. This well is located within the former excavation of the leaking UST and the
presence of some free product in this area (based on the free product investigation discussed
in Section 4) may also be influencing the dissolved phase groundwater data.

* The presence of one detect of naphthalene (32 ug/l) in_monitoring well 6MW-3S greatly
increased the risk associated with the inhalation of COPCs during showering activities.
Naphthalene accounted for approximately 81 percent of the inhalation risk at the site. Again, the
use of this maximum concentration of 32 ug/l may have biased the risk on the high side.

6.3.5 LARC 60 Site HHRA Summary and Conclusions

The results of the HHRA for non-carcinogenic and carcinogenic risks and associated conclusions
are summarized as follows:

A summary of the Non-Carcinogenic Risk for future residential land use is provided below:
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=-The total exposure hazard index for ingestion of soils and ingestion of, dermal contact with, and
inhalation of chemicals in groundwater is greater than the criterion of 1.0 for adults and children
with the majority (approximately 99.9 percent) of this risk associated with exposure to ingestion

of COPCs arsenic-and-manganese in groundwater. The noncancer risk associated with the
COPC (arsenic only) in soil is less than the criterion of 1.0 for both adults and children. -Hewever.

A summary of the Carcinogenic Risk for future residential land use is provided below:

* The estimated cancer risk for exposure to chemicals in surface soils and groundwater is about
37 in 10 thousand for adults_and 2 in 10 thousand for children. The greatest component for
adults-and children exposures is ingestion of arsenic in groundwater (98 percent of total risk).
-In addition, the risk associated with exposure to contaminated groundwater from arsenic and

vinyl chloride- PCE-and-FCE is greater than the USEPA remediation goal.

¢ Potential risk is only present for the future scenario of residential development at the site, and
not for the current situation or future situations involving industrial activities.

Because arsenic was detected in site soils at concentrations consistent with the background soils

as previously discussed, the risk associated with it is not related to site-specific activities such as
spills, leaks, or industrial activities. Therefore, upon removal of arsenic as a COPC, the risk levels
become less than the criterion of 1.0 and 10, and no further action related to the soils at this site
(based on human health risk) is warranted. Additional studies in the form of a feasibility study are
warranted for the groundwater risk associated with the site.
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6.4 AuTO CRAFT BUILDING AREA
S A I

6.4.1 Hazard Identification

Numerous groundwater and surface soil -samples were collected from this site and analyzed for
various chemical contaminants. Figures 2-9 and 2-10 provide the sample locations. While the
entire data set is presented in the QCSR/ARR, the data are summarized in Tables 6-25 through 6-27
to facilitate the hazard identification. Presented in the tables are the frequency of detection and the
range of detected concentrations for each chemical, selected Applicable and Relevant and
Appropriate Requirements (ARARS) [i.e., USEPA drinking water Maximum Contaminant Levels
(MCLs)], "to be considered" (TBC) criteria and the USEPA weight-of-evidence classification for
known or suspected human carcinogens.

The detection frequency, concentration range, ARARs and TBC criteria, and weight-of-evidence
classification, along with information on the physical and chemical properties of the chemicals, the
number of environmental media impacted and appraisal of the likelihood of human contact with the
chemicals in each medium, are used to select chemicals of potential concern for evaluation in the
exposure assessment and risk characterization. Recognizing that the list of chemicals detected at
the site is quite lengthy, the COPCs represent a manageable subset of chemicals at the site that are
used to characterize exposure and risk. For the purposes of this assessment, a detection frequency
of 5 percent will be used as a screening tool.

Emphasis is given in the ensuing evaluation to chemical contamination in the surface and subsurface
soil throughout the site and groundwater underlying the site as these environmental media are

regarded as having the greatest potential for human contact. —Cherical-contamination—in-the
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Surface Soils

Surface soil sampling was conducted to evaluate the nature and extent of contamination in the
surface soils at the site. Surface soil samples were collected from depths of 0 to 12 inches. Because
there are no federal or state standards for soil cleanup, EPA Region Ill RBC Criteria and Virginia
Petroleum Program Criteria are included in Table 6-25 as TBC criteria for purposes of comparison.
A total of six surface soil samples were collected during the field investigation.

VOCs

All concentrations of VOCs were less than EPA RBC criteria, and therefore, are not selected as
COPC.
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SVOCs

As shown in Table 6-25, the concentrations of several PAHs including benzo(a)anthracene,
benzo(b)fluoranthene, benzo(a)pyrene, and indeno(1,2,3-cd)pyrene in surface soils exceeded EPA
RBC criteria for residential soils at one location (SB07-001 located beneath the parking lot). The
concentration of benzo(a)pyrene at SB07-001 also exceeded the industrial soil RBC. - Hhowever,
as stated in Section 4.5.1.1, their concentrations are probably related to the presence of an asphalt
parking lot placed on top of surface soils around the former building.

A Health and Safety Survey for “The Use of Petroleum Asphalt in the Paving Industry” was
conducted by the University of Texas at Austin, Center for Transportation Research, to assess the
environmental health impacts of asphalt paving operations. A summary of the study is provided as
follows.

A determination of the amount of asphaltic material leached from a simulated road surface under
conditions approaching normal rainfall was conducted. Asphalt was mixed and poured into 12 inch
square steel plates at 140 degrees C and cured at 21 degrees C for various lengths of time.
Simulated rainfall was applied by use of a fine sprinkler hose at an average rate of 1.5 inches per
hour. The runoff from one hour of simulation was processed to obtain an asphalt residue.

The study showed that considerable asphaltic material could be washed from a road surface during
the first few days after application. Although the study reported results in the pounds of asphaltic
material that could be washed away, due to the high PAH concentrations in coal tar pitches including
43,000 parts per million (ppm) for fluoranthene, 31,000 ppm for phenanthrene, 29.000 ppm for
pbyrene, etc., high levels of contaminants are discharged to the environment.

Because the asphalt at the Autocraft site is permeable and standing water (as observed during the
field investigation) is present on the asphalt after a rain event, it follows that after application, not only
was there runoff containing PAHs, water permeated through the asphalt with significant amounts of
PAHs leaching into the underlying soils.

In_addition, there are no records or history associated with the site’s activities that would suggest
contamination in this area upgradient of the former building.
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Although the PAH contamination at the site is probably related to the asphalt parking lot and not
related to site activities, the risk associated with these PAHs will be quantified further in this
assessment but additional discussion will be provided in the uncertainties section.
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TPH

TPH concentrations exceeded the 100 mg/kg TBC criterion in three of six surface soil samples.
Because TPH is typically used as an indicator of hydrocarbon contamination, it will not be used
during this quantitative risk assessment. BTEX and PAHSs, hazardous constituents of petroleum
products, will be the compounds evaluated in determining petroleum contamination risk, and as
stated previously, their concentrations were less than EPA RBC criteria.

Inorganics

Arsenic, iron, and manganese exceeded the RBC values for residential soils but did not exceed the |
industrial soil criteria.

Arsenic was detected in the only surface soil sample collected at a concentration of 1.3 mg/kg. The
background 95th percentile UCL established by Montgomery Watson during performance of the
PA/SI was 2.1 mg/kg and USGS regional soils data indicates an observed range of less than 0.2 to
73 mg/kg with a mean of 5.4 mg/kg. Therefore, the arsenic level detected in the surface soils is
consistent with Fort Story and regional background soils. A summary of background soils data for
the inorganics is provided in Appendix H.

Manganese and iron wereas detected in the only surface soil sample collected at a concentration
of 170 and 9,100 mg/kg, respectively, which are greater than the EPA RBC for residential soil.
Therefore, these metals are also selected as COPCs in surface soils.
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No other inorganics exceeded EPA RBC values.
Groundwater

Groundwater quality data are summarized in Table 6-26 along with EPA Maximum Contaminant
Levels (MCLs) and Action Levels, Virginia Groundwater Standards, Criteria and Protection Levels,
and EPA RBC Criteria. Only the dissolved inorganic data is presented in Table 6-26. Total inorganic
data are influenced by the percentage of solids in the monitoring well or DPT sampling point and
would not be indicative of groundwater quality if a drinking water well was installed at or near the site.
The sediment is not available for transport with flowing groundwater and would also be filtered out
if drinking water wells were installed in this area.
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Ten (10) groundwater samples (6 DPT and 4 monitoring well samples) were collected from the upper
aquifer during the field investigation. The number of results for each chemical may vary due to the
analysis of different compounds at different locations. However, in that DPT data is typically used
for screening purposes, only the groundwater data collected from the permanent monitoring wells
will be included in the risk analysis.

VOCs

Chloroform was detected in excess of the Virginia Groundwater Protection Level and EPA RBC
criteria. Although chloroform was detected in only 1 of 4 40 samples and in a concentration less than

the 100 ug/l MCL for total trihalomethanes, it is selected as a COPC. Altheugh-detected-methylene

chleride concantratinne wara lassthan tha EPA caraanina critaria
LA™ A v w g § Ui aouooT o WoeTrcTTo oot LLELAZEE == By g wpw A w) i w oy § LR |s ot TaT

TrioT

No other VOCs were detected in the monitoring well samples.

SVOCs

No SVOCs were detected in the monitoring well samples.

TPH was not detected in any of the groundwater samples collected from the monitoring wells.

Inorganics

Dissolved iron was detected at a concentrations greater than the EPA RBC. EPA Secondary MCLs
and Virginia Groundwater Criteria- Hewever these standards-were-established for aesthetic-qualities

enly;-,and therefore, iron is netselected as a COPC.

Dissolved manganese was detected at a concentration greater than the EPA RBC, and therefore,
is selected as a COPC.

Combined Surface and Subsurface Soils and-Seil-l-eachability

To evaluate the potential exposures to surface and subsurface soils (i.e., future excavation activities
and residential development) and-for-the notentiallea hing j i
as shown in Table 6-27, soil analytical data was compare
industrial soils.

d against EPA RBCs for residential and
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Soil sampling was conducted to evaluate the nature and extent of contamination in the surface and
subsurface soils at the site. Soil samples were collected from varying depths. Because there are
no federal or state standards for soil cleanup, EPA Region Il RBC criteria are included in Table 6-27
as TBC criteria for purposes of comparison. A total of 18 soil samples were collected during the field
investigation.

VOCs

All VOC concentrations were less than the EPA RBC for industrial and residential soils.
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As shown in Table 6-27. the concentrations of several PAHs including benzo(a)anthracene,
benzo(b)fluoranthene, benzo(a)pyrene, and indeno(1,2,3-cd)pyrene in surface and subsurface soils
exceeded EPA RBC criteria for residential soils at one location (SB07-001 located beneath the
parking lot). The concentration of benzo(a)pyrene at SB07-001 also exceeded the industrial soil
RBC. However, as stated in Section 4.5.1.1, their concentrations are probably related to the
presence of an asphalt parking lot placed on top of surface soils around the former building.

Although the PAH contamination at the site is probably related to the asphalt parking lot and not
related to site activities, the risk associated with these PAHs will be quantified further in this
assessment but additional discussion will be provided in the uncertainties section.

TPH concentrations exceeded the 100 mg/kg TBC criterion in 6 of 18 soil samples. Because TPH
is typically used as an indicator of hydrocarbon contamination, it will not be used during this
quantitative risk assessment. Although TPH will be compared against the 100 mg/kg criterion, BTEX
and PAHs, which are the hazardous constituents of petroleum products, will be the compounds
quantitatively evaluated if necessary in determining petroleum contamination risk. Except for the
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The COPCs identified for the Auto Craft site are presented as follows:

)Yfluoranthene, benzo(a)pyrene,

Benzo(a)anthracene, benzo(b

-cd)pyrene, arsenic, iron, and manganese

Surface and subsurface soil:

indeno(1,2.3

Groundwater: Chloroform, iron, and manganese

evaluated in the exposure assessment

Potential risk associated with the COPC will be further

section.
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6.5.2 Exposure Assessment

The objective of the exposure assessment is to estimate the type and magnitude of exposures to the
surface and subsurface soils and groundwater COPCs that are present at or migrating from the Auto
Craft site.

Potentially Exposed Populations

As part of the exposure assessment, it is important to characterize the potentially exposed
populations at or near the site with regard to the current situation and potential future conditions.

Current Situation

The fenced, paved area of the site is currently used as a vehicle impoundment area. The grassy
areas located north of the site are unused properties. Fort Story personnel are present at the site
for approximately one day per week for only a few minutes. However, because the only surface and
subsurface soil COPCs identified were several PAHs, arsenic, iron, and manganese due to

exceedence of the residential soils criteria and not the industrial soils criteria, no adverse exposures
for Fort Story personnel are anticipated. Although the grassy areas north of the site are not fenced,
potential exposures to the general public and/or trespassers would not be significant because their
presence on the site would not be expected to be for only a short time and not routine. There is a
sidewalk located along Atlantic Avenue but during our field investigations, little pedestrian traffic was

Groundwater is not used in the vicinity of the site for drinking, process, or production purposes. The
chief potable water supply in the region is the surface water reservoir system operated by the City
of Norfolk. The system includes in-town lakes located near the Norfolk International Airport and other
reservoirs (Lake Prince, Western Branch and Burnt Mills) located in Suffolk, Virginia. The in-town
lakes are located over 5 miles from Fort Story while the Suffolk lakes are located over 20 miles from
the facility. As previously stated in Section 3.1 .5, several housing communities located within 1 mile
of Fort Story are developing drinking water wells in the shallow aquifer, however, none of these
communities are located downgradient of the site. Groundwater use at Fort Story is restricted to
withdrawal from a single well located approximately 4,500 feet (cross groundwater flow gradient)
from the site at the LARC 60 Maintenance Area of which water is obtained for nonpotable uses only.

Therefore thara ara currantly no-exbnosed pnonulatione ta tha aroundwater at tha Aute Craft
TTIToToToT L OToTC AT T GUT l\lll‘l’ LA~ 4 \l’\r’qu“ Pvr’“lu‘lvl LA~ 3 B Ay sl wAaTTaTyTato i at ITe TGt U oTart

site: Therefore, exposures to groundwater, under current conditions should not exceed risk-based
limits since there are current uses of the groundwater.

Future Land Use

Although construction or excavation activities could be conducted in the future, except for PAHs
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resulting from asphalt leaching, neither surface nor subsurface soil contaminant concentrations
exceeded industrial screening criteria. Therefore, no significant exposures during these activities
would be expected because these activities are typically very short term and contaminant
concentrations were below screening criteria.

Based on master planning issues for Fort Story, the facility is expected to remain government
property. However, due to periodic base closure reviews by the federal government, there is the
potential for Fort Story to be closed with subsequent development of the land as commercial or
residential properties. In addition, there are several undeveloped areas adjacent to the site where
additional base housing could be constructed. Therefore, as for future conditions, potentially
exposed populations include residential exposures to the surface and subsurface soils and
groundwater at the LARC 60 site.

Exposure Pathways
The potential exposure pathways for future land use at the Auto Craft site include:

* Residential exposure (adults and children) to contaminated groundwater through ingestion of
drinking water, dermal contact with and inhalation of volatilized chemicals while bathing or
showering.

¢ Residential exposure (adults and children) to contaminated soil through ingestion of and dermal
contact with chemicals.

Data Limitations and Uncertainties

The limitations and uncertainties associated with the analytical data for the site were reviewed during
data validation to ensure that appropriate and reliable data are selected for use in estimating human
exposure.

Samples and their duplicates are not considered as separate sampling events. Rather a chemical-
specific value representing the maximum value of the sample and its duplicate is used. This may
result in a conservative estimate of exposure. However, since relatively few duplicate samples were
collected, the overall impact on risk estimates should be minimal.

For purposes of this HHRA, if a COPC was not detected in a sample, it is assumed to be present at
1/2 the practical quantitation limit (PQL). The PQLs are chemical-specific values that laboratories
should be able to routinely and reliably detect and quantitate, but which may vary depending on the
medium analyzed and the amount expected to be present in the sample. Adjusting non-detects by
assigning values at 1/2 the PQL assumes that a chemical may be present at a concentration just
below the reported quantitation limit. One-half the PQL is used as a conservative "proxy"
concentration consistent with USEPA guidance. This approach would tend to overestimate the risk.
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y indicating that the numerical value is an estimated

In this evaluation, data which were qualified b
quantity are treated in this evaluation the same as data without this qualifier.

Estimates of Contaminant Intake
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See the text in the “Estimates of Contaminant Intake” section
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Sources of toxicological guidance information, in order of preference, include: (1) IRIS (Integrated
Risk Information System) which is a USEPA database containing current health risk and regulatory
information for many chemicals (USEPA, 1992a); (2) USEPA Health Effects Summary Tables
(HEAST) which are tabular presentations of toxicity data (USEPA, 1991c¢); and (3) Agency for Toxic
Substances and Disease Registry (ATSDR) toxicological profiles which contain general toxicity
information and levels of exposure associated with lethality, cancer, genotoxicity, neurotoxicity,
development and reproductive toxicity, immunotoxicity and systemic toxicity.

The inherent toxicity of the COPC for the HHRA is briefly summarized in Appendix J.
Non-Carcinogenic Effects

The potential for non-cancer health effects associated with chemical exposure is evaluated by
comparing an estimated intake (such as chronic daily intake or CDI) over a specified time period with
a RfD derived for a similar exposure period. The RfD is an estimate of a daily exposure level for the
human population, including sensitive subpopulations, that is likely to be without an appreciable risk
of deleterious effects during a lifetime. RfDs often have an uncertainty spanning perhaps an order
of magnitude or greater. Chronic RfDs, used in this report, are specifically developed to be
protective of long-term exposure to a chemical.

The RfDs for the COPC used for the characterization of chronic non-cancer risk via oral exposure
routes are presented in Table 6-29, along with the confidence level of the chronic RfD, the critical
effect, the basis and source of the RfD and any uncertainty of modifying factors used in the derivation
of the RfD.

The ratio of the estimate of the CDI to the health-protective criterion (CDI/RfD) is called the hazard
quotient (USEPA, 1989a). The hazard quotient assumes that there is a level of exposure (i.e., the
RfD) below which it is unlikely for even sensitive subpopulations to experience adverse health
effects. If the hazard quotient exceeds 1.0, there may be concern for potential non-cancer effects.
The greater the hazard quotient above 1.0, the greater the level of concern.

RfDs for oral exposure are available for most chemicals. For dermal exposure, however, RfDs are
not available. In their absence, the oral RfDs are used and adjusted to reflect absorbed dose. This
allows for comparison between exposure estimated as absorbed doses and toxicity values
expressed as absorbed doses. The absorption efficiencies identified for the COPCs have been
estimated at the following rates:

e Arsenic —41%

e |ron—15%

e Manganese — 4%

e Chloroform — 20%
e PAH COPCs —31%
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These rates were obtained from the Risk Assessment Information System (RAIS) database. The
RAIS is a U.S. Department of Energy database of information developed from data from the USEPA
Integrated Risk Information System (IRIS) and Health Effects Assessment Summary Tables
(HEAST) and other literature sources. A copy of the absorption efficiencies is provided in Appendix
.

The RfDs are multiplied by the absorptioh efficiencies to come up with the adjusted RfDs. The
adjusted RfDs are presented in Table 6-29.

Except for a few COPCs, reference doses for inhalation exposure, referred to as RfDi, are typically
not available. However, it should be noted that the only inhalation pathway identified for the site is
for chloroform and PAHs during showering activities. The EPA RBC table identifies those
compounds considered VOCs and SVOCs. Identified RfDi for these compounds are provided as
follows:

e Chloroform: 8.6E-05
e PAH COPCs: None identified

Carcinogenic Effects

Regardless of the mechanism of effect, risk assessment methods generally derive from the
hypothesis that thresholds for cancer induction by carcinogens do not exist and that the dose-
response relationship is linear at low doses. Such risk assessment methods require extrapolation
from high dose animal studies to evaluate low dose exposures to humans. In the absence of
adequate information to the contrary, a linearized, multistage, non-threshold low dose extrapolation
model is recommended by the USEPA as the most appropriate method for assessing chemical
carcinogens. The USEPA emphasizes that this procedure leads to a plausible upper limit to the risk
that is consistent with some proposed mechanisms of carcinogenesis.

Through application of this approach, the USEPA has derived estimates of incremental excess
cancer risk from lifetime exposure to potential carcinogens. This is accomplished by establishing
the carcinogenic potency of the chemical through critical evaluation of the various test data and the
fitting of those dose-response data to a low dose extrapolation model. The CPS (which describes
the dose-response relationship at low doses) is expressed as a function of intake [i.e., per (mg/kg-
day)". This expression incorporates standard pharmacological considerations such as body weight.
CPSo data for the COPC are presented in Table 6-30 and are used to estimate finite, upper limits
of risk at low dose levels administered over a lifetime. The weight-of-evidence classification for
carcinogenicity, the type of cancer associated with each COPC and the basis and source of the
CPSo are also presented in Table 6-30.

To arrive at an estimate of incremental cancer risk, the following equation is used (USEPA, 1989a):

Risk = CDI x CPS
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where:

Risk = a unitless probability (e.g., 2 x 10° or 2 in 100 thousand) of an individual developing
cancer

CDI = chronic daily intake averaged over 70 years (mg/kg-day)

CPS = Cancer Potency Slope expressed in (mg/kg-day)”

This linear equation is valid only at low risk levels (i.e., below estimated risks of 0.01). This approach
does not necessarily give a realistic prediction of risk. The true value of the risk at trace ambient
concentrations is unknown, and may be as low as zero.

As with RfDs, there are no assigned CPS values for dermal exposure. In their absence, CPS factors
for oral exposures (denoted as CPSo) are used and adjusted to reflect absorbed dose. This allows
for comparison between exposures estimated as absorbed doses and toxicity values expressed as
absorbed doses. The same absorption factors used to adjust RfDs are applied in adjusting CPSo
values.

Except for a few COPCs, cancer potency slope factors for inhalation exposure, referred to as CPSi,
are typically not available. However, it should be noted that the only inhalation pathway identified
for the site is for chloroform during showering activities. Identified CPSi for this compound is
provided as follows:

e Chloroform: 8.1E-02

cP
T

w
3
®
[40]
5
al
.
iy
2
)
Lanpd
)
)
0]
X

Mixtures

The USEPA has also developed guidelines to evaluate the overall potential for noncancer and
cancer effects posed by multiple chemicals. This approach assumes that subthreshold exposures
to several chemicals at the same time could result in an adverse health effect. It assumes that the
magnitude of the adverse effect will be proportional to the sum of the ratios of the subthreshold
exposures to acceptable exposures. The hazard index is equal to the sum of the hazard quotients.
When the hazard index exceeds 1.0, there may be concern for potential health effects. Generally,
hazard indices are only used in the evaluation of a mixture of chemicals that induce the same effect
by the same mechanism of action. In this evaluation, the hazard quotients of a mixture of chemicals
which can have different effects are used as a screening-level approach, as recommended by the
USEPA (USEPA, 1989a). This approach is likely to overestimate the potential for effects.

For the assessment of carcinogenic risks, the individual risks associated with exposure to each
contaminant are summed. This represents an approximation of the precise equation for combining
risks which accounts for the joint probabilities of the same individual developing cancer as a
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consequence of exposure to two or more carcinogens. This additive approach assumes
independence of action by the contaminants involved (i.e., that there are no synergistic or
antagonistic chemical interactions and all chemicals produce the same effect, i.e., cancer).

6.4.4 Risk Characterization

The final step in the HHRA is the characterization of risk. Here the toxicity and exposure
assessments are summarized and combined into quantitative and qualitative expressions of risk.
Potential noncarcinogenic effects are characterized by comparing intakes and toxicity values, while
carcinogenic risks are characterized by estimating the probability that an individual will develop
cancer over a lifetime of exposure.

Potential non-cancer health effects, those associated with long-term chronic exposure to surface
soils and groundwater at the site for potential future residential populations are presented.
Carcinogenic risks are similarly presented for the COPC, for each pathway of concern and for each
potential exposed population. The cumulative impact of exposure from the various pathways
evaluated is estimated, for the residential populations (adults and children) including ingestion of
chemicals in surface soils and ingestion of, dermal contact with and inhalation of volatilized
chemicals in groundwater.

The USEPA (1989a) recommends absorption efficiency adjustments to ensure that the site exposure
estimate (CDI) and the toxicity criteria (RfD and CPS) are both expressed as absorbed doses or both
expressed as intakes (administered doses). All CDI calculations are provided in Appendix I. As
indicated in the following tables, the oral RfDs and CPSs have been adjusted for absorption to match
the absorbed dose for dermal exposure.

Non-cancer Risks

Table 6-31 presents the chemical-specific hazard quotients for each pathway involving surface soils
and groundwater. In addition, the total pathway risk, also referred to as the hazard index, which is
the sum of the chemical-specific hazard quotients for each pathway are presented in Table 6-31. The
total exposure risk incorporates all the appropriate exposure pathways for the residential populations.

To assess the overall potential for adverse non-cancer effects posed by the chemicals of potential
concern, the hazard quotients for the chemicals are summed for each of the pathways through which
on-site exposure may occur.

As shown in Table 6-31, the total exposure hazard index for ingestion of soils and ingestion of and
dermal contact with chemicals in groundwater is greater less than the criterion of 1.0 for both adults

and childrenbut-greaterthan-the criterion-for-children. Thus, adverse non-carcinogen health effects

in this residential population (adults and children) are likely. The maijority of this risk is associated
with inhalation of chloroform in groundwater. —ln-addition-ingestion-of

- The hazard quotient
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(1.7) for the ingestion of iron in groundwater for children was just above the criterion of 1.0 also.

Cancer Risks

Table 6-32 presents estimated chemical-specific and total pathway cancer risks calculated for
ingestion of soils and ingestion of, dermal contact with, and inhalation of chemicals in groundwater.
The estimated total exposure cancer risks are also noted in this table, incorporating all the
appropriate exposure pathways for the residential populations.

The estimated cancer risk for exposure to chemicals in surface soils and groundwater is about 64
in 100,0004-mitkien (6 x 10™°) for adults and 53in 100,000 4-illien (5 x 107°) for children. These
values are within the USEPA Superfund remediation goal of 10 (1 in ten thousand) to 10 (1 in one
million) which serves as the target for site cleanup. The greatest component for adult exposure is
inhalation of chloroform in groundwater-that-was-the-enly-exposure-scenario-within-the USEPA
remediation-geal. For child exposures, both ingestion of arsenic in soils and inhalation of chloroform
in groundwater were within the USEPA remediation goal.

Uncertainty

Some uncertainty is inherent in the process of conducting predictive, quantitative health risk
assessments. Environmental sampling and analysis, fate and transport modeling and human
exposure modeling are all prone to uncertainty, as are the available toxicity values used to
characterize risk. Such uncertainty is generally related to the limitations of the sampling in terms of
the number and distribution of samples and analytical information in terms of systematic or random
errors used to characterize a site, the estimation procedures and the input variables and
assumptions used in the assessment.

There are uncertainties in every step of the risk assessment process; uncertainties that relate to this
human health evaluation may be noted. Selection of the chemicals of potential concern provides
uncertainty since the selection process relies heavily on professional judgment. If different chemicals
of concern were chosen or if some were excluded the estimates of risk would be affected.

Model input parameters and assumptions that tend to overestimate exposure were used in the
exposure assessment. For example, the "representative" concentrations used in /some of the
analyses were the maximum concentration detected. This may overestimate risk. Also, frequent
exposure to contaminants is considered even though exposures may occur infrequently or not at all.
Additional uncertainties are inherent in the exposure assessment for individual chemicals and
exposure routes.

There is also some uncertainty in the derivation of health effects criteria in the toxicity assessment.
In most cases, the criteria are derived from the extrapolation from laboratory animal data to the
human condition. This may have the effect of either overestimating or underestimating the risk.
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For the Auto Craft site, some important uncertainties that may influence the results of the HHRA
include:

e Limited data set for arsenic and manganese in soils at the site. Only 1 surface soil sample was
analyzed for metals. However, these levels were consistent with background soils data as
discussed in Section 6.4.1.

* Limited data set for dissolved manganese in groundwater. Only 2 dissolved groundwater
samples were collected and analyzed for metals at the site. Therefore, the maximum
concentration of 80 ug/ for manganese was used in the risk analysis which may bias the results
high. Additional groundwater analysis for dissolved metals would present a larger data set and
provide for a more accurate analysis of risk.

» Dissolved data is a function of filtering efficiency in the field. Some of the monitoring well
samples were very turbid and required extensive settling prior to filtering. Dissolved results may
be biased high based on the filtering limitations.

¢ VOC estimates for non-carcinogenic and cancer risk may be biased high because of the use of
2.5 ug/l (which is 1/2 the PQL) in the UCL calculations. Chloroform was detected infrequently
(1 of 10 samples). Analysis with a lower PQL may more accurately estimate VOC concentrations
and subsequent risk. It should be noted that the chloroform concentration (11 ug/l) detected was
less than the USEPA MCL (100 ug/l) for total trihalomethanes indicating that the level present
in the groundwater would meet acceptable criteria for a drinking water distribution system.

6.4.5 Auto Craft Site HHRA Summary and Conclusions

The results of the HHRA for non-carcinogenic and carcinogenic risks and associated conclusions
are summarized as follows:

A summary of the Non-Carcinogenic Risk for future residential land use is provided below:

The total exposure hazard index for adults and children was greater than the criterion of 1.0 with
inhalation of chloroform exceeding the criterion for adults and children with ingestion of iron
exceeding the criterion for children as well.

A summary of the Carcinogenic Risk for future residential land use is provided below:
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e The estimated cancer risk for exposure to chemicals in surface soils and groundwater is about
4-n--million 6 in 100,000 for adults. The greatest component for adults exposures is inhalation
of chloroform in groundwater (9260 percent of total risk) which was within the USEPA
remediation goal.

e The estimated cancer risk for exposure to chemicals in surface soils and groundwater is about
3-ir—millien 5 in 100,000 for children. The greatest components for child exposures are
ingestion of arsenic (although levels are consistent with background) in soils (536 percent of total
risk) and inhalation of chloroform (86 percent of total risk) in groundwater-(47-percent-of total

Frak

e Potential risk above acceptable criteria is only present for the future scenario of residential
development at the site, and not for the current situation or future situations involving industrial
activities.

» Because residential development would not be expected at the site for many years even if base
closure were to occur in the future, the concentration of chloroform in groundwater due to natural
attenuation would be expected to decrease. It currently is below the USEPA MCL for total
trihalomethanes.

* Additional sampling as previously discussed in the Uncertainties Section may also present
sufficient data for a more accurate analysis of risk for metals in groundwater and surface soils
for future residential development.

Because arsenic was detected in site soils at concentrations consistent with the background soils
as previously discussed, the risk associated with it is not related to site-specific activities such as
spills, leaks, or industrial activities. Chloroform was only detected in one groundwater sample at the
site and in a concentration (11 ug/L) below the USEPA MCL for total trihalomethanes. Therefore,
upon removal of arsenic and chloroform as COPCs, the risk levels become less than the criterion
of 1.0 and 10°, and no further action related to this site (based on human health risk) is warranted.
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7.1 OVERVIEW AND OBJECTIVES
]

This section presents an assessment of potential environmental risks associated with contaminants
detected at 3 sites on Fort Story: FTA, LARC 60, and Auto Craft Sites. The primary objective of
the ecological risk assessment is to identify and characterize the potential risks posed to wildlife
receptors as a result of contaminant releases. Secondary objectives are: to document dominant
flora and fauna associated with the site; to determine the contaminants of potential concern being
released from the site; to identify potential pathways for receptor exposure; and to determine if any
response action might be necessary at the site, from an ecological perspective.

Statutory authority for this assessment is found in CERCLA as amended by the Superfund
Amendments and Reauthorization Act (SARA). The evaluation follows guidance contained in the

following documents:

e U.S. Environmental Protection Agency's (USEPA) Risk Assessment Guidance for Superfund,
Volume Il, Environmental Evaluation Manual (USEPA, 1989)

e Framework for Ecological Risk Assessment (USEPA, 1992)

e Procedural Guidelines for Ecological Risk Assessments at U.S. Army Sites Volume | (Wentsel
et. al., 1994).

According to current USEPA guidance, the following steps were completed for the risk assessment
at each site:

Problem Formulation

- Qualitative characterization of natural resources
- Identification of chemicals of potential concern

- Identification of potential exposure pathways

- Identification of ecological endpoints

- Development of conceptual ecological site model

e Exposure assessment providing quantitative or qualitative exposure scenarios for selected
ecological receptors

e Ecological effects assessment summarizing toxicity reference values for selected ecological
receptors

e Characterization of risk
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e Estimation of risk uncertainty

Chemical analyses were performed on environmental media, including soil, sediment, surface
water, and ground water, where applicable at each site. The conclusions derived from this study
focus on identifying potential adverse risks to species, habitats, and populations in the
environment, and is not a quantitative determination of risk. The risk assessment addresses
potentially significant risks to the following biological groups and resources associated with the
area: vascular vegetation, wildlife, threatened and endangered species, and wetlands. Significant
habitats and wetlands on the base are identified. Cover types and species inventories for each
investigated site and its immediately adjacent areas are also included.

As preceding sections of this Rl have indicated, a substantial amount of site-specific data on
chemical and physical information was developed to characterize the types, location, and
concentrations of chemicals in the environmental media. Validated chemical analytical results were
used in all ecological risk analyses. Contaminant toxicity levels to terrestrial and avian species
were derived from technical literature. Chemical profiles for chemicals of potential concern are
included in Appendix K.

7.2 PROBLEM FORMULATION
]

Problem formulation is the first phase of ecological risk assessment and establishes the goals,
breadth, and focus of the assessment (USEPA, 1992). The process involves a series of
interrelated steps to identify potential stressors, pathways, and ecological effects. Ecological
endpoints appropriate for the site are then derived, and an ecological conceptual site model is
formulated. This model is a set of working hypotheses regarding the potential pathways and
effects of site-related stressors on ecosystems of concern.

Problem formulation is based on information collected during the Remedial Investigation. This
phase of the ecological risk assessment is presented in four parts: ecosystems of concern;
potential stressors, exposure pathways, and ecological effects; ecological endpoints and; the
conceptual model.

Initially, field studies were conducted and the ecology of the sites and surrounding areas were
characterized. This characterization involved the identification of plant and animal communities
as well as observations of any actual or potential effects of chemical and/or physical stress on
these biological resources.

The second step in problem formulation involves the identification of the interrelationships between
potential stressors, exposure pathways, and ecological effects for the identified ecosystems of
concern. Chemical and/or physical stressors are identified, potential pathways for migration of
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Chemicals of Potential Concern
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groundwater—Arsenic and iron in surface and subsurface soil, antimony and manganese in
groundwater, and arsenic, iron, and thallium in sediment are the COPCs identified during the hazard
identification of the FTA media. Potential risk associated with each COPC will be further evaluated

in the exposure assessment section.

6.2.2 Exposure Assessment

The objective of the exposure assessment is to estimate the type and magnitude of exposures to the
surface and subsurface soils, sediment and groundwater COPCs that are present at or migrating
from the FTA.

Potentially Exposed Populations

As part of the exposure assessment, it is important to characterize the potentially exposed
populations at or near the site with regard to the current situation and potential future conditions.

Current Situation

The site is currently used as a training area for heavy equipment operations and for unloading and
loading of heavy equipment on the loading rack in the southeast corner of the site. Fort Story
personnel are present at the site for approximately two days per week. However, because the only
surface and subsurface soils COPC identified was were arsenic_ and iron due to exceedence of the
residential soils criteria and not the industrial soils criteria, no adverse exposures for Fort Story
personnel are anticipated. Although the site is not in a restricted area and not fenced, potential
exposures to the general public and/or trespassers would not be significant because their presence
on the site would not be expected to be for only a short time and not routine. During the four weeks
that the investigations were conducted at the site, a few public and/or off-duty personnel were
observed at the site walking their dogs or jogging. However, their time spent on-site was limited to
less than 30 minutes during their visit. : i

surface-soils-at the FTA site under the current situation- Therefore, exposures to surface and

subsurface soils, under current conditions should not exceed risk-based limits.

Groundwater is not used in the vicinity of the site for drinking, process, or production purposes. The
chief potable water supply in the region is the surface water reservoir system operated by the City
of Norfolk. The system includes in-town lakes located near the Norfolk International Airport and other
reservoirs (Lake Prince, Western Branch and Burnt Mills) located in Suffolk, Virginia. The in-town
lakes are located over 5 miles from Fort Story while the Suffolk lakes are located over 20 miles from
the facility. As previously stated in Section 3.1.5, several housing communities located within 1 mile
of Fort Story are developing drinking water wells in the shallow aquifer, however, none of these
communities are located downgradient of the site. Groundwater use at Fort Story is restricted to
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withdrawal from a single well located approximately 4,000 feet (cross groundwater flow gradient)
from the site at the LARC 60 Maintenance Area; the water is obtained for nonpotable uses only. As
discussed in Section 5.0, migration potential is minimal due to the very low vertical gradient present
across the FTA site. There has been little or no migration of contaminants in the groundwater over
the past 5 years based on a comparison of data from Montgomery-Watson's study in 1990 and data
from Malcolm Pimie's studiesy in 1995 and 2000. VOC concentrations have decreased substantially
due to numerous subsurface mechanisms such as biodegradation, volatilization, and dispersion.
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edrrentsituation- Therefore, exposures to groundwater, under current conditions will not exceed
risk-based limits since there are no current uses of the groundwater.

In addition to the discussion for surface and subsurface soils provided above, there are no expected
exposures to the sediment located in the lowlying wooded area south of the site. —Fhereforethere
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the-current-situation. Therefore, exposures to sediment, under current conditions will not exceed
risk-based limits.

Future Land Use

Although construction or excavation activities could be conducted in the future, neither surface nor
subsurface soil contaminant concentrations exceeded industrial screening criteria. Therefore, no
significant exposures during these activities would be expected because these activities are typically
very short term and contaminant concentrations were below screening criteria.

Based on master planning issues for Fort Story, the facility is expected to remain government
property. However, due to periodic base closure reviews by the federal government, there is the
potential for Fort Story to be closed with subsequent development of the land as commercial or
residential properties. Therefore, as for future conditions, potentially exposed populations include
residential exposures to the contaminated media at the FTA site.

Exposure Pathways

The potential exposure pathways for future land use at the FTA site include:

* Residential exposure (adults and children) to contaminated groundwater through ingestion of
drinking water and; dermal contact with and-inhalation-of-volatilized chemicals while bathing or

showering. Inhalation is not considered a significant pathway for groundwater because the
identified COPCs (antimony and manganese) are not considered volatile compounds.

* Residential exposure (adults and children) to contaminated soil through ingestion of and dermal
contact with chemicals.
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* Residential exposure (adults and children) to contaminated sediment through ingestion of and
dermal contact with chemicals.

Data Limitations and Uncertainties

The limitations and uncertainties associated with the analytical data for the site were reviewed during
data validation to ensure that appropriate and reliable data are selected for use in estimating human
exposure.

Samples and their duplicates are not considered as separate sampling events. Rather a chemical-
specific value representing the maximum value of the sample and its duplicate is used. This may
result in a conservative estimate of exposure. However, since relatively few duplicate samples were
collected, the overall impact on risk estimates should be minimal.

For purposes of this HHRA, if a COPC was not detected in a sample, it is assumed to be present at
1/2 the practical quantitation limit (PQL). The PQLs are chemical-specific values that laboratories
should be able to routinely and reliably detect and quantitate, but which may vary depending on the
medium analyzed and the amount expected to be present in the sample. Adjusting non-detects by
assigning values at 1/2 the PQL assumes that a chemical may be present at a concentration just
below the reported quantitation limit. One-half the PQL is used as a conservative "proxy"
concentration consistent with USEPA guidance. This approach would tend to overestimate the risk.

In this evaluation, data which were qualified by indicating that the numerical value is an estimated
quantity are treated in this evaluation the same as data without this qualifier.

Estimates of Contaminant Intake

Evaluation of the exposure pathways described above involves the estimation of several parameters
such as skin surface area available for contact; skin permeability factors; exposure time, frequency,
and duration; soil-to-skin adherence factors; ingestion rates; as well as the contaminant
concentrations in the specific media of concern. Table 6-5 represents a general equation for
calculating chemical intakes (chronic daily intakes or CDI) and defines the intake variables in terms
of chemical-related, population-related and evaluation-determined parameters.

The USEPA recommends that estimates of contaminant intake be developed to portray reasonable
maximum exposures (RME) which might be expected to occur under current and future site
conditions. Accordingly, the highest exposure that might reasonably be expected to occur at the site,
one that is well above the average case of exposure but within the range of possibility should be
considered.
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for each constituent data set were employed as detailed below by the following procedures.

1. Initially, all data sets are assumed normally distributed, and the following steps were completed.

° The assumption of normality of the data was tested using the Shapiro-Wilk Test of
Normality.

° If the data set was determined to be normally distributed (by passing the normality test), a
Parametric Confidence Limit was calculated.

2. If the data set initially failed the Test of Normality, the following steps were followed.

e All data was convert to natural logarithms.

¢ The log-adjusted data was then tested for normality using the Shapiro-Wilk Test of Normality.

e If the log-adjusted data was determined to be normally distributed (by passing the normality
test), the data set was said to be log-normally distributed.

¢ A lognormal confidence limit was applied to the log-normal data sets.

3. If the data set was neither normally distributed nor log-normally distributed the following steps
were followed.

e The data set was said to be distribution-free (non-parametric or non-normal).
¢ A non-parametric confidence limit was applied to the distribution-free data sets.

As described previously, for all samples in which the COPC is not detected, a value of 1/2 the CRQL
for that chemical was assigned. Depending upon the number of non-detects and variability in
measured concentrations, the UCL on the mean concentration may occasionally exceed the
maximum detected value. Since exposure to chemicals having concentrations greater that the
maximum detected value is not feasible, the maximum concentration is used to determine the
exposure when the UCL concentration is greater than the maximum concentration. This approach
is also consistent with USEPA quidance (USEPA, 1989a) and may be considered a conservative
approach to exposure assessment. As reported in the USEPA document, “Supplemental Guidance
to RAGS: Calculating the Concentration Term”, data sets with fewer than 10 samples per exposure
area provide poor estimates of the mean concentration, however, EPA Region Il has stated through
reviews of previous risk assessments conducted at USACE sites that UCL calculations can be
conducted for data sets of five samples or greater.

Therefore, for the groundwater COPCs of antimony and manganese, the maximum concentration
will be used because only four 3 dissolved groundwater samples were collected in 2000 with one well
only sampled in 1995 and these two data sets should not be combined statistically.
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Because exposures to the COPCs (arsenic, iron, and thallium) in the soil and sediment (actually soils
from a lowlying area adjacent to the site) would be similar, these data sets will be combined for the
risk analysis which creates a data set of 18 soil/sediment samples.

The 95th percentile UCL concentrations were computed for arsenic, iron, and thallium in surface
soils, subsurface soils, and sediment and-PCE-in-groundwaterto estimate the mean concentration.
UCL calculations are provided in Appendix |. The results of the UCL calculations with comparison
to the maximum concentration detected are provided in Table 6-6.

While the approach used in this evaluation assumes no transformation or loss due to environmental
degradation from the current time to the future time when residential development may occur at the
site, the environmental fate and transport of chemicals are important in determining the ultimate
hazard to people. After a chemical is released to the environment, it may be transformed physically
(e.g., by volatilization, precipitation, etc.), chemically (e.g., by photolysis, hydrolysis, oxidation,
reduction, etc.), or biologically (e.g., by biodegradation); alternatively, it may be accumulated in one
or more media (including biomass) or may be transported (e.g., convected downstream in water or
on suspended sediment or through the atmosphere). In Appendix J, the environmental fate and
transport mechanisms, as well as a brief toxicological profile, of each of the COPC (only those
chemicals where a potential exposure pathway is present) for the HHRA are briefly discussed.

Surface-Soil and Sediment

Tables 6-7a _and 6-7b presents the parameters and assumptions used in assessing potential
exposures to chemicals in surface-soil and sediment. Minimal exposures due to dermal-contactand
inhalation are typically present for metals, and therefore, thisese exposure pathways is are not

evaluated —In-addition—arcsanic did nnt exceed-the EPA Transfar ta Air caracnina critaria furthar
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- The following summarize the assumptions
made for exposure to chemicals in soil through ingestion_and dermal contact:

Ingestion

* In evaluating inadvertent ingestion of soil (as might result from hand-to-mouth behavior), an
average ingestion rate of 100 mg of soil/day is used as representative for age groups greater
than 6 years old and 200 mg/day for children ages 1 through 6 (USEPA, 1995a).

* The "fraction ingested" (Fl) is based on an estimate of the fraction of soil that is presumed to be
contaminated. For this analysis, it is assumed that 50 100 percent (USEPA, 1995a) of the soil
contacted is contaminated with concentrations equivalent to the appropriate representative
exposure concentration. ¥

e The exposure frequency (EF) for residential populations (adult and children) is assumed to be
exposed for 350 days/year with 15 days per year expected to be away from the residence
(USEPA, 1995a).
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* An exposure duration (ED) of 30 24 years is assumed based on the national upper-bound (90th |
percentile) at one residence for adults and 6 years for children which assumes that the oldest
child is under 6 and has lived at that residence since birth (USEPA, 1995a).

* The average weight of an American adult is approximately 70 kg (USEPA, 1 995a) and 15 kg for
children ages 1 through 6, 50th percentile (USEPA, 1995a).

* The averaging time (AT) selected depends upon the type of toxic effect being assessed as
described as follows:

- When evaluating exposures for potential long-term non-cancer health effects, intakes are
calculated by averaging over the period of exposure. This, in effect, is equal to the
exposure duration multiplied by 365 daysl/year.

- When evaluating potential carcinogenic risks, intakes are calculated by prorating the total
cumulative dose over a lifetime. For calculation purposes, this is equal to 70 years
multiplied by 365 days/year.

This distinction is consistent with the hypothesis that the mechanism of action for each of these
effects is different. The approach for carcinogens is based on the assumption that a high dose
received over a short period of time is equivalent to a corresponding low dose spread over a lifetime.

The chemical-specific, chronic daily intakes for each pathway for each potentially exposed population
are presented in Section 6.2.4, Risk Characterization. The exposure estimates so quantified are
then compared with health-protective criteria and used to quantify potential health risks.

Dermal Contact

Adults:

The value cited as the 50th percentile for exposure to hands, forearms, neck, and head is 3,600
cm® (USEPA, 1997).

¢ The soil to skin adherence factor (AF) used is 0.20 mg/cm?. No specific skin AFs were listed in
the 1997 USEPA Exposure Factors Handbook for residential adults so a default value of 0.20
as recommended by EPA Region Ill was selected.

e Forthe dermal contact with soil pathway, the absorption factor (ABS) is 3.2% for arsenic and 1%
for other metals (USEPA, 1995Db).

e The exposure frequency, exposure duration, body weight and averaging time values are the
same as those used for the ingestion pathway.
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Children:

* A skin surface area (SA) of 2,074 cmZis used for this pathway. This is 25% of the 50" percentile
total body surface area for children ages 3 to 9 (USEPA, 1989a). The 25% of the total body area
selection is recommended in the EPA Dermal Exposures Assessment: Principles and
Applications Interim Report, dated January 1992.

e The soil to skin adherence factor (AF) used for children is 0.20 mg/cm?. No specific skin AFs
were listed in the 1997 USEPA Exposure Factors Handbook for children playing in soil so a
default value of 0.20 as recommended by EPA Region Ill was selected.

e Forthe dermal contact with soil pathway, the absorption factor (ABS) is 3.2% for arsenic and 1%
for other metals (USEPA, 1995b).

Exposure frequency and duration, body weight and averaging time assumptions were previously
discussed.

Groundwater

Tables 6-8 and through 6-940 present the parameters and assumptions used in assessing potential
exposures to chemicals in ground water. In the evaluation of exposures resulting from ground water
via ingestion of; or dermal contact erinhalation, the following factors and assumptions are used.

Ingestion

* Forthe ingestion of ground water, an ingestion rate (IR) of 2 liters/day is assumed for residential
adults. This represents the 90th percentile value for adult daily water consumption (USEPA,
1995a). For children, an IR of 1 liter/day is assumed (USEPA, 1995a).

* The exposure frequency (EF) for residential populations (adult and children) is assumed to be
exposed for 350 days/year with 15 days per year expected to be away from the residence
(USEPA, 1995a).

* An exposure duration (ED) of 2436 years is assumed based on the national upper-bound (90th
percentile) at one residence for adults and 6 years for children which assumes that the oldest
child is under 6 and has lived at that residence since birth (USEPA, 1995a).

* The average weight of an American adult is approximately 70 kg and 15 kg for children ages 1
through 6, 50th percentile (USEPA, 19953a).

* The averaging time (AT) selected depends upon the type of toxic effect being assessed as
described as follows:
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- When evaluating exposures for potential long-term non-cancer health effects, intakes are
calculated by averaging over the period of exposure. This, in effect, is equal to the
exposure duration multiplied by 365 days/year.

- When evaluating potential carcinogenic risks, intakes are calculated by prorating the total
cumulative dose over a lifetime. For calculation purposes, this is equal to 70 years
multiplied by 365 days/year.

Dermal Contact

* For the evaluation of dermal contact with chemicals in ground water, it is assumed that the
greatest, but not the exclusive, opportunity for exposure is during showering. The entire surface
area (SA) of the body is used to evaluate these exposures. For adults, this value is 19,400 cm?
which represents the 50th percentile total body surface area for an adult male (USEPA, 1989d).
The 50th percentile total body SA for a male child is 7,310 cm?.

¢ Since the calculated exposure is designed to be the absorbed dose, not the amount of chemical
that comes into contact with the skin, a permeability constant (PC) is necessary to access
exposure through dermal contact. The PC reflects movement across the skin to the underlying
skin layers and into the bloodstream. Chemical-specific PCs are estimated from the
octanol/water partition coefficient for the chemical following USEPA guidance (1992b). PCs for
the COPC are provided in Appendix I.

* An exposure time (ET) of 18 minutes/day (0.3 hours/day) is assumed for dermal contact with
chemicals in groundwater. This is a composite of showering activities as well as household
tasks. Twelve minutes per day (0.2 hours/day) represents the 90th percentile value for
showering for all age groups (USEPA, 1989d). Itis assumed that 6 minutes/day (0.1 hours/day)
is spent on miscellaneous task which allow for dermal contact with groundwater.

* The exposure frequency (EF) for residential populations (adult and children) is assumed to be
exposed for 350 days/year with 15 days per year expected to be away from the residence
(USEPA, 1995a).

* An exposure duration (ED) of 30 24 years is assumed based on the national upper-bound (90th
percentile) at one residence for adults and 6 years for children which assumes that the oldest
child is under 6 and has lived at that residence since birth (USEPA, 1995a).

¢ The average weight of an American adult is approximately 70 kg and 15 kg for children ages 1
through 6, 50th percentile (USEPA, 1995a).

* The averaging time (AT) selected depends upon the type of toxic effect being assessed as
described as follows:
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The chemical-specific, chronic daily intakes for each pathway for each potentially exposed population
are presented in Section 6.2.4, Risk Characterization. The exposure estimates so quantified are
then compared with health-protective criteria and used to quantify potential health risks.

6.2.3 Toxicity Assessment

The toxicity assessment, also termed the dose-response assessment, serves to characterize the
relationship between the magnitude of exposure and the potential that an adverse effect will occur.
It involves (1) determining whether exposure to a chemical can cause an increase in the incidence
of a particular adverse health effect and (2) characterizing the nature and strength of the evidence
of causation. The toxicity information is then quantitatively evaluated and the relationship between
the dose of the contaminant received and the incidence of adverse effects in the exposed population
is evaluated.

The USEPA and other regulatory agencies have performed toxicity assessments for numerous
chemicals and the guidance they provide is used when available. These include verified reference
doses (RfDs) for the evaluation of noncarcinogenic effects from chronic exposure and cancer
potency slopes (CPSs) for the evaluation of cancer risk from lifetime exposure. Each of these are
discussed below.

Sources of toxicological guidance information, in order of preference, include: (1) IRIS (Integrated
Risk Information System) which is a USEPA database containing current health risk and regulatory
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information for many chemicals (USEPA, 1992a); (2) USEPA Health Effects Summary Tables
(HEAST) which are tabular presentations of toxicity data (USEPA, 1991c¢); and (3) Agency for Toxic
Substances and Disease Registry (ATSDR) toxicological profiles which contain general toxicity
information and levels of exposure associated with lethality, cancer, genotoxicity, neurotoxicity,
development and reproductive toxicity, immunotoxicity and systemic toxicity.

The inherent toxicity of the COPC for the ‘HHRA is briefly summarized in Appendix J.
Non-Carcinogenic Effects

The potential for non-cancer health effects associated with chemical exposure is evaluated by
comparing an estimated intake (such as chronic daily intake or CDI) over a specified time period with
a RfD derived for a similar exposure period. The RfD is an estimate of a daily exposure level for the
human population, including sensitive subpopulations that are likely to be without an appreciable risk
of deleterious effects during a lifetime. RfDs often have an uncertainty spanning perhaps an order
of magnitude or greater. Chronic RfDs, used in this report, are specifically developed to be
protective of long-term exposure to a chemical.

The RfDs for the COPC used for the characterization of chronic non-cancer risk via oral exposure
routes are presented in Table 6-1044, along with the confidence level of the chronic RfD, the critical
effect, the basis and source of the RfD and any uncertainty of modifying factors used in the derivation
of the RfD.

The ratio of the estimate of the CDI to the health-protective criterion (CDI/RfD) is called the hazard
quotient (USEPA, 1989a). The hazard quotient assumes that there is a level of exposure (i.e., the
RfD) below which it is unlikely for even sensitive subpopulations to experience adverse health
effects. If the hazard quotient exceeds 1.0, there may be concern for potential non-cancer effects.
The greater the hazard quotient above 1.0, the greater the level of concern.

RfDs for oral exposure are available for most chemicals. For dermal exposure, however, RfDs are
not available. In their absence, the oral RfDs are used and adjusted to reflect absorbed dose. This
allows for comparison between exposure estimated as absorbed doses and toxicity values
expressed as absorbed doses._The absorption efficiencies identified for the COPCs have been
estimated at the following rates.

e Antimony —2%

e Arsenic —41%

o Jron—-15%

e Manganese — 4%
e Thallium-15%

These rates were obtained from the Risk Assessment Information System (RAIS) database. The
RAIS is a U.S. Department of Energy database of information developed from data from the USEPA
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Integrated Risk Information System (IRIS) and Health Effects Assessment Summary Tables
(HEAST) and other literature sources. A copy of the absorption efficiencies is provided in Appendix
1.

The RfDs are multiplied by the absorption efficiencies to come up with the adjusted RfDs. The
adjusted RfDs are presented in Table 6-10.

Carcinogenic Effects

Regardless of the mechanism of effect, risk assessment methods generally derive from the
hypothesis that thresholds for cancer induction by carcinogens do not exist and that the dose-
response relationship is linear at low doses. Such risk assessment methods require extrapolation
from high dose animal studies to evaluate low dose exposures to humans. In the absence of
adequate information to the contrary, a linearized, multistage, non-threshold low dose extrapolation
model is recommended by the USEPA as the most appropriate method for assessing chemical
carcinogens. The USEPA emphasizes that this procedure leads to a plausible upper limit to the risk
that is consistent with some proposed mechanisms of carcinogenesis.

Through application of this approach, the USEPA has derived estimates of incremental excess
cancer risk from lifetime exposure to potential carcinogens. This is accomplished by establishing
the carcinogenic potency of the chemical through critical evaluation of the various test data and the
fitting of those dose-response data to a low dose extrapolation model. The CPS (which describes
the dose-response relationship at low doses) is expressed as a function of intake [i.e., per (mg/kg-
day)"]. This expression incorporates standard pharmacological considerations such as body weight.
CPSo data for the COPC are presented in Table 6-1142 and are used to estimate finite, upper limits
of risk at low dose levels administered over a lifetime. The weight-of-evidence classification for
carcinogenicity, the type of cancer associated with each COPC and the basis and source of the
CPSo are also presented in Table 6-1142.

To arrive at an estimate of incremental cancer risk, the following equation is used (USEPA, 1989a):

Risk = CDI x CPS
where:

Risk = a unitless probability (e.g., 2 x 10 or 2 in 100 thousand) of an individual developing
cancer

CDI = chronic daily intake averaged over 70 years (mg/kg-day)

CPS = Cancer Potency Slope expressed in (mg/kg-day)”
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This linear equation is valid only at low risk levels (i.e., below estimated risks of 0.01 ). This approach
does not necessarily give a realistic prediction of risk. The true value of the risk at trace ambient
concentrations is unknown, and may be as low as zero.

As with RfDs, there are no assigned CPS values for dermal exposure. In their absence, CPS factors
for oral exposures (denoted as CPSo) are used and adjusted to reflect absorbed dose. This allows
for comparison between exposures estimated as absorbed doses and toxicity values expressed as
absorbed doses. The same absorption factors used to adjust RfDs are applied in adjusting CPSo
values.

The USEPA has also developed guidelines to evaluate the overall potential for noncancer and
cancer effects posed by multiple chemicals. This approach assumes that subthreshold exposures
to several chemicals at the same time could result in an adverse health effect. It assumes that the
magnitude of the adverse effect will be proportional to the sum of the ratios of the subthreshold
exposures to acceptable exposures. The hazard index is equal to the sum of the hazard quotients.
When the hazard index exceeds 1.0, there may be concern for potential health effects. Generally,
hazard indices are only used in the evaluation of a mixture of chemicals that induce the same effect
by the same mechanism of action. In this evaluation, the hazard quotients of a mixture of chemicals
which can have different effects are used as a screening-level approach, as recommended by the
USEPA (USEPA, 1989a). This approach is likely to overestimate the potential for effects.

For the assessment of carcinogenic risks, the individual risks associated with exposure to each
contaminant are summed. This represents an approximation of the precise equation for combining
risks which accounts for the joint probabilities of the same individual developing cancer as a
consequence of exposure to two or more carcinogens. This additive approach assumes
independence of action by the contaminants involved (i.e., that there are no synergistic or
antagonistic chemical interactions and all chemicals produce the same effect, i.e., cancer).

6.2.4 Risk Characterization

The final step in the HHRA is the characterization of risk. Here the toxicity and exposure
assessments are summarized and combined into quantitative and qualitative expressions of risk.
Potential noncarcinogenic effects are characterized by comparing intakes and toxicity values, while
carcinogenic risks are characterized by estimating the probability that an individual will develop
cancer over a lifetime of exposure.
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Potential non-cancer health effects, those associated with long-term chronic exposure to surface
soils and groundwater at the site for potential future residential populations are presented.
Carcinogenic risks are similarly presented for the COPC, for each pathway of concern and for each
potential exposed population. The cumulative impact of exposure from the various pathways
evaluated is estimated, for the residential populations (adults and children) including ingestion of
chemicals in surface soils and ingestion of, dermal contact with and inhalation of volatilized
chemicals in groundwater. '

The USEPA (1989a) recommends absorption efficiency adjustments to ensure that the site exposure
estimate (CDI) and the toxicity criteria (RfD and CPS) are both expressed as absorbed doses or both
expressed as intakes (administered doses). All CDI calculations are provided in Appendix I. As
indicated in the following tables, the oral RfDs and CPSs have been adjusted for absorption to match
the absorbed dose for dermal exposure.

Non-cancer Risks

Table 6-1243 presents the chemical-specific hazard quotients for each pathway involving surface
soils and groundwater. In addition, the total pathway risk, also referred to as the hazard index, which
is the sum of the chemical-specific hazard quotients for each pathway are presented in Table 6-
1243. The total exposure risk incorporates all the appropriate exposure pathways for the residential
populations.

To assess the overall potential for adverse non-cancer effects posed by the chemicals of potential
concern, the hazard quotients for the chemicals are summed for each of the pathways through which
on-site exposure may occur.

As shown in Table 6-1243, the total exposure hazard index for ingestion-of seils-and-ingestion of and
dermal contact with chemicals in soils and groundwater is 0.60 for adults and 0.66 for children which

are less than the criterion of 1.0 for adults and children. but-greaterthan-the criterion-of 1.0-for

children: Thus, adverse non-carcinogen health effects in these this residential populations (adult and

children) are is unlikely. The majority-of-this—risk-is-associated-with ingestion-of manganese-in

aroundwatar  In additinan exposureto-manganese in arcnndwatar ic the - onlvavnaciira cranaria

grodrmavvato it GEETOoOTT, AP ooutrc—o argar T oT 1t grogmtyvate YT OhTy O Rpoourc—oteHaHoO
l terion.

Cancer Risks

Table 6-1314 presents estimated chemical-specific and total pathway cancer risks calculated for
-hgestion-of seils-and-ingestion of. _and dermal contact with—and-irhalatien-ef-chemicals in soil and
groundwater. The estimated total exposure cancer risks are also noted in this table, incorporating
all the appropriate exposure pathways for the residential populations.

The estimated cancer risk for exposure to chemicals in surface-soils and groundwater is about 1.54
in 1 million for adults and 2.73 in 1 million for children. These values are within but on the lower end
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Uncertainty

Some uncertainty is inherent in the process of conducting predictive, quantitative health risk
assessments. Environmental sampling and analysis, fate and transport modeling and human
exposure modeling are all prone to uncertainty, as are the available toxicity values used to
characterize risk. Such uncertainty is generally related to the limitations of the sampling in terms of
the number and distribution of samples and analytical information in terms of systematic or random
errors used to characterize a site, the estimation procedures and the input variables and
assumptions used in the assessment.

There are uncertainties in every step of the risk assessment process; uncertainties that relate to this
human health evaluation may be noted. Selection of the chemicals of potential concern provides
uncertainty since the selection process relies heavily on professional judgment. If different chemicals
of concern were chosen or if some were excluded the estimates of risk would be affected.

Model input parameters and assumptions that tend to overestimate exposure were used in the
exposure assessment. For example, the “representative" concentrations used in /some of the
analyses were the maximum concentration detected. This may overestimate risk. Also, frequent
exposure to contaminants is considered even though exposures may occur infrequently or not at all.
Additional uncertainties are inherent in the exposure assessment for individual chemicals and
exposure routes.

There is also some uncertainty in the derivation of health effects criteria in the toxicity assessment.
In most cases, the criteria are derived from the extrapolation from laboratory animal data to the
human condition. This may have the effect of either overestimating or underestimating the risk.

For the FTA site, some important uncertainties that may influence the results of the HHRA include:

* Although a limited data set for arsenic in soils at the site was available, as previously stated in
Section 6.2.1, arsenic concentrations in soils are consistent with Fort Story and USGS regional
background soils data.

¢ Limited data set for dissolved manganese in groundwater. Only 3 four dissolved groundwater
samples were collected and analyzed for metals at the site. Therefore, the maximum
concentration of 81 ug/l was used in the risk analysis which may bias the results high. Additional
groundwater analysis for dissolved manganese would present a larger data set and provide for
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* Potential risk is only present for the future scenario of residential development at the site, and
not for the current situation or future situations involving industrial activities.

+—Concentrations of volatile organics decreased by about one order of magnitude from the 1991
PA/SI sampling event to the 1995 R| sampling event and then to the 2000 sampling event with

natural attenuation expected to continue this trend. No organics were detected above the USEPA

MCLs during the 2000 sampling event.
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Because arsenic was detected in site soils at concentrations consistent with the background soils
as previously discussed, the risk associated with it is not related to site-specific activities such as
spills, leaks, or industrial activities. Therefore, upon removal of arsenic as a COPC, the risk levels
become less than the criterion of 1.0 and 10, and no further action related to this site (based on
human health risk) is warranted.

6.3 LARC 60 MAINTENANCE AREA
*

6.3.1 Hazard Identification

Numerous groundwater, surface soil, surface water and sediment samples were collected from this
site and analyzed for various chemical contaminants. Figures 2-7 and 2-8 provide the sample
locations. While the entire data set is presented in the QCSR/ARR, the data are summarized in
Tables 6-1445 through 6-1849 to facilitate the hazard identification. Presented in the tables are the
frequency of detection and the range of detected concentrations for each chemical, selected
Applicable and Relevant and Appropriate Requirements (ARARS) [i.e., USEPA drinking water
Maximum Contaminant Levels (MCLs)], "to be considered" (TBC) criteria and the USEPA weight-of-
evidence classification for known or suspected human carcinogens.

The detection frequency, concentration range, ARARs and TBC criteria, and weight-of-evidence
classification, along with information on the physical and chemical properties of the chemicals, the
number of environmental media impacted and appraisal of the likelihood of human contact with the
chemicals in each medium, are used to select COPCs for evaluation in the exposure assessment
and risk characterization. Recognizing that the list of chemicals detected at the site is quite lengthy,
the COPCs represent a manageable subset of chemicals at the site that are used to characterize
exposure and risk. For the purposes of this assessment, a detection frequency of 5 percent will be
used as a screening tool.
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Emphasis is given in the ensuing evaluation to chemical contamination in the surface and subsurface
soil throughout the site, sediment and surface water near the site and groundwater underlying the
site as these environmental media are regarded as having the greatest potential for human contact.
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Surface Soils

Surface soil sampling was conducted to evaluate the nature and extent of contamination in the
surface soils at the site. Surface soil samples were collected from depths of 0 to 12 inches. Because
there are no federal or state standards for soil cleanup, EPA Region Ill Risk-based Concentration
(RBC) Criteria EPA and Virginia Petroleum Program Criteria are included in Table 6-1415 as TBC
criteria for purposes of comparison. A total of 22 surface soil samples were collected during the
initial field investigation_in 1995 with analysis for VOCs, SVOCs, TPH, and metals while eight surface
soil samples were collected in 2000 for pesticide and PCB analysis only to address data gaps in the
VDEQ comment letter, dated February 6, 1996.

VOCs and SVOCs

All concentrations of VOCs and SVOCs were less than EPA RBC criteria, and therefore, they are
not selected as COPCs.

TPH

TPH concentrations exceeded the 100 mg/kg TBC criterion in 17 of 22 surface soil samples.
Because TPH is typically used as an indicator of hydrocarbon contamination, it will not be used
during this quantitative risk assessment. BTEX and PAHSs, which are hazardous constituents of
petroleum products, will be the primary compounds quantitatively evaluated if necessary in
determining petroleum contamination risk. As stated previously, their concentrations were less than
EPA RBC criteria.

PCBs

PCBs were not detected in any of the eight surface soil samples, and therefore, are not selected as
COPCs.

Pesticides

Seven pesticides (beta BHC, alpha and gamma chlordane, DDD, DDE, DDT, and dieldrin) were
detected in the soil samples collected at the LARC 60 site. However, as shown in Table 6-14,
concentrations did not exceed EPA RBC criteria, and therefore, pesticides are not selected as
COPCs.
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Inorganics

Arsenic and-manganese exceeded the RBC values for residential soils but did not exceed the
industrial soils criteria.

Manaanese concantratinne H-surface-soils ranaad fram 2 A to-120 malkawith a4 maan concantratinn
vIQTT A COTTCUTTGTT TwatroT =4 ToTiTacT—otT N lullvvu o= T L34 20 lllul I\a AA ALY LT ar oot oermractoTT
of 20 malka Althauah na backaround Q5+h nercentile UCL wae actahlichad by Monrtaomeaery\A\/ atean
OO0 |lvll\s- 73T IV\.‘UI A4 uuun\vlvullu OTTT rJ\.ll oSO o1V O T ot TToT LA™ | IJ] IVIVIILuU l\ll‘y Ao
duringapaerformanca af tha DA/S] tha llSQRQ regionalsoilse data indicratac apn-obsern/ed ranaa af lace
SHETAgT T cC-otHe Ao the Uo S PP o oo Saa e cae S -0 sepeara Igeo1eSS
than 02t~ 7 00N malkawith 4 maan ~f 200 malkea Tharafara tha manganeselavale dAatartad in
T AT “Ea Sy | y OO 'l'UI \v Wit T Tar—or &I Ilyll\u- e TroTo \./, orTroTaT laulluuv IV OoTO OTTTCtTO LI
the surfaca cnile ara consistant with ranianal backaround cnile

UTT OO actT YOO aArc— oy AN L3 o I\Iul\J’ AT l\luul\slvu o TTToT

manganese-are is selected as a COPCs based on its their exceedence of the residential soils
criteria.

No other inorganics exceeded EPA RBC values.
Groundwater

Groundwater quality data are summarized in Table 6-1516 along with EPA Maximum Contaminant
Levels (MCLs) and Action Levels, Virginia Groundwater Standards, Criteria and Protection Levels,
and EPA RBC Criteria. Only the dissolved inorganic data is presented in Table 6-1546. Total
inorganic data are influenced by percentage of solids in the monitoring well or DPT sampling point
and would not be indicative of groundwater quality if a drinking water well was installed at or near the
site. The sediment is not available for transport with flowing groundwater and would also be filtered
out if drinking water wells were installed in this area.

Thirty-three (33) groundwater samples (25 DPT and 8 monitoring well samples) were collected from
the upper aquifer during the 1995 field investigation and analyzed for VOCs, SVOCs, TPH, and tota
and dissolved metals while six wells were resampled in 2000 with analysis for VOCs, pesticides,
PCBs, and total and dissolved metals. Groundwater samples were also collected from three
temporary well points during a free-product investigation. However, because no QA/QC samples
were collected and data validation was not conducted, these results will not be used during the risk
assessment process. The number of results for each chemical may vary due to the analysis of
different compounds at different locations. However, in that DPT data is typically used for screening
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Pesticides/PCBs

No pesticides or PCBs were detected in the six monitoring wells sampled in 2000.

Inorganics

Dissolved antimony was detected above the EPA RBC of 1.5 ug/l in 2 of 6 samples, and is selected
as a COPC. However, it should be noted that antimony concentrations are lower than the USEPA
MCL of 6 ug/l in all samples.

Dissolved manganese was detected at a concentration greater than the EPA RBC of 73 ug/l fisk
sereening-eriteria in three 4 of six 4 samples collected in 2000, and therefore, is selected as a COPC.

Although detected at concentrations less than the EPA MCL-and-Virginia—Groundwater Quality
Standards-and-Protection-Levels, dissolved arsenic was detected in 1 of 6 4 samples in excess of
the EPA RBC eriteria of 0.045 ug/l-as-a-nren-carcinogen-and-carcinogen, and therefore, is selected

as a COPC.

Dissolved iron was detected at concentrations greater than the EPA RBC of 2,200 ug/l in 4 of 6
samples, and is selected as a COPC.

No other dissolved metals were detected above EPA and VDEQ risk screening criteria as presented

in Table 6-15.

Sediment

Sediment sampling was conducted to evaluate the nature of contamination in the sediment in the
drainage ditch north of the Sandbox. Sediment samples were collected from depths of 0 to 12
inches. Because there are no federal or state standards for sediment cleanup, EPA Region Ill RBC
Criteria for industrial and residential soils and Virginia Petroleum Program Criteria are included in
Table 6-1647 as TBC criteria for purposes of comparison. A total of two sediment samples were
collected during the field investigation.

VOCs and SVOCs

No VOCs or SVOCs were detected in sediment samples at the site, and therefore, they are not
selected as COPC.
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TPH

TPH exceeded the 100 mg/kg TBC criterion in both sediment samples. Because TPH is typically
used as an indicator of contamination, it will not be used during this quantitative risk assessment.
BTEX and PAH concentrations, as previously discussed, were not detected.

Inorganics

All concentrations of inorganics were less than EPA RBC criteria, and therefore, are not selected as
COPC.

Surface Water

Surface water sampling was conducted to evaluate the nature of contamination in the surface water
in the drainage ditch north of the Sandbox. Samples were collected from the surface of the standing
water in the ditch. Virginia Surface Water Quality Standards and EPA Ambient Water Quality Criteria
are included in Table 6-1748 as ARARs for purposes of comparison. A total of two surface water
samples were collected during the field investigation.

VOCs
Acetone was the only VOC detected in surface water samples. No surface water quality standards
have been established for acetone, however, concentrations (30 and 35 ug/l) were less than EPA

RBC criteria of 37,000 ug/I for tap water. Therefore, acetone is not selected as a COPC.

SVOCs and TPH

No TPH or SVOCs were detected in surface water samples at the site, and therefore, they are not
selected as COPC.

Inorganics

lrer-and-mManganese concentrations were greater than Virginia surface water quality criteria for
human health consumption of water and fish_and the EPA RBC of 73 ug/l, and therefore, they-it is
are selected as a COPC._Because iron concentrations exceeded the Virginia surface water quality
criteria for human health consumption of water and fish, it is selected as a COPC in surface water.

No other inorganics were detected at concentrations greater than water quality standards.

Combined Surface and Subsurface Soils-and-Seil- Leachability

To evaluate the potential exposures to surface and subsurface soils (| e., future excavatlon activities
and residential development)
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as shown in Table 6-1849, soil analytical data was compared against EPA RBCs for industrial and
residential soils.

Soil sampling was conducted to evaluate the nature and extent of contamination in the surface and
subsurface soils at the site. Soil samples were collected from varying depths. Because there are
no federal or state standards for soil cleanup, EPA Region Ill RBC criteria are included in Table 6-
1849 as TBC criteria for purposes of comparison. A total of 49 soil samples were collected during |
the field investigation.

VOCs

All concentrations of VOCs were less than EPA RBC criteria for industrial and residential soils, and
therefore, no VOCs are selected as COPCs in soils.

SVOCs-andlnorganies

No SVOCs were detected at concentrations above EPA RBCs for industrial or residential soils, and
therefore, no SVOCs are selected as COPCs in site soils.

TPH concentrations exceeded the 100 mg/kg TBC criterion in 29 of 49 soil samples. Because TPH
is typically used as an indicator of hydrocarbon contamination, it will not be used during this
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quantitative risk assessment. Although TPH will be compared against the 100 mg/kg criterion,
benzene, toluene, ethyl benzene and xylenes (BTEX) and polynuclear aromatic hydrocarbons
(PAHSs), which are the hazardous constituents of petroleum products, will be the compounds
quantitatively evaluated if necessary in determining petroleum contamination risk. As stated
previously, their concentrations were less than EPA RBC criteria.

PCBs

PCBs were not detected in any of the eight surface soil samples, and therefore, are not selected as
COPCs.

Pesticides

Seven pesticides (beta BHC, alpha and gamma chlordane, DDD, DDE, DDT, and dieldrin) were
detected in the soil samples collected at the LARC 60 site. However, as shown in Table 6-14,

concentrations did not exceed EPA RBC criteria, and therefore, pesticides are not selected as
COPCs. ‘

Inorganics

Arsenic exceeded the RBC value of 0.34 mg/kg for residential soils but did not exceed the industrial
soils criteria. Arsenic was detected in only 3 of 11 surface and subsurface soil samples at a
concentration range of 0.86 to 1.1 mag/kg. The background 95th percentile UCL established by
Montgomery Watson during performance of the PA/S| was 2.1 mg/kg and USGS regional soils data
indicates an observed range of less than 0.2 to 73 mg/kg with a mean of 5.4 ma/kq. Therefore, the
arsenic levels detected in the surface and subsurface soils are consistent with Fort Story and
regional background soils. A summary of background soils data for the inorganics is provided in

Appendix H.

Although detected at concentrations consistent with background, arsenic is selected as a COPCin
surface and subsurface soils due to the 3 detects above the EPA RBC for residential soils. No other
inorganics exceeded EPA RBC values.

Chemicals of Potential Concern

COPC identified during the hazard identification of the LARC 60 site media include the following:

Media COPC
Surface and Subsurface Soils Arsenic-and-Manganese
Groundwater cis 1,2-DCE, MIBK, ethylbenzene, xylenes;

toluene, vinyl chloride, PGE;TFGEHoluene, 2-
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methylnaphthalene, naphthalene, antimony,
arsenic, iron, and manganese

Surface Water Iron and Manganese

Potential risk associated with the COPC will be further evaluated in the exposure assessment
section.

6.3.2 Exposure Assessment

The objective of the exposure assessment is to estimate the type and magnitude of exposures to the
surface and subsurface soils, groundwater and surface water COPCs that are present at or migrating
from the LARC 60 site.

Potentially Exposed Populations

As part of the exposure assessment, it is important to characterize the potentially exposed
populations at or near the site with regard to the current situation and potential future conditions.

Current Situation

The site is currently a heavy equipment maintenance facility with numerous maintenance facilities
and outdoor staging areas for heavy equipment. The site is fenced with the two entrance gates
locked during off-duty hours (typically 6:00 pm to 6:00 am). Fort Story personnel are present at the
site for five days per week. However, because the only surface and subsurface soils COPCs
identified waswere arsenic and-manganese due to exceedence of the residential soils criteria and
not the industrial soils criteria, no adverse exposures for Fort Story personnel are anticipated.
Because the site is fenced, potential exposures to the general public and/or trespassers are not
significant. i i

conditions should not exceed risk-based limits.

The chief potable water supply in the region is the surface water reservoir system operated by the
City of Norfolk. The system includes in-town lakes located near the Norfolk International Airport and
other reservoirs (Lake Prince, Western Branch and Burnt Mills) located in Suffolk, Virginia. The in-
town lakes are located over 5 miles from Fort Story while the Suffolk lakes are located over 20 miles
from the facility. ~As previously stated in Section 3.1 .5, several housing communities located within
1 mile of Fort Story are developing drinking water wells in the shallow aquifer, however, none of
these communities are located downgradient of the site. Groundwater use at Fort Story is restricted
to withdrawal from a single well located at the site of which water is obtained for nonpotable uses
only. The well is screened in a deeper aquifer below the confining unit present at a depth of
approximately 40 feet below land surface at the site. No COPC were identified in the two deep
monitoring wells at the site which are screened at a depth of 30 to 40 feet below land surface. Based
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on a comparison of data from Montgomery-Watson's study in 1990 and data from Malcolm Pirnie's
studiesy in 1995 and 2000, VOC concentrations have decreased substantially due to numerous

tion, volatilization, and dispersion. Fherefore there-are

subsurface mechanisms such as biodegrada
o i Therefore

exposures to groundwater under current conditions should not exceed risk-based limits since there
are no current uses of the groundwater.

a¥a NOSe0—bon a¥a 0 AN®. 50 e

Based on vertical elevations established for the two surface water locations in the ditch, the ditch
intersects the shallow water table. The elevations were consistent with the groundwater elevations
in that area as shown on Figure 3-6. Due to shallow water table elevation fluctuations during the
dry season, it is expected that at certain times of the year that no surface water will be present in the
drainage ditch. No flow or discharge point is present, therefore, no impacts to other surface water
bodies or potential receptors have been identified. There are no current personnel exposures to the
surface water and no trespassers into this area would be anticipated. The surface water in the ditch
when present is not used for drinking water or fish consumption. Fherefore-there-are-currently-no
exposed-populations-to-the-surface water at the LARC 60 site. Therefore, exposures to surface
water under current conditions should not exceed risk-based limits.

Future Land Use

Although construction or excavation activities could be conducted in the future, neither surface nor
subsurface soil contaminant concentrations exceeded industrial screening criteria. Therefore, no
significant exposures during these activities would be expected because these activities are typically
very short term and contaminant concentrations were below screening criteria.

Based on master planning issues for Fort Story, the facility is expected to remain government
property. However, due to periodic base closure reviews by the federal government, there is the
potential for Fort Story to be closed with subsequent development of the land as commercial or
residential properties. Therefore, as for future conditions, potentially exposed populations include
residential exposures to the surface and subsurface soils and groundwater at the LARC 60 site.

Although the iron and manganese levels in surface water exceeded the Virginia surface water quality
standards for consumption of fish and water, it is not expected that the water or fish (ditch does not
support edible fish species) would be consumed even if this drainage area were present after future
residential development. EPA Region Ill recommended that 10 times the residential tap water
screening level (i.e., hazard quotient of 1 for non-carcinogens and an increased cancer risk of 1E-05
for carcinogens) be used for screening of surface water when the waters may be used for
recreational purposes such as wading or swimming. It is anticipated that this value will allow for
sufficient conservatism for the protection of the recreational user of the ditch, if any. Therefore,
because the iron (maximum of 1,400 ug/l) and manganese (maximum of 140 ug/l) concentrations
are less than the adjusted criteria for recreational exposures (22,000 ug/l for iron and 730 ug/I for
manganese), population exposures should be less than risk-based limits and no further analysis is
required.-Therefore, for the future land use scenario, no potentially exposed populations were
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identified for the surface water in this drainage ditch.
Exposure Pathways
The potential exposure pathways for future land use at the LARC 60 site include:

¢ Residential exposure (adults and childrén) to contaminated groundwater through ingestion of
drinking water, dermal contact with and inhalation of volatilized chemicals while bathing or
showering.

* Residential exposure (adults and children) to contaminated soil through ingestion of and dermal
contact with chemicals.

Data Limitations and Uncertainties

The limitations and uncertainties associated with the analytical data for the site were reviewed during
data validation to ensure that appropriate and reliable data are selected for use in estimating human
exposure.

Samples and their duplicates are not considered as separate sampling events. Rather a chemical-
specific value representing the maximum value of the sample and its duplicate is used. This may
result in a conservative estimate of exposure. However, since relatively few duplicate samples were
collected, the overall impact on risk estimates should be minimal.

For purposes of this HHRA, if a COPC was not detected in a sample, it is assumed to be present at
1/2 the practical quantitation limit (PQL). The PQLs are chemical-specific values that laboratories
should be able to routinely and reliably detect and quantitate, but which may vary depending on the
medium analyzed and the amount expected to be present in the sample. Adjusting non-detects by
assigning values at 1/2 the PQL assumes that a chemical may be present at a concentration just
below the reported quantitation limit. One-half the PQL is used as a conservative "proxy"
concentration consistent with USEPA guidance. This approach would tend to overestimate the risk.

In this evaluation, data which were qualified by indicating that the numerical value is an estimated
quantity are treated in this evaluation the same as data without this qualifier.

Estimates of Contaminant Intake

See the text in the “Estimates of Contaminant Intake” section (Section 6.2.2) for the FTA site for a
discussion of sample data uses and statistical equations.
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Because of the sufficient data sets (greater than 5 samples) for groundwater and soil, Fthe 95th

percentile UCL concentrations were computed for arsenic ard-manganese in surface and subsurface
soils and the—rumerous VOCs (cis 1,2-DCE, MIBK, toluene, and vinyl chloride), SVOCs (2-
methylnaphthalene and naphthalene), and metals (antimony, arsenic, iron, and manganese) in
groundwater to estimate the mean concentration. These UCL calculations are provided in Appendix
I. The results of the UCL calculations with comparison to the maximum concentration detected are
provided in Table 6-1920.

While the approach used in this evaluation assumes no transformation or loss due to environmental
degradation from the current time to the future time when residential development may occur at the
site, the environmental fate and transport of chemicals are important in determining the ultimate
hazard to people. After a chemical is released to the environment, it may be transformed physically
(e.g., by volatilization, precipitation, etc.), chemically (e.g., by photolysis, hydrolysis, oxidation,
reduction, etc.), or biologically (e.g., by biodegradation); alternatively, it may be accumulated in one
or more media (including biomass) or may be transported (e.g., convected downstream in water or
on suspended sediment or through the atmosphere). In Appendix J, the environmental fate and
transport mechanisms, as well as a brief toxicological profile, of each of the COPC (only those
chemicals where a potential exposure pathway is present) for the HHRA are briefly discussed.

Surface and Subsurface Soil

Tables 6-7a _and 6-7b presents the parameters and assumptions used in assessing potential
exposures to chemicals in surface and subsurface soil. Minimal exposures due to-dermal-contact

and-inhalation are typically present for metals, and therefore, this these exposure pathways is are
not evaluated. The assumptions made for exposure to chemicals through ingestion and dermal
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For the evaluation of inhalation of airborne VOCs from the ground water, the contaminant
concentration in air is calculated using the VDEQ shower model as provided in Appendix I. The

model uses various equations and factors such as the groundwater concentration
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- ical . . . : ln® = CW. CE s W\ 1/R\
where:

e Aninhalation rate (IR) of 0.83 m*/hour for adults is assumed in evaluating the inhalation of vapor
phase chemicals in ground water. For a child, ages 1 through 6, the IR is assumed to be 0.5
m®/hour (USEPA, 1995a).

* Exposure time (ET) for the inhalation pathway is estimated as 12 minutes or 0.2 hours based on
the 90th percentile for showering for all ages. There is no information available for differences
in the time men, women and children spend showering. Since volatilization may occur from other
indoor water uses (such as from the dishwasher, etc.), the 90th percentile for showering for all
ages instead of the 50th percentile for all ages is used in estimating exposure time.

» The exposure frequency (EF) for residential populations (adult and children) is assumed to be
exposed for 350 days/year with 15 days per year expected to be away from the residence
(USEPA, 1995a).

* An exposure duration (ED) of 24 30 years is assumed based on the national upper-bound (90th |
percentile) at one residence for adults and 6 years for children which assumes that the oldest
child is under 6 and has lived at that residence since birth (USEPA, 1995a).

e The average weight of an American adult is approximately 70 kg and 15 kg for children ages 1
through 6, 50th percentile (USEPA, 1995a).

e The averaging time (AT) selected depends upon the type of toxic effect being assessed as
described as follows:

O] When evaluating exposures for potential long-term non-cancer health effects, intakes
are calculated by averaging over the period of exposure. This, in effect, is equal to
the exposure duration multiplied by 365 days/year.

o When evaluating potential carcinogenic risks, intakes are calculated by prorating the
total cumulative dose over a lifetime. For calculation purposes, this is equal to 70
years multiplied by 365 days/year.
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The chemical-specific, chronic daily intakes for each pathway for each potentially exposed population
are presented in Section 6.3.4, Risk Characterization. The exposure estimates so quantified are
then compared with health-protective criteria and used to quantify potential health risks.

6.3.3 Toxicity Assessment

The toxicity assessment, also termed the dose-response assessment, serves to characterize the
relationship between the magnitude of exposure and the potential that an adverse effect will occur.
It involves (1) determining whether exposure to a chemical can cause an increase in the incidence
of a particular adverse health effect and (2) characterizing the nature and strength of the evidence
of causation. The toxicity information is then quantitatively evaluated and the relationship between
the dose of the contaminant received and the incidence of adverse effects in the exposed population
is evaluated.

The USEPA and other regulatory agencies have performed toxicity assessments for numerous
chemicals and the guidance they provide is used when available. These include verified reference
doses (RfDs) for the evaluation of noncarcinogenic effects from chronic exposure and cancer
potency slopes (CPSs) for the evaluation of cancer risk from lifetime exposure. Each of these are
discussed below.

Sources of toxicological guidance information, in order of preference, include: (1) IRIS (Integrated
Risk Information System) which is a USEPA database containing current health risk and regulatory
information for many chemicals (USEPA, 1992a); (2) USEPA Health Effects Summary Tables
(HEAST) which are tabular presentations of toxicity data (USEPA, 1991c); and (3) Agency for Toxic
Substances and Disease Registry (ATSDR) toxicological profiles which contain general toxicity
information and levels of exposure associated with lethality, cancer, genotoxicity, neurotoxicity,
development and reproductive toxicity, immunotoxicity and systemic toxicity.

The inherent toxicity of the COPC for the HHRA is briefly summarized in Appendix J.
Non-Carcinogenic Effects

The potential for non-cancer health effects associated with chemical exposure is evaluated by
comparing an estimated intake (such as chronic daily intake or CDI) over a specified time period with
a RfD derived for a similar exposure period. The RfD is an estimate of a daily exposure level for the
human population, including sensitive subpopulations, that are likely to be without an appreciable
risk of deleterious effects during a lifetime. RfDs often have an uncertainty spanning perhaps an
order of magnitude or greater. Chronic RfDs, used in this report, are specifically developed to be
protective of long-term exposure to a chemical.

The RfDs for the COPC used for the characterization of chronic non-cancer risk via oral exposure
routes are presented in Table 6-21, along with the confidence level of the chronic RfD, the critical
effect, the basis and source of the RfD and any uncertainty of modifying factors used in the derivation
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FINAL REPORT NATURE AND EXTENT OF CONTAMINATION
LARC 60 DPT GROUNDWATER SAMPLES
RANGE AND FREQUENCY OF DETECTION BY ORGANIC COMPOUND
On-site Analysis Off-site Analysis
Compound EPA RBC
Range Frequency Range Frequency Criteria®
Ethylbenzene NT N/A 6.6 - 530 3/21 130
p-Isopropyl toluene NT N/A 23 11 --
Methylene chloride NT N/A 2.7 1/21 4.1
MIBK NT N/A 50 - 54 2/21 14
Tetrachloroethene 160 1/21 12 -170 2/21 1.1
Trichloroethene 47 - 180 2/21 62 - 260 3/21 1.6
1,2,4-Trimethylbenzene NT N/A 5.6 11 1.2
1,3,5-Trimethylbenzene NT N/A 4.3 11 1.2
Vinyl Acetate NT N/A 220 1/21 41
Toluene NT N/A 6.4 — 2200 2/21 75
Xylene NT N/A 37 - 2,900 2/21 1,200
SVOCs (ug/l)
Acenaphthene NT N/A 1 117 37
Bis(2-ethylhexyl)phthalate NT N/A 2 117 4.8
mé&p Cresol NT N/A 12 117 --
Di-n-butylphthalate NT N/A 2 117 370
Fluorene NT N/A 1 117 24
2 Methyl-naphthalene NT N/A 3-57 3/17 12
Naphthalene NT N/A 2.8 -81 2117 0.65
Phenanthrene NT N/A 2 1117 --
TPH (mg/l)
as Gasoline 8@ 117 0.18 - 12 417 1.0
as Diesel Fuel NT N/A 21 117 1.0®)
as Fuel Oil NT N/A 2.3? 117 1.0®)
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LARC 60 DPT GROUNDWATER SAMPLES
RANGE AND FREQUENCY OF DETECTION BY ORGANIC COMPOUND

On-site Analysis Off-site Analysis
Compound EPA RBC

) & = (3
Range Frequency Range Frequency Criteria®

Notes:1.NT = not tested.
2. Underlined ranges are concentrations above the EPA Region Ill RBC Criteria/Virginia Groundwater
Standards/Maximum Contaminant Level.
3. EPA Region Il Risk-based Concentration Criteria for Tap Water.
4.NA = not available.
N/A = not applicable.
5. Virginia Groundwater Standard for Petroleum Hydrocarbons.

Several of the detected VOCs (chloroform, cis 1,2-DCE, ethylbenzene, MIBK, PCE, TCE, toluene,
1,2.4-trimethylbenzene, 1,3,5-trimethylbenzene, vinyl acetate, vinyl chloride, and xylenes) occurred
at concentrations greater than the EPA RBC Criteria for Tap Water. Two SVOCs (2-
methylnaphthalene and naphthalene) also exceeded the EPA RBCs in tap water. The concentrations
of these VOCs exceeded the comparison criteria by greater than one to two orders of magnitude.
The detected TPH compounds (as Gasoline, as Diesel Fuel, and as Heavy Oil) were detected at
concentrations greater than the comparison criteria by one order of magnitude. The remaining VOCs
and SVOCs were detected at concentrations less than the comparison criteria by one to two orders
of magnitude.

Numerous metals were detected in DPT groundwater samples. All inorganic analyses were
performed off-site by Savannah Laboratory. The following table provides a summary of the range
of detected concentrations of metals and frequency of detection:

LARC 60 DPT GROUNDWATER SAMPLES
RANGE AND FREQUENCY OF DETECTION FOR TOTAL METALS
Range EPA RBC?®

Compound (ug/l) Frequency (ug/l)
Aluminum 860 — 9,900 3/3 3,700
Arsenic 20 -54 " 2/3 0.045
Barium 14 - 330 3/3 260
Cadmium 6.8 1/3 1.8
Calcium 6,400 — 70,000 3/3 NA @)
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LARC 60 DPT GROUNDWATER SAMPLES
RANGE AND FREQUENCY OF DETECTION FOR TOTAL METALS
Range EPA RBC?
Compound (ug/l) Frequency (ug/l)
Chromium 19 - 200 3/3 110
Cobalt 30 1/3 73
Copper 63 — 250 2/3 140
Iron 3,600 — 52,000 3/3 2,200
Lead 54 — 460 " 2/3 15 @)
Magnesium 1,300 — 1,900 3/3 NA
Manganese 63 — 1,700 3/3 73
Nickel 52 1/3 73
Potassium 1,500 — 9,800 3/3 NA
Sodium 4,100 — 18,000 3/3 NA
| —
Vanadium 26-33 2/3 26
Zinc 60 — 2,700 3/3 1,100
Notes:
1. Underlined ranges are concentrations above the EPA Region Ill RBC Criteria/Virginia
Groundwater Standards/Maximum Contaminant Level.
2. EPA Region lll Risk-based Concentration Criteria for Tap Water.
3. USEPA Action Level for Drinking Water.
4. NA = Not Available.
The detected concentrations of total aluminum, arsenic, chromium, iron, and-tetatlead, manganese,
vanadium, and zinc were over the EPA RBCs for tap watercomparisen-criteria. Their locations and
concentrations are presented on Figure 4-4. All other concentrations of total metals detected were
lower than the selected comparison criteria.
Temporary Well Point Analytical Results
Three (3) groundwater samples were collected from temporary well points installed at the Former
UST Area to assess the nature of VOC and TPH contamination in groundwater in the Former UST
Area. The samples were analyzed off-site by Savannah Laboratories. Groundwater samples from
- WP-1 and WP-2 were analyzed for VOCs, TPH light and TPH heavy while only a TPH heavy sample

was collected from WP-3. The following table provides a summary of temporary well point analysis:
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LARC 60 Temporary Well Points EPA RBC
Compound Criteria ®
WP-1 WP-2 WP-3

1,1-DCA 200 pg/l <5 pgl/l NT 80 pg/l
cis 1,2-DCE 3,200 pgl/l 120 pg/i NT 6.1 pg/l
Methylene chloride 130 pg/l <5 g/l NT 4.1 ugl/l
PCE 370 ugll 13 pg/l NT 1.1 pg/l
TCE 1,300 pgl/l 36 g/l NT 1.6 ug/l
Toluene 2,000 pgll 25 g/l NT 75 ugll
Xylenes 250 g/l <5 g/l NT 1,200 pg/l
TPH as Diesel 6.9 mgl/l < 0.30 mg/l < 0.30 mg/l 1 mg/l
TPH as Gas 9.1 mgl/l 0.27 mgl/l < 0.05 mgl/l 1 mgl/l
Notes:
1.Underlined are concentrations above EPA Region |l RBC Criteria/VA GW Criteria.
2.EPA Region Il RBC Criteria for Tap Water.
3.NT = not tested.

Numerous VOCs and TPH were detected in samples collected from two of the three temporary well
points in the Former UST Area. Several VOCs including 1,1-DCA, cis 1,2-DCE, methylene chloride,
PCE, TCE, and toluene and TPH exceeded risk screening criteria in WP-1 which is located in the
center of the former UST pit. Several VOCs were also detected in WP-2 which is located
approximately 25 feet downgradient of the former UST pit.

As shown below, the concentrations of the chlorinated hydrocarbons are less than the EPA estimate
of 1 to 10 percent of the aqueous solubility for determination of the presence of dense non-aqueous
phase liquid (DNAPL).

Maximum Aqueous Solubility % of Aqueous
Compound Concentration Limit Solubility
PCE 0.37 mg/l 150 mgl/l 0.25
TCE 1.3 mg/l 1,100 mg/I 0.12
cis 1,2-DCE 3.2 mgll 3,500 mg/l 0.09
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Nature and Extent of Groundwater Contamination

The nature and extent of groundwater contamination for the three AOCs at the LARC 60 site is
described in the following sections. The analytical results listed on Figure 4-4 are for those
compounds which exceeded the screening criteria or that were used in evaluating any apparent
trends in vertical or lateral distribution of contaminants.

The lateral distribution of chlorinated hydrocarbons and petroleum hydrocarbons extended from the
Former UST Area northeastward to the Sandbox Area. For this reason, these compounds are

discussed in the following section with respect to all three AOCs.

Former UST Area

Several VOCs were detected at concentrations greater than the EPA RBC Criteria in the Former
UST Area. One sampling location (WP-1) within the former pit and five sampling locations
downgradient of the Former UST Area contained VOCs including PCE and/or one or more of its
degradation products (TCE and 1,2-DCE).

Two of the four sampling locations (DPT #3 and DPT #11) were near the OWS approximately 500
feet downgradient of the Former UST Area. The sampling locations with detections of VOCs
including PCE and its degradation products are summarized below:

AOC No. 1 AOC No. 2
UST SAMPLE LOCATIONS OWS SAMPLE LOCATIONS
voC EPA RBC®
MW-117 DPT-2® WP-1 WP-2 DPT-3 DPT-11 CRITERIA
(ug/ (ug/) (ug/l) (ug/) (ug/l) (ug/l) (ug/)
PCE 8.5" /<50 <50/25 370 13 170/160 12 1.1
TCE 18/<50 <50/47 1,300 36 260/180 62 1.6
Vinyl chloride <10/8.6 BDL BDL BDL BDL BDL 0.015
cis 1,2-DCE 20/1,900 <50/150 3,200 120 20/30 <5 6.1
Notes:
1. Underlined text exceeds the screening criteria.
2. Off-site analytical result/On-site analytical result.
3. EPA Risk-based Criteria for Tap Water.
4. 1995 sample result / 2000 sample result
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The former UST was used to store waste oil and also contained PCE and other chlorinated solvents
(degreasers from maintenance shops) on groundwater samples collected from the center of the UST
excavation during this investigation. If the Former UST Area is assumed to be the source of the
release of these compounds based on historical use of the former UST and the temporary well point
(WP-1) groundwater data which shows elevated levels of VOCs especially chlorinated hydrocarbons
in the pit area, then an apparent vertical and lateral distribution of PCE and degradation compounds
can be discerned. '

Based on the assumption that the Former UST Area was the source of the release, the lateral
distribution of PCE, TCE, cis 1,2-DCE, and vinyl chloride implies these compounds have migrated
with groundwater from the Former UST Area downgradient to the northeast. The observed
distribution of PCE and degradation products implies that the plume has impacted groundwater
downgradient from the Former UST Area at DPT #11 and as far downgradient as well BMW-3S since
TCE, cis 1,2-DCE, and vinyl chloride was detected in this well in the 2000 year sampling but not in
the original 1995 sampling. VOCs are still present at well MW-117 as shown in the 2000 year
sampling. Since PCE and its degradation products were not detected at DPT points #13 and #16
located west and east of the zone of impact, the lateral distribution of these compounds in
groundwater is very narrow as delineated by the sampling program. The narrowness of the plume
may be the result of the impact of subsurface structures such as utility lines, building footings, or
sedimentary variations on groundwater flow and contaminant transport. This implies that the primary
direction and method of transport is to the northeast as a dissolved phase in groundwater. Based
on the previous discussion concerning the apparent absence of DNAPLs, PCE and its degradation
products are present in a dissolved state and are migrating in groundwater along the primary
groundwater flow direction toward the northeast.

The vertical extent of contamination was delineated by the sampling program. The DPT points and
monitoring wells with detectable concentrations of PCE and its degradation products penetrated to
a depth of approximately 14 feet below grade. Wells 6MW-3D and 6MW-2 are screened from 30
to 40 feet below grade. Detectable concentrations of PCE or its degradation products were not
present in groundwater samples from these wells indicating that in these areas the vertical extent
of contamination is limited to depths above 30 feet. DPT #17, located downgradient of MW-117 and
adjacent to DPT #2 (approximately 13 feet below grade), penetrated to 39.5 feet for collection of
groundwater samples. TCE and cis 1,2-DCE were detected in DPT #2 but not in the deeper sample
collected from DPT #17 indicating that in this area the vertical extent of contamination is limited to
above 39.5 feet. However, since no deeper groundwater samples were collected in well 6MW-3D
in the 2000 sampling event, it is unclear whether more extensive vertical migration is now occurring.

Several other VOCs were detected at levels less than the EPA RBC Criteria and included
ethylbenzene, xylene, and MIBK. Toluene was detected at WP-1 and DPT-2 at concentrations of
2,000 and 2,200 ug/, respectively which are an order of magnitude greater than its screening criteria
of 750 ug/l. These VOCs along with the detected TPH compounds were used in assessing the
presence and distribution of petroleum hydrocarbons.
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Six (6) groundwater sampling locations had detections of TPH and petroleum aromatic
hydrocarbons. Four (4) of the six (6) locations were downgradient of the OWS Area. A summary
of these sampling results is presented below:

OWS SAMPLE
UST SAMPLE LOCATIONS LOCATIONS EPA RBC?
COMPOUND CRITERIA

MW- DPT WP-1 WP-2 DPT 6MW-3S DPT DPT

117 #200 #11 #9 #13
TPH as Gasoline 3.0 12/8 9.1 0.27 040 <0.05 0.18 <0.25 1.0
(mg/l)
TPH as Diesel Fuel 2.7 21 6.9 <0.30 <0.3 2.7 <3.0 <0.3 1.0@
(mg/l)
TPH as Fuel Oil (mg/l) <1.0 <20.0 BDL BDL 23 <5.0 <1.0 <1.0 1.0%
Ethylbenzene (ug/l) 66/76 530 <5 <5 6.6 <5.0/<10 <5 9.3 1,300
Naphthalene (ug/l) 32 81 NT NT <10 <10 <10 <10 6.5
Toluene (ug/l) 68/310 2,200 2,000 25 <5.0 <5.0/<5 6.4 <5.0 750
Xylene (ug/l) 290/ 3,100 250 <5 37 <5.0/ <5 <5 12,000

450 <10
Notes:
1. Off-site analytical result/On-site analytical result for DPT sample #2
2. EPA Risk-based Criteria for Tap Water.
3. Underlined text exceeds the screening criteria.
4. Virginia Groundwater Standard for Petroleum Hydrocarbons.
5. 1995 sample result / 2000 sample result results reported for ethylbenzene, toluene, and xylene in MW-117 and 6MW-3S

The distribution of the above compounds is similar to that observed for PCE and its degradation
products. Based on the Former UST Area as the source of the release of petroleum hydrocarbons
to groundwater and including all sampling in the groundwater assessment locations, there is an
apparent pattern in the distribution of the TPH compounds and PAHs. The highest concentrations
of TPH (as Gasoline) and PAHs occur at DPT #2. The TPH and PAH concentrations decrease
laterally from DPT #2 in the upgradient direction (at DPT #11 and DPT #9) and in the downgradient
location (in well MW-117). Since DPT #9 and DPT #11 are downgradient of the OWS, the detected
TPH compounds may be related to leakage from the OWS and/or migration from the Former UST
Area or both. The detected TPH compounds in WP-1 which is located within the former UST pit and
WP-2 and in well MW-117 which are downgradient of the Former UST Area appear to delineate the
trailing edge of a plume migrating away from the Former UST Area. The TPH and PAH compounds
were also detected at DPT #13 west of DPT #2 but not to the east at DPT #16. As noted for the PCE
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plume, the TPH and PAH plume is also narrow and migrating in the predominant groundwater flow
direction toward the northeast.

With respect to the vertical extent of these compounds, the DPT points and Monitoring Wells MW-
117 and 6MW-3S penetrated to a depth of approximately 14 feet. Only Wells 6MW-3D, 6MW-2, and
DPT 17 extended to a depth of 30 to 40 feet below grade, but the sample from these wells and DPT
point did not contain any detectable concentrations of the TPH or PAH compounds. As was the case
for the PCE plume, the vertical extent of the distribution of TPH and PAHSs is a minimum of 14 feet
below grade but not to 30 feet below grade.

Although the analytical results correlate with the conceptual model for the plume, there are a few
sampling locations with non-detects for TPH and PAHSs that do not. First, none of the TPH or PAH
compounds were detected in DPT #3 which is downgradient of DPT #2 and upgradient of the OWS.
The sampling depth for DPT #2 of 13 feet below grade was deeper than that of DPT #3 at 9.5 feet
below grade. The non-detects for TPH and PAH at DPT #3 may indicate that the detected
compounds in DPT #11 (downgradient of DPT #3) may be related to the OWS and not to migration
of a plume from the Former UST Area. DPT #1 and DPT #5 located east and west of the centerline
of the area of impact penetrated to 13 and 9 feet below grade, respectively. Neither DPT sample
contained detectable concentrations of TPH and PAHs. These two points are beyond the lateral
area of impact. DPT #12 also did not contain detectable concentrations of TPH and PAH
compounds. This location of DPT #12 may be impacted by groundwater flow influenced by
subsurface features such as utility lines, building construction, or sedimentary variations.

Naphthalene was detected at MW-117 and DPT #2 at concentrations greater than the EPA RBC for
tap water. All other SVOCs were detected at concentrations that were two orders of magnitude less
than the available screening criteria. All other samples were below detection limits for TPH
compounds.

The concentration for total and dissolved arsenic, iron, and manganese exceeded the screening
criteria at well MW-117 in the 1995 and 2000 year. No other sampling locations in the Former UST
Area detected concentrations of total or dissolved metals above the screening criteria.

OWS Area

The presence of VOCs, TPH, and PAHs detected in either DPT or groundwater well samples in the
OWS Area are discussed under the Former UST Area.

All SVOCs detected in the OWS Area were below detection or detected at concentrations two orders
of magnitude below the screening criteria.

Total arsenic was detected in well BMW-3S in 1995 at a concentration of 14 ug/ which is above the
0.045 ug/l EPA RBC Criteria. However, arsenic was not detected in the dissolved metals analysis
o~ for 6MW-3S which indicates that arsenic is not dissolved in groundwater at detectable
concentrations. Thus, the total arsenic value is not representative of groundwater quality and is
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associated with the sediment in the groundwater sample. Neither total nor dissolved arsenic was
detected in 6MW-3S during the 2000 year sampling event.

Various total and dissolved metals including antimony, iron, and manganese were detected through

the OWS area above the EPA RBC.

Sandbox Area

The distribution of the VOCs, TPH, and PAHSs, with respect to depth and lateral distance, were
discussed under the Former UST Area. No SVOCs were detected at concentrations greater than
the screening criteria.

Total aluminum, arsenic, barium, cadmium,—and chromium, copper, iron, lead, manganese,
vanadium, and zinc were detected in DPT samples in the Sandbox areaat-DPT-#7 and DRT #9 at
concentrations greater than the screening criteria. —Fotal-manganese-was-detected-inthe-sample

om-DP1#9-at-a-concentrationthat-exceeded-the-screening-eriteria—Since no dissolved metals
analysis is available for these two locations, no conclusions can be made with regard to whether the
detected concentrations are associated with sediments in the groundwater sample or in a dissolved
state in groundwater. i i jons:;

4.5 AuUTO CRAFT BUILDING AREA
.

Soil and groundwater samples were collected at the former Auto Craft Building Area to define the
nature and extent of contamination. Surface soil samples were collected by hand auger while
subsurface soil and numerous groundwater samples were collected by DPT methods. In addition,
groundwater samples were collected from newly installed and existing monitoring wells.

In this section analytical data for all media is compared against EPA risk screening criteria.
Groundwater is screened against EPA RBC for tap water while soils data are compared to EPA RBC
for industrial and residential soils. This initial screening against these criteria are only used to assign
significance to the analytical data and not as an analysis of risk or impacts. A detailed risk
assessment which screens the data against ARARs such as MCLs, surface water quality standards,
EPA soil screening levels, EPA RBC residential soil criteria, EPA Region Il BTAG ecological risk
levels, etc. is provided in Sections 6.0 (Human Health Risk Assessment) and 7.0 (Ecological Risk
Assessment).
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4.51 Surface and Subsurface Soils
Soil Analytical Results

Soil samples were collected from six (6) soil borings with samples collected from three depths to
assess the lateral and vertical extent of contamination in the vadose zone.

All soil samples were analyzed for VOCs, SVOCs, and TPH heavy and light fractions while one (1)
surface and three (3) subsurface soil samples were additionally analyzed for metals and cyanide.
Table 4-14 provides the analytical results for the soil samples collected at the site. As shown in
Table 4-14, only those contaminants detected are presented. Additionally, the EPA Region IIl RBC
Criteria for Industrial and Residential Soils are presented for comparison purposes. The EPA Region
[ll RBCs for industrial and residential soils for non-carcinogenic compounds presented in Table 4-14
have been adjusted to a hazard quotient of 0.1 by dividing them by a factor of ten. The RBCs were
established for single contaminant exposure situations, however, because multiple contaminants
have been detected for soil, the RBCs have been adjusted.

VOCs

Several VOCs including acetone, ethylbenzene, methylene chloride, MEK, styrene, toluene, TCE and
xylenes were detected in surface and subsurface soils. Acetone was detected in 1 of 18 soil
samples (31 ug/kg), ethylbenzene in 1 of 18 samples (1.6 ug/kg), methylene chloride in 1 of 18
samples (41 ug/kg), MEK in 4 of 18 samples (55 to 100 ug/kg), styrene in 1 of 18 samples (6 ug/kg),
toluene in 10 of 18 samples (7.9 to 34 ug/kg), TCE in 1 of 18 samples (33 ug/kg) and xylenes in 1
of 18 samples (16 ug/kg).

All concentrations were at least 3 orders of magnitude less than the risk screening criteria for
industrial and residential soils. Acetone, methylene chloride, and MEK are common laboratory
artifacts.

SVOCs

Numerous PAHs were detected from two depths (0 to 1 foot and 5 to 7 feet) in soil boring #1 which
is located upgradient of the site and under an asphalt pad. Although concentrations of
benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene were
higher than the risk screening criteria, the PAHs present are probably related to leaching from the
asphalt parking lot and not attributable to site influences. Butylbenzylphthalate was detected in 2 of
18 samples at concentrations of 230 and 550 ug/kg.

TIPH

TPH as Heavy Oils was detected in 6 of 18 samples (72 to 390 mg/kg) at the site. Five of these
samples had concentrations greater than the 100mg/kg screening criteria. The location and
concentration of these samples is presented on Figure 4-5. No other TPH compounds were
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detected in soils at this site.
Metals

Numerous metals were detected in surface and subsurface soils. Detection frequencies and range
of concentrations for each of these metals is provided below:

AUTO CRAFT SOIL SAMPLES
RANGE AND FREQUENCY OF DETECTION OF INORGANIC COMPOUNDS
Compound Range (mg/kg) Frequency EPA RBC (mg/kg)

Aluminum 440 to 5200 4/4 100,000/7,800
Arsenic 1.1t01.5 4/4 3.8/0.43
Barium 2.810 82 4/4 14,000/550

' Beryllium 0.058 1/4 410/16
Cadmium 0.18 1/4 100/3.9
Calcium 84 to 1200 3/4 --
Chromium 23t08.6 4/4 610/23
Cobalt 0.79t0 4.4 2/4 4,100/160
Copper 5t0 18 2/4 8, 200/310
Iron 1200 to 9100 4/4 120,000/4,700
Lead 1.7t0 95 4/4 1,200/400
Magnesium 96 to 2400 4/4 -
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