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DEPARTMENT OF THE NAVY
SOUTHERN DIVISION
NAVAL FACILITIES ENGINEERING COMMAND
£.0. BOX 100010
2155 EAGLE ORIVE
NORTH CHARLESTON, §.C. 204198010

5090/11
Code 1877
6 July, 1998

Mr. John Litton, P.E.

Director, Division of Hazardous and Infectious Waste Management
Bureau of Land and Waste Management

South Carolina Department of Health and Environmental Control
2600 Bull Street

Columbia, SC 29201

Subj: SUBMITTAL OF CHANGES TO ZONE H RCRA FACILITY INVESTIGATION
REPORT

Dear Mr. Litton,

The purpose of this letter is to submit changes to the Zone H RCRA Facility Investigation
Report for Naval Base Charleston. The Report was previously submitted to fulfill the
requirements of condition IV.B.2 of the RCRA Part B permit issued to the Navy by the South
Carolina Department of Health and Environmental Control and U.S. Environmental Protection
Agency.

The Zone H RFI report was previously approved by the Department. These changes
incorporate data that has been collected after the report submittal on AOC 667/SWMU 138 and
provide an update on the nature and extent delineation for these sites. We request that the
Department and the EPA incorporate this information into the existing document. If you should
have any questions, please contact Bill Drawdy or myself at (843) 743-9985 and (843) 820-
5525 respectively.

Sincerely,

A st

M.A.HUNT, P.E.
Environmental Engineer
Installation Restoration III

Copy to:

SCDHEC (Paul Bergstrand, Johnny Tapia), USEPA (Dann Spariosu),
SOUTHNAVFACENGCOM (Matthew Hunt), CSO Naval Base Charleston (Billy Drawdy,
Daryle Fontenot), SPORTENVDETCHASN (Bobby Dearhart)
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2600 Bull Street NSN 7640013177368 SOW GENCRAL SEAVICES ADMINISTRATION

Columbia, SC 26201-1708 '
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e Boyent August 28, 1997
BOARD:
fong H. Burrias LCDR Paul Rose
Officer in Charge, Caretaker Site Office
Vot M. Hall Je MD Naval Facilities Enginccring Command, Southem Division
N Building NI1-45
Roger Leaks %,
Seorctary Charleston Naval Base
. Charleston, SC 29408-2020
Richard E. Jabbou, DDS
Cyndi C. Moscikr Re:  Zone H Final RCRA Facility Investigation (RFT) Report
. . Page Changes and Response to Comments, June/24/97
Beisn K- Smith Charleston Naval Base
Rodacy L. Grandy SCO0 £70 022 560
Dear LCDR Rose:

The South Carolina Depariment of Health and Environmental Contrel (Department) and the
U.S. Environmental Protection Agency (EPA) have reviewed the above referenced Zone H Fingl
RF] Report, page changes and response 1o cormments, according to applicable State and Federal
Regulations and the Charleston Naval Base Hazardous Waste Permit, effcclive June 5, 1990.
Based on this review, the Department has minor conunents Lthat must be addressed during the
Corrective Moasures Study (CMS) phase, and do not preclude this Department from
conditionally approving the Zone H RFI report as final. The Department believes that the
Charleston Navul Base complies with requirements of permit condition IV.C.6. of the RCRA

permit and concur with the Corrective Measures Recommendations provided that the following
changes are made:

- SWMU 17 groundwater should also be monitored for benzidine as part of the data
gaps to be filled.

- AOT. 655 should moattor shallow greundwater for arsenic.

- AOC 662 is a potential candidats for transfer to the subtitle I of RCRA.

- OIA GO7 and G38 cannot be considered os candidates for NFA at this time, The
cxteut of contamination for pesticides bas not been f{ully defined. Additional soil
samples (both intervals) shouwld bc collected and the risk re-evaluated. This
information can be presented as an addendum to the zone H RFI report. Per pearmit
condition IV.B.1., the up to now called Other Impucied Areas (G07, G38 and G 80)
sbould be identified as Areas of Concerm (AOC) aod given a number, These sites
should also be included in the permit renewal application.

It should be noted that according to condition IV.E.2. the permit shall be modified pursuant to
R.61-79.270.41. The parmit modifications can be made as part of the permit renewal, currently

underway. The US EPA recommended approval of the report and response to comments on
letter dated August 5, 1997.

SOUTH CARODLITINA DEPAR TMENT AT HE AT TLI AIRIIN CEATY IS /A 2l ke v ve— - -
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Commander Pau! Rose
August 28, 1997
Page two

Based on the abave and by virtue of this letter the Department bereby conditionally approves
the Zone H RFI Report.

The Departinent’s concurrence is based on the information provided by the Navy to date. Any
new information contradicting the basis for this concurrence may requirc further investigation
or action,

Should you have any questioss regarding this issue, pleasc contact Johnny Tapia at (803} 856~
4179 or Paul Bergstrand at (803) 896-4016.

Sincerely,

DM

Joan Hartley, Manager
RCRA Carrective Action Enginccring Section
Bureau of Land & Waste Management

Attachments

cc Paul Bergstrand, Hydrogeology
Rick Richter, Trident EQC
Tony Hunt, SOUTHNAVFACENGNCOM
Jay Bassett, EPA Region [V
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SCDHEC COMMENTS ON
PAGE CHANGES AND RESPONSE TO COMMENTS
DRAFT ZONE H RFI REPORT
Dated June 24, 1997

Johnny Tapta

The Department largely agrees with the response to commeat # 1, however the
RFI Report should be complete. Decisions are made based on data obtained
1o date, therefore the RFI report should contain the results of all rounds of
groundwater sampling and apalysis. These documents are for public
knowledge and should be complete. Data or handouts provided during or
before Project Team Meetings are considered exclusively for that use and not
as information that should be added to a report.

By not sending the required information the Navy could violate permit
condition IV.C.6. of the approved RCRA Perrnit. This permit condition clearly
states: ...” The RF] Report(s) shall include an analysis and summary of all
required investigations of solid waste management units and their results.”
Four rounds of groundwater sampling are required , they are not optional. The
informaton that completes the groundwater data collection and analysis could
be submitted as an addendum to the RFI scport. This information and
addendum 1o the RF] report should be submitted by September 30, 1997,

The sccond Department’s general comment was in relation to the revised
Upper Tolerance Limits (UTLs) and the changes that could have been
produced in the inclusion/exclusion of certuin contaminants as COPCs,

A revision of the data site-by-site was performed and the following findings
shall be considcred in the measure that they affect decisions made for NFA
candidate sites. If the below meationed sites are candidate for a CMS, the
below described concems should be considered during this stage:

AOC 670: Chromium should be added as a COPC in surface soil.
SWMU [4: Arsenic should be added as 3 COPC in deep groundwater.
SWMU 159: Chromium should be added as a COPC in surface soil.

Additionally, sediment detections at this site were compared to Region III
RBCs.

Considering that all of the above mentioned sites are moving into the
Corrcctive Measwres Study phase, these changes/corrections can be done
duning this stage of the Corrective Action process.

S RVEVRY]



This is o clarification to the response to specific comument # 3, which still has
the wrong value for the RBC for Aroclor 12]16. The RBC with a 0.1 Hazard
Quoticot 1s 550 ug/Kg, Since we are using the more conservative value 83
ug/Kg fur all PCB congeners, the mistaken value does not need to be changed.

The Department agrees with the response to specific comment # 4 when
RBCs are updated to a higher number. Bowever, if the number is lowered
before a docunent is approved and would considerably affcct the outcome of
a decision, it should immediately be considered and reported to this
Department. The conclusions and recommendations scctions should also be
revised in this event.,

Specilic comment # 3 was directed to include copper and Jead as having a
significant migration pathway from soil to groundwater in SWMU 19, Copper
and lead detections n soil exceeded their respective screening value (RBC and
sotl action level), in the subsurface soil they exceeded their Soil Screening
Level { SSL). Two rounds of groundwater simpling detected copper and Jead
in excess of tap water RBC and water action level, respectively. Additionally,
these two '!norgam'cs were also detected in sediments. The data shows a

potential migration pathway. Copper and Lead should be included in table
5.3.5 for SWMU 19,

Specific comment # | I made reference to AOC 655 detections of arsenic in
groundwater, specilically to well NBCH655003. Now that the four rounds of
data have been reviewed it is appropriate to monitor for arsenic in the shallow
aquifer, due to consistent detections abave UTLs ( 30-40 ug/L)and close to the
MCL value (50 ug/L). Well NBCH655002 also consistently detected arsenic
but below the accepted UTL. There arc no grid-based wells ncarby to confirm
if the presence of arsenic in groumdwater is localized or part of a bigger threat.
This stte should be monitored for arsenic.

wivva



W vy
R A MW WA
R -—h VvV 1R YWY [CYRVLVE ¥4
o Vs W N

PRO\H)TF PkOTFCT

2600 Bull Strect
Columbia. SC 29201-1708

MEMORANDIM

TO: Johany Tapia, Environmental Engineer Associate
Hazardous Waste Permitting Section !
Hazardous and Infectious Waste Management
Burcau of Land and Waste Management -

FROM: Paul M. Bergswand, Hydrogeologist
Hazardous Waste Section
Division of Hydrogeology
Bureau of Land and Waste Management

DATE: 19 August 1997

RE: Charleston Naval Base (CNAV)
Charleston, South Carolina
SCO 170 022 560

Final RCRA Facility Investigation (RFI) Report
Page changes and response to comments

Zone H

Dated 24 June 1997

The materials referenced above has been reviewed with respect to the requirements of R.61-79
of the South Carolina Hazardous Waste Management Regulations, The Environmental

Protection Agencies (EPA) RCRA_Facility Invesnigation Guidance Docnment dated May 1989,
the revised EPA Region [V Environmental Compliance Branch Standard Operaring Pmcedures

and Quality Assnrance Manual (SOP/QAM) dated May 1996 and the Final Comprehensive
Sampling and Analysis Plan dated 30 Angust 1994.

Based on that review, minor comments on the Response 10 Comments are amtached which do

not prevent approving the Zone H RFT Report as final. These comments should be
incorporated in future RFI Reports,

TR ATTADMA 4 R ST
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Specific Comments #1, 2, 3, and 4.

These commenis, in general, are ail concerming how data has been resented on maps,
more specificaily data presented in the form of risk maps in lieu:  .0-concentration
maps. The Project Tean agreed to accept risk maps for nonspec:. : polyaromatic
hydrocarbons. Therefore, when nonspecific polyaromatic hydrocurbons lend
themselves to risk maps in the report, the Navy should make the risk maps. When site

related compounds lend themselves to iso-concentration maps, the Navy should make
the iso-concentration maps.

Specific Comment #4

This comment pointed out the lack of important site features such as pipelines, tanks,
drainage ditches from site maps in the report. The apparent reason i that only the
features present in the ArcView database get printed on the sits maps. The Navy
should include important site features on site maps.

Specific Comment #8

The CNAV Project Team has agreed not to use statements such as “No Further Action
with respect to RCRA" when addressing sites transfered to the SC UST Program since
this may result in confusion regarding site status. QOnly the program area managing a
UST, SWMU or AOC will issue a “No Further Acton”.

DD970824.PMB
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DEPARTMENT OF THE NAVY
SOUTHERN DIVISION
NAVAL FACILITIES ENGINEERING COMMAND
P.0. BOX 190010
2155 EAGLE DRIVE
NORTH CHARLESTON, 5.C. 28419-9010

5090/11
Code 1877
26 June 1997

Mr. John Litton, P.E.

Director, Division of Hazardous and Infectious Waste Management
Bureau of Land and Waste Management

South Carolina Department of Health and Environmental Control
2600 Bull Street

Columbia, SC 29201

Subj: ZONE H RCRA FACILITY INVESTIGATION REPORT CORRECTIONS AND
RESPONSE TO COMMENTS

Dear Mr. Litton:

The purpose of this letter is to submit responses and page changes to the Zone H Draft Final
RCRA Facility Investigation for Naval Base Charleston. The Report is submitted to fulfill the
requirements of condition IV.B.2 of the RCRA Part B permit issued to the Navy by the South
Carolina Department of Health and Environmental Control and U.S. Environmental Protection
Agency.

Comments made by the Department and the EPA on the November 21, 1996 submittal have
been addressed and included in this submittal. We request that the Department and the EPA
review the report and provide comment or approval as appropriate. If you should have any
questions, please contact Reece Batten or myself at (803) 820-5578 and (803) 820-5525
respectively.

Sincerely,

M, Ao Mt

M.A. HUNT
Environmental Engineer
Installation Restoration III



Encl: (1) Zone H RFI Report changes, response to comments, and filing instructions, dated 24
June 1997

Copy to:

SCDHEC (Paul Bergstrand, Johnny Tapia), USEPA (Jay Bassett)

SOUTHDIV (Matthew Hunt, Reece Batten), CSO Naval Base Charleston (Billy Drawdy,
Daryle Fontenot)

SPORTENVDETCHASN (Dearhart)
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NAVAL BASE CHARLESTON
RESPONSE TO SCDHEC COMMENTS
FINAL ZONE H RFI REPORT
July 5, 1996 Version

SCDHEC Comments Dated January 3, 1997
GENERAL COMMENTS - Johnny Tapia
Comment 1:

The Department agrees with the statement made in the report that third and fourth groundwater
sampling rounds should be included (where applicable) and used to determine if the presence of
some constituents needs to be further considered and the possible impacts that these constituents
may have on human health and ecology.

Response 1:

Agreed. Per the March 1997 Project Team meeting, consensus was reached that the Navy
will provide the team with a summary of CMS recommendations which will include all the
groundwater data for each zone. The CMS recommendations and groundwater data were
provided to the team in preparation for the April 24-25, 1997 project team subcommittee
meeting.

Comment 2:

There is a concern about the high values of the determined Upper Tolerance Limits (UTLs) for
Arsenic. The UTL values for Arsenic are much higher than the RBCs which in the process of
screening against RBCs first and then UTLs, could screen out sites with high Arsenic presence
that will not be protective of human health and/or produce a very high risk.

The statistical approach used for the determination of background values at Zone H, raised two
questions:

. The UTLs statistical approach is recommended by EPA for the analysis of groundwater
monitoring data. Is this method adequate for use on analytical data of soils?

. Has EPA recommended this method for use in soils analytical data?

Response 2:

Past and continued use of UTLs was discussed in detail at a technical “subcommittee”
meeting of Project Team members held on March 25, 1997. The group reached consensus
that the UTL method will be used to calculate background for all zones. On April 22, 1997



Response to Comments
Charleston Naval Base
Final Zone H RFI Report
Dated July 5, 1996

SCDHEC agreed to revised values for Zone H arsenic background concentrations which are
listed in the following table.

Zone H
Revnsed Arsemc UTL Concentmtwns (ppm)
my | gon Griginal oo ;;;Revisad U'I‘L
Soil (Upper Interval) 14.81 15.6
Soil (Lower Interval) 35.52 22.5
Groundwater (Shallow) 27.99 21.5
Groundwater (Deep) 14.98 8.2

The UTL revisions affected the following sites based on the data presented in the RFI
report. SWMU 159 sediments would not be considered in the risk assessment. The
maximum detected value of arsenic in soil and sediment at SWMU 159 was between
14.81 ppm and 15.6 ppm. Deep groundwater at SWMU 9 and shallow groundwater at
AOC 660 had maximum arsenic detections between 14.98 ppm and 8.2 ppm. However, risk
management decisions identified groundwater at AOC 660 as no further action. Arsenic
in lower interval soil would now be considered in the fate and transport analysis at
SWMU 17 and AOC 670. The effect of the arsenic UTL revisions has been considered as
part of the risk management decision making process.

SPECIFIC COMMENTS:
Comment 1:

Previous Comment #10 made reference to the detection of BEHP above RBSLs in several
monitoring wells during the first round of sampling. The response to this comment from
NAVBASE still has not explained why the second round of sampling has not included SVOCs
and why the variations from high detection (above RBSLs) to non-detect (ND) on the third
round, and in the fourth round of groundwater sampling was detected at 740 ug/l, which is much
higher than 4.8 ug/l.

Response 1:

SVOCs were inadvertently omitted from the list of analytical parameters for the second
round of groundwater samples collected at SWMU 14,



Response to Comments
Charleston Naval Base
Final Zone H RFI Report
Dated July 5, 1996

Given the inconsistent occurrence of BEHP it is strongly suspected that BEHP is present
as a laboratory artifact. Of the ten wells installed at SWMU 14 (5 shallow, 5 deep) BEHP
was reported in nine of the wells during the first round of sampling. All except one of the
detections were estimated. The one detection that was not qualified as estimated was only
slightly above the other estimated values. The second round samples were not analyzed for
SVOCs. The only BEHP detection in the third round was in NBCH01404D which happened
to be the only well that was ND for BEHP in the first round. BEHP was detected in two
wells in the fourth round. Each of these wells were ND for BEHP in the third round. One
of the fourth-round samples with a BEHP detection was duplicated and the duplicate was
ND for BEHP. This suggests that the BEHP was introduced through the sampling or
analysis process. The following table presents all BEHP data for SWMU 14 wells.
Continued groundwater monitoring will occur as part of the CMS process to determine the
source of BEHP.

NBCHO014001 22] _ T )
NBCHO014002 11.8 _ U
NBCH(14003 51 _ U PR
NBCHO014004 58]J _ U U
NBCHO014005 1.8 _ 8] 220 (U)
NBCHO01401D 1.7] _ U u
NBCHO01402D 11.2U) _ U )
NBCH01403D 7.5) _ U U
NBCHO01404D U ) _ 740 U
NBCHO01405D 10 UJ _ U U

Notes:

- BEHP not analyzed for during the second round.

J Estimated value.

U Compound not detected above method detection limit.

() Duplicate results.



Response to Comments
Charleston Naval Base
Final Zone H RFI Report
Dated July 5, 1996

Comment 2:

The third paragraph of the Executive Summary states that 31 SWMUSs and AOCs were tdentified
as needing further assessment. However in page 1-15, fourth paragraph is stated that only
30 sites were deemed as needing further investigation and only these 30 sites are described on
Table 1.1 as requiring further investigation. This discrepancy should be clarified.

Response 2:

The executive summary has been corrected to list “30" as the number of sites deemed as
needing further investigation. Please complete the page changes for the Executive Summary
as instructed by the errata page directory attached to this response to comments.

Comment 3:
Table 4.1.2 SWMU 9, Trench Soil Samples, Organic Compounds in Soil:

. In a review of the April 19, 1996 EPA Region IIl Risk Based Concentration tables was
found that the RBSLs for Aroclor 1242, Aroclor 1252 and Aroclor 1260 is 160 ug/Kg.

. The RBSL for Aroclor 1016 is 550 ug/Kg.
. These values should be modified in Table 4.1.2.
Response 3:

The EPA Region III RBC tables list a hazard based residential RBC for Aroclor 1254 and
Aroclor 1016 of 1,600 ug/kg and 55,000 ug/kg, respectively. Adjusting to a target hazard
quotient of 0.1 would yield 160 ug/kg and 5,500 ug/kg. All PCB congeners (Aroclors) are
considered to be carcinogenic. The cancer-based residential RBC is 83 ug/kg for all PCB
congeners. The screening process used the more conservative cancer-based RBC for all
PCB congeners. The risk-based screening level provided for Aroclor 1016 on Table 4.1.2
should be changed to 83 ug/kg. Please complete the page change for Table 4.1.2 of the
Zone H RFI as instructed by the errata page directory attached to this response to
comments.



Response to Comments
Charleston Naval Base
Final Zone H RFI Report
Dated July 5, 1996

Comment 4:
Table 4.1.3:
. In a review of the April 19, 1996 EPA Region III Risk Based Concentration Tables.

. The RBSLs for Arsenic is 0.43 mg/Kg as a carcinogen; and 23 mg/Kg as a
non-carcinogen under a residential scenario.

. The RBSL for Manganese is 1800 mg/Kg as a non-carcinogen, instead if 390 as used in
Table 4.1.3.

. Table 4.1.3 should be modified to include the appropriate RBCs values.
Response 4:

Risk assessments are developed with the best available information at the time of
preparation. Reference information such as the RBC tables are continually updated and
have the potential to change with each six-month update. The RFI was current with the
October 1995 Region II1 RBC Tables when it was submitted. The Navy proposes that in
lieu of revising the report every time the RBCs change prior to completion of the review
period, only the conclusions/recommendations section be updated. Project Team has agreed
that when changes occur in a chemical’s RBC between the time of RFI preparation and
approval, appropriate consideration to the change will be provided in the risk management
decision making process.

The arsenic risk-based screening level provided on Table 4.1.3 was taken from the
March 1995 Region III RBC Tables. The RBC for arsenic changed between the
March 1995 and October 1995 versions. The arsenic change was an increase in the RBC
from 0.37 ppm to 0.43 ppm. Since the RBC used throughout the report (0.37 ppm) is more
conservative than the more recent RBC (0.43 ppm), changing the value is not considered
critical to the report. The manganese RBC provided on Table 4.1.3 is current with the
October 1995 version and should remain unchanged at 39 mg/kg. The hazard-based RBC
for manganese changed between the October 1995 and June 1996 versions.



Response to Comments
Charleston Naval Base
Final Zone H RFI Report
Dated July 5, 1996

Comment 5:
SWMU 17, Section 4.2.2.2, Semivolatile Organic Compounds in Groundwater:

. From the sampling of groundwater at SWMU 17, Benzidine was detected at well number
NBCHO17005 at a concentration of 56 ug/l which is more than 5 orders of magnitude
greater than its RBSL(0.00029 ug/l). There was no second round of sampling done at
this well nor analysis for benzidine. There is no justification provided for not conducting
a second round of sampling at well NBCHO017005. If constituents are detected above their
respective RBSLs, then additional sampling and analysis for those constituents is
warranted. It should be explained why the no action at this well after Benzidine was
detected at high concentrations.

Response 5:

The first round of groundwater sampling at SWMU 17 involved 4 wells. Based on those
results, two additional wells were installed. During the second round of sampling these two
new wells were sampled for the first time and as such were labeled inappropriately
“01" samples. Time-wise they are 02 samples. So, actually the benzidine was detected in
the second round of sampling. In the third round of sampling benzidine was not detected.
It was not analyzed for in the fourth round because it was screened out following the data
evaluation procedures described in the Comprehensive RFI Work Plan. As agreed at the
April 24-25, 1997 project team subcommittee meeting, additional groundwater monitoring
will be performed during the CMS in an effort to further confirm benzidine is not a site
constituent.

Comment 6:
Section 4.23, Other Impacted Areas:

Aroclor 1260 was identified in the vicinity of grid-based sample location GDHSBO038.
Figure 4.23.1 identify those locations and additional samples taken to confirm these findings.
One of these locations was labeled G387SB001. This identification seems to be incorrect and
the correct labeling should be G39SB001. There is also a soil sample location labeled as
GDHSW04D07 which is not identified on Figure 4.23.2. All the previous observations on
Figure 4.23.2 should be either corrected or clarified.
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Response 6:

The correct label for G387SB001 is G38SB001. Please complete the page change for
Figure 4.23.1 of the Zone H RFI as instructed by the errata page directory attached to this
response to comments.

The soil sample GDHSW04D07 was collected from monitoring well NBCHGDH04D as
explained in the text on page 4-347.

Comment 7:
Table 5.2.1:

. The values used for groundwater protection SSL or UTLs for Endosulfan I and
Endosulfan II are 300 ug/Kg instead of 400 ug/Kg. The same observation is applicable
to Endosulfan Sulfate.

. The tap water RBCs for 1,1, 1-trichloroethane is 790 ug/1 instead of 1,300 ug/1 described
in the table. Table 5.2 should be modified to included the above menticned values.

Response 7:

The soil-to-groundwater migration screening level for endosulfan is incorrectly listed in the
EPA Region III RBC Tables as 3,000 mg/kg (300 mg/kg based on a THQ of 0.1). The
Zone H Final RFI is current with EPA’s Draft Soil Screening Guidance which lists a SSL
of 4,000 mg/kg using the default DAF of 10 (400 mg/kg based on a THQ of 0.1). The SSL
for endosulfan was cross-assigned to endosulfan I, endosulfan I, and endosulfan sulfate.
The tap water RBC for 1,1,1-trichloroethane (130 ug/L based on a THQ of 0.1) given on
Table 5.2.1 was taken from the October 1995 RBC Tables. The tap water RBC for
1,1,1-trichloroethene changed to 790 ug/L (79 ug/L based on a THQ of 0.1) between the
October 1995 and the June 1996 versions of the RBC Tables. The response to Comment 4
above describes the consensus agreement reached by the project team for dealing with RBC
values which change during the report review process.

Comment 8:

Table 5.3.1 describes chemicals detected in soil at SWMUs 19, 20, 121 and AOCs 649, 650,
651, 654. The detected chemicals are compared to groundwater protection soil screening levels
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and also are described if found in one or two rounds of sampling and if they exceeded Tap water
RBCs in shallow groundwater.

Lead and Copper are chemicals that were found in surface soils and subsurface soils and during
the two rounds of groundwater sampling. They also exceeded tap water RBCs. Based on this
observation it is of concern that these two chemicals are not listed on Table 5.3.5 as being of
concern and having a possible migration pathway from soil to groundwater. These two
compounds should be included in the list of Table 5.3.5 and considered further.

Additionally, Table 5.3.2 lists the chemicals found in groundwater and surface water. From this
table it is apparent that Vanadium should also be included in Table 5.3.5 for SWMU 9 as a
possible groundwater migration pathway. Vinyl chloride was also found in very high
concentrations (about 4 orders of magnitude higher than its tap water RBC 0.019 ug/) as
described in Table 5.3.2, and should also be included in Table 5.3.5 for SWMU 9.

Response §:

Copper and lead were both identified as exhibiting the potential for soil to groundwater
migration on Table 5.3.5. Copper for SWMU 121 and lead for SWMU 121 and AOCs 649
and 650. Vanadium detections in groundwater were isolated to monitoring well NBCH0012.
Inorganics are not generally amenable to transport with in an aquifer’s matrix. Based on
the isolated nature of vanadium in the groundwater and the resistance to movement in the
aquifer, surface water concentrations are more likely due to surface soil to sediment
migration rather than groundwater migration. Vinyl chloride detections were found to be
isolated to monitoring well NCBH009007. Travel time analysis predicted travel times from
this area of SWMU 9 to surface soil to be close to 100 years, not taking into account the
attenuative capacity of the aquifer. Vinyl chloride was not detected in surface water. The
data have shown that vinyl chloride is not a significant groundwater migration concern.

Comment 9:

Table 5.3.4 is labeled as “Chemicals Detected in Soil And Sediment”. 1t should be clarified in
a footnote that all sediment samples collected, related to SWMU 9, were collected in relation
with the impact that surrounding units (SWMUs 19,20, 121 and AOC 654) are likely to have
on sediments.

Response 9:

This point is explained in the text on page 5-36; first paragraph.
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Comment 10:
SWMU 17, Section 5.6:

. This section identifies in the text and in Table 5.6.1 Aroclor 1260 as able of impacting
shallow groundwater. This contaminant was found in very high concentrations at both,
surface and subsurface soils and above groundwater protection soil screening levels.
Aroclor 1260 should be considered as having a significant potential for migration from
soils to groundwater in Table 5.6.3.

Response 10:

Aroclor 1260 was detected above the SSL in surface and subsurface soil samples but not in
groundwater samples. However, since the detection limit for Aroclor 1260 in groundwater
is above the tap water RBC, the potential exists for there to be non-detectable
concentrations of Aroclor 1260 in SWMU 17 groundwater above the tap water RBC,
Aroclor 1260 will be added to Table 5.6.3. Please complete the page change for Table 5.6.3
of the Zone H RFI as instructed by the errata page directory attached to this response to
comments.

Comment 11:
AQC 655, Section 5.10, Table 5.10.1:

. The groundwater maximum concentration of Arsenic was found to exceed tap water RBC
or UTLs. This was identified in the text, however in the last column of Table 5.10.1 is
not shown that Arsenic concentration in groundwater of 42.3 ug/] exceeded the screening
level of 27.99 ug/l. Table 5.10.1 should be corrected.

Response 11:
Table 5.10.1 will be corrected. Please complete the page change for Table 5.10.1 of the

Zone H RFI as instructed by the errata page directory attached to this response to
comments.
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Comment 12:

Section 6.2.1.5, Risk Characterization for SWMU 19, states that from Tables 6.2.1.43 and
6.2.1.44 was concluded that Arsenic is the primary contributor to Increment Lifetime Cancer
Risk (ILCR), with an ingestion ILCR value of 4.6 E-5. This values is different from the value
found at Table 6.2.1.43, which is 3.7 E-5. Inthe same section the dermal contact and ingestion
pathway ILCR for Hypothetical Site Workers are switched according to the values presented on
the corresponding tables.

Response 12:

The text will be corrected. Please complete the page changes for pages 6-81 and 6-82 of the

Zone H RFI as instructed by the errata page directory attached to this response to

comments.

Comment 13:

Page 6-119, Deep Groundwater for Hypothetical Site Residents:

. In the first paragraph for the First Quartile sitewide, is it stated that the Hazard Index
(HI) for the ingestion pathway for the adult resident is 55. From the review of
Table 6.2.1.59 it was observed that this value was 59, not 55. This page should be
corrected.

Response 13:

The text will be corrected. Please complete the page change for 6-119 of the Zone H RFI
as instructed by the errata page directory attached to this response to comments.

Comment 14:
Section 6.2.1.8 RGOs. Pages 6-127 and 6-128 typographical errors:
. When describing the tables that contain calculated RGOs for SWMUs 20, 121, and

AOCs 649 and 650; all the paragraphs make reference to SWMU 19 when it should
make reference to SWMU 9. This pages should be corrected.
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Response 14:

The text will be corrected. Please complete the page change for 6-127 and 6-128 of the
Zone H RFI as instructed by the errata page directory attached to this response to
comments.

Comment 15:

Section 6.2.2.8, RGOs, page 6-259:

. The header for the text that describes the Remedial Goal Options (RGOs) for soil and
groundwater are switched. The headers or the paragraphs should be changed.

Response 15;

The text will be corrected. Please complete the page change for 6-259 of the Zone H RFI

as instructed by the errata page directory attached to this response to comments.

Comment 16:

Section 6.2.3.5, Risk Characterization:

. This section on page 6-303 states that the Hazard Index (HI) for the adult resident is 0.15
for the soil ingestion pathway for SWMU 14. Table 6.2.3.32 shows the hazard index
as 0.13 instead. On the same fashion, the HI for the child ingestion pathway is said to
be 1.0. From a review of Table 6.2.3.32 it was found that the HI adds up to 1.2

instead.

o On page 6-304 the computed HI for adult residents is described to be 0.38 for the soil
ingestion pathway, however Table 6.2.3.34 the HI value for this pathway is 0.2.

. On page 6-307, the hypothetical site workers HI for dermal contact is 0.04 instead of
0.06.

. Section 6.2.3.5 “Risk Characterization” for SWMUs 14 and 15 should be revised such
that the values of HI described in the text reflect the values that the corresponding tables
have.

11
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o It should be explained how/why these values are approximated and if there will be any
effect of using this approach in the final values of risk and/or hazard. As stated in a
previous comment for the Zone B Draft RFI Report, the values of risk and hazard should
not be approximated until risk or hazard is added up by chemical of concern, pathway,
etc. Describing values or risk and hazard that do not match between the text and the
results of the tables shows inconsistency and can cause confusion.

Response 16:

First bullet; the text on page 6-303 will be corrected. The cumulative HI is appropriately
rounded to reflect the level of certainty. Second bullet; the text on page 6-304 will be
corrected. Third bullet; the text on page 6-307 will be corrected. Fourth bullet; the
corrections in the text will be made. Discrepancies between text and tables will be
corrected. Final bullet; by risk assessment convention, cumulative risk and hazard values
are rounded to one significant digit and to the nearest whole number, respectively, to
reflect the level of certainty (or uncertainty) in the estimations. Please complete the page
change for 6-303, 6-304, 6-307 of the Zone H RFI as instructed by the errata page directory
attached to this response to comments.

Comment 17:

Sections 6.2.3, 6.2.4 and 6.2.5 for SWMUs 14, 17 and 159, AOC 655 detected the presence
of an indeterminate lubricant oil in soils at concentrations above the screening levels and with
high frequency of detection. The text of any of these SWMUs and AOC does not contain an
explanation for the presence of this oil and/or its possible source. Additionally, this lubricant
oil is considered a COPC but is eliminated from the risk assessment without explanation of any
sort. All the above concerns should be addressed and included in the Report.

Response 17:
TPH do not, as a group, have sufficient toxicological data to perform risk/hazard

evaluations. As a result, TPH were screened using the NAVBASE action level of
100 mg/kg. This is explained on page 6-13.
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Comment 18:
Section 6.2.82, COPC Identification:

o There is a typographical error in these section. It is stated that the concentrations of
TPH ranges between 75 - 120 mg/Kg. This should be corrected to 75 - 150 mg/Kg.

Response 18:

The text will be corrected. Please complete the page change for 6-560 of the Zone H RFI
as instructed by the errata page directory attached to this response to comments.

Comment 19:

This Department agrees with the proposed inclusion of SWMU 9, shallow and deep groundwater
media, in the Corrective Measures Study (CMS) phase. For this purpose, the results of third
and fourth rounds of sampling will be considered in the CMS phase.

Response 19:

Comment noted.

Comment 20:

Appendix J, the technical background document, was reviewed according to the text and
following the process to calculate background values for inorganics for Zone H. From this
review, specifically for Arsenic, it is apparent that the sample sizes for soils (surface and
subsurface), as stated in the text, does not coincide with the number of samples presented in
Appendix M “Grid-Based Analytical Data for Zone H NAVBASE Charleston”. This Appendix
lists 58 samples for the subsurface soils level and 94 for the surface soils level. One of the
samples for the subsurface level could be considered as an outlier, which will leave the sample
size of 57.

In addition, the Arsenic background value for subsurface soils (level 2) seems to be to high.
It is asked from the navy to review the analytical data for arsenic background determination and
provide a detailed response, including but no limited to calculations of all parameters, i.e. std.
deviation, sample sizes, etc. and provide a comprehensive response to this concern.

Response 20:

Please refer to response to general Comment 2 above.
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GENERAL ISSUES - Paul Bergstrand:
Comment 1:

The first issue is that risk levels are being used to determine chemicals of potential concern
before the extent of contamination has been defined. This issue has been discussed in the
Zone B RFI Report and will be an issue in upcoming RFI Report reviews.

Response 1:

The process by which CPSSs are reduced to COPCs was established earlier in the
Comprehensive Work Plan.

In an environment such as NAVBASE it is impractical to define the extent of every CPSS,
particularly since most of the CPSSs are not present as a result of the past site activities for
which the site was sampled. Numerous compounds, particularly polyaromatic
hydrocarbons, are present across NAVBASE as a result of being in an industrial area.
These are often detected in samples collected during a SWMU or AOC investigation.
E/A&H considers the reduction of CPSSs to COPCs through comparison to risk-based
screening concentrations and upper tolerance limits to be a practical approach to identifying
areas that may present unacceptable risk, and as such, be considered in the risk assessment
process.

In order to provide reviewers with more detail regarding all organic CPSSs, a set of tables
has been prepared and delivered to SCDHEC on February 3, 1997. These tables list every
organic chemical detection for every soil sample collected in the Zone H RFI. Also, to aid
in the review of the document, a set of four maps depicting all organic chemical detections
in Zone H groundwater samples for the first two rounds of sampling have been prepared
and were sent to SCDHEC for delivery on February 14, 1997.

Comment 2:

At most sites, the full extent of contamination has not been defined.

Response 2:

This comment is closely related to the concern raised in comment 1 since there appears to
have been a difference in opinion of first defining what constitutes “contamination” and

secondly, is it defined by concentration or risk levels. The Navy is under the impression
that the project team will define contamination as described in the Comprehensive RFI Work
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Plan. The project team has also agreed that the “full” extent of contamination does not
mean sampling to non-detect levels so the real question becomes whether the site is
“adequately” characterized to make CMS or no further action decisions. The Navy
believes the sites have been adequately characterized to make decisions as evidenced by the
recent efforts of the project team at the April 24-25, 1997 meeting.

Comment 3:

There is an absence of sample or site specific contaminant tables showing analytical detects only
and contaminant maps showing separate or groups of analytical detects only in this document.
These tables and contaminant maps are strongly recommended in the EPA RFI Guidance and
should be included in this document. Because the RFI does not provide these items it becomes
very difficult and time consuming for a reviewer to comprehend and independently confirm site
conditions.

Response 3:

See Response 1, second paragraph.

Comment 4:

Site maps provided do not show the boundaries of SWMUs or AOCs. In addition, important
site features such as pipelines, tanks, drainage ditches are not represented.

Response 4:

The RFA and the zone-specific RFI work plans included figures with approximated site
boundaries. The intent of the RFI was to define site boundaries based on the results of
sample analyses. As discussed in previous Project Team meetings, the distribution of
site-related compounds at most of the SWMUs and AOCs does not lend itself to mapping.
Instead, mapping of chemical risk/hazard was proposed as a viable alternative to mapping
chemical concentrations. @ The resulting risk/hazard contours provide the best
approximation of site boundaries relative to human health or ecological risk/hazard.

Where site features are considered critical to the investigation, they will be presented on

the figures. Two figures (Figures 4.10.1 and 4.16.1) have been modified and provided to
SCDHEC for review.
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As discussed in the January 1997 project team meeting, future RFI reports will contain an
appendix of RFI Work Plan and RFA maps which depict the approximate boundaries of
each site.

Comment 5:

Sample analysis was limited in second round samples from SWMUs, AOCs and grid based
monitoring wells even though low levels of contaminants might have been detected. This is
contradictory to EPA RFI Guidance.

Response 5:

The practice of limiting analytical parameters has been the subject of previous SCDHEC
comments which were resolved in previous Project Team meetings. As a result of these
meetings, Section 2 of the Comprehensive Project Management Plan was revised
July 30, 1996 to explicitly describe the procedure. These revisions were reviewed and
approved by both EPA and SCDHEC personnel. The 30%, 60%, and 90% progress
meetings have served as the forum for analyte reduction discussion.

Comment 6:

A detailed review and comments on this report will be provided once the general issues are
addressed and resolved.

Response 6:

Comment noted.

SITE SPECIFIC ISSUES
Comment 7:

SWMU 9
. The extent of contamination is not defined.

. The source of groundwater contamination is unknown.

. SWMU 8 does not appear to be upgradient on Figures 3.6 and 3.7.
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Response 7:

The extent of contamination has largely been defined with respect that the landfill boundary
has been defined through review of historic aerial photos, a geophysical survey, and soil
borings. The source of groundwater contamination in SWMU 9 is not known other than
the general landfill area. Rather than identification of specific sources, the objectives of
the SWMU 9 groundwater investigation were focused toward determining what was
leaching from the landfill and providing data to support the presumptive remedies being
considered. Maps identifying all organic chemicals detected in groundwater and tables
listing all organic chemicals detected in soil have been prepared and submitted to SCDHEC
to aid in the review of the RFI report.

Agreed. SWMU 8 is not upgradient of SWMU 9 given the depiction of the potentiometric
surface as shown on Figure 3.6. The text has been corrected. Please complete the page
changes for pages 9-19, 9-20, 9-21, and 9-22 of the Zone H RFI as instructed by the errata
page directory attached to this response to comments.

Comment 8:

SWMU 13
. The extent of contamination is not defined.

Fuel lines and drain lines were not indicated on any maps.

The oil water separator was not included on any maps.

The TPH values at soil boring 18 increased with depth but were not addressed.

The risk results for soil borings SB004/3-5 and SB005/3-5 were not on the figure.
Response 8:

As discussed in the January 1997 Project Team Meeting, no further action with respect to
RCRA concerns are necessary at the site. Table 9.22 has been modified to recommend
SWMU 13 inclusion into the UST program. Please complete the page change for
Table 9.22 of the Zone H RFI as instructed by the errata page directory attached to this
response to comments.
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Comment 9:

SWMU 14
. The extent of contamination is not defined.

Response 9:

While the Navy agrees that some data gaps exist, the site has been adequately characterized
to determine that a CMS is needed. Per the April 24-25, 1997 project team subcommittee
meeting, the CMS will also include SWMU 15, AOC 670, and AOC 684 which are located
within the presumed boundary of SWMU 14, Interim measures are planned for SWMU 14
to excavate geophysical anomalies in hopes of finding the buried canisters. Also, the
possibility exists that an interim measure will be performed to remove the lead shot from
the ground surface.

Comment 10:

SWMU 17
. The extent of contamination is not defined.

Response 10:

The Navy agrees that data gaps exist; however, the site has been adequately characterized
to determine that a CMS is warranted. The existing data gaps will be addressed during the
CMS.

Comment 11:

SWMU 19
. The extent of contamination is not defined.

Response 11:

SWMU 19 is encompassed by the larger SWMU 9, and contaminants detected in SWMU 19
samples are not necessarily related solely to SWMU 19 activities. The decision to terminate
sampling was made after three sampling events were conducted and no apparent
contaminant concentration gradient was identified. The decision was based on the
presumption that the compounds were either attributable to the larger SWMU 9 or part
of what appears to be a widespread occurance of organic compounds such as PAHs. Since
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it is safe to assume SWMU 9 will be the subject of some type of corrective action it is
logical to assume SWMU 19 will be addressed by the SWMU 9 actions. Additional
sampling of the smaller sites within the larger sites would therefore have little, if any,
added value.

Comment 12:

SWMU 20
. The extent of contamination is not defined.

Response 12:

Same as response 11 above.

Comment 13:

SWMU 121
. The extent of contamination is not defined.

. High levels of chlorinated solvents were discovered in a monitoring well next to
Building 1838. The well was installed by GEL for the Commissioners of Public Works.

Response 13:

Same as response 11 above.

Comment 14:

SWMU 178
° The extent of contamination is not defined.

Response 14:

As discussed in the April 24-25, 1997 project team subcommittee meeting, the site has been
transferred to the UST program and no further action is required at the site with respect
to the RFI and soil. Groundwater will continue to be monitored during the CMS in
conjunction with SWMU 136 and AOC 663. Table 9.22 has been modified to recommend
the additional groundwater monitoring.
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Comment 15:

AOCs 649, 650, 651
o This site was used to store various unknown supplies.

. TPH was detected at 980 parts per million (ppm) in the soil
Chlorinated solvents were detected in the soils.

o There were no wells installed at this site.

Response 15:

The sites in question are all physically located on top of the SWMU 9 landfill.
Groundwater in the vicinity of AOCs 649, 650, and 651 was investigated as part of the
SWMU 9 groundwater investigation. Due to the location of the sites, soil sample data will
be considered during the SWMU 9 CMS.

Comment 16:

AOC 656
. The extent of contamination is not defined.

. The pipeline was not indicated on any figures.

Response 16:

AOC 656 is proposed to be the subject of an interim measure to address petroleum
contaminated soil at the site. The site will be carried forward into the CMS with a
requirement to monitor groundwater for a period of time yet to be specified.

The AOC 656 site map has been revised to depict the location of the pipeline. A copy of
this map was provided in a February 5, 1997, letter to SCDHEC. Please complete the page

change for Figure 4.10.1 of the Zone H RFI as instructed by the errata page directory
attached to this response to comments.

Comment 17;

AOC 653
. The extent of TPH contamination is not defined.
o It is unclear if TPH analysis was performed during the second round of sampling.
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Response 17:

This site was the subject of an interim measure to mitigate the contamination that was
present due to the operation of a hydraulic lift. The interim measure has been completed.
As agreed during the May 13-14, 1997 project team subcommittee meeting, no further
action is required at this site for soils; however, the site is to enter the CMS for
groundwater.

Comment 18:

AOC 654
. The extent of VOC contamination is not defined.

o There were no monitoring wells at this site.

. The nearest wells, 009004 and 009004D, are over 400 feet away from this site.
Downgradient monitoring wells 009004 and 009004D both reported Carbon Disulfide.

Response 18:

The VOC “contamination” referred to was methylene chloride. At the April 24-25, 1997
project team subcommittee meeting, quality assurance data was presented to support the
belief that the methylene chloride was a laboratory artifact. The team agreed by consensus
that no further action is required for soil but, as a precautionary measure, AQC 654 will
be included in the SWMU 9 groundwater monitoring network due to it’s close proximity
to the landfill.

Comment 19:

AOC 655

. The extent of contamination is not defined.

. PCE was discovered in soils.

. How the PCE would be associated with a boiler was not addressed.
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Response 19:

The “contamination” referred to in the comment was primarily methylene chloride. At the
April 24-25, 1997 project team subcommittee meeting, quality assurance data was presented
to support the belief that the methylene chloride was a laboratory artifact. The team
agreed by consensus. The team also felt as though any remaining contamination would
have been removed during the interim measure undertaken at the site. Consensus was
reached that no further action is needed at this site.

Comment 20:

AOC 659
. The extent of contamination is not defined.

. Soils near the pipelines from the AST were not sampled.
. The TPH values increase with depth.

. Groundwater was not sampled.

Response 20:

Based on high levels of TPH, AOC 659 was recommended for inclusion into the UST
program to address soil contamination issues. DHEC has expressed a concern of the
reported presence of methylene chloride in subsurface at concentrations exceeding the SSL.
In addition, the methylene chloride could not be dismissed as laboratory artifact during the
data validation process. As a result, at the April 24-25, 1997 project team subcommittee
meeting, consensus was reached to install temporary wells within the bermed area to assess
whether methylene chloride is present as well as possible petroleum contamination.
Table 9.22 of the RFI report reflects the decision to collect groundwater samples and that
the final results and CMS recommendation be submitted in an addendum to the RFI report.

Comment 21;

AQOC 662
. The USTs were not located on the maps.
. There were no downgradient wells at this AOC based on figures 3.65 and 3.7.
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Response 21:

The map was revised and submitted in a February 5, 1997, letter to SCDHEC. An interim
action tank removal and subsequent soil and groundwater sampling have been completed.
The project team has agreed no further action is warranted at this site. Please complete
the page change for Figure 4.16.1 of the Zone H RFI as instructed by the errata page
directory attached to this response to comments.

Comment 22:

AOC 663 and SWMU 136
. The extent of contamination is not defined.

Response 22:

Per the April 24-25, 1997 project team subcomimittee meeting, consensus was reached to
include SWMU 136 and AOC 663 in the CMS. The compounds of primary interest were
identified as benzene and bis (2-ethylhexyl) phthalate.

Comment 23:

AQC 665
. The extent of contamination is not defined.

o High TPH values were reported.

. How TPH would be associated with Pyrotechnics storage was not addressed.

Response 23:

As a result of continued map review by SCDHEC, another area has been identified as the
probable location of the pyrotechnics shed. Soil samples from three soil borings in this area
have been proposed for collection. The samples will be analyzed for pyrotechnics by
Method 8330. Table 9.22 of the RFI report reflects the decision to collect additional soil

samples and that the final results and CMS recommendation will be submitted in an
addendum to the RFI report.
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Comment 24:

AOC 667 and SWUM 138
. The extent of contamination is not defined.

. TPH is reported at 1,800 ppm.

. Chlorinated solvents are reported in shallow monitoring wells.
. There are no deep monitoring wells at this site.
o The chlorinated solvents exceeded the MCLs but only risk levels were discussed.

Response 24:

Maps identifying all organic chemicals detected in groundwater and tables listing all organic
chemicals detected in soil have been prepared and submitted to SCDHEC to aid in the
review of the RFI report. The project team has agreed that, DPT sampling, completed in
conjunction with the current Zone L RFI, will be used to define the source and extent of
contamination. This data will be considered in the CMS.

Comment 25:

AQC 666
) The extent of contamination is not defined.

. The UST pipelines were not shown on the maps.
Response 25:

The risk assessment for this site was correct. However, the residential risk map and
Appendix Q table were wrong. These have been revised and submitted with a
March 11, 1997, letter to SCDHEC. This site was the subject of an interimm measure to
remove the UST and the project team has agreed that the site will be included in the CMS
process. Please completed the page changes for Figure 9.37 and the Appendix Q table as
instructed by the errata page directory attached to this response to comments.
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Comment 26:

SWMU 159
o Trichloroethene was the most commonly detected VOC in the soil samples.

. There are no monitoring wells at this site.

o Groundwater is shallow.

o The nearest wells, GRDO11 and GRDO011D, are over 300 feet away from the site.

o Both wells are downgradient and have unexplained VOA hits.

Response 26:

Per agreement reached at the April 24-25, 1997 project team subcommittee meeting,
SWMU 159 will be carried forward into the CMS. This will require the installation of

wells at the site. Table 9.22 of the Zone H RFI has been modified to reflect the decision
to conduct groundwater monitoring.
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SCDHEC Comments
Review of the Final RCRA Facility Investigation Report for Zone H
Dated December 27, 1995
Naval Base Charleston (NAVBASE)
Reviewed by Joe B. Bowers
March 13, 1996

Comment 1:

In my previous review of the Zone H RFI Report (Bowers to Olano, 11/20/95), Comment 4
noted that the report did not specifically discuss whether the extent of contamination had been
defined in the various media (¢.g. soils, groundwater, surface water, sediment, etc.). In response
to this comment, NAVBASE noted that Section 9 (Conclusions) of the Zone H RFI Report had
been revised to include such a discussion. However, Section 9 still does not contain specific
discussions regarding whether the extent of contamination has been defined. The Report should
be revised to discuss whether the extent of contamination has or has not been defined relative
to background concentrations or Risk Based Screening Levels (RBSLs) for each media sampled
at each SWMU and AOC. If the extent of contamination has not been defined, then the report
should make specific recommendations for additional assessment. Section 9 of the Zone H RF1
Report should be revised accordingly.

Response:  Section 9.0 of the Zone H RFI Report has been revised to include discussions
regarding the extent of contamination for compounds identified as COCs in soil
at each site. Full assessment of the extent of groundwater contamination will be
performed following the receipt of analytical data for the fourth round of
groundwater sampling and will be included in an addendum to the Final Zone H
RFI Report. The Zone J RFI will provide data necessary to characterize the
extent of sediment and surface water contamination identified in Zone H.
Recommendations for additional assessment are provided when necessary.

Comment 2:

Comment 37 of my previous review noted that the RFI Report must include copies of the Chain
of Custody forms for all samples collected in Zone H. NAVBASE responded that the copies of
the Chain of Custody forms would be included in the report. However, these forms have not
been included in the revised Zone H RFI Report. NAVBASE should submit copies of all Chain
of Custody forms for all samples collected in Zone H.

Response:  The chain of custody forms were inadvertently left out of the December Zone H
RFI report. They are included in the revised Zone H RFI Report.



Comment 3:

The tables summarizing analytical data found in Section 4 (Nature of Contamination) do not
provide analytical results for specific sampling locations. Instead, the tables in this section
summarize the constituents detected, the maximum and minimum analytical values, and provide
the RBCs and/or the RBSLs. If NAVBASE wishes to display only those constituents detected
above background concentrations, then provide RBCs and/or RBSLs as a comparison, this would
be acceptable. The Report should be revised accordingly.

Response:  Analytical results were summarized and presented in the December 1995 edition
of the final report the same manner they were presented in the draft report of
July 1995, modified according to DHEC suggestions (Comment 17, Page 8)
regarding the inclusion of maximum contaminant level (MCL) values, and by the
addition of second-round groundwater monitoring results. Individual results for
all samples collected are provided in Appendix I of the Zone H RFI. Appendix Q
has been added to the report and contains sample by sample results for COCs
detected at each site.

Comment 4:

In reviewing the data included in this report, several occurrences were noted in which high TPH
concentrations were detected, however, analyses for VOCs, SVOCs, etc. did not detect specific
hazardous constituents at concentrations greater than their respective RBSLs. As an example,
refer to the data generated from assessment of AOC 659. Eight soil samples were collected from
four locations around this Above Ground Storage Tank (AST). The samples were analyzed for
VOCs, SVOCs, pesticides and PCBs, organophosphate pesticides and herbicides, dioxins,
inorganic elements, as well as TPH compounds. From these analyses, four VOCs were
detected, 12 SVOCs, seven Pesticides, two herbicides and one dioxin compound. All of these
compounds were detected at concentrations generally several orders of magnitude less than their
respective RBSLs. However, TPH was detected in soil samples at concentrations ranging from
77 parts per million (ppm) to 15,000 ppm. Detection of TPH at such concentrations generally
indicates the presence of organic compounds. However, with the low concentrations of
compounds detected using specific analytical techniques (e.g. VOCs, SVOCs, etc.), the reason
for detection of such apparent high concentrations of TPH is unclear. NAVBASE Charleston
should provide an explanation for this apparent discrepancy in the data. This should be
completed for all SWMUs and AOCs in Zone H at which this situation was observed.

Response:  The following response has been incorporated into the introductory subsection of
Section 4.

“Discrepancies occurred in elevated TPH concentrations at AOCs 653 and 659
and SWMUs 13 and 178. The elevated TPH concentrations detected on a gas
chromatograph were not comparable to results of VOA and semivolatile organic
analysis (SVOA) which were analyzed by gas chromatography/mass spectrometry



(GC/MS). This discrepancy is explained as follows. Petroleum hydrocarbons are
made up of paraffinic, cycloparaffinic, and aromatic hydrocarbons. Paraffins
(interchangeable with the word alkanes) are a class of aliphatic hydrocarbons
which are straight- or branched-chain. TPH can be characterized as diesel range
organics (DRO) and gasoline range organics (GRO). DRO consist mainly of fuel
and diesel oils, naphtha, lubricating oil, paraffins, and PAH. GRO consist of
fractions of hexanes, cycloparffins, and aromatic (cyclohexanes) hydrocarbons.

In comparing VOC analysis with the GRO analysis, the compounds of interest in
the VOC scan would be benzene, toluene, ethylbenzene, and xylene. However,
gasoline as a whole is only partly made up of these compounds which are
considered by-products of gasoline. This is why there is a discrepancy between
the GRO and VOC analyses. A somewhat more reliable indication of GRO
presence and concentration can be produced through the review of the tentatively
identified compounds (TIC) scan in the SW-846 8240 method for volatiles.

If various cyclohexanes, alkanes, and methylbenzenes are present in the TIC scan,
then it is a good assumption that GRO has been detected. But quantitation of
these compounds is not exact since standards were not amalyzed for these
compounds. In many cases, the analyst identifies a GRO compound based on the
probability of a match. This means that the instrument will tentatively identify
a compound, such as a cylcohexane or cycloparaffin, because only a percentage
of the mass scan matches. A limitation for identification is the analytical
laboratory’s mass spectra library in the GC/MS. A typical library contains
50,000 to 70,000 compounds in which standards have been chromatographed.
This procedure does not account for petroleum hydrocarbons that do not separate
in the GC column and elute as an extremely elevated baseline on the
chromatogram. Because of inability to identify compounds, in many cases the
term “unknown hydrocarbon or cyclobenzene” will be listed as the TIC.

When a laboratory analyzes a sample for GRO by GC, gasoline is the standard
and a rough broad chromatogram is generated producing a fingerprint of the
gasoline standard. The chromatogram and standard concentrations are then
compared to the environmental samples and a total concentration of GRO is
determined.

The laboratory makes a standard for DRO by combining diesel, and diesel No. 6,
naphtha, kerosene, and JP4 fuels. The standard is analyzed on a GC at different
concentrations (producing broad chromatograms), samples are compared to
standards and results are determined. Like the VOC scan, the 8270 method for
SVOC does not list DRO-specific compounds like diesel and kerosene as
constituents. To determine if DRO is present in the SVOC analysis, TICs must
be reviewed. Again, as with the VOA scan, there is the limitation of the
compound library to help with identification. The most likely TICs would be
methyl-naphthalenes, alkanes, cycloalkanes, and unknown hydrocarbons.



There is a high probability that when comparing TPH numbers between the VOC
and SVOC methods, TPH numbers will not match. In most cases, the results
from normal SW-846 8240 and 8270 analyses will be lower, especially if the
extracted material is actually petroleum hydrocarbons, rather than compounds for
which the method was calibrated.”

Comment 5:

The Report should be revised to include a table which lists clearly the recommendations for
SWMUs and AOCs. For example, this table should recommend a SWMU or AOC for: (1) No
Further Investigation (NFI), (2) inclusion into the Corrective Measures Study (CMS), or (3)
additional groundwater monitoring. Such a table and supporting justification should be included
as a revision to Section 9 of the Zone H RFI Report.

Response:  Section 9 of the Zone H RFI Report has been revised to include a table (9.22)
which summarizes the requested information.

Comment 6:

AOC 661 was an explosive storage facility. According to the approved Zone H RFI Work Plan,
this AOC will be investigated by an Explosive Ordnance Disposal (EOD) team. Since there are
several similar AOCs at NAVBASE Charleston, the Department and EPA have agreed that these
areas should be investigated concurrently. However, in order to insure that AQC 661 and similar
AOCs are not inadvertently overlooked, the Zone H RFI Report should be revised to include a
section on AOC 661. This section should simply state that this AOC will be assessed initially
by an EOD team at a future date. By simply acknowledging this point, this will provide
additional insurance that such an assessment actually takes place. The Zone H RFI Report
should be revised accordingly.

Response:  An additional subsection (9.23) has been included in Section 9 of the Zone H RFI
Report and includes information regarding AOC 661 (Explosives Storage) and
AOC 503 (Explosive Ordnance Site south of Building 665) and the intended
investigative approach.

Section 2.4.2 — Groundwater Sample Collection

Comment 7:

It is noted on page 2-17 that the second round of groundwater samples were collected using
Tygon sample tubing instead of Teflon tubing as described in the approved Zone H RFI Work
Plan. The Report notes that “E/A&H did not adequately direct the subcontractors in the use of
correct sampling equipment.” However, the Report does not discuss the effects such a deviation



would have on the integrity and representativeness of groundwater samples The Report should
be revised to include such a discussion.

Response:  An additional table (2.1) and text, which provide documentation supporting the
absence of effect the use of Tygon tubing had on the integrity and
representativeness of the second round groundwater samples, has been prepared
and included in Section 2.

Section 4.1.2 — Groundwater Sampling and Analysis (Includes SWMUs 19,20, and 121 and
AOCs 649,650,651, and 654)

Comment 8:

The Department agrees with the recommendation on page 4-36 that the extent of groundwater
contamination in the SWMU 20 area has not been defined. The extent of this groundwater
contamination will be defined during assessment of Zone G.

Response:  Comment noted.

Section 4.1.2.5 — Inorganic Elements in Groundwater
Comment 9:

It is noted on page 4-40 that an inorganic constituent was detected in well “-FMW™. This
reviewer was unable to locate this well on figures, although a well designated at “CSY-FMW-4"
was observed on Figure 3.1 (Monitoring Well Location Map - Southern Portion of Naval Base
Charleston). A well in this same location designated “NBCH009MW4" was noted on Figure 4.0
(Zone H Soil, Groundwater, Sediment, and Surface Water Sample Location Map). It should be
noted that on Figure 1-2 (NAVBASE Charleston Pre-RFI Well Locations) submitted on
December 1, 1995, this well is referred to as “CNSY-FMW-4", It appears that this one well is
referred to using three different identifiers. The Zone H RFI Report should be revised to clarify
the correct designation of this well.

Response: The Zone H RFI Report has been revised to reflect only one location
identification for this monitoring well (NBCHO09MW4).

Section 4.3 — SWMU 14 (Includes SWMU 15, and AOCs 670 and 684)
Comment 10:

It is noted in Section 4.3.2.2 (Semivolatile Organic Compounds in Groundwater) that bis,
2-ethylhexyl phthalate was detected in three groundwater monitoring wells in concentrations
exceeding its Risk Based Screening Level (RBSL) of 4.8 ug/L. The concentrations found were



11.8 ug/L in monitoring well NBCH014002, 5.0 ug/L in well NBCH014003, and 5.8 ug/L in
well NBCH014004. The Report then goes on to note that groundwater samples were not
analyzed for SVOCs in the second round of groundwater sampling. Justification for not
analyzing for SVOCs during the second quarter groundwater sampling event is not included in
the report. If constituents are detected at concentrations exceeding their respective RBSL, then
additional sampling and analysis of the offending constituents are warranted. NAVBASE should
propose to collect additional groundwater samples for analysis of SVOCs in the wells
surrounding SWMU 14.

Response:  All SWMU 14 monitoring well samples from the third and fourth rounds were
analyzed for SVOCs. All samples from the third round were ND for BEHP
except 014GW04D03 (from monitoring well NBCH01404D), which reported
740 ug/L (the same well reported ND in the first round).

Comment 11:

Table 4.3.6 on page 4-108 contains a mistake. The Maximum Contaminate Level (MCL) for
barium is listed as 323 ug/L, however, the correct MCL for barium is 2,000 ug/L.

Response:  This mistake has been corrected. The UTL for barium in shallow groundwater
is 323 pg/L.

Section 4.4 — SWMU 17
Comment 12:

The analytical data sheets included in Section 4B of Appendix I (Zone H Site-Specific Analytical
Data) for wells NBCH017005 and NBCH017006 are not included in this appendix. Thus, the
Department is unable to verify that the report accurately summarizes the hazardous constituents
which were detected in groundwater samples collected in the area of SWMU 17. NAVBASE
Charleston should verify that all analytical data sheets for all samples included in the Zone H
Report are included in the proper appendices.

Response:  The analytical data sheets for NBCH017005 and NBCH017006 have been
included in Appendix I. The entire dataset has been checked for completeness.

Section 4.6 — SWMU 20

Comment 13:

The report does not discuss the analytical results of several temporary monitoring wells and/or
hydropunch sampling locations that were installed in the area of SWMU 20. Through several



verbal discussions the Department realizes that difficulties were encountered during installation
of these wells and hydropunch locations. However, if any data were generated from any of these
locations, it should be discussed accordingly.

Response:  Tables and text which summarize and discuss the temporary monitoring well data
have been included in subsection 4.1 of the Zone H RFI Report. Analytical
results for these wells have also been included in Appendix I.

Section 4.17 — AOC 663 and SWMU 136
Comment 14:

The RFI Report notes that some soil samples were not collected in the area of AOC 663 and
SWMU 136 due to underlying concrete in some locations. It also notes that several attempts
were made to collect the number of samples from the locations proposed in the approved Zone H
RFI WP. It is unclear in the Report as to the exact nature of this “underlying” concrete. Is the
concrete not visible at the surface? At what depth is it present? Which sample locations were
affected by the presence of the concrete? How deep were samples attempted in the concrete
before it was deemed “too thick” to collect soil samples? The RFI Report should be revised to
address these questions.

Response:  The initial soil boring attempts which were made in August 1994, were
unsuccessful due to concrete that was encountered directly under or within inches
of the asphalt cover. As at numerous locations within Zone H, a coring machine
was employed to penetrate the asphalt cover to provide access to the first
sampling interval. However, at AOC 663 concrete was encountered underlying
the asphalt cover at the initial 663SB005, 663SB006, and 136SB003 boring
locations. Penetration of this concrete was unsuccessfully attempted (6-8 inches)
with the coring machine at these initial locations. During the second round of
soil sampling (conducted during January 1995) the boring locations were adjusted
to their present location as shown on Figure 4.17.1 of the Zone H RFI Report.
The concrete was not present at these locations. The origin of the concrete at the
above-listed original locations is not known. It is perhaps an old building
foundation or concrete pad.

Section 4.22 — Zone H Grid Based Sampling

Comment 15:

In an effort to establish background concentrations in soil and groundwater at NAVBASE
Charleston, soil and groundwater samples were collected on a grid system. Soil samples were
collected from the surface to one foot depth, and from three to five feet below the surface and
were analyzed for a complete list of hazardous constituents. Groundwater samples from



monitoring wells installed on a similar grid were also analyzed for an extensive list of
constituents. While this section of the report summarizes the data generated from the grid-based
samples, it does not describe the analytical results for each specific sampling location. This
section of the report should be revised to describe the analytical results of the grid-based
sampling locations.

Response:  Analytical results for each sample collected in Zone H are included in
Appendix 1. Appendix Q has been added to the report and contains sample by
sample results for COCs detected at grid sample locations.

Section 5 — Fate and Transport
Comment 16:

Section 5.2.1 describes the methodology used to determine the potential for leachability of
constituents from soil to groundwater. Several comments were generated from review of this
section.

A The second bullet on page 5-16 notes:

Quantitative — chemicals present in both media were compared to appropriate
screening values. Maximum soil results for each SWMU/AOC (or group thereof)
were compared to the greater of leachability-based soil to groundwater screening
levels, assuming a dilution attenuation factor of 10, as presented in the USEPA
Region III Risk-Based Concentration (RBC) Tables, March 1995 (or USEPA Soil
Screening Guidance assuming a dilution attenuation factor of 10) and grid-based
background UTL concentrations for soil in Zone H. Maximum groundwater
analytical results for each SWMU/AOC (or group thereof) were compared to the
greater of tap water RBCs and grid-based background UTL concentrations for the
shallow aquifer in Zone H.

This paragraph is confusing. In reviewing the tables to which this paragraph
refers, it is apparent that the concentration of constituents were compared to the
higher value of the SSL or the UTL for background. This paragraph should be
revised to accurately and clearly reflect what was actually done. This is also true
for the second bullet on page 5-19.

B. The Report did not justify or discuss the appropriateness of using the generic
SSLs proposed in the Soil Screening Level Guidance. These generic soil
screening levels were developed under numerous assumptions. Thus, a potential
problem with use of generic SSLs is the case in which background concentrations
are significantly less than a SSL value. In such a case, the contaminant in soil
could leach to groundwater and contravene groundwater MCLs. In the case in
which background values are substantially greater than SSLs, one would not



expect contaminant leaching from soil to groundwater to be of significant
concern. Given the amount of site-specific data generated during this RFI, it
would appear more appropriate to develop site-specific soil screening levels.
Therefore, NAVBASE Charleston should either develop site-specific soil
screening levels or justify and validate the use of generic SSLs.

C. The statement is made on page 5-17 that if current groundwater concentrations
do not exceed risk-based screening values, the conclusion was made that current
soil/groundwater equilibria are sufficiently protective of human health relative to
potential groundwater ingestion exposure pathways. This statement may be true,
with a couple of important limitations. First, and as noted in the Report, this
assumption is more likely to be true for “older” SWMUs and AOCs, If sufficient
time has not elapsed to allow a SWMU or AOC to reach equilibrium with respect
to contaminant release from soil to groundwater, then this would be an inaccurate
assumption. Therefore the F&T section of future RFI Reports should also
consider the age and release mechanism of a SWMU or AOC with respect to the
likelihood of a SWMU or AQOC having reached equilibrium, particularly as this
relates to the possibility of contaminants leaching from soil to groundwater.

This assumption is also appropriate provided that monitoring wells installed in
and around the various SWMUs and AOCs are properly positioned to detect
groundwater contamination. Given the relatively low groundwater flow gradients
observed in Zone H, the groundwater flow directions may be easily influenced
so that they may change considerably under the influence of various factors,
including but not limited to, barometric pressure, tidal variations, and infiltration.
Thus, while it would appear to be true for Zone H that monitoring wells placed
in the immediate vicinity of a SWMU or AOC have a high probability of
detecting groundwater contamination, if present, this may or may not be true for
other Zones at NAVBASE Charleston. Thus, future RFI Reports should include
a discussion of whether groundwater monitoring wells are located properly to
detect the presence of groundwater contamination.

Response to Comment 16A:

These paragraphs were rewritten to provide an accurate and clear description of the
screening process used to evaluate the soil-to-groundwater and groundwater-to-surface
water migration pathways.

Response to Comment 16B:

Justification for the use of generic SSLs is provided in the final version of the fate and
transport section of the Zone H RFI. The intent of the Fate and Transport section, as
written, was to effectively and conservatively identify all of the significant fate and
transport concerns. Site-specific SSLs are generally less conservative. Default soil
characteristics used to estimate generic SSLs are similar to the soil characteristics found



in Zone H. Two parameters that would see significant adjustment based on site-specific
analysis is the dilution attenuation factor (DAF) and the fraction organic carbon. The
estimated SSL increases with higher fraction organic carbon and DAF. The default soil
fraction organic carbon is 0.2% versus close to 2% reported for Zone H soil on average.
The default DAF (10) assumes an evenly contaminated 30 acre source that extends
downward through the unsaturated zone. Many of the areas of contamination identified
at Zone H are significantly less than 30-acres (most are less than 4 acre) and do not
extend far into the subsurface. Sources that are less than 30-acres with a significant
portion of uncontaminated unsaturated zone would justify higher DAFs. The generic
SSL bases the target leachate concentration of (in order of precedence) the non-zero
MCL goal, the MCL, or the risk-based concentration for water ingestion and assumes
no attenuation in the unsaturated zone. Conceivably, using the generic DAF of 10 could
contravene the MCL by a factor of 10 in the water-filled pore space of the unsaturated
zone but is not likely to exceed the MCL in the saturated zone.

Response to Comment 16C:

The screening process used to evaluate soil-to-groundwater cross-media migration
includes both a qualitative and a quantitative component. Qualitative screening identifies
constituents in both soil and groundwater, quantitative screening identifies constituents
in soil that have the potential to threaten groundwater quality and/or constituents in
groundwater at concentrations above tap water RBC. Constituents identified based on
the qualitative or the quantitative screening process were considered to be significant with
respect to soil-to-groundwater migration. The quantitative component identifies
constituents in soil whose leachate has not established an equilibrium with groundwater
or have not had sufficient time to impact the shallow aquifer. These constituents would
usually be screened out based on qualitative screening yet retain the potential to threaten
groundwater based on quantitative screening. E/A&H has reviewed the fate and
transport discussion for each SWMU/AOC to assure that no constituents were eliminated
based on the qualitative screening alone. The general fate and transport discussion was
rewritten to clearly detail the screening process used.

Section 9 — Conclusions
Comment 17:

The Department agrees with the recommendation included in Section 9.14 of the report that
additional soil samples should be collected in the vicinity of AOC 659 to define the extent of soil
contamination.

Response:  Comment noted.
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Comment 18:

In Sections 9.11 and 9.13, it is noted that arsenic was detected in groundwater samples at
concentrations of less than the MCL, however, still at concentrations high enough to drive the
risk at this site to 8E-4. The report then notes that “However, if ARARs are strictly followed
with respect to establishing groundwater remedial goals, no corrective measures would be
required.” It has been stated to NAVBASE Charleston many times that references to “ARARs”
is inappropriate since the RFI is being completed in accordance with the RCRA permit. It is
agreed that remediation of groundwater contamination will be to established MCLs. References
to “ARARs” are inappropriate. The report should be revised accordingly. -

Response:  References to ARARs have been removed from the report.
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Environmental Protection Agency Comments on the Draft Resource Conservation and
Recovery Act Facility Investigation Report for Zone H

GENERAL
Comment 1:

The groundwater sampling forms indicate a number of samples with high levels of turbidity.
EPA recommends that samples having a turbidity of 50 NTU or greater be checked against those
samples’ metals concentrations. If the data indicate that these are correlated, it is recommended
that the wells be re-sampled (re-developed if necessary) to determine the actual metals
concentrations.

Response:  An addendum report will be submitted following this version of the Zone H RFI
Report. This addendum will present all four rounds of groundwater data along
with appropriate maps and adjustments to the human health risk assessment for
groundwater. An assessment of correlation between dioxin results and turbidity
will also be provided in this addendum.

Comment 2:

The human health risk assessments are greatly improved from the previous submission. This
is in no small part credited to the willingness of the Contractor to work closely with EPA in
“hammering out” the text and format of these risk assessments in December, 1995. The result
is that procedural issues of the risk assessment have been dealt with and, thus, this review will
concentrate on substantive risk and policy issues.

Response:  Comment noted. The Navy agrees with this observation.

Comment 3:

Cleanup Level for Dioxin (2,3,7,8-TCDD and congeners). Previously, EPA had suggested that
a cleanup level of 1 ppb in soil is considered protective in a residential scenario. The basis for
this statement was the peer-reviewed paper, Kimbrough RD, Falk H, Stehr P, Fries G (1984)
Health Implications of 2,3,7,8-Tetrachlorodibenzodioxin (TCDD) Contamination of Residential
Soil. J. Tox. Env. Health 14:47 -93. The endpoint considered in this study was hepatocellular
carcinoma. A slope factor approach was not used; rather, the study compared estimates of the
lifetime average daily dose to dose - response relations from specific animal studies.

EPA now considers the slope factor approach to be more appropriate. Therefore, EPA has

derived a cleanup level of 1 ppb for a worker/industrial scenario. Although this cleanup level
is the same numerically as previously suggested, the derivation is considerably different.
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The equation and values used are given below:

Cou = TRATBW

EF - ED - [(CSF,, ' CF - IR) + (CSFyuuie * IRy - 1/PEF) + (CSFyp - CF - SSA - SAF

The dermal CSF was determined using the method in Appendix A of RAGS with the Region IV
default absorption value for SVOCs.

The SSA is considered as the hands, arms, and head.

The table below provides the cleanup levels for Dioxin Toxic Equivalents (TEQs) at three levels
within the acceptable risk range.

2,3,7,8 —TCDD
TEQ

(wekeorpt) |

For convenience, the value at a risk level of 1E-04 has been rounded down to 1 ppb for use as
an appropriate cleanup level. None of the dioxin samples obtained in Zone H was above 1 ppb
TEQ, and hence, no dioxin-specific cleanup is anticipated.
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This value of 1 ppb is quite similar to that of 2.5 ppb presented in the pending Record of
Decision at the Koppers site, also in Charleston, South Carolina. The cleanup level at the
Koppers site is also based on a worker/industrial scenario.

In anticipation of questions raised regarding the use of the upper end of the risk range, this risk
management option seems a prudent course in light of the uncertainty about dioxin exposure
levels at which adverse effects occur. EPA Region IV has sanctioned 1E-04, the upper end of
the risk range, as a risk management option at other sites in the region. The same decision is
typically made by hazardous waste managers in other EPA Regions.

Response:  The procedures and outcome of USEPA Region IV’s revised dioxin cleanup level
derivation have been incorporated into Section 6.1 of the RF1. 2,3,7,8-TCDD
equivalents were not a concern at any SWMU or AOC based on this revised
approach.

Comment 4:

The use of Summaries in Chapter 9 — These summaries were very good for providing a precis
of each SWMU or AOC. They should be repeated in the CMS, and in lieu of providing
information on unacceptable risks in the residential scenario, they should indicate the estimated
risks in the worker/industrial scenario. Based on the estimated risks in the worker/industrial
scenario, the treatment in the CMS may be abbreviated. For example, SWMU 14, SWMU 15,
AOC 670, AOC 684, SWMU 19, SWMU 20, SWMU 121, AOC 656, AOC 653, AOC 654,
AOC 659, AOC 660, AOC 662, AOC 665, AOC 667/SWMU 138, and SWMU 159 need only
minimal treatment in the CMS.

Response:  Although the Navy is inclined to agree, final decisions relative to the level of
effort required at each SWMU/AOC will be the responsibility of the BCT, and
will be made in consideration of reasonable future use and other issues.

Comment 5:

Methods for Background Comparison — The background comparison was performed according

to the method previously agreed to in the Technical Memorandum dated June 8, 1995. EPA has

had several conversations with the Contractor in this regard and the document has been improved
in this area.

Response:  Comment noted.
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Comment 6:

The Ecological Risk Assessment (ERA) for Zone H follows the basic approach that the
Contractor and EPA agreed to during a meeting in Atlanta, However, the main concern is that
the ecological risk assessment does not present sufficient information to make a decision
concerning the possible need for corrective action at different Areas of Concern (AOCs) or
SWMU (Solid Waste Management Units). Some of the comments given below recommend steps
needed to make the ERA more useful as a decision-making tool.

Response:  The Navy acknowledges the USEPA’s concern regarding the amount of ecological
assessment information available for decision making purposes.  The
recommendations were taken into consideration during the revision of the report.

Comment 7;

A few of the comments given below address the need for a more adequate response to EPA’s
comments on the previous draft of the Zone H RFI Report. Most of the remaining comments
pertain to the Ecological Risk Assessment (ERA), since an ERA was not included in the
previous draft.

Response:  Comment noted.

SPECIFIC
Comment 1:

Page 4-147, Section 4.6.1.5 — Given the operational history of SWMU 20, additional soil
samples should be collected and analyzed for metals.

Response:  Soil samples were collected in 1993 from trenches and monitoring wells in the
SWMU 9 area. These samples were analyzed for metals, VOCs, SVOCs, and
pesticides/PCBs. This data has been included in the SWMU 9 Section 4
subsection and the SWMU 20 Section 4 subsection. Of the samples collected in
the greater SWMU 9 area, two (one trench sample and one monitoring well soil
sample) were collected in the immediate vicinity of SWMU 20. The results of
these analyses did not identify the presence of any elements above respective
RBSLs/UTLs. A more detailed evaluation of this data is provided in the
SWMU 9 and SWMU 20 Section 4 subsections.
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Comment 2:
Page 9-30, Section 9.17 — The last paragraph states that:

Due to the hydrophobic nature of dioxins, they would be expected to migrate from soil to
groundwater.

This statement is wrong and should be corrected. The finding of dioxins in the shallow
groundwater is highly suspect. The turbidity data for those particular samples should be
reviewed.

Response:  The statement in question has been corrected. Turbidity data for samples with
dioxin detections is in process of review and will be addressed as part of the
groundwater data addendum to the Zone H RFI.

Comment 3:

Page 6-2, third bullet — The reference RAGS, Volume I - Human Health Evaluation Manual,
Supplemental Guidance-Dermal Risk Assessment — Interim Guidance, EPA-OERR,
August 18, 1992 is inappropriate. The document in question was released for comment within
EPA. The workgroup for this docurnent stopped work at that time, and the document was never
finalized. The document is prominently marked “DRAFT” in the upper right corner of each
page. The appropriate reference is Dermal Exposure Assessment: Principles and Applications -
Interim Report, ORD, EPA/600/8-91/011B, January 1992.

Response:  The reference for dermal assessment procedures has been revised to indicate the
most appropriate, approved document.
Comment 4:

Table 6.2.1.73 — Copper should not be included as a Chemical of Concern. Refer to
Tables 6.2.1.53 and 6.2.1.54.

Response:  Copper was included in the list of COCs based on the sum of hazard quotients for
the incidental ingestion and dermal contact pathways which exceeded 0.1. It has
been retained as a COC in the final RFI HHRA, although it is not expected to
dictate specific action relative to corrective measures,
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Comment 5:

Page 6-306. Lead Toxicity — Although the mean lead concentration in soil at SWMU 14 falls
below the residential screening level of 400 mg/kg, the maximum detected concentration of
915 mg/kg is considerably higher. The proposed land use for Zone H is industrial; Region IV
has developed a method for determining a lead cleanup/screening value based on adult exposure.
Details of this method are attached. The method has been used several times in EPA Region IV
to develop a cleanup level of 1300 mg/kg.

Response: In each instances within the HHRA where the mean lead' concentration at a
SWMU or AQC was found to exceed the residential screening level, an additional
comparison was performed relative to the USEPA Region IV industrial screening
value of 1,300 mg/kg for aduilt female workers.

Comment 6:

Page 6-334 and elsewhere, Approximation of Central Tendency Risk Estimates — The CT risk
estimates were determined to be 20% of those of the RME risk estimates as follows:

234 days 9 years
CT Estimate = RME Estimate : 350 days : 30 years

Throughout the document, the correction factor of 20% was used to determine CT risk
estimates. This is appropriate for lifetime cancer risks and non-cancer effects in adults. It may
not be appropriate for non-cancer effects in children. Generally, the 6 year RME Exposure
Duration would fit within the CT 9 year Exposure Duration and thus the child’s CT risk estimate
could also be 234/350 or 66% of the RME risk estimate.

The 20% correction factor might be appropriate for a child if the ED is apportioned either as
(1) 2 childhood years (0-6 years old) in an environmentally impacted residence and 4 childhood
years years elsewhere; or (2) 2 childhood years (0-6 years old) and 4 post-childhoods years in
the same environmentally impacted residence. In any case, an explanation for the use of 20%
as a RME-to-CT- conversion for non-cancer effects in the child receptor should be provided.

Response:  Where hazard indices were found to exceed the threshold of 1 for child receptors
at RME, the central tendency evaluations have been revised to reflect the accurate
projection reductions. These modifications were necessary only in instances
where the simplified approach to CT analysis was used, and non-carcinogenic
COCs were identified.
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Comment 7:

Table 6.2.4.17 The groundwater pathway summed risks and the total summed risks are
incorrect because the risk due to benzidine in groundwater is incorrect. Table 6.2.4.15 correctly
gives the cancer risk due to benzidine in groundwater in groundwater as 6E-02. Here this risk
is given as 9.5E-07. This should be corrected.

Response:  The groundwater pathway risk summation has been corrected to accurately reflect
that contributed by benzidine.

Comment 8:

Table 6.2.4.21 and elsewhere — In this and other RGO tables, the Federal MCL is termed an
“ARAR”. This is not incorrect, merely non-specific. ARAR means “Applicable or Relevant
and Appropriate Requirement.” The term Federal MCL should be used in its place.

Response: The term ‘ARAR’ has been removed from the HHRA in favor of MCL
(maximum contaminant level) or health advisory concentration.
Comment 9:

Page 6481, “reference” concentrations — This term is used to indicate background
concentrations, It is most appropriate that these be called “background concentrations.”

Response:  The terms ‘reference’ and ‘background’ are used synonymously in the HHRA.
Clarification has been added to Section 6.1 of the RFI to ensure that this word
usage is not the source of reviewer confusion.

Comment 10:

Table 6.2.8.16 — The “Sum of All Pathways’ Risks are not the sum of the pathways. Some
spreadsheet error has been made here and should be corrected.

Response:  The spreadsheet summation error identified in Table 6.2.8.16 has been corrected.

Comment 11:
Page 6-707, Table 6.2.13.11, Inhalation of shallow groundwater — This table was absent — a

blank page. EPA assumed that the ingestion exposure of 2 f/day was used as a surrogate for
the inhalation exposure from a shower per Region IV guidance. Details should have been given.
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Response:  Table 6.2.13.11 has been added to the revised HHRA. This table was
inadvertently omitted from the draft-final document. In addition,
Tables 6.2.15.14 and 6.2.14.16 (for AOC 666) which were omitted from the
previous submittal have been included in the final RFI HHRA.

Comment 12:

Table 6.2.13.15, Risk/Hazard at AOC 666 due to inhalation of volatiles from groundwater —
The assumption was made that workers shower at work. This may or may not be reasonable
but should be discussed and supported. Such discussion was absent.

Response:  Throughout the HHRA, it was assumed that workers showered while at work as
part of the groundwater inhalation of volatilized contaminants pathway evaluation
process. This pathway was considered because it is not known what type of
industry might ultimately occupy Zone H, and thus what groundwater use
practices may be. Additional detail has been added to Section 6.1 to clarify this
issue.

Comment 13:

Table 6.2.13.27, EPC for Arsenic — This number was miscopied. What was presented in this
table was the EPC for vanadium, The EPC for arsenic at AOC 663 in surface soil is
23.9 mg/kg.

Response:  The proper arsenic EPC (23.9 mg/kg) has been substituted in Table 6.2.13.27.

Comment 14:

Table 6.2.14.6 and elsewhere — Per Region IV guidance, the inhalation slope factor for
benzo(a)pyrene is 3.1 (mg/kg-day)-'.

Response:  The inhalation slope factor for benzo(a)pyrene (3.1 mg/kg-day)-! has been added
to each toxicological reference table presented in the HHRA.

Comment 15:
Page 1--7, Figure 1-3 — This figure is missing. Please check.

Response:  Figure 1-3 was in the copies of the Zone H RFI available for our review upon
receipt of this comment.
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Comment 16:
Page 1-17, Figure 1-5 — Label SWMU 159 in this figure.

Response: SWMU 159 was labeled in the copies of the Zone H RFI available for our review
upon receipt of this comment.

Comment 17:

Page 2-22, Section 2.5.4 — The response to EPA Comment #8 on the previous draft of this
document states that field parameters for surface water were not measured during sampling.
Since collection of this data is included in Page 3-7, Section 3.2 of the Final Comprehensive
Baseline Risk Assessment Work Plan, include a statement that such field parameters will be
measured during any future surface water sampling (e.g., in conjunction with Zone J sampling).

Response: A statement has been included in Section 2.5.4 which states that for future surface
water sampling the appropriate field parameters will be recorded.

Comment 18:

Page 4-1, Section 4-0 — The response to previous EPA Comment #11 are generally acceptable,

but paragraphs 1 and 2 must be revised to include the information requested in previous EPA

Comments #11a (comparison of data to ecological screening values) and #11b (including

ecological risk as a potential driver for remedial action).

Response:  The paragraphs have been revised to include the suggested statements.

Comment 19:

Page 4-31, Figure 4.1.1. — The responses to previous EPA Comments #22 and #23 state that
this map has been revised to include additional sediment and surface water sample locations not
shown previously. However, this figure still needs to be revised to show those sample locations.

Response:  Figures 4.0 and 4.1.1 have been revised to include all sediment sample locations.

Comment 20:

Page 4-147, Section 4.6.1.5 — The responses to previous EPA Comment #28 indicated
agreement that any future soil sampling at SWMU 20 should include inorganic analyses, since
batteries were stored at that SWMU. Section 4.6.1.5 states that “several metals were detected
in groundwater samples from wells near SWMU 20.” Therefore, it is highly recommended that
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additional soil samples be collected at SWMU 20 for inorganic analyses, for use in exposure/risk
determinations and to determine any relationship between inorganic soil contaminants at
SWMU 20 and inorganic groundwater contaminants found in the nearby wells.

Response:  The statement that “several metals were detected in groundwater samples from
wells near SWMU 20" was misleading and has been removed. A more detailed
assessment of analytical results for groundwater samples from three wells in the
immediate vicinity of SWMU 20 identified two elements that were detected at
concentrations which exceeded respective RBSLs and UTLs. These elements
were barium in NBCH009007 in both 1st and 2nd rounds of groundwater
sampling and chromium in the 1st round groundwater sample from NBCH009012.
Barium was detected in the monitoring well soil sample from NBCH009007 at a
concentration which was over the element’s UTL but not over its RBSL.
Chromium was not detected in either of the two soil samples collected in the
SWMU 20 area. The presence of above-background concentrations of barium in
the soil at NBCH009007 and the presence of barium in the groundwater at this
location suggests that soil contamination has impacted the groundwater in the
area; however, the impact appears to be limited to only two elements (barium and
chromium).

Comment 21:

Page 7-1, Section 7.0 — In the text, indicate that the USEPA 1994 reference is a draft
document.

Response:  The text has been changed to note that the USEPA 1994 reference is a draft
document.

Comment 22:

Page 7-1 - 7-2, Section 7.1:

A. In paragraph 1, mention the ecological risk assessment checklists completed for

the different ecological study areas (ESAs) and areas of ecological concern
(AECs), presented in Appendices A and B of the Final Zone J RFI Work Plan.
Indicate how this information was used in the Ecological Risk Assessment (ERA)
for Zone H.

Response to Comment 22A:

The ESA/AEC checklists and their purpose in the Zone H ERA process have been added
to the report.
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For clarification (especially as a basis for the data evaluation), include a table
showing the AOCs and SWMUs located within each of the four-subzones. Also,
indicate which Zone H AOCs and SWMUs have apparent contaminant migration
pathways into those subzones or into other zones.

Response to Comment 22B:

A table presenting the Zone H AOC/SWMUs located within each subzone and the other
ecological areas they potentially impact has been added.

Comment 23:

Page 7-13, Section 7.4:

A. In paragraph 1, indicate whether the depth to groundwater in the wetlands portion
of Zone H is also 5 ft. bgs or whether groundwater can discharge into the
wetlands. If such a discharge is possible, potential effects related to this pathway
should be addressed.

Response to Comment 23A:

Although groundwater has been monitored in Zone H, water table depth (averaging
approximately 5 feet bgs) in the upland areas precludes assessing ecological impacts from
this medium immediately within the zone perimeter. The wetland habitats present in
Zone H (primarily in Subzone H-4) are considered tidally influenced and not significantly
affected by groundwater discharge. Section 5 (Fate and Transport) gives additional detail
on groundwater-to-surface water cross-media transport within Zone H.

B.

Paragraph 5 introduces tables showing the selected Ecological Chemicals of
Potential Concern (ECPCs) for the different subzones. Previous EPA Comment
#15 had mentioned the need for separate evaluations of sediment samples based
upon the type of surface water body or wetland. While this was done for
Shipyard Creek and the estuarine intertidal wetland (subzone H-4), in Pages 7-25
to 7-28, Tables 7-5b and 7-5c, there is no table for subzone H-2. According to
Figure 7.2, sediment samples were collected in subzone H-2 (forested palustrine
wetland). Address this point.
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Response to Comment 23B:

Three of the six sediment samples in subzone H-2 have been tabulated and assessed as
true sediment (Table 7-4c). These sediments were collected in water bodies or drainage
ditches and have a potential exposure pathway to aquatic receptors. Due to the
predominance of terrestrial habitat within H-2, the remaining three upland sediment
samples were assessed as soil as they more pertain to the prevalent terrestrial receptors.

Comment 24:

Pages 7-14 to 7-16, Table 7-2 — Include the inorganic data for subzone H-1. (See the comment
on Page 7-44, Section 7.8.1 given below).

Response:  The inorganic data from surface soils collected in Subzone H-1 (from SWMU 19
and AOCs 648-651) have been included.

Comment 25:

Page 7-13, Section 7.5 — Include a discussion of surface water/sediment data collected along
possible contaminant migration pathways from SWMUs and AOCs to areas of ecological concern
(e.g., from storm drains or ditches). Indicate any relationship seen between contaminants in
samples collected along contaminant migration pathways and those found in the different
subzones.

Response:  Although storm drains and ditches exist near Zone H AOC/SWMUs, most were
observed to function more as detention basins rather than surface water
conveyances. As such, impact to subzones via surface water pathway from a
particular AOC/SWMU is considered negligible. The revised conclusion section
addresses apparent relationships between the COCs of Zone H AOC/SWMU and
similar contaminants found in the ecological subzones.

Comment 26:

Page 7-24, Table 7-5a — For surface water, include the chronic effects levels for both trivalent
(103 ug/l) and hexavalent (50 ug/l) chromium.

Response:  The chronic effects levels for both trivalent and hexavalent chromium have been
added.
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Comment 27:
Page 7-33, Section 7.6:

A. The assessment endpoints might be appropriate for a preliminary risk
characterization, but they should be more specific for the final risk
characterization. For example, for terrestrial wildlife, assessment endpoints
might include reproduction and survival of small mammalian herbivores and
carnivores and small avian carnivores.

Response to Comment 27A:

Subsequent to receipt of these comments, discussions were held between the Navy’s
contractor and USEPA'’s ecological risk reviewer. It was generally agreed that the
Zone H ecological effects models generated and used as assessment endpoints are
considered adequate for risk characterization, These will be refined if further risk
determination is necessary.

B. Infaunal Invertebrates — Revise the last line to read “qualitatively measured by
comparing literature data on toxic effects to actual soil concentrations.”

Response to Comment 27B:

The text has been revised as requested.

C. Terrestrial Wildlife — In the last paragraph, line 5, change “Selected
measurement endpoint species” to “Selected representative wildlife species
evaluated through this comparison. ”

Response to Comment 27C:

The text has been be revised as requested.

Comment 28:

Page 7-37, Section 7.8 — The point made in paragraph 1 about the use of different concentration
units is understandable. However, since the analytical data are presented in units of ug/kg or
mg/kg (for example) rather than in ppb or ppm, it is preferred that the former units be used in
future discussions.

Response:  The units of measure have been made consistent for concentrations used to
present analytical data (mg/kg, ug/kg, etc.).



Comment 29:

Pages 7—39 - 7-41, Table 7-7 — For clarity, change “Terrestrial Receptors™ to “Terrestrial
Infaunal Invertebrates” in the title.

Response:  The text has been revised as requested.

Comment 30:

Page 7-42, Section 7.8.1 — Check the units for the soil PCB concentrations resulting in toxic
effects (i.e.,ppm or ppb?).

Response:  The soil PCB concentrations were correct as written (ppm) but have been revised
to mg/kg in response to Comment 28.

Comment 31:

Pages 7-43 to 7-45, Section 7.8.1 — In order to give a clearer presentation of the potential for
risk (i.e., to avoid having to flip between the effects data in Table 7-7 and the soils data in
Tables 7-2 through 7-4b, Pages 7-14 through 7-23, to compare the concentrations), include
summary comparison tables for the effects data and soils data for subzones H-1, H-2, and H-3.

Response:

For ease of reading, a summary comparison of effects data to observed maximum concentrations
has been provided.

Comment 32:

Page 7-44, Section 7.8.1 — According to Figures 1.5 and 7.2, subzone H-1 includes part of
SWMU 9, SWMU 19, SWMU 20, and AOCs 649, 650, and 651. SWMU 19 and AOCs 640-
651 do have inorganic soil data (e.g., Page 4-133, Section 4.5.1.5). Either include an evaluation
of this inorganic soil data or explain in the text why such an evaluation was not done,

Response:  Subzone H-1 inorganic soil data has been compared to effects levels for soil
infaunal species.
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Comment 33:
Page 7-46, Section 7.8.2:
A. Include a statement explaining why Potential Dietary Exposures (PDEs) were not

calculated for some of the ECPCs in Tables 7-12a through 7-14b, pages 7-54
through 7-69 (e.g., bioaccumulation factors not available).

Response to Comment 33A:

Text has been added to explain that Potential Dietary Exposures (PDEs) can not be
calcutated for those ECPCs without an available bioaccumulation factor (BAF).

B. Include a statement explaining why Hazard Quotients (HQs) were not calculated
for 2,3,7,8-TCDD and lead in soil at subzone H-3 for the red-tailed hawk and the
Eastern cottontail rabbit (Table 7-14a, p.7-65).

Response to Comment 33B:

The omitted Hazard Quotients have been included.

Comment 34:

Pages 7-47 to 7-49, Table 7-8, — Include all soil ECPCs in this table. For example, nickel is
listed as an ECPC in Page 7-16, Table 7-3a but it is not included in Table 7-8.

If a bioaccumulation factor is not available for particular ECPCs, use the “NA” footnote.

Response:  All soil ECPCs have been included in the appropriate table as requested. Those
ECPCs without associated BAFs have been designated with the NA footnote.

Comment 35:

Page 7-51, Table 7-9 — Based upon the large home range of the red-tailed hawk, which results
in a site-foraging factor much less than one, the red-tailed hawk is not really an appropriate
representative species for determining risk to terrestrial predators in Zone H. Future ecological
risk assessments for other zones should consider using top carnivores with a smaller home range,
if possible.

Response:  The effect of sclecting a species with a large home range with regards to site-
foraging factor is understood. The red-tailed hawk was selected due to repeated
observations of hawks in the area of Zone H.
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Comment 36:
Page 7-73 to 7-74, Section 7.8.3:
A. Check for missing words in paragraph 3.

Response to Comment 36A:

The text has been corrected.

B. For subzones H-2 and H-3, include the maximum concentrations of the inorganic
contaminants, for comparison with the effects concentrations in Table 7-15,
Page 7-72.

Response to Comment 36B:

For comparison purposes, the maximum concentrations of the inorganic ECPCs in H-2
and H-3 have been included in the text.

C. Page 2-9, Section 2.1.7, and Page 2-8, Figure 2-2 of the Final Zone H Work
Plan mention areas of stressed vegetation in the wetlands near SWMU 9. They
also indicate that sediment samples were collected in those areas. Add a
paragraph on vegetation for subzone H-4 to discuss the results.

Response to Comment 36C:

The reported areas of stressed or lacking vegetation near SWMU 9 were the remnants
of an antennae field. Rather than a contamination-related effect, the lack of vegetation
was attributed to a change of topography in the area of the guy anchors. This
information has been added to the H4 discussion.

D. For subzone H-3, explain what is meant by the statement that “the monotypic
nature of the grass fields will reduce the risk of lead phytotoxic effects to an
acceptable level.”

Response to Comment 36D:

The verbage used in the draft document was unclear. The objective of this portion of
the discussion was to indicate that grasses, in general, do not have the capability of
storing significant amounts of metals. Thus, systematic effects to grasses “should” be
minimal. The context about “monotypic nature of the grass fields” was meant to imply
that few other species, especially those with tuberous or storage-type root systems, are
present and few effects to such a “grass field” ecosystem should occur. The text has
been clarified accordingly and available references included.
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Comment 37:

Page 7-74, Section 7.8.4 — According to Table 7-5a, Page 7-24, effects levels were exceeded
for most of the inorganic parameters listed in the table. Therefore, the statement in paragraph
1 that “No surface water analyte concentrations exceeded effects levels selected for assessment”
is wrong. Revise paragraph 1 accordingly.

Response:

Comment 38:

A discussion of all exceedances of marine chronic water quality criteria has been
provided.

Page 7-75, Section 7.8.4 — For subzone H-4, check the first sentence for missing words.

Response:

Comment 39:

The text has been corrected.

General Comments on the Ecological Risk Assessment

A.

As written, the Risk Characterization (Section 7.8) seems more like a Preliminary
Risk Characterization. Page 3-7, Section 3.2.1 of the Final Comprehensive
Baseline Risk Assessment Work Plan states that “After completing the Phases I
and I1, a Preliminary Risk Characterization (PRC) will be formulated. This PRC
will assimilate data obtained during the Phase I — Preliminary Site Assessment
(PSA) in order to predict effects to critical biological receptors, based on a
contaminant worst-case scenario.” Page 3-8 of the same document states that
“After completing the PRC, a decision will be made as to whether future
ecological work is needed.” Page 3-8, Section 3.3 then discusses Phase III
(Problem Formulation/Conceptual Model), including the selection of measurement
endpoints, such as toxicity tests, measurements of in-situ community indices, and
tissue burden studies.

No site-specific ecological endpoints were measured for the Zone H ERA.
Instead, media concentrations or calculated dietary exposure concentrations were
compared to benchmarks or reference toxicity values from the literature. While
this approach might be sufficient in some cases (primarily as an indication of no
or low risk), it might not be sufficient for areas showing potential ecological risks
(e.g.,subzone H-2, potential risk to young herbaceous plant species — Page 7-73,
Section 7.8.3 of the Final Zone H FRI Report). To reduce uncertainty related to
such a risk characterization, and to determine what contaminant levels would
reduce risk to acceptable levels, site-specific testing might be recommended (e.g.,
plant toxicity testing/bioassays of contaminated soil from subzone H-2). One big
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drawback to reaching this decision point in the Final RFI Report is that an
inclusion of additional sampling or testing at this time would mean a delay in the
project. This is a major concern that needs to be discussed by the Navy, their
contractor, EPA, and other agencies as appropriate, in order to reach a
resolution.

B. An additional approach for characterizing risk along terrestrial food chains is to
calculate risk based upon mean soil contaminant concentrations, to present a risk
range. Use of both mean and maximum concentrations would also help determine
whether the contaminants resulting in unacceptable risks are localized or
widespread. A map showing the distribution of ECPC concentrations for the
main risk drivers would also help in interpreting risk potential. For both risk
calculations, back calculations can be done to determine what contaminant
concentrations would yield an acceptable risk.

Responses to Comment 39 A&B:

More discussion concerning spatial distribution (along with visual presentations) have
been included to clarify the significance of HI values >1 for mean and maximum
concentrations. This will better enable the management team to make decisions
regarding actual impact. Mean values have been modelled for contaminants and receptor
species with HI values >1 to provide perspective risk potentials for zone-wide
contaminant distribution and “hot spots.”

C. Characterizing ecological risk for each of the subzones is good. However, a
better tie-in is needed with the SWMUSs and AOCs, with respect to the need for
any corrective measures based upon ecological risk, either to decrease exposure
to contaminants at SWMUs/AOCs or to cut off contamination migration pathways
to areas of ecological concern. (See the comment for Page 9-40, Section 9.23.)

Response to Comment 39C:

An attempt has been made within the ERA conclusions to link observed risk levels to
specific AOCs and SWMUs. However, the degree of uncertainty is a significant factor
since risk was based primarily on habitat distribution (receptor-driven). During the
assessment it was assumned that contamination from several sources may have impacted
an entire subzone. In addition to revised text, maps have been included to graphically
aid in the correlation.

D.  Add a conclusions section to the ERA, including a statement about any additional
ecological sampling or testing needed to reduce uncertainties of the risk
assessment (e.g., Page 7-70, Section 7.8.2, recommendations for measurement
of tissue concentrations or in-situ bioaccumulation studies).
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Response to Comment 39D:

A conclusion section was provided in Section 9 of the report. A separate conclusion has
been provided with the ERA section.

Comment 40:

Pages 8-1 to 8-3, Sections 8.0 - 8.1 — The wording in these sections implies that only human
health concerns will be the basis for determining the need for a Corrective Measures Study.
Depending upon the final outcome of the Ecological Risk Assessment, ecological concerns might
also need to be addressed through corrective action.

Response:  Agreed. Section 8.0, Recommendations for Corrective Measures, was revised
to include several statements on how ecological risk (at an unacceptable level)
could become a driver for corrective action. Sections 7.0 and 9.0 were also
expanded to address this issue.

Comment 41:

Pages 8-9 - 8-11, Section 8.4.2 - 8.4.4 — These sections include consideration of “The potential
for damage to domestic animals, wildlife, food chains, crops, vegetation, and physical structures
caused by exposure to waste constituents.” Since domestic animals, crops, and physical
structures are not addressed in ecological risk assessments, it would be better to include them
in a separate sentence.

Response:  Agreed. Section 8.0, Recommendations for Corrective Measures, was revised
to incorporate this fact.

Comment 42:

Page 9.40, Section 9.23:

A. See the comment given above concerning potential risks for aquatic receptors,
with respect to surface water contaminants.

B. Include AOC 654 as a possible source of contamination within subzone H-4.
C. Explain the connection between the SWMUs/AQCs and the ECPCs found within
the different subzones (i.e., contamination present at a SWMU/AOC located

within a subzone and/or contaminant migration pathway leading from a
SWMU/AOC to a subzone).
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Response to Comment 42A:
Section 9 has been revised to reflect the comparison of observed surface water inorganic
concentrations in Shipyard Creek to applicable SDHEC/USEPA surface water quality
criteria, which indicates a potential low to moderate risk to aquatic receptors. Six of eight
ECPCs have HQs> 1. The HQ for copper is greater than 10.

Response to Comment 42B:

AOC 654 has been included as a potential source of contamination within subzone H-4.

Response to Comment 42C:

See response to Comment 39¢.

Comment 43:
Volume 1, Table of Contents
A. List of Figures

1) Figures 1.1, 1.3, and 1.4 are identified in the Table of Contents, but are
missing in the text.

2) The title of Figure 4.0 is incomplete in the Table of Contents compared
to the title on the actual figure.

3) Beginning with Figure 4.0, the page numbers in the Table of Contents are
wrong.

Response to Comment 43A:

Figures 1.1, 1.3, and 1.4 were in the copies of the report available for review upon
receipt of these comments. Other corrections have been made to the Table of Contents.

B. List of Tables
1§} All page numbers are wrong.
2) In the Table of Contents, Table 4.2 is entitled NAVBASE Analytical

Program. In the text it is entitled Summary of Zone H SWMU — and
AQOC-Specific Sediment and Surface Water Sampling. The title identified
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for Table 4.2 in the Table of Contents is actually the title for Table 4.4
in the text.

3) The system used to number the tables is inconsistent. For example,
Table 4.2 is located between Tables 4.1 and 4.1.1, and nowhere near
Tables 4.2 .X.

4) Tables 4.3, 4.4, and 4.5 are missing from the Table of Contents but are
contained within the text.

5) The footnote for Table 5.1.4 is missing.
6) The footnote for Table 7.8 is missing.
NOTE: These are only examples and are not a complete listing of errors in the Table of
Contents. However, it should be noted that the nature and extent of these errors made
the difficult task of reviewing a 20-inch thick report even more time consuming and
difficult.
Response to Comment 43B:

Corrections have been made as necessary to address mistakes within the List of Tables.

Comment 44;
Page xliii — Reference is made to OIAs GO7, G38, and G80.

A. The term OIA is missing from the Abbreviations, Acronyms, and Symbols for
NAVBASE Zone H section.

B. The terms G07, G38, and G80 are not explained.
Response to Comment 44A;

The acronym for Other Impacted Areas (OIA) has been added to the report acronym list.

Response to Comment 44B:

Text has been provided in Section 4.23 which explains the origin of the OIA areas.
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Comment 45:

Page xliv — Mention is made of identifying four “subzones” in Zone H, i.e., H-1, H-2, H-3,
and H-4. However, on Page 3-57, mention is made of identifying two areas within Zone H as
areas of ecological concern, i.e., AEC-1 and AEC-2. Terminology should be clearly identified
and consistently used.

Response:  Clarification has been made as to the purpose and definition of each parcel of
ecological stady (ESAs, AECs, and subzones) associated with the Zone H ERA.
Comment 46:

Page 1-15, last paragraph, fourth line — It should read “--- when the first draft of this report
was prepared.”

Response:  Correction has been made.

Comment 47:
Page 1-15, last paragraph, eighth line - It should read “---into this second draft of this report.”

Response:  The sentence was modified to read “---into this report.”

Comment 48:

Page 1-15, last paragraph, ninth line — It should read :---before transfer of NAVBASE
property.”

Response:  Correction has been made.

Comment 49:

In the discussion of contaminants found at each site, statements are sometimes made that “No
(contaminants) were present at concentrations exceeding their respective RBSLs. In fact,
(contaminants) ranged from X to Y orders of magnitude below their RBSLs.” (See Page 4-33,
Section 4.1.1.1) This is clear and concise. However, frequently some form of the first sentence
is missing — information that is very important. (See Page 4-69, Section 4.2.1.1)

Response:  Section 4 was reviewed with respect to the above comment. Where appropriate

text was added or modified in order to specifically state whether compounds were
present at concentrations which exceeded their respective RBSLs.

33



Comment 50:

Page 7-1, Section 7.1 — The statement is made that “A more detailed description of this
methodology may be found in the Zone J Work Plan (submitted November 22, 1995).” This
raises two points:

A. A Comprehensive RFI Work Plan has been developed and approved for work to
be done at two or more zones. Each Zone Work Plan is intended to be specific
for that zone. Thus, any reference to a “more detailed description of this
methodology” should be to either the Comprehensive RFI Work Plan or a section
in the Zone H RFI Work Plan.

B. The Zone J RFI Work Pian is still draft and should be referred to accordingly.

Response to Comment 50A:

For clarity, the sentence referencing methods in the Zone J RFI Work Plan has been
revised to read, “A description of this survey methodology, which is used in conjunction
with the Zone H RFI Report, may be found in the Zone J Work Plan (draft submitted
November 22, 1995)”.

Response to Comment 50B:

Noted

Comment 51:

Page 8-1, Section 8.0 says in part that “the RFI Report should discuss whether the extent of
contamination has been defined, and propose recommended actions for the SWMUs and AQOCs,
such as collection of additional samples, proceed into a Corrective Measures Study, or No
Further Investigations, whichever is appropriate.” EPA agrees with this former SCDHEC
comment. Yet, Section 8.0 does not fully satisfy this comment. Apart from Tables 8.1, 8.2,
and 8.3 (which are very good), the rest of this section summarizes what is contained in the
USEPA guidance document RCRA Corrective Action Plan (USEPA, 1994) rather than dealing
with the site specific CMS issues. Section 8.0 is a very important section which should serve
as a focal point for the rest of the Zone H RFI Report. It should summarize which areas are
clean and require No Further Investigation, which areas need additional samples (how many,
where, what type, etc.), and which areas should proceed into the Corrective Measures Study.
Further, it should identify the boundaries of each site (“the extent of contamination”). The
extent of contamination is critical to designing a CMS.
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Consider two hypothetical scenarios:

A. Assume: In the RFI, a sample is collected which includes an old treated piling.
The sample is highly contaminated. Sampling confirms that the contamination is
from that one piling; contamination has not yet migrated into the environment.

Under this scenario, the Corrective Measure is obvious, i.e., dig up the piling,
and collect a few confirmatory samples to prove that the area is environmentally
clean. It would be a waste of time and money to do a CMS at this site.

B. Assume: A landfill contains a number of acres of high concentrations of
contamination.

Under this scenario, it is critical to do a CMS and a cost benefit analysis for each
cleanup alternative.

Obviously there will be various sizes of sites in between with unique considerations but
knowledge of the extent of contamination is a critical factor in the design of a CMS for each.

The previous SCDHEC comment should be more specifically addressed for each site in
Section 8.0.

Response:  Agreed. However, in lieu of repeating what has been presented in Section 9.0,
Conclusions, the reader is referred to Table 9.25, Zone H RFI, Summary of
Recommendations, for a table presenting a summary of site-specific information.
The summary table will display those sites that can be considered for NFA or
peed to be evaluated further in the CMS. Much of the data for the CMS has
been generated during the RFI; however, it is conceivable that additional data will
need to be collected during the CMS. Specific sampling requirements will be
appropriately addressed by the CMS Work Plan. For those sites where the
corrective measure is obvious the actual CMS is anticipated to be very brief with
no excess cost incurred. Also, many of these sites where the remedy is so
obvious are being addressed through interim measures to expedite the process.

Comment 52;

Page 8-31, Section 8.8, and Page 8-33, Table 8.4 — A discussion is presented of a system for
ranking the corrective measure alternatives. The statement is made that:

The ranking system will apply a weighing factor selected by the Navy to determine the
importance of each corrective measure criterion.

However, the use to be made of that information is not provided. It should be noted that RCRA
corrective action includes a public participation process. Specifically, while the Navy can
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recommend corrective measure alternatives, public input will be actively solicited and weighed
heavily in the decision which will be made by the RCRA Permitting Authority (i.e., SCDHEC)
as to which actual corrective measure is selected for each site. This emphasizes the importance
of getting and keeping the Restoration Advisory Board informed and actively involved in the
decision making process throughout the RFI and CMS.

Response:  Agreed. Section 8.0, Recommendations for Corrective Measures, was revised
to incorporate this fact. Public participation and comment is an integral part of
the RCRA corrective action process. The revisions, within the text as well as
Table 8.4 Comparison and Ranking of Alternatives, include statements pertaining
to public involvement and its possible impact on remedy selection by the
permitting authority.

Comment 53:

Page 94, Section 9.1, and others — The statements are made that “---consideration should be
given to third and fourth quarter results prior to risk management decision-making.” and “---
additional groundwater sampling --- is recommended.” This raises two questions:

A. Have sufficient data been collected to demonstrate that an area is environmentally
clean?

B. Or, if contaminated, have sufficient data been collected to define the extent of
contamination and design a CMS? If not, what specific data are needed?

Response to Comment 53A:

Given the sampling strategy of sample collection in the most likely areas of
contamination at each AOC and SWMU which was thought to have the potential for
contamination, in the case of the sites proposed for NFA, enough samples have been
collected to demonstrate that the areas are environmentally clean.

Response to Comment 53B:

Adequate data have been collected to support initial CMS activities at sites where
contamination was identified. Additional data may be necessary at some sites depending
on the CMS alternatives.

At many sites the COCs that were determined to be present in site samples and present
significant risk were not necessarily associated with the site activities. For instance, at
AOC 655 dieldrin, Aroclor-1254, Aroclor-1260, and PAH were detected and were
responsible for the risk at the site; however, the reason for sampling at AOC 655 was
a fuel oil spill. The compounds that ultimately were responsible for AOC 655 to proceed
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in the CMS were not even expected to be there. These unexpected hits of compounds
are pot suprising due to the long and active history of the area of Zone H. The dieldrin
that was detected at AOC 655 was likely used as an insecticide around the perimeter of
the building. The Aroclor hits were in the vicinity of piping that carried fuel oil into the
boiler room; however, a transformer unit was also setting in that location and was likely
responsible for the PCB hits. The most significant PAH hit in the AOC 655 area was
at the southwest corner of the building away from where the fuel oil spill supposedly
occurred.

The sampling strategy employed at each of the sites was to collect samples (soil and often
groundwater) in the area most likely to have been impacted based on information
provided in the RFAs. If, after initial data review, significant contamination was
identified, additional samples were collected. In some cases as many as three rounds of
data were collected prior to report production. Often, as the sampling pattern was
extended in an attempt to encircle the extent of a compound identified in the initial round
a new compound at a significant concentration would be discovered, often a compound
that apparently had no relationship to the site activities. As a result of the “contaminant
soup effect” it is difficult to define the extent of each contaminant identified. However,
the extent of significant risk and/or hazard at sites within Zone H, with the exception of
SWMU 19, SWMU 20, and SWMU 121, has been adequately defined. Although
sampling conducted as part of the CMS or possible remedial action will likely be used
to provide more detail to the existing definition of risk and/or hazard.

In the areas of SWMU 19, SWMU 20, and SWMU 121 (within the boundaries of
SWMU 9) the COCs identified in site samples were not apparently solely related to those
site activities; instead, they were likely related to more widespread contamination
associated with the SWMU 9 area. The contaminants identified at AOCs 649, 650, and
651, which are also located on SWMU 9, appeared to be confined to the area covered
in that sampling pattern.

Some specific data recommendations for additional sampling have been provided in
Section 9.25.

Comment 54:

Page 10-3, Section 10.0 — The 1994 Draft RCRA Facility Assessments (RFAs) are cited as
references twice. The final 1995 RFAs should be cited instead.

Response:  The citations have been changed as suggested.
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Comment 55:
Appendix C — The statement is made that:

This appendix has not been reproduced for this final report. It was produced in final
form for the Draft Final Zone H RFI and did not receive comments.

EPA prefers that the term Draft be used until a document has been formally approved
by SCDHEC and/or EPA and then deleted, and that the term Final not be used in a title
even in a document that has been formally approved by SCDHEC and/or EPA., A
document is either Draft or Final but not Draft Final,

Response:  Per recent discussions between members of the Project Team, it was disclosed
that the terminology has specific contractual implications for the Navy and it’s
contractor. The team agreed to continue using the terminology to support the
Navy’s requirements.

Focused Field Investigation Report
Comment 1:

Use of Subchronic Toxicity Values for Chloroform and Chloromethane. Table 39 presents
Inhalation RfD values for these chemicals calculated from subchronic RfCs. This fact should
be mentioned in the table.

Response:  Comment noted. The source and derivation of the inhalation RfDs for
chloroform and chloromethane has been appended to the Table 39 NOTES.

Comment 2:

Page 1-21, Table 1.2 (in the RFI Report) — Mention is made of Passive soil-gas sampling using
PETREX™ technology, but no mention is made of these data in the FFI. These data need to
be presented and interpreted.

Response:  The Petrex data was omitted prior to submission of the preceding draft of this
document. No such comment was made regarding the revision 2 document. The
bases for exclusion of the Petrex data included:

—  The data are semi-quantitative and the analytical laboratory identified significant
analytical noise which complicated data reduction and interpretation.

—  The data, regardless of DQO level, were not particularly relevant in consideration
of the project objectives which were (as stated in the FFI report):
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1)

2)

3)

To identify the presence or absence of indoor air contaminants [volatile organic
compounds, semi-volatile organic compounds, and selected inorganic compounds
(ie. sulfur)].

To determine if the indoor air contaminants quantified are emanating from the
interior or exterior of the buildings.

To determine any risks to human health from air contaminants having an external
source.

Had the FFI sought to definitively determine not only the existence of an external source
(ie. subslab/crawlspace gas concentration) but also the original source and precise
migration pathways, the Petrex data (or data derived from alternative methods) may have
been more useful in achieving the ultimate objective.

Comment 3:

Concerning the personnel who designed and conducted the air monitoring portion of the FFI:

A.

What specialized training, and how much training, did those personnel have in
the design and conduct of air monitoring investigations prior to designing and
conducting this FFI? Note that this is concerning the field rather than the
laboratory activities.

What specialized experience, and how much experience, did those personnel have
in the design and conduct of air monitoring investigations prior to designing and
conducting this FFI? Note that this is concerning the field rather than the
laboratory activities.

Response to Comment 3A:

The resumes for those key personnel responsible for scoping, designing, implementing
and reporting the FFI are included in the Comprehensive RFI Work Plan for the Naval
Base Charleston.

Response to Comment 3B,

Same as response 3a above.

Comment 4:

Table of Contents, Tables 1, 4, and 6 — The footnotes are missing.

Response:  The footnote designations in the Table of Contents have been omitted.
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Comment 5:
Page 3-31, Section 3.2.7 — It says in part:

The largest cracks, which were observed in the warehouse, are one-half inch in width and run
north to south the length of the warehouse area. Inside the store, only minor cracking was
observed with no cracks wide enough to permit a SS,;, to be collected.

EPA raised this as a concern in Comment 7 in EPA’s October 13, 1995, comments on the
previous draft FFI Report. Although the Navy agreed to this comment in the Navy’s December
27, 1995, Re to ents for ft Fi acility Investigation

Zone H, no apparent effort was made to address EPA’s concern. EPA retains this as a
significant concern.

Response:  Comment noted. It is important to draw a distinction between cracks (structural
flaws in the concrete) and expansion joint separation. The ‘crack’ referred to in
Appendix A was actually a displaced expansion joint with a width of two inches.
This expansion joint was the chosen location for the SSint sample collected in the
warehouse. Additional discussion has been added to Section 3.2.3.7 to clarify

this issue.
Comment 6:
In the Response to Comments for Draft Final RCRA Facility Investigation Report for Zone H.

Response 8A and 8B, reference is made to a December 14, 1995, meeting in Columbia, South
Carolina to discuss comments regarding the previous draft FFI Report. One of the requests that
EPA made at that time was for Mr. Robert Scotto, Carala Air Associates, Inc., to review all of
the air data including the PETREX™ data, and to review the factors which might affect the
interpretation of the data. As noted above, the PETREX™ data have not been included and
Mr. Scotto’s January 5, 1996, response did not address these. In fact, Mr. Scotto concludes by
saying:

However, we must point out that in spite of the volume of data evidencing negligible gas
migration into the buildings, results of this study do no provide absolute certainty of this
conclusion, as the study was not designed to explicitly consider those mechanisms which
enhance migration of soil gas into indoor building spaces. Factors such as barometric
pumping and water level fluctuations, and even HVAC considerations, would had (sic)
to have been addressed in order to provide a level of absolute certainty. (Emphasis added
by EPA).

Thus, considering Mr. Scotto’s comment, absent any consideration of EPA’s above
comment regarding a change in the floor of Building 656, and absent any consideration
of the PETREX™data, EPA’s concern about soil gas migrating from SWMU 9 has not
been adequately addressed. Note that EPA is not interested in conducting a health effects
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assessment of employees within buildings; for this, EPA defers to agencies such as the
Agency for Toxic Substances and Disease Registry (ATSDR). However, EPA was
informed of a concern that Base Exchange employees had regarding odors they
reportedly smelled and health effects they reportedly observed and the possibility of there
being some correlation of these with soil gas migration from SWMU 9. EPA is
concerned that an adequate soil gas study has not been conducted to conclusively
determine whether or not soil gas from SWMU 9 poses an undue risk to human health
and the environment. Pending such an investigation, EPA does not consider the RFI for
SWMU 9 to be complete.

Response:

The passage from Carala Air Associates Jammary 5, 1996 correspondence was
taken out of context. By mentioning the uncertainty associated with the data, Mr.
Scotto was merely putting results in perspective which is customarily done,
especially when evaluating risks. Discussing uncertainties does not invalidate
results. The intent of the study was never to ‘explicitly consider those
mechanisms which enhance migration of soil gas into indoor building spaces’.
Even so Carala Air Associates had free access to all the data including the Petrx
data which they did review. Mr. Scotto was attempted to put the original intent
of the study into what appear to be after-the-fact objectives now being setforth.
Had the purpose focused on determination of specific mechanistic influenced on
migration, the actual sampling activities would have had to have been precisely
synchronized with specific atmospheric, climatological and tidal conditions to
approximate ‘worst-case’ and also appropriately, ‘best-case’ approximations of the
soil gas migration patterns. Multiple reviewers, including the USEPA risk
reviewer, have stated opinions that 1) the level of effort provided this issue has
been adequate; 2) study results have met the objectives as originally established;
and 3) the Navy Environmental Health Center has concluded that based on the
various types of cancers reported “there does not appear to be plausible
environmental cause to explain these apparently unrelated medical conditions
among the Navy Exchange employees.

41



Table of Contents

EXECUTIVE SUMMARY . . ... . e,

1.0

2.0

INTRODUCTION . . .. e e

1.1
1.2
1.3
1.4
1.5

NAVBASE Description and Background . . . ... .................
Base Closure Process for Environmental Cleanup ... ... ..........
Investigative Zone Delineation . . ..........................
Current Investigation . . ...... .. ... ... .. ... ... ...
Previous Investigations . .. ... ....... .. .. ... ...

FIELD INVESTIGATION ... ... .. i e,

2.1
2.2

23

2.4

2.5

2.6
2.7
2.8
2.9
2.10

Sample Identification . ........... .. ... .. . L L,
Soil Sampling . . ... ... .. e
2.2.1 Soil Sample Locations . . .. .........c..ouin....
2.2.2  Soil Sample Collection . . ... ......... ...
2.2.3  Soil Sample Preparation, Packaging, and Shipment . . ... .. ...
2.2.4  Soil Sample Analysis . ......... ... ...
Monitoring Well Installation and Development
2.3.1  Shallow Monitoring Well Installation
2.3.2  Deep Monitoring Well Installation

...................

...................

.....................

2.3.3  Monitoring Well Protector Construction . ...............
2.3.4 Monitoring Well Development . .....................
Groundwater Sampling .. ..... ... ... ... ... . oL
2.4.1 Groundwater Sampling Locations .. ..................

2.4.2  Groundwater Sample Collection . ....................
2.4.3  Groundwater Sample Preparation, Packaging, and Shipment . . .
2.4.4 Groundwater Sample Analysis . .....................
Sediment and Surface Water Sampling . .. ... .................
2.5.1  Sediment and Surface Water Sample Locations . . . .........
2.5.2  Sediment and Surface Water Sample Collection ...........
2.5.3  Sediment and Surface Water Sample Preparation,

Packaging, and Shipment . . . .. ..... ... ... ... .......
2.5.4  Sediment and Surface Water Sample Analysis . ...........
Aquifer Characterization . ... .......... ... ...
Vertical and Horizontal Surveying . . .. .............. . .......
Trenching . . . . . ... . e
Soil-Gas and Geophysical Surveys . .. ....... ... ... ... ... ...
Decontamination Procedures . ... ........ .. ... .. .. ... . ...
2.10.1 Decontamination Area Setup . .............. .. .. .. ..
2.10.2 Cross-Contamination Prevention .. ...................
2.10.3 Nonsampling Equipment . ... ......................
2.10.4 Sampling Equipment

.............................



3.0

4.0

PHYSICAL SETTING
3.1 Geology ...
3.1.1  Regional Physiographic and Geologic Background
3.1.2 NAVBASE Geologic Investigation
3.1.3  Ashley Formation
3.1.4 Wando Formation
3.1.5 FillDeposits . ... .. ... .. ...
3.2 NAVBASE Hydrogeology . ............... ... ..
3.2.1  Regional Hydrologic and Hydrogeologic Background
3.2.2 NAVBASE Hydrogeologic Investigation
3.2.3  Lower Confining Unit
3.24 Shallow Aquifer . . .. ........ ... ... . ... . . . ... ...
3.2.5 Groundwater Flow Direction . ................. .. ...
3.2.6  Vertical Hydraulic Gradient . .......................
3.2.7 Horizontal Hydraulic Gradient . .....................
3.2.8 Hydraulic Conductivity . ..........................
3.2.9 Horizontal Groundwater Velocity . ...................
3.2.10 Zone H Groundwater Usage and Ambient Water Quality . . . . .
3.3  Tidal Influence Investigation . . . ... ........................
33,1 Objective . ... ...
332 Methodology . . ... .. ..
333 Results.......... ... . e
334 DiscuSSiOn . ... ... e
335 Conclusions .. ... ... . e
3.4 Clmate . ... ... ... e
3.5 Habitat/Biota SUrvey . . . . . . . .. .. e

.....................................

.......

NATURE OF CONTAMINATION . . ... ... ... ... . . ...

4.1 SWMU 9 (Includes Groundwater, Surface Water, and Sediment for
SWMUs 19, 20, and 121, and AOCs 649, 650, 651, and 654) . . . .. . ..

4.1.1 Soil Sampling and Analysis .. .......... ... ... ... ...
4.1.1.1 Volatile Organic Compounds in Soil . . ... ... ..
4.1.1.2 Semivolatile Organic Compounds in Soil . . ... ..

4.1.1.3 Pesticides and PCBsinSoil .. ... ........ ...
4.1.14 Other Organic Compounds in Soil .. .........
4.1.1.5 Inorganic Elements in Soil .. ..............
4.1.2  Groundwater Sampling and Analysis (Includes SWMUs 19, 20,
and 121; and AOCs 649, 650, 651,and 654) . . .. ... ... ...
4.1.2.1 Volatile Organic Compounds in Groundwater . . . .
41272 Semivolatile Organic Compounds in Groundwater .
4.1.2.3 Pesticides and PCBs in Groundwater . . ... ... ..
4124 Other Organic Compounds in Groundwater . . . . .
4.1.2.5 Inorganic Elements in Groundwater . .. ... .. ..

it



4.2

4.3

4.1.3 Sediment Sampling and Analysis . .. .................. 4-46
4.13.1 Volatile Organic Compounds in Sediment . . .. .. 4-47
4.13.2 Semivolatile Organic Compounds in Sediment . . . . 4-47
4133 Pesticides and PCBs in Sediment . . ........ .. 4-48
4134 Other Organic Compounds in Sediment . . . . . . .. 4-48
4135 Inorganic Elements in Sediment . ... ... ... ... 4-49
4.1.4  Surface Water Sampling and Analysis . ................ 4-49
4.1.4.1 Volatile Organic Compounds in Surface Water . .. 4-50
4142 Semivolatile Organic Compounds in Surface
Water . ... ... 4-50
4143 Pesticides and PCBs in Surface Water . . . ... ... 4-50
4.1.4.4 Other Organic Compounds in Surface Water . . . . . 4-50
4.14.5 Inorganic Elements in Surface Water . . . . . ... .. 4-51
4.1.5 Deviations from Final Zone H RFI Work Plan . . . . ... ... .. 4-51
SWMU 13 . e 4-77
42.1 Soil Sampling and Analysis . ....................... 4-77
42.1.1 Volatile Organic Compounds in Soil . ....... .. 4-78
42.1.2 Semivolatile Organic Compounds in Soil . ... ... 4-78
42.1.3 Pesticides and PCBs in Soil . .. ............. 4-78
42.1.4 Other Organic Compounds in Soil ... ........ 4-81
42.1.5 Inorganic Elements in Soil .. .............. 4-82
4.2.2 Groundwater Sampiing and Analysis . ................. 4-83
42.2.1 Volatile Organic Compounds in Groundwater . ... 4-83
4222 Semivolatile Organic Compounds in
Groundwater . ........... ... . ... ... 4-83
4.2.2.3 Pesticides and PCBs in Groundwater . . . . ... ... 4-83
4224 Other Organic Compounds in Groundwater . .. .. 4-84
4.2.2.5 Inorganic Elements in Groundwater . ......... 4-84
4.2.3 Deviations from Final Zone H RFI Work Pian . . . . ... ... .. 4-85
SWMU 14 (Includes SWMU 15 and AOCs 670 and 684) . . ... ... ... 4-93
4.3.1 Soil Sampling and Analysis . ....................... 493
4.3.1.1 Volatile Organic Compounds in Soil .. ........ 4-94
43.1.2 Semivolatile Organic Compounds in Soil ... .. .. 4-94
43.1.3 Pesticides and PCBsin Soil . . ... ........... 4-97
4314 Other Organic Compounds in Soil . .......... 4-97
43.1.5 Inorganic Elements in Soil . .. ............. 4-98
4.3.2 Groundwater Sampling and Analysis . ................. 4-99
4.3.2.1 Volatile Organic Compounds in Groundwater . . .. 4-99
4.3.2.2 Semivolatile Organic Compounds in
Groundwater .. ........... .. .. ... . ..... 4-100
4323 Pesticides and PCBs in Groundwater . . . .. ... .. 4-100
4324 Other Organic Compounds in Groundwater . . . . . 4-101

4325 Inorganic Elements in Groundwater . ... ... ... 4-102

i



4.4

4.5

4.6

4.3.3

434

435

4.4.1

4.4.2

443

SWMU 19

4.5.1

4.5.2

SWMU 20

4.6.1

4.6.2

Sediment Sampling and Analysis

433.1
4.3.3.2
4.3.3.3
4.3.3.4
4335

Surface Water Data

434.1
4.3.4.2

4.3.4.3
4344
4.3.4.5

Deviations from Final Zone H RFI Work Plan
SWMU 17

.....................

Volatile Organic Compounds in Sediment . ... ..
Semivolatile Organic Compounds in Sediment . . . .
Pesticides and PCBs in Sediment . . .. ... .. ..
Other Organic Compounds in Sediment
Inorganic Elements in Sediment

.............................

Volatile Organic Compounds in Surface Water . . .
Semivolatile Organic Compounds in
Surface Water

Other Organic Compounds in Surface Water
Inorganic Elements in Surface Water

..........

....................................

Soil Sampling and Analysis . .......................

4.4.1.1
4.4.1.2
4.4.1.3
44.1.4
4.4.1.5

Volatile Organic Compounds in Soil . ....... ..
Semivolatile Organic Compounds in Soil . . ... ..
Pesticides and PCBsinSoil . . . ... ... .. .. ...
Other Organic Compounds in Soil . ..........
Inorganic Elements in Soil ... .......... ...

Groundwater Sampling and Analysis . .................

4.4.2.1
44272

4.4.2.3
4.4.2.4
4.4.2.5

Volatile Organic Compounds in Groundwater . . . .
Semivolatile Organic Compounds in
Groundwater . ........................

Other Organic Compounds in Groundwater . . . . .
Inorganic Elements in Groundwater . .........

Deviations from Final Zone H RFI Work Plan . . . ... ... ...

....................................

Soil Sampling and Analysis . .......................

4.5.1.1
4.51.2
45.1.3
4514
451.5

Volatile Organic Compounds in Soil . .........
Semivolatile Organic Compounds in Soil . ... ...
Pesticides and PCBsin Soil . ... ............
Other Organic Compounds in Soil . ..........
Inorganic Elements in Soil . ... ............

Deviations from Final Zone H RFI Work Plan . . . ... ......

....................................

Soil Sampling and Analysis . .......................

4.6.1.1
4.6.1.2
4.6.1.3
4.6.1.4
4.6.1.5

Volatile Organic Compounds in Soil . .........
Semivolatile Organic Compounds in Soil . . ... ..
Pesticides and PCBs in Soil . . .. ... ...... ...
Other Organic Compounds in Soil . . ...... .. .
Inorganic Elements in Soil . . .. ..... ... ...

Deviations from Final Zone H RFI Work Plan . . . . . ... . ...

iv



4.7

4.8

4.9

4.10

4.11

SWMU 121 .. 4-159

4.7.1  Soil Sampling and Analysis . ....................... 4-159

4.7.1.1 Volatile Organic Compounds in Soil .. ...... .. 4-160

4.7.1.2 Semivolatile Organic Compounds in Soil . ... . . . 4-160

47.13 Pesticides and PCBs in Soil . ... ....... ..... 4-160

4.7.1.4 Other Organic Compounds in Soil . .......... 4-163

4.7.1.5 Inorganic Elements in Soil . ............ ... 4-163

4.7.2  Deviations from Final Zone H RFI Work Plan . . . . ... .. ... 4-164

SWMU 178 . e e 4-169

4.8.1  Soil Sampling and Analysis . ....................... 4-169

4.8.1.1 Volatile Organic Compounds in Soil . ......... 4-169

4.8.1.2 Semivolatile Organic Compounds in Soil . . ... .. 4-170

4.8.1.3 Pesticides and PCBsin Soil . ... ............ 4-170

48.14 Other Organic Compounds in Soil .. ......... 4-170

4.8.1.5 Inorganic Elements in Soil ................ 4-173

4.8.2 Groundwater Sampling and Analysis . ................. 4-173

48.2.1 Volatile Organic Compounds in Groundwater . . . . 4-173

4.8.2.3 Pesticides and PCBs in Groundwater . . . .. ... .. 4-174

4824 Other Organic Compounds in Groundwater . . . .. 4-174

4.8.2.5 Inorganic Elements in Groundwater . ....... .. 4-174

4.8.3 Deviations from Final Zone H RFI Work Plan . . . . .. ... ... 4-174

AOCs 649, 650, and 651 . . . . ... ... ... .. ... 4-181

4.9.1  Soil Sampling and Analysis . ....................... 4-181

49.1.1 Volatile Organic Compounds in Seil . ......... 4-182

49.1.2 Semivolatile Organic Compounds in Soil . ... ... 4-182

4913 Pesticides and PCBs in Soil . ... ............ 4-182

4914 Other Organic Compounds in Soil . .......... 4-185

49.1.5 Inorganic Elements in Soil . ............... 4-185

49.2 Deviations from Final Zone H RFI Work Plan . . . ... ... ... 4-185

AOC 656 . . ... e 4-191

4.10.1 Soil Sampling and Analysis . ....................... 4-191

4.10.1.1 Volatile Organic Compounds in Soil . ...... ... 4-192

4.10.1.2 Semivolatile Organic Compounds in Soil . ... ... 4-192

4.10.1.3  Pesticidesand PCBsinSoil . . .............. 4-192

4.10.1.4  Other Organic Compounds in Soil ........... 4-192

4.10.1.5 Inorganic Elements in Sotl . ............... 4-195

4.10.2 Groundwater Sampling and Analysis . ................. 4-195

4.10.2.1  Volatile Organic Compounds in Groundwater . . . . 4-196
4.10.2.2  Semivolatile Organic Compounds in

Groundwater .. ....................... 4-196

4.10.2.3  Pesticides and PCBs in Groundwater . . . . . ... .. 4-196

4.10.2.4  Other Organic Compounds in Groundwater . .. .. 4-196

4.10.2.5 Inorganic Elements in Groundwater . . ... ... .. 4-196

4.10.3 Deviations from Final Zone H RFI Work Plan . . . . . . ... . .. 4-197

AOC 653 . . 4-203



4.12

4.13

4.14

4.11.1 Soil Sampling and Analysis . ................. ..... .
4.11.1.1  Volatile Organic Compounds in Soil . ..... .. ..
4.11.1.2  Semivolatile Organic Compounds in Soil
4.11.1.3  Pesticides and PCBs inSoil . ... ....... . . .. .
4.11.1.4  Other Organic Compounds in Soil
4.11.1.5  Inorganic Elements in Soil

4.11.2 Groundwater Sampling and Analysis . ................ .
4.11.2.1  Volatile Organic Compounds in Groundwater . . . .
4.11.2.2  Semivolatile Organic Compounds in

Groundwater . ................. ... ...
4.11.2.3  Pesticides and PCBs in Groundwater . . . . ... ...
4.11.2.4  Other Organic Compounds in Groundwater
4.11.2.5  Inorganic Elements in Groundwater

4.11.3 Deviations from Final Zone H RFI Work Plan . . . ... ... ...

AOC 654 . . .

4.12.1 Soil Sampling and Analysis . .......................
4.12.1.1  Volatile Organic Compounds in Soil . . ...... ..
4.12.1.2  Semivolatile Organic Compounds in Soil
4.12.1.3  Pesticides and PCBsinSoil . .. .............
4.12.1.4  Other Organic Compounds in Soil . ..........
4.12.1.5 Inorganic Elements in Soil ................

4.12.2 Deviations from Final Zone H RFI Work Plan . . . . ... ... ..

AOC 655 . . .

4.13.1 Soil Sampling and Analysis . .......................
4.13.1.1  Volatile Organic Compounds in Soil ..........
4.13.1.2  Semivolatile Organic Compounds in Soil .. ... ..
4.13.1.3  Pesticidesand PCBsinSoil . ...............
4.13.1.4  Other Organic Compounds in Soil ......... ..
4.13.1.5 Inorganic Elements in Soil . ... ............

4.13.2 Groundwater Sampling and Analysis . .................
4.13.2.1  Volatile Organic Compounds in Groundwater . . . .
4.13.2.2  Semivolatile Organic Compounds in

Groundwater . ........................
4.13.2.3  Pesticides and PCBs in Groundwater . . . . ... ...
4.13.2.4  Other Organic Compounds in Groundwater . . . ..
4.13.2.5 Inorganic Elements in Groundwater ..........

4.13.3 Deviations from Final Zone H RFI Work Plan . . . . ... ... ..

AOC 659 . . . e

4.14.1 Soil Sampling and Analysis . .......................
4.14.1.1  Volatile Organic Compounds in Soil ... ......
4.14.1.2  Semivolatile Organic Compounds in Soil .. ... ..
4.14.1.3  Pesticidesand PCBsin Soil . ...............
4.14.1.4 Other Organic Compounds in Soil . ..........
4.14.1.5 Inorganic Elements in Soil . ... ............

4.14.2 Deviations from Final Zone H RFI Work Plan . . . . ... ... ..

...........

...............

vi



4.15

4.16

4.17

AOC660 . .....

....................................

4.15.1 Soil Sampling and Analysis . .................... ...,

4.15.1.1
4.15.1.2
4.15.1.3
4.15.1.4
4.15.1.5

4.15.2 Groundwater Sampling and Analysis

4.15.2.1
4,152.2

4.15.2.3
4.15.2.4
4.15.2.5

4.15.3 Deviations from Final Zone H RFI Work Plan
AOCH62 ......

Volatile Organic Compounds in Soil .. ... ... ..
Semivolatile Organic Compounds in Soil .. ... ..
Pesticides and PCBs in Soil . . . ......... .. ..
Other Organic Compounds in Soil
Inorganic Elements in Soil

................

Volatile Organic Compounds in Groundwater
Semivolatile Organic Compounds in

Groundwater . ........................
Other Organic Compounds in Groundwater
Inorganic Elements in Groundwater

............

....................................

4.16.1 Soil Sampling and Analysis . ............. ... ... ....

4.16.1.1
4.16.1.2
4.16.1.3
4.16.1.4
4.16.1.5

Volatile Organic Compounds in Soil .. ........
Semivolatile Organic Compounds in Soil . ... ...
Pesticides and PCBs in Soil . . ..............
Other Organic Compounds in Soil . ..........
Inorganic Elements in Soil . ... ....... ... ..

4.16.2 Groundwater Sampling and Analysis . .................

4.16.2.1
4.16.2.2

4.16.2.3
4.16.2.4
4.16.2.5

Volatile Organic Compounds in Groundwater . . . .
Semivolatile Organic Compounds in

Groundwater .. .................... ...
Pesticides and PCBs in Groundwater . . . . ... ...
Other Organic Compounds in Groundwater . .. ..
Inorganic Elements in Groundwater . .........

4.16.3 Deviations from Final Zone H RFI Work Plan . . ... .... ...
AOC 663 and SWMU 136 . . . ... . e
4.17.1 Soil Sampling and Analysis . .......................

4.17.1.1
4.17.1.2
4.17.1.3
4.17.1.4
4.17.1.5

Volatile Organic Compounds in Soil . .........
Semivolatile Organic Compounds in Soil .. ... ..
Pesticides and PCBsin Soil . .. ... ..........
Other Organic Compounds in Soil ...........
Inorganic Elements in Soil . ...............

4.17.2 Groundwater Sampling and Analysis . .................

4.17.2.1
4.17.2.2

4.17.2.3
417.2.4
4.17.2.5

4.17.3 Deviations from Final Zone H RFI Work Plan

Volatile Organic Compounds in Groundwater . . . .
Semivolatile Organic Compounds in

Groundwater .........................
Pesticides and PCBs in Groundwater . . . .. ... ..
Other Organic Compounds in Groundwater . .. ..
Inorganic Elements in Groundwater . ... ... ...

vil



4.18 AOC 665

4.19

4.20

4.21

......................................

4.18.1 Soil Sampling and Analysis . .......................
4.18.1.1  Volatile Organic Compounds in Soil ........ ..
4.18.1.2  Semivolatile Organic Compounds in Soil
4.18.1.3  Pesticidesand PCBsinSeoil .. .... ... ... ...
4.18.1.4  Other Organic Compounds in Soil
4.18.1.5 Inorganic Elememtsin Soil . ...............

4.18.2 Deviations from Final Zone H RFI Work Plan

AOC667and SWMU 138 ... . ... .. ... .

4.19.1 Soil Sampling and Analysis . .......................
4.19.1.1  Volatile Organic Compounds in Soil . .........
4.19.1.2  Semivolatile Organic Compounds in Soil
4.19.1.3  Pesticides and PCBsin Soil . . ......... ... ..
4.19.1.4  Other Organic Compounds in Soil
4.19.1.,5  Inorganic Elements in Soil

4.19.2 Groundwater Sampling and Analysis . .................
4.19.2.1  Volatile Organic Compounds in Groundwater . . . .
4.19.2.2  Semivolatile Organic Compounds in Groundwater .
4,19.2.3  Pesticides and PCBs in Groundwater . . . ... .. ..
4.19.2.4  Other Organic Compounds in Groundwater . . . ..
4.19.2.5 Inorganic Elements in Groundwater ..........

4.19.3 Deviations from Final Zone H RFI Work Plan . . . . ... ... ..

AOC 666 . . . . e

4.20.1 Soil Sampling and Analysis . .......................
4.20.1.1  Volatile Organic Compounds in Soil .. ... ... ..
4.20.1.2  Semivolatile Organic Compounds in Soil .. ... ..
4.20.1.3  Pesticidesand PCBsinSoil . . ..............
4.20.1.4  Other Organic CompoundsinSoil ...........
4.20.1.5 Inorganic ElementsinSoil ................

4.20.2 Groundwater Sampling and Analysis . .................
4.20.2.1 Volatile Organic Compounds in Groundwater . . . .
4.20.2.2  Semivolatile Organic Compounds in

Groundwater . ............. ... ........
4.20.2.3  Pesticides and PCBs in Groundwater . . ... ... ..
4.20.2.4 Other Compounds in Groundwater . .. ........
4.20.2.5 Inorganic Elements in Groundwater ..........

4.20.3 Deviations from Final Zone H RFI Work Plan . . . . ... ... ..

SWMU 159 .

4.21.1 Soil Sampling and Analysis ........................
421.1.1 Volatile Organic Compounds in Soil . .........
421.1.2  Semivolatile Organic Compounds in Soil . ... ...
421.13  Pesticidesand PCBsinSoil .. ..............
421.1.4  Other Organic Compounds in Seit . .. ........
421.1.5 Inorganic Elements in Soil . . ... ........ ...

viii



5.0

4.22

4.23

4.21.2 Sediment Sampling and Analysis . .. ..................
4.21.2.1 Volatile Organic Compounds in Sediment . . . . . .
4.21.2.2  Semivolatile Organic Compounds in Sediment . . . .
4.21.2.3  Pesticides and PCBs in Sediment . .. ... ... ...
4.21.2.4  Other Organic Compounds in Sediment
4.21.2.5  Inorganic Elements in Sediment

4.21.3 Surface Water Sampling and Analysis . .............. ..
421.3.1 Volatile Organic Compounds in Surface Water . . .
4.21.3.2  Semivolatile Organic Compounds in Surface

Water . .. ...
4.21.3.3  Pesticides and PCBs in Surface Water . ... ... ..
4.21.3.4  Other Organic Compounds in Surface Water
4.21.3.5 Inorganic Elements in Surface Water

4.21.4 Deviations from Final Zone H RFl Work Plan . . . . ... ... ..

Zone H Grid-Based Sampling . . . ... ..... ... ... . ... ... . ... .

4.22.1 Soil Sampling and Analysis . ............. ... .......
422.1.1 Volatile Organic Compounds in Soil . .........
4.22.1.2  Semivolatile Organic Compounds in Soil
422.1.3  Pesticidesand PCBsinSoil . ...............
4.22.1.4  Other Organic Compounds in Soil
4.22.1.5 Inorganic Elementsin Soil ................

4.22.2 Groundwater Sampling and Analysis . .................
42221 Volatile Organic Compounds in Groundwater . . . .
4.22.2.2  Semivolatile Organic Compounds in

Groundwater .. ............... . .......
4.22.2.3  Pesticides and PCBs in Groundwater . . . . . ... ..
4.22.2.4  Other Organic Compounds in Groundwater . . ...
4.22.2.5 Inorganic Chemicals in Groundwater . . .. ... ...

Other Impacted Areas

FATE AND TRANSPORT ... .. ... ... . .

5.1

5.2

5.3

Properties Affecting Fate and Transport . . .. ..................
5.1.1  Chemical and Physical Properties Affecting Fate and Transport
5.1.2  Media Properties Affecting Fate and Transport ......... ..
Fate and Transport Approach for Zone H .. ... ................
5.2.1  Soil-to-Groundwater Cross-Media Transport . ... .........
5.2.2  Soil-to-Air Cross-Media Transport .. .................
5.2.3  Groundwater-to-Surface Water Cross-Media Transport . . . . ..
5.2.4  Surface Soil-to-Sediment Cross-Media Transport . .........
SWMU 9 (Includes SWMUs 19, 20, and 121, and AOCs 649, 650, 651,
and 654) . . . e
5.3.1 SWMU 9 — Soil-to-Groundwater Cross-Media Transport
532 SWMU 9 — Groundwater-to-Surface Water Cross-Media
Transport . . . . . . e

.....



5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.3.3  SWMU 9 - Soil-to-Air Cross-Media Transport ...........
534 SWMU 9 — Soil-to-Sediment Cross-Media Transport
5.3.5 SWMU 9 — Fate and Transport Summary . ............ ..
SWMU 13
5.4.1 SWMU 13 - Soil-to-Groundwater Cross-Media Transport . . . .
5.4.2 SWMU 13 — Groundwater-to-Surface Water Cross-Media
Transport .. ......... ... .. .. .. ...
5.43 SWMU 13 — Soil-to-Air Cross-Media Transport
SWMU 14 (Includes SWMU 15 and AOCs 670 and 684) . . .. ... .. ..
5.5.1 SWMU 14 — Soil-to-Groundwater Cross-Media Transport . . . .
5.5.2 SWMU 14 — Groundwater-to-Surface Water Cross-Media
Transport . .. ... ... ... . .
5,53 SWMU 14 — Soil-to-Air Cross-Media Transport. . . ... ... ..
5.5.4 SWMU 14 — Soil-to-Sediment Cross-Media Transport . . . . . ..
5.55 SWMU 14 — Fate and Transport Summary . .............
SWMU 17 .
5.6.1 SWMU 17 — Soil-to-Groundwater Cross-Media Transport . . . .
5.6.2 SWMU 17 — Groundwater-to-Surface Water Cross-Media
Transport . . ... .. ...
5.6.3 SWMU 17 — Soil-to-Air Cross-Media Transport. . .........
5.6.4 SWMU 17 — Fate and Transport Summary ..............
SWMU 159 . .. e
5.7.1  SWMU 159 — Soil-to-Groundwater Cross-Media Transport . . .
5.7.2 SWMU 159 — Surface Soil-to-Sediment/Surface Water . ... ..
5.7.3 SWMU 159 — Soil-to-Air Cross-Media Transport . . .. ... ...
SWMU 178 . . .
5.8.1 SWMU 178 — Soil-to-Groundwater Cross-Media Transport .
5.8.2 SWMU 178 — Groundwater-to-Surface Water Cross-Media
Transport . . . . .. ..
5.8.3 SWMU 178 — Soil-to-Air Cross-Media Transport .........
AOC 653 . . . e
5.9.1 AOC 653 — Soil-to-Groundwater Cross-Media Transport . . . . .
5.9.2  AOC 653 — Groundwater-to-Surface Water Cross-Media
Transport . .. ... ... ...
5.9.3 AOC 653 — Soil-to-Air Cross-Media Transport . . .........
AOC 655 . . . e e
5.10.1 AOC 655 — Soil to Groundwater Cross Media Transport . . . . .
5.10.2 AOC 655 — Groundwater-to-Surface Water Cross-
Media Transport . .. ... .. ... ... i
5.10.3 AOC 655 — Soil-to-Air Cross-Media Transport . ..........
AOC 656 . . o i
5.11.1 AOC 656 — Soil-to-Groundwater Cross-Media Transport . . . . .
5.11.2 AOC 656 — Groundwater-to-Surface Water Cross-
Media Transport . . ... ..... ... ... ...
5.11.3 AOC 656 — Soil-to-Air Cross-Media Transport ... ..... ...



6.0

512 AOC 659 . . . .
5.12.1 AOC 659 - Soil-to-Groundwater Cross-Media Transport
5.12.2 AOC 659 — Groundwater-to-Surface Water Cross-
Media Transport . .. .... ... ... .. ...
5.12.3 AOC 659 — Soil-to-Air Cross-Media Transport ...........
513 AOC 660 . ... .. e
5.13.1 AOC 660 — Soil-to-Groundwater Cross-Media Transport
5.13.2 AOC 660 — Groundwater to Surface Water Cross-
Media Transport ... ... ..... ...,
5.13.3 AOC 660 — Soil-to-Air Cross-Media Transport ... ........
514 AOC 662 . . . .
5.14.1 AOC 662 — Soil-to-Groundwater Cross-Media Transport . . . . .
5.14.2 AOQOC 662 - Groundwater-to-Surface Water Cross-
Media Transport . .. ... ... ... .. ...
5.14.3 AOC 662 — Soil-to-Air Cross-Media Transport . ..........
5.15 AOC 663 (Includes SWMU 136) . . . ... ... ... ... .. ... ....
5.15.1 AOC 663 — Soil-to-Groundwater Cross-Media Transport . . . . .
5.15.2 AOC 663 — Groundwater-to-Surface Water Cross-
Media Transport . . ... ...... ... ... ...
5.15.3 AOC 663 — Soil-to-Air Cross-Media Transport ...........
516 AOC 665 . .. ..
5.16.1 AOC 665 — Soil-to-Groundwater Cross-Media Transport . . . . .
5.16.2 AOC 665 Groundwater-to-Surface Water Cross-Media
Transport ... ... ... . .. ...
5.16.3 AOC 665 — Soil-to-Air Cross-Media Transport . ..........
517 AOCO66 . ... o
5.17.1 AOC 666 — Soil-to-Groundwater Cross-Media Transport . . . . .
5.17.2 AOC 666 — Groundwater-to-Surface Water Cross-
Media Transport . ... ... .. ... ...
5.17.3 AOC 666 — Soil-to-Air Cross-Media Transport ...........
5.18 AOC 667 (Inctudes SWMU 138) . . ... ....... ... ...........
5.18.1 AOC 667 — Soil-to-Groundwater Cross-Media Transport . . . . .
5.18.2 AOC 667 - Groundwater-to-Surface Water Cross-
Media Transport . .. .. ... .. i,
5.18.3 AOC 667 — Soil-to-Air Cross-Media Transport . ..........
5.19 Other Impacted Areas . .. . ... ... ..t
5.19.1 Other Impacted Areas — Soil-to-Groundwater Cross-Media
Transport . . . . ... e
5.19.2 Other Impacted Areas — Soil-to-Air Cross-Media
Transport . . ... ... ... ... e

BASELINE RISK ASSESSMENT APPROACH AND METHODOLOGY .. ..
6.1 Introduction . .. . .. . . . . . . .
6.1.1  Objectives . ... ... ...

Xi



6.2

6.1.2  Site Characterization . . . . ............. ... ...
6.1.2.1 DataSources ....................
6.1.2.2 Data Validation . . . . ...............
6.1.2.3 Management of Site-Related Data . . . . . . .
6.1.2.4 Selection of Chemicals of Potential Concern

6.1.2.4.1 Comparison of Site-Related Data to
Risk-Based Screening Concentrations .. 6-9
6.1.2.4.2 Comparison of Site-Related Data to

Background Concentrations . .

6.1.2.4.3 Elimination of Essential Elements:

Calcium, Iron, Magnesium,
Potassium, .............
6.1.2.4.4 Summary of COPCs .. ... ..
6.1.2.5 Calculation of Risk and Hazard . ... .. ..
6.1.3  Exposure Assessment . ......................
6.1.3.1 Exposure Setting and Land Use . ... .. ..
6.1.3.2 Potentially Exposed Populations . . . . . . ..
6.1.3.3 Exposure Pathways . ...............
6.1.3.4 Exposure Point Concentrations . ... ....
6.1.3.5 Quantification of Exposure ...........
6.1.3.5.1  Surface Soil Pathway Exposure

6.1.3.5.2  Groundwater Pathway Exposure . . ..

6.1.4 Toxicity Assessment . . .. ....................
6.1.4.1 Carcinogenicity and Noncancer Effects . . .
6.1.4.2 Toxicity Profiles for COPCs ... .......

6.1.5 Risk Characterization .......................
6.1.5.1 Surface Soil Pathways ... ...........
6.1.5.2 Groundwater Pathways . . . ... ........
6.1.5.3 Other Applicable Pathways . .. ... ... ..
6.1.5.4 COCs Identified ..................
6.1.5.5 Risk/Hazard Maps . .. . .............

6.1.6 RiskUncertainty ..........................
6.1.6.1 General . ............ ... ... . ...
6.1.6.2 Qualityof Data . . . ................
6.1.6.3 Identification of COPCs . . ...........

6.1.6.4 Characterization of Exposure Setting and
Identification of Exposure Pathways . . . ..
6.1.6.5 Toxicity Assessment Information .. ... ..

6.1.6.6 Quantification of Risk/Hazard . ... ... ..
6.1.6.7 Mapping Risk/Hazard ........... ...
6.1.7 RiskSummary . ......... ... . ... . ... . ...
6.1.8 Remedial Goal Options . ... ..................
Site-Spectfic HHRA . . ... .. .. . ... . . .o .
6.2.1 Baseline Risk Assessment for SWMU9 .. ... ... ...

xi



6.2.2

6.2.3

6.2.4

6.2.5

6.2.1.1 Site Background and Investigative Approach . . . . . 6-55

6.2.1.2 COPC Identification .................... 6-56
6.2.1.3 Exposure Assessment . . . ... ........ .. .... 6-60
6.2.1.4 Toxicity Assessment . . ... ............... 6-63
6.2.1.5 Risk Characterization . . . . ................ 6-81
6.2.1.6 Risk Uncertainty . .. .................... 6-121
6.2.1.7 Risk Summary ........................ 6-126
6.2.1.8 Remedial Goal Options . . . . .......... ... .. 6-127
Baseline Risk Assessment for SWMU 13 . ... ..... .. ... 6-245
6.2.2.1 Site Background and Investigative Approach . . . . . 6-245
6.2.2.2 COPC Identification . ................... 6-245
6.2.2.3 Exposure Assessment . . .. ................ 6-246
6.2.2.4 Toxicity Assessment . .. ................. 6-247
6.2.2.5 Risk Characterization . . . .. ............... 6-251
6.2.2.6 Risk Uncertainty . . ..................... 6-255
6.2.2.7 Risk Summary ........................ 6-259
6.2.2.8 Remedial Goal Options Soil . .............. 6-259
Baseline Risk Assessment for Combined SWMU 14

(Including SWMU 15 and AOCs 669, 670 and 684) .. .... .. 6-285
6.2.3.1 Site Background and Investigative Approach . . . . . 6-285
6.2.3.2 COPC Identification .................... 6-286
6.2.3.3 Exposure Assessment . . . . ................ 6-288
6.2.3.4 Toxicity Assessment . .. ................. 6-291
6.2.3.5 Risk Characterization . . . .. ............... 6-302
6.2.3.6 Risk Uncertainty . .. .................... 6-326
6.2.3.7 Risk Summary ................... .. ... 6-332
6.2.3.8 Remedial Goal Options . . . .. .............. 6-333
Baseline Risk Assessment for SWMU 17 ... ............ 6-413
6.2.4.1 Site Background and Investigative Approach . . . .. 6-413
6.2.4.2 COPC Identification .................... 6-413
6.2.4.3 Exposure Assessment . . . .. ............... 6-414
6.2.4.4 Toxicity Assessment . . .................. 6-416
6.2.4.5 Risk Characterization . . . ................. 6-422
6.2.4.6 Risk Uncertainty . . . .................... 6-431
6.2.4.7 Risk Summary ........................ 6-436
6.2.4.8 Remedial Goal Options . . . . .. ............. 6-436
Baseline Risk Assessment for SWMU 159 . . ............. 6-463
6.2.5.1 Site Background and Investigative Approach . . . . . 6-463
6.2.5.2 COPC Identification .................... 6-463
6.2.5.3 Exposure Assessment . . . ... .. ............ 6-464
6.2.5.4 Toxicity Assessment . ................... 6-467
6.2.5.5 Risk Characterization . . . ... .............. 6-471
6.2.5.6 Risk Uncertainty . . ... ... ... ....... .. ... 6-474

6.2.5.7 Risk Summary
6.2.5.8 Remedial Goal Options . . . . . ... ... ... .. .. . 6-478

xiii



6.2.6

6.2.7

6.2.8

6.2.9

6.2.10

6.2.11

6.2.12

Baseline Risk Assessment for SWMU 178 . ... ... ... ... .. 6-499
6.2.6.1 Site Background and Investigative Approach . . . . . 6-499
6.2.6.2 COPC Identification .................... 6-499
6.2.6.3 Exposure Assessment . . .. ................ 6-500
6.2.6.4 Toxicity Assessment .. ............... ... 6-501
6.2.6.5 Risk Characterization . . . ................. 6-503
6.2.6.6 Risk Uncertainty . . ......... ............ 6-505
6.2.6.7 Risk Summary ....................... . 6-508
6.2.6.8 Remedial Goal Options . . . . ............... 6-509
Baseline Risk Assessment for AOC653 . ............... 6-525
6.2.7.1 Site Background and Investigative Approach . . . . . 6-525
6.2.7.2 COPC Identification .. .................. 6-525
6.2.7.3 Exposure Assessment . . . .. ............... 6-526
6.2.74 Toxicity Assessment . . .................. 6-527
6.2.7.5 Risk Characterization . . . .. ............... 6-531
6.2.7.6 Risk Uncertainty . ... ................... 6-535
6.2.7.7 Risk Summary ........................ 6-538
6.2.7.8 Remedial Goal Options . . . ................ 6-538
Baseline Risk Assessment for AOC655 .. .............. 6-559
6.2.8.1 Site Background and Investigative Approach . . . . . 6-559
6.2.8.2 COPC Identification .................... 6-559
6.2.8.3 Exposure Assessment . . .. ................ 6-560
6.2.8.4 Toxicity Assessment . ................... 6-562
6.2.8.5 Risk Characterization . . .. ................ 6-566
6.2.8.6 Risk Uncertainty . . ..................... 6-570
6.2.8.7 Risk Summary ........................ 6-576
6.2.8.8 Remedial Goal Options . . . . ............... 6-576
Baseline Risk Assessment for AOC 656 ................ 6-609
6.2.9.1 Site Background and Investigative Approach . . . . . 6-609
6.2.9.2 COPC Identification . ................... 6-609
6.2.9.3 Exposure Assessment . . .. ................ 6-610
6.2.9.4 Toxicity Assessment . . .................. 6-612
6.2.9.5 Risk Characterization . . .. .. .............. 6-615
6.2.9.7 Risk Summary ........................ 6-622
6.2.9.8 Remedial Goal Options . . . . ............... 6-623
Baseline Risk Assessment for AOC659 . ... .. .. ........ 6-647
6.2.10.1  Site Background and Investigative Approach . . . . . 6-647
6.2.10.2  COPC Identification .................... 6-647
Baseline Risk Assessment for AOC 660 . ............... 6-651
6.2.11.1 Site Background and Investigative Approach . . . .. 6-651
6.2.11.2  COPC Identification .................... 6-651
Baseline Risk Assessment for AOC 662 . ............... 6-659
6.2.12.1 Site Background and Investigative Approach . . . . . 6-659
6.2.12.2  COPC Identification .................... 6-659

Xiv



6.2.13

6.2.14

6.2.15

6.2.16

6.2.17

Baseline Risk Assessment for AOC 663 and SWMU 136 . . ... 6-667
6.2.13.1 Site Background and Investigative Approach . . . . . 6-667
6.2.13.2  COPC Identification .................... 6-667
6.2.13.3 Exposure Assessment . . .. ................ 6-668
6.2.13.4  Toxicity Assessment .. .................. 6-670
6.2.13.5  Risk Characterization . . . . ................ 6-676
6.2.13.6 RiskUncertainty ....................... 6-680
6.2.13.7 RiskSummary .................... . ... 6-685
6.2.13.8  Remedial GoalOptions . . . ... ............. 6-686
Baseline Risk Assessment for AOC 665 ................ 6-721
6.2.14.1 Site Background and Investigative Approach . . . .. 6-721
6.2.14.2  COPC Identification .................... 6-721
6.2.14.3 Exposure Assessment . . ... ............... 6-721
6.2.14.4  Toxicity Assessment . . .................. 6-722
6.2.14.5 Risk Characterization . . .. ................ 6-724
6.2.146 Risk Uncertainty ....................... 6-726
6.2.14.7 Risk Summary ........................ 6-729
6.2.14.8 Remedial GoalOptions . . . .. .............. 6-729
Baseline Risk Assessment for AOC 666 ................ 6-741
6.2.15.1 Site Background and Investigative Approach . . . .. 6-741
6.2.152  COPC Identification .................... 6-741
6.2.15.3 Exposure Assessment . . . . ... ............. 6-742
6.2.15.4 Toxicity Assessment . ... ................ 6-743
6.2.15.5  Risk Characterization . . . . ................ 6-748
6.2.156 RiskUncertainty .. ..................... 6-752
6.2.157 RiskSummary ................. ... .... 6-757
6.2.15.8 Remedial Goal Options . . . . ............... 6-757
Baseline Risk Assessment for AOC 667 and SWMU 138 ... .. 6-789
6.2.16.1 Site Background and Investigative Approach . . . . . 6-789
6.2.16.2  COPC Identification .................... 6-789
6.2.16.3  Exposurc Assessment . . .. ................ 6-790
6.2.16.4  Toxicity Assessment . ... ................ 6-791
6.2.16.5 Risk Characterization . . . . ... ............. 6-793
6.2.166 RiskUncertainty . . ..................... 6-795
6.2.16.7 RiskSummary ........................ 6-798
6.2.16.8 Remedial Goal Options . . . . ... ............ 6-798
Baseline Risk Assessment for Other Impacted Areas . ....... 6-813
6.2.17.1 Site Background and Investigative Approach . . . . . 6-813
6.2.17.2  COPC Identification .................... 6-814
6.2.17.3 Exposure Assessment . . . . ................ 6-814
6.2.17.4  Toxicity Assessment . ... ................ 6-816
6.2.17.5 Risk Characterization . . . ... .............. 6-819
6.2.17.6 Risk Uncertainty . ...................... 6-823
6.2.17.7 Risk Summary .......... ... ... ... .. .. 6-827
6.2.17.8 Remedial Goal Options . . . . ... ... ......... 6-827

XV



7.0

8.0

ECOLOGICAL RISK ASSESSMENT . . . ......... ... ... .. ... ..... 7-1
7.1 ZoneRatiomale ................. .. ... ... 7-1
7.2  Environmental Setting . . ... ........ ... .. ... .. .. . ... ... 7-7
7.2.1  Problem Formulation ......................... .... 7-7
7.2.2  Threatened and Endangered Species . . . ... .............. 7-8
7.3  Conceptual Model . ........... .. ... ... ... 7-11
7.4 Selection of Ecological Chemicals of Potential Concern . . ...... .. .. 7-11
7.5  Contaminant Fate and Transport . . ........... ... ........... 7-32
7.6  Exposure Pathways and Assessment . . . ...................... 7-36
7.7  Ecological Effects Assessment .. .......................... 7-39
7.8  Risk Characterization . ................... . .. ... ... ..., . 7-40
7.8.1  Infaunal Invertebrates .. ........... ... ... ... ...... 7-41
7.8.2  Terrestrial Wildlife . . ... ........ ... ... ... .. .. .... 7-49
7.83  Vegetation . .......... ... .. ... 7-98
7.8.4 AquaticWildlife . ......... ... . ... . ... ... ..., 7-109
7.9  UnCertainty . . . ... ..o vi it 7-111
7.10  Ecological Risk Assessment Conclusions . ... ................. 7-112
RECOMMENDATIONS FOR CORRECTIVE MEASURES .. ............ 8-1
8.1 Imtroduction . .......... ... ... e 8-2
8.2 Remedy Selection Approach . . .. ... ... ... . ... ... .. ... ... 8-7
83 ProposedRemedy ............. .. ... L. 8-7
8.4  Development of Target Media Cleanup Goals . .................. 8-7
8.4.1 Groundwater Cleanup Goals . . .. ..................... 8-8
842 SoilCleanup Goals . . ... ... ... .. 8-8
8.4.3  Surface Water and Sediment Cleanup Goals . . . . .......... 8-10
844 AirCleanupGoals . ............ ... ... . ... ...... 8-11

8.5  Identification, Screening, and Development of Corrective Measure
Technologies . . . . . .. ... ... e 8-12
8.5.1 Identification of Corrective Measure Technologies ... ... ... 8-12
8.5.2  Description of Prescreened Technologies . .............. 8-20
8.5.3 Screening Criteria . .......... ... . . ... ... ... 8-24
8.6  Identification of Corrective Measure Alternatives . ... ............ 8-25
8.7  Evaluation of Corrective Measure Alternatives . . . ... ............ 8-26
8.7.1  Protect Human Health and the Environment . ............ 8-27

8.7.2  Attain Media Cleanup Standards Set by the Implementing
AENCY . .. .. 8-27
8.7.3 Control the Sources of Releases . . ................... 8-27

8.7.4  Comply with Any Applicable Standards for Management
Of Wastes . . . . . . . e e 8-28
875 Other Factors . ... ... ..ot 8-28
8.8  Ranking the Corrective Measure Alternatives . . . ... ... . ......... 8-31

xvi



9.0  CONCLUSIONS . . .. e e e e 9-1

9.1 SWMU 9 (Includes Groundwater for SWMUs 19, 20, and 121, and
AOCs 649, 650, 651, and 654) . . . ... . ... ... ... .. .. ... ... 9-17
9.2  SWMU 13 ... 9-23
9.3 Combined SWMU 14 (Includes SWMUs 14 and 15 and AOCs 670
and 684) . . . ... 9-29
9.4  SWMU 17 ... e 9-47
9.5 SWMU 19 . e 9-55
9.6 SWMU20 .. ... .. . . e 9-67
9.7  SWMU 121 . . e 9-73
9.8 SWMU 178 . .. ... e 9-85
9.9 AOCs649,650,and 651 ... ... ... .. . ... .. ... 9-89
9.10 AOC 656 . . . . e 9-97
9.11 AOC 653 . .. . e 9-103
9.12 AOC 654 . ... o 9-109
9.13 AOC 655 . .. . e 9-111
9.14 AOC 659 . .. . e 9-119
9.15 AOC660 . ... ... . 9-125
9.16 AOC 662 . . . .. e 9-127
9.17 AOC663and SWMU 136 ... ... .. ... .. ... .. ... ... ... ..., 9-129
9.18 AOC 665 . . . . e e 9-139
9.19 AOC667and SWMU 138 . . ... ... ... .. .. ... .. . ... ... ... 9-143
020 AOCB66 . .. .. . 9-147
921 SWMU 159 .. . 9-157
9.22 Other Impacted Areas . . ... .. ... ... ... ... 9-163
9.23 AOCS503and AOC 661 .. ... ... ... .. i 9-173
9.24 Zone H RFI Summary of Recommendations . .................. 9-175
10.0  REFERENCES . . .. ... e e e e e 10-1
11.0 SIGNATUREPAGE ... ... .. . . i 11-1
List of Figures
Figure 1.1 NAVBASE . .. . e 1-3
Figure 1.2 Vicinity Map . . ... ... 1-5
Figure 1.3 Locations of Land Holdings and Occupants .. .............. 1-7
Figure 1.4 Investigative Zone Boundaries . .. ..................... 1-13
Figure 1.5 Zone H — AOC and SWMU LocationMap ............... 1-17
Figure 3.1 Monitoring Well LocationMap ... ............... ...... 3-3
Figure 3.2 Paleogeologic Contour Map for Top of Ashley Formation . . . . . . 3-11
Figure 3.3 NAVBASE Lithologic Cross Section A-A" . . ... ........... 3-13

Figure 3.4

NAVBASE Lithologic Cross Section B-B'

xvii



Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9

Figure 3.10
Figure 3.11
Figure 4.0

Figure 4.1.1

Figure 4.2.1
Figure 4.3.1

Figure 4 .4.1
Figure 4.5.1
Figure 4.6.1
Figure 4.7.1
Figure 4.8.1
Figure 4.9.1
Figure 4.10.1
Figure 4.11.1
Figure 4.12.1
Figure 4.13.1
Figure 4.14.1
Figure 4.15.1
Figure 4.16.1
Figure 4.17.1

Figure 4.18.1
Figure 4.19.1

Figure 4.19.2

Figure 4.20.1
Figure 4.21.1
Figure 4.23.1

Figure 4.23.2
Figure 6.1.1
Figure 6.1.2
Figure 6.1.3

NAVBASE Lithologic Cross Section C-C' ... ............ .
Potentiometric Map of Upper Zone/Shallow Aquifer
Potentiometric Map of Lower Zone/Shallow Aquifer
Vertical Hydraulic Gradients . ................... .....
Areal Distribution of Hydraulic Conductivity in the

Surficial Aquifers . ... ... ... .. ... .. .. ... ... ... ..
Wells Monitored During the Tidal Influence Study
Zone H Location Map with AECs . . . .. ..... ... ... .....
Zone H Soil, Groundwater, Sediment, and Surface Water

Sample LocationMap . . . ........ ... ... .. ... .. ... ..
SWMU 9 — Soil, Groundwater, Sediment, and Surface Water
Sample and Trench LocationMap . . . ...... ... ..... ... ..
SWMU 13 — Soil and Groundwater Sample Location Map . . . . . .
AOCs 684 and 670, SWMUs 14 and 15 — Soil, Sediment, and
Groundwater Sample LocationMap .. .......... ... ... ..
SWMU 17 — Soil and Groundwater Sample Location Map
SWMU 19 — Soil Sample and Trench Location Map
SWMU 20 — Soil Sample and Trench LocationMap . . .. ... ...
SWMU 121 — Soil Sample LocationMap . . . ... ..... .. ... ..
SWMU 178 — Soil and Groundwater Sample Location Map . . . . .
AQOCs 649, 650 and 651 — Soil Sample LocationMap . . . . .. ...
AOC 656 — Soil and Groundwater Sample Location Map
AOC 653 — Soil and Groundwater Sample Location Map
AQOC 654 — Soil Sample LocationMap . .................
AQC 655 — Soil and Groundwater Sample Location Map . ... ..
AOC 659 — Soil Sample LocationMap ... ...............
AOC 660 — Soil and Groundwater Sample Location Map
AOC 662 — Soil and Groundwater Sample Location Map . .. ...
AOC 663 and SWMU 136 — Soil and Groundwater Sample
LocationMap . . .......... . .. . ..
AOC 665 — Soil Sample LocationMap . .................
AOC 667 and SWMU 138 — Soil and Groundwater Sample
Location Map . .. .. ... ... .. ... .
AOC 667 and SWMU 138, Vicinity VOC Analytical Data For
Groundwater
AOC 666 — Soil and Groundwater Sample Location Map
SWMU 159 — Soil Sample LocationMap . ... .............
Soil Sample Locations in the Vicinity of GDHSB007 and
GDHSBO38 . ... e
Soil Sample Locations in the Vicinity of NBCHGDHOA4D . . . . ..
Formulae for Calculating CDI for Soil . . . . ............ .. .
Formulae for Calculating CDI for Groundwater . . . . .. ... ....
Shallow Groundwater Chlorides Concentration . ... .........

...................................

Xviii



Figure 6.2.1.1
Figure 6.2.1.2
Figure 6.2.1.3
Figure 6.2.1.4
Figure 6.2.1.5
Figure 6.2.1.6
Figure 6.2.1.7
Figure 6.2.1.8
Figure 6.2.1.9
Figure 6.2.1.10

Figure 6.2.3.1
Figure 6.2.3.2

Figure 6.2.3.3
Figure 6.2.3.4
Figure 6.2.4.1
Figure 6.2.4.2
Figure 7-1
Figure 7-2
Figure 7-3
Figure 74
Figure 7-5

Figure 7-6
Figure 7-7
Figure 7-8
Figure 7-9
Figure 7-10
Figure 7-11
Figure 7-12

Figure 9.1
Figure 9.2
Figure 9.3

SWMU 19 Lead/Uptake/Biokinetic Model Output Child Blood

Lead Level Probability Percentage . .. .................. 6-85
SWMU 121 Lead/Uptake/Biokinetic Model Output Child

Blood Lead Level Probability Percentage . . ... ............ 6-93
SWMU 9 Shallow Groundwater 1st Quarter Location

Specific ILCR . . ... .. ... . 6-99
SWMU 9 Shallow Groundwater 2nd Quarter Location

Specific ILCR . . . ... .. ... .. 6-101
SWMU 9 Deep Groundwater 1st Quarter Location

SpecificILCR . . ... ... ... . 6-103
SWMU 9 Deep Groundwater 2nd Quarter Location

Specific ILCR . . . ... .. ... . 6-105
SWMU 9 Shallow Groundwater 1st Quarter Location

Specific ILCR . . . . ... ... ... 6-107
SWMU 9 Shallow Groundwater 2nd Quarter Location

Specific ILCR . . . . ... .o 6-109
SWMU 9 Deep Groundwater 1st Quarter Location

Specific ILCR . . ... ... .. . 6-111
SWMU 9 Deep Groundwater 2nd Quarter Location

Specific ILCR . . ... .. ... 6-113
SWMU 14 Surface Soil Lead Concentrations . ............. 6-305
AQC 670 Lead Uptake/Bilinetic Model Output Child Blood

Lead Level Probability Percentage ..................... 6-311
SWMU 14 Surface Soil Organic COCILCR . ... ... ... ... .. 6-317
SWMU 14 Surface Soil Organix COC ILCR — Industrial . ... .. 6-321
SWMU 17 Surface Soil Residential Scenario ILCR . ......... 6-427
SWMU 17 Surface Soil Worker Scenario ILCR . . ... ... ... .. 6-429
Ecological Study Area LocationMap . . .. ................. 7-3
Ecological Subzones within Zone H .. ................... 7-5
Contaminant Pathway Model for Ecological Receptors, Zone H .. 7-13
Mercury Soil Concentrations Exceeding Lethal Risk Level .. ... 7-51
Zinc Soil Concentrations Exceeding Lethal & Sublethal

Risk Levels ... ... ... . ... . . . . . . .. 7-53
Copper Soil Concentrations Exceeding Sublethal Risk Levels . ... 7-57
Arsenic Soil Concentrations Exceeding Sublethal Risk Levels . . . . 7-59
Zinc Soil Concentrations Exceeding Sublethal Risk Levels . . . . . . 7-61
Copper Soil Concentrations Exceeding Sublethal Risk Levels . . .. 7-63

Mercury Soil Concentrations Exceeding Sublethal Risk Levels . . . 7-101

Lead Soil Concentrations Exceeding Lethal Risk Levels . ... ... 7-103
Subzone H-3 Arsenic Soil Concentrations Exceeding

Lethal Risk Levels . . .. ... ... ... .. ... .. .. .. ....... 7-105
Zone H Surface Soil Residential Risk Scenario .. ............ 9-5
Zone H Surface Soil Residential Hazard Scenario . ... ... ... .. 9-7
Zone H Surface Soil Industrial Risk Scenario . ... ........... 9-9

XIX



Figure 9.4

Figure 9.5

Figure 9.6

Figure 9.7

Figure 9.8

Figure 9.9

Figure 9.10
Figure 9.11
Figure 9.12
Figure 9.13
Figure 9.14
Figure 9.15
Figure 9.16
Figure 9.17
Figure 9.18
Figure 9.19
Figure 9.20
Figure 9.21
Figure 9.22
Figure 9.23
Figure 9.24
Figure 9.25
Figure 9.26
Figure 9.27
Figure 9.28
Figure 9.29
Figure 9.30
Figure 9.31
Figure 9.32

Figure 9.33
Figure 9.34

Figure 9.35
Figure 9.36
Figure 9.37
Figure 9.38
Figure 9.39
Figure 9.40
Figure 9.41
Figure 9.42
Figure 9.43

Zone H Surface Soil Industrial Hazard Scenario
Zone H Surface Soil TPH Concentrations . . . . ... ......... .
Zone H Subsurface Soil TPH Concentrations
SWMU 13 Surface Soil TPH Concentrations . . . . ... ...... ..
SWMU 13 Subsurface Soil TPH Concentrations . ...........
Combined SWMU 14 Surface Soil Risk Residential Scenario . . . .
Combined SWMU 14 Surface Soil Risk Industrial Scenario . . . . .
Combined SWMU 14 Surface Soil Hazard Residential Scenario . .
SWMU 17 Surface Soil Risk Residential Scenario
SWMU 17 Surface Soil Risk Industrial Scenario

SWMU 19 Surface Soil Risk Residential Scenario
SWMU 19 Surface Soil Risk Industrial Scenario . ...........
SWMU 19 Surface Soil Hazard Residential Scenario
SWMU 20 Surface Soil Risk Residential Scenario
SWMU 20 Surface Soil Risk Industrial Scenario . ...........
SWMU 121 Surface Soil Risk Residential Scenario
SWMU 121 Surface Soil Risk Industrial Scenario

SWMU 178 Surface Soil Risk Residential Scenario ..........
AQCs 649, 650, and 651 Surface Soil Risk Residential Scenario . .
AQCs 649, 650, and 651 Surface Soil Risk Industrial Scenario . . .
AOC 656 Surface Soil Risk Residential Scenario . . ... .......
AQC 653 Surface Soil TPH Concentrations ... ............

AOC 663 and SWMU 136 Surface Soil Risk Residential

SCenario . .. ... e
AOC 663 and SWMU 136 Surface Soil Risk Industrial Scenario . .
AOC 663 and SWMU 136 Surface Soil Hazard Residential
Scenario . ... e
AOC 665 Surface Soil Risk Residential Scenario . ...........
AOC 667 and SWMU 138 Surface Soil TPH Concentrations . . . .
AOC 666 Surface Soil Risk Residential Scenario . ...........
AOC 666 Surface Soil Risk Industrial Scenario . ... .........
AOQC 666 Surface Soil Hazard Residential Scenario ..........
SWMU 159 Surface Soil Risk Residential Scenario . .........
OIA GO7 and G38 Surface Soil Risk Residential Scenario ... ...
OIA GO7 and G38 Surface Soil Risk Industrial Scenario . ... ...
OIA G80 Surface Soil Risk Residential Scenario .. ... .. ... ..

XX



Table 1.1
Table 1.2
Table 2.1
Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 3.7
Table 3.8
Table 3.9
Table 3.10
Table 4.0.1
Table 4.0.2
Table 4.0.3
Table 4.0.4
Table 4.0.5
Table 4.1.1
Table 4.1.2
Table 4.1.3
Table 4.1.4
Table 4.1.5

Table 4.1.6

List of Tables

Zone H SWMUs and AOCs with Investigatory Designations . . . .
Previous Investigations . . . . ... ......................
Zone H Groundwater Sample Equipment Blank Contaminant
Comparison . . ... ... .. ... e
Zone H Monitoring Well Construction Data Summary ........
Vertical Hydraulic Gradients . ... ... ..................
Horizontal Hydraulic Gradient . . . ... ............... ...
Zone H Shallow-Well Slug Test Hydraulic Conductivity Results in
feet/day . .. ... . .
Zone H Deep-Well Slug Test Hydraulic Conductivity Results in
feet/day . . ... ... ...
Results of Groundwater Quality Analysis in milligrams per liter
(mg/L), exceptforpH) . .. ... ... .. ... .. L L.
Water Level Monitoring Summary of Wells Along Cross

Section A-A' . .
Water Level Monitoring Summary of Wells Along Cross
SectionB-B' . ... ... ...
Mean Temperature and Wind Data for Charleston Harbor

between 1970and 1985 . ... ... .. ... ... ... ...
Monthly and Annual Mean Precipitation, Relative Humidity, and
Cloud Cover for Charleston Harbor between 1960 and 1985
Summary of Zone H AOC- and SWMU-Specific Soil and
Groundwater Sampling . . . . ... ... ... . ... e
Summary of Zone H SWMU- and AOC-Specific Sediment

and Surface Water Sampling . . ... ....................
Zone H Quantities of Proposed and Actual Samples . ....... ..
NAVBASE Analytical Program . ... ...................
Zone H Diluted Sample Results . .. ....................
Zone H Hydropunch and Temporary Monitoring Well Analytical
Results (Results in ug/L) Collected from the SWMU 20 and
SWMU 121 Areas of SWMU9 .. ... ... ... ... .. ......
SWMU 9 Trench Soil Samples Organic Compounds in

Soil (RE/KE) . . . o e e
SWMU 9 Trench Soil Samples Inorganic Elements in

Soil (ME/KE) . ... e
SWMU 9 1993 Monitoring Well Soil Samples Organic
Compounds in Soill (mg/kg) . .. ... ... ... ...
SWMU 9 1993 Monitoring Well Soil Samples Inorganic
Compounds in Soil (mg/kg) . ... ....... . ... ... ....
SWMUs 9, 19, 20, and 121 and AOCs 649, 650, 651,

and 654 Organic Compounds in Shallow Groundwater (ug/L.)

XXI



Table 4.1.7

Table 4.1.8

Table 4.1.9

Table 4.1.10
Table 4.1.11
Table 4.1.12

Table 4.1.13

Table 4.2.1
Table 4.2.2
Table 4.2.3
Table 4.2.4
Table 4.3.1

Table 4.3.2

Table 4.3.3

Table 4.3.4

Table 4.3.5

Table 4.3.6

Table 4.3.7
Table 4.3.8
Table 4.3.9

Table 4.3.10

Table 4.4.1
Table 4.4.2
Table 4.4.3
Table 4.4.4
Table 4.5.1
Table 4.5.2
Table 4.6.1
Table 4.7.1
Table 4.7.2
Table 4.8.1

SWMUs 9, 19, 20, and 121 and AOCs 649, 650, 651, and 654

Organic Compounds in Deep Groundwater (ug/L) .. ... ... ... 4-67
SWMUs 9, 19, 20, and 121 and AOCs 649, 650, 651, and 654

Inorganic Chemicals in Shallow Groundwater (ug/L)
SWMUs 9, 19, 20, and 121 and AOCs 649, 650, 651, and 654

Inorganic Chemicals in Deep Groundwater (ug/L) ... ... ... .. 4-70
SWMU 9 Organic Compounds Detected in Sediment (in pg/kg) .. 4-72
SWMU 9 Inorganic Elements Detected in Sediment (in mg/kg) . . . 4-74
SWMU 96 Organic Compounds Detected in Surface Water

pg/l) . 4-75
SWMU 9 Inorganic Elements Detected in Surface Water

(npg/l) .. 4-76
SWMU 13 Organic Compounds in Soil (in ug/kg) ... ... .. ... 4-86
SWMU 13 Inorganic Elements in Soil (inmg/kg) ........... 4-88
SWMU 13 Organic Compounds in Groundwater (ug/L) . ... ... 4-89
SWMU 13 Inorganic Chemicals in Groundwater (ug/L) . ... ... 4-90
SWMUs 14 and 15, and AOC 670 and 684 Organic Compounds

imSoil (ug/kg) . ... ... 4-110
SWMUs 14 and 15, AOCs 670 and 684 Inorganic Elements

in Soil (mg/kg) . . .. ... . . 4-114
SWMUs 14 and 15, and AOCs 670 and 684 Organic

Compounds in Shallow Groundwater (ug/L) . . ... .......... 4-115
SWMUs 14, and 15, and AOCs 670 and 684 Organic

Compounds in Deep Groundwater (ug/L) . .. .............. 4-116
SWMUs 14 and 15, and AOCs 670 and 684 Inorganic

Chemicals in Shallow Groundwater (ug/L) ... ............. 4-117
SWMUs 14 and 15, and AOCs 670 and 684 Inorganic

Chemicals in Deep Groundwater (ug/L) . . ... ... ....... ... 4-118
SWMU 14 Organic Compounds Detected in Sediment (ug/kg) . .. 4-119
SWMU 14 Inorganic Elements Detected in Sediment (mg/kg) . . . . 4-121
SWMU 14 Organic Compounds Detected in Surface Water

g/l . 4-122
SWMU 14 Inorganic Elements Detected in Surface Water

BBIL) .« o o 4-123
SWMU 17 Organic Compounds in Soil (ug/kg) . .. ....... ... 4-134
SWMU 17 Inorganic Elements in Soil (mg/kg) .. ........... 4-136
SWMU 17 Organic Compounds in Groundwater (ug/L) ... .. .. 4-137
SWMU 17 Inorganic Chemicals in Groundwater (ug/L) . ... ... 4-139
SWMU 19 Organic Compounds in Soil (in ug/kg) .. ...... ... 4-147
SWMU 19 Inorganic Elements in Soil (mg/kg) . ............ 4-150
SWMU 20 Organic Compounds in Soil (ug/kg) . .. ... .. .. ... 4-158
SWMU 121 Organic Compounds in Soil (ug/kg) ... ... ... ... 4-165
SWMU 121 Inorganic Elements in Soil (mg/kg) . ... ..... ... 4-167

SWMU 178 Organic Compounds in Soil (ug/kg) ... .. .. .. ... 4-175

XXii



Table 4.8.2

Table 4.8.3

Table 4.8.4

Table 4.9.1

Table 4.9.2

Table 4.10.1
Table 4.10.2
Table 4.10.3
Table 4.10.4
Table 4.11.1
Table 4.11.2
Table 4.11.3
Table 4.11.4
Table 4.12.1
Table 4.12.2
Table 4.13.1
Table 4.13.2
Table 4.13.3
Table 4.13.4
Table 4.14.1
Table 4.14.2
Table 4.15.1
Table 4.15.2
Table 4.15.3
Table 4.15.4
Table 4.16.1
Table 4.16.2
Table 4.16.3
Table 4.16.4
Table 4.17.1
Table 4.17.2
Table 4.17.3

Table 4.17.4

Table 4.18.1
Table 4.18.2
Table 4.19.1
Table 4.19.2
Table 4.19.3

Table 4.19.4

SWMU 178 Inorganic Elements in Soil (mg/kg) ............ 4-176
SWMU 178 Organic Compounds in Groundwater (ug/L) ... ... 4-178
SWMU 178 Inorganic Chemicals in Groundwater (ug/L)® ... .. 4-179
AOCs 649, 650, and 651 Organic Compounds in Soil (ug/kg) ... 4-187
AOC 649, 650, and 651 Inorganic Elements in Soil (mg/kg) . ... 4-189
AOC 656 Organic Compounds in Soil (in ug/kg) . ........... 4-198
AQC 656 Inorganic Elements in Soil (mg/kg) . ............. 4-200
AOC 656 Organic Elements in Groundwater (ug/L) . ... ... ... 4-201
AOC 656 Inorganic Chemicals in Groundwater (ug/L) .. ... ... 4-202
AOC 653 Organic Compounds in Soil (ug/kg) ............. 4-210
AOC 653 Inorganic Elements in Soil (inmg/kg) ............ 4-212
AOC 653 Organic Compounds in Groundwater (ug/L) ... ... .. 4-213
AOC 653 Inorganic Elements in Groundwater (ug/L) . .. ... ... 4-214
AOC 654 Organic Compounds in Soil (pg/kg) . .. ........... 4-220
AOC 654 Inorganic Elements in Soil (mg/kg) . ......... ... . 4-221
AOC 655 Organic Compounds in Soil (ug/kg) . . ............ 4-231
AOC 655 Inorganic Elements in Soil (mg/kg) . ............. 4-233
AOC 655 Organic Compounds in Groundwater (ug/L) . ....... 4-234
AOC 655 Inorganic Chemicals in Groundwater (ug/L) ... ... .. 4-235
AOC 659 Organic Compounds in Soil (ug/kg) . .. .. ... ... .... 4-242
AOC 659 Inorganic Elements in Soil (mg/kg) . ............. 4-244
AOC 660 Organic Compounds in Soil (in pg/kg) . .. ... ... ... 4-251
AOC 660 Inorganic Elements in Soil (inmg/kg) ............ 4-252
AOC 660 Organic Compounds in Groundwater (ug/L) ........ 4-253
AOC 660 Inorganic Chemicals in Groundwater (ug/L)® .. ... .. 4-254
AOC 662 Organic Compounds in Soil (ug/kg) . .. ........... 4-261
AOC 662 Inorganic Elements in Soil (mg/kg) . ............. 4-262
AOC 662 Organic Compounds in Groundwater (ug/L) ........ 4-263
AOC 662 Inorganic Elements in Groundwater (ug/L) ... ...... 4-264
AOC 663 and SWMU 136 Organic Compounds in Soil . ... .. .. 4-274

AOC 663 and SWMU 136 Inorganic Elements in Soil (mg/kg) . . . 4-276
AOC 663 and SWMU 136 Organic Compounds in

Groundwater (ug/L) . . . . . . . . 4-277
AOC 663 and SWMU 136 Inorganic Chemicals in

Groundwater (ug/L) . . . . . .. ... 4-277
AOC 665 Organic Compounds in Soil (in pg/kg) . .. ......... 4-284
AOC 665 Inorganic Elements in Soil (inmg/kg) ............ 4-286

AOC 667 and SWMU 138 Organic Compounds in Soi!l (mg/kg) . . 4-298
AOC 667 and SWMU 138 Inorganic Elements in Soil (mg/kg) 4-298(b)
AOC 667 and SWMU 138 Organic Compounds in

Groundwater (ug/L) ... ... .. ... . ... ... 4-298(c)
NBCIGDIO11 Volatile Organic Compounds in
Groundwater (neg/L} . ... ... .. 4-298(d)

xxiil



Table 4.19.5

Table 4.19.6

Table 4.20.1
Table 4.20.2
Table 4.20.3
Table 4.20.4
Table 4.21.1
Table 4.21.2
Table 4.21.3
Table 4.21.4
Table 4.21.5
Table 4.21.6
Table 4.22.1
Table 4.22.2

Table 4.22.3
Table 4.22 .4
Table 4.22.5
Table 4.22.6
Table 4.23.1
Table 4.23.2
Table 5.1.1
Table 5.1.2
Table 5.1.3
Table 5.1.4
Table 5.2.1
Table 5.3.1

Table 5.3.2

Table 5.3.3

AOC 667 and SWMU 138 Groundwater Screening Samples

Volatile Organic Compounds in Groundwater (ug/L) .. ... .. 4-298(e)
AOC 667 and SWMU 138 Inorganic Elements in

Groundwater (ug/L) . . ... .. ... ... ... 4-298(e)
AOC 666 Organic Compounds in Soil (in ug/kg) ... ....... .. 4-306
AOC 666 Inorganic Elements in Soil (inmg/kg) . ........... 4-308
AOC 666 Organic Compounds in Groundwater (ug/L) ... ... .. 4-309
AOC 666 Inorganic Chemicals in Groundwater (ug/L) . ... .. .. 4-310
SWMU 159 Organic Compounds in Soil (ug/kg) . ......... .. 4-319
SWMU 159 Inorganic Elements in Soil (mg/kg) ............ 4-321
SWMU 159 Organic Compounds Detected in Sediment . . . .. . .. 4-323
SWMU 159 Inorganic Elements Detected in Sediment ... ... .. 4-325
SWMU 159 Organic Compounds Detected in Surface Water . . .. 4-326
SWMU 159 Inorganic Compounds Detected in Surface Water . .. 4-327
Zone H Grid-Based Soil Samples .. ................... 4-335

Zone H Grid-Based Soil Samples Inorganic Elements in

Soil inmg/kg) ... ... . 4-338
Grid (GDH) Locations Organic Compounds in Shallow

Groundwater (ug/L) . . . . ... .. L 4-339
Grid (GDH) Locations Organic Compounds in Deep

Groundwater (ug/L) . . . .. .. ... .. 4-340
Grid (GDH) Locations Inorganic Chemicals in Shallow

Groundwater {ug/L) . . . ... ... ... .. ... 4-342
Grid (GDH) Locations Inorganic Chemicals in Deep

Groundwater (ug/L) . . . . ... .. ... . 4-344
Area of GDHSB007 and GDHSB038 Soil Sample Locations

PCBs in Soil (in ug/kg)®) .. .. ... 4-353
Area of NBCHGDHO04D SVOCs in Soil (pg/kg) and

Groundwater (ug/L) . .. . ... ... 4-353
Chemical and Physical Properties . . ... ................. 5-10
Zone H Summary of Physical Parameter Data for Soil . ....... 5-11
Zone H Physical Parameter Data from Shelby Tube Samples . ... 5-12
Groundwater Travel Times from Zone H AOCs/SWMUs to

Surface Water Body* NAVBASE . .. ... ... ... ........... 5-13
Fate and Transport Properties and Screening Levels for

Constituents Detected in Soil and Groundwater . .. .......... 5-24
Chemicals Detected in Soil Comparison to Groundwater

Protection SSL or Background UTL . ................... 5-38

Chemicals Detected in Groundwater and Surface Water

Comparison of Groundwater to Tap Water Risk-Based

Concentrations for SWMU9 . . . ... ... .. ... .. .. ..... 5-40
Soil-to-Air Volatilization Screening Analysis for SWMUs 19, 20,

121, and AOCs 649 and 654 . . . . .. . ... . .. .. ... ... ... 5-42

XXiv



Table 5.3.4

Table 5.3.5

Table 5.4.1

Table 5.4.2

Table 5.5.1

Table 5.5.2

Table 5.5.3

Table 5.5.4

Table 5.5.5

Table 5.6.1

Table 5.6.2

Table 5.6.3
Table 5.7.1

Table 5.7.2
Table 5.8.1

Table 5.8.2
Table 5.9.1

Table 5.9.2
Table 5.10.1

Table 5.10.2
Table 5.11.1

Chemicals Detected in Soil and Sediment for SWMUs 9, 19, 20,
121 and AOC 654 . . . . . . . e e
Significant Migration Pathways for SWMUs 9, 19, 20, 121 and
AOCs 649,650and 654 . . .. ... .. ... .. ... ... ... .
Chemical Detected in Soil and Shallow Groundwater:

Comparison of Groundwater Protection Risk-Based Screening
Criteria for SWMU 13 . . . .. ... .. .. .. . . L.
Soil-to-Air Volatilization Screening Analysis for SWMU 13 . . | . .
Chemicals Detected in Soil for SWMUSs 14, 15, and AQCs 670
and 684; Soil to Groundwater Screening Analysis . ..........
Contaminants Detected in Groundwater and Surface Water;
Groundwater Comparison to Tap Water Risk-Based Concentrations
or Grid-based Background UTLs . .....................
Soil-to-Air Volatilization Screening Analysis for SWMU 14, 15,
and AOCs 670and 684 . . .. ... ... ... ... ... .. ... ....
Chemicals Detected in Surface Soil and Sediment for SWMU 14
(includes SWMU 15, AOCs 670and 684) . ...............
Significant Migration Pathways for SWMUs 14, 15, and

AOCs 670,684 . . ... .. . e,
Chemicals Detected in Soil and Groundwater: Comparison

to Groundwater Protection SSLs, Tap Water RBCs, and
Grid-Based Background UTLs for SWMU 17 . .. .. ... ... ...
Soil-to-Air Volatilization Screening Analysis for SWMU 17 . . . . .
Significant Migration Pathways for SWMU 17 .. ... ..... ...
Chemicals Detected in Soil, Sediment and Surface Water; Soil
Comparison to Groundwater Protection SSLs and Grid-Based
Background UTLs for SWMU 159 . ... . ... ... ... ... ...
Soil-to-Air Volatilization Screening Analysis for AOC 159
Chemicals Detected in Soil and Groundwater Comparison to
Groundwater Protection SSLs, Tap Water, RBCs and Grid-
Based Background UTLs for SWMU 178 . . . .. ... .......
Soil-to-Air Volatilization Screening Analysis for AOC 178
Chemicals Detected in Soil and Groundwater Comparison to
Groundwater Protection SSLs, Tap Water, RBCs and Grid-
Based Background UTLs for AOC 653 ... ...............
Soil-to-Air Volatilization Screening Analysis for AOC 653 .. ...
Chemicals Detected in Soil and Groundwater Comparison to
Groundwater Protection SSLs, Tap Water, RBCs and Grid-

Based Background UTLs for AOC 655 . .................
Soil-to-Air Volatilization Screening Analysis for AOC 655 . .. ..
Chemicals Detected in Soil and Groundwater Comparison to
Groundwater Protection SSLs, Tap Water, RBCs and Grid-

Based Background UTLs for AOC 656 .. ................

XXV



Table 5.12.1

Table 5.12.2
Table 5.13.1

Table 5.13.2
Table 5.14.1

Table 5.14.2
Table 5.15.1

Table 5.15.2

Table 5.16.1

Table 5.16.2
Table 5.17.1

Table 5.17.2
Table 5.18.1

Table 5.18.2

Table 5.19.1

Table 5.19.2
Table 6.1.1

Table 6.2.1.1
Table 6.2.1.2
Table 6.2.1.3
Table 6.2.1.4
Table 6.2.1.5
Table 6.2.1.6
Table 6.2.1.7

Table 6.2.1.8

Chemicals Detected in Soil Comparison to Groundwater Protection

SSLs for AOC 659 .. ... ... .. ... . ... 5-97
Soil-to-Air Volatilization Screening Analysis for AOC 659 . . . .. 5-98
Chemicals Detected in Soil and Groundwater Comparison to
Groundwater Protection SSLs, Tap Water, RBCs and Grid-

Based Background UTLs for AOC660 .......... ..... ... 5-100

Soil-to-Air Volatilization Screening Analysis for AOC 660 . .. . . 5-101
Chemicals Detected in Soil and Groundwater Comparison to
Groundwater Protection SSLs, Tap Water, RBCs and Grid-

Based Background UTLs for AOC 662 .................. 5-104

Soil-to-Air Volatilization Screening Analysis for AOC 662 . .. .. 5-105
Chemicals Detected in Soil and Groundwater Comparison to
Groundwater Protection SSLs, Tap Water, RBCs and Grid-

Based Background UTLs for AOC 663 and SWMU 136 .. .. ... 5-109
Soil-to-Air Volatilization Screening Analysis for AQC 663

and SWMU 136 .. ... ... . . .. . 5-111
Chemicals Detected in Soil Comparison to Groundwater

Protection SSLs for AOC665 . ....................... 5-114
Soil-to-Air Volatilization Screening Analysis for AOC 665 . .. .. 5-115

Chemicals Detected in Soil and Groundwater Comparison to
Groundwater Protection SSLs, Tap Water, RBCs and Grid-

Based Background UTLs for AOC 666 .................. 5-119
Soil-to-Air Volatilization Screening Analysis for AOC 666 . . . . . 5-120
Chemicals Detected in Soil and Groundwater; Comparison to
Groundwater Protection SSLs, Tap Water RBCs and Background

UTLs for AOC667and SWMU 138 . . . ... ... ... .. ....... 5-122
Soil-to-Air Volatilization Screening Analysis for AOCs 667

and 138 . . . . e 5-123
Chemicals Detected in Soil Above Groundwater Protection SSL

for Other Impacted Areas . .......................... 5-126
Soil-to-Air Volatilization Screening Analysis for AOC G80 . . . .. 5-127
Parameters Used to Estimate CDIatRME . . ... ......... .. 6-52
Methods Run at SWMU 19 Surface Soil . . . . ... ... .. .. .... 6-129
Methods Run at SWMU 20 Surface Soil . . . ... ............ 6-131
Methods Run at SWMU 121 Surface Soil . . ... ......... ... 6-132
Methods Run at AOC 649 Surface Soil . . . ............. .. 6-134
Methods Run at AQOC 650 Surface Soil .. ................ 6-135
Methods Run at AOC 654 Surface Soil .. ................ 6-136

Methods Run at SWMU 9 (Includes SWMUs 19, 20, 121 and

AOCs 649, 650, 651 and 654) Shallow Groundwater,

Sampling Round O1 . ... ... ... ... ... . ... .. ... .... 6-137
Methods Run at SWMU 9 (Includes SWMUSs 19, 20, 121 and

AOCs 649, 650, 651 and 654) Shallow Groundwater,

Sampling Round 02 . . . . ... .. .. ... .. L 6-139



Table 6.2.1.9

Table 6.2.1.10

Table 6.2.1.11
Table 6.2.1.12
Table 6.2.1.13
Table 6.2.1.14
Table 6.2.1.15
Table 6.2.1.16
Table 6.2.1.17
Table 6.2.1.18
Table 6.2.1.19
Table 6.2.1.20
Table 6.2.1.21
Table 6.2.1.22
Table 6.2.1.23
Table 6.2.1.24
Table 6.2.1.25
Table 6.2.1.26
Table 6.2.1.27
Table 6.2.1.28
Table 6.2.1.29
Table 6.2.1.30
Table 6.2.1.31
Table 6.2.1.32
Table 6.2.1.33

Table 6.2.1.34

Methods Run at SWMU 9 (Includes SWMUSs 19, 20, 121 and
AQCs 649, 650, 651 and 654) Deep Groundwater,

Sampling Round 01 . .. ....... ... ... ... .. ... .....
Methods Run at SWMU 9 (Includes SWMUs 19, 20, 121 and
AQCs 649, 650, 651 and 654) Deep Groundwater,

Sampling Round 02 . ... ....... .. ... ... ... ... . ... .
SWMU 19 Surface Soil
SWMU 20 Surface Soil .. ...... ... . ... ... .
SWMU 121 Surface Soil . . ... ... ... .. ... ... . ... . ...
AOC 649 Surface Soil
AQOC 650 Surface Soil
AOC 654 Surface Soil . ........ ... .. . ...
SWMU 9 (Includes SWMUs 19, 20, 121 and AOCs 649, 650,

651 and 654) Shallow Groundwater, Sampling Round 01 . . . . . . .
SWMU 9 (Includes SWMUs 19, 20, 121 and AOCs 649, 650,

651 and 654) Shallow Groundwater, Sampling Round 02 . . . . . . .
SWMU 9 (Includes SWMUs 19, 20, 121 and AOCs 649, 650,

651 and 654) Deep Groundwater, Sampling Round 01 ... ... ..
SWMU 9 (Inciudes SWMUs 19, 20, 121 and AOCs 649, 650,

651 and 654) Deep Groundwater, Sampling Round 02
Exposure Pathways Summary — Combined SWMU 9
NAVBASE Charleston . . .. .......... ... ... . ......
Statistical Analysis of COPCs Surface Soil at SWMU 19 . . .. . ..
Statistical Analysis of COPCs Surface Soil at SWMU 20 .. ... ..
Statistical Analysis of COPCs Surface Soil at SWMU 121 . ... ..
Statistical Analysis of COPCs Surface Soil at AOC 649 ... ... ..
Statistical Analysis of COPCs SWMU 9 Shallow Groundwater —
First Quarter . . ... ... ... .. . ..
Statistical Analysis of COPCs SWMU 9 Shallow Groundwater —
Second Quarter . . ... .. .. ...
Chronic Daily Intakes Incidental Ingestion of Surface Soil
O-1for SWMU 19 . . . .. .. . e
Chronic Daily Intakes Dermal Contact with Surface Soil

0-1) for SWMU 19 . . .. ...
Chronic Daily Intakes Incidental Ingestion of Surface Soil

(0-1) for SWMU 20 . ... ... . .
Chronic Daily Intakes Dermal Contact with Surface Soil

(0-1)for SWMU 20 .. .. ... . . .
Chronic Daily Intakes Incidental Ingestion of Surface Soil
(0-1)for SWMU 121 ... ... ... ... ... .
Chronic Daily Intakes Dermal Contact with Surface Soil

(0-1") for SWMU 121 .. .. ... ... .. ... . .
Chronic Daily Intakes Incidental Ingestion with Surface Soil
(0-1Yfor AOC 649 . . .. .. ... .

............................



Table 6.2.1.35
Table 6.2.1.36
Table 6.2.1.37
Table 6.2.1.38
Table 6.2.1.39
Table 6.2.1.40
Table 6.2.1.41
Table 6.2.1.42
Table 6.2.1.43
Table 6.2.1.44
Table 6.2.1.45
Table 6.2.1.46
Table 6.2.1.47
Table 6.2.1.48
Table 6.2.1.49
Table 6.2.1.50
Table 6.2.1.51
Table 6.2.1.52
Table 6.2.1.53
Table 6.2.1.54

Table 6.2.1.55

Chronic Daily Intakes Dermal Contact with Surface Soil
0-10for AOC 649 . . ... .. . .
Chronic Daily Intakes Incidental Ingestion of Surface Soil
0-1%for AOC649 . . . ... .
Chronic Daily Intakes Dermal Contact with Surface Soil
O-1Yfor AOC650 .. ... ... ... . ... . .,
Chronic Daily Intakes Ingestion/Inhalation of COPCs in

Shallow Groundwater . . ... .........................
Chronic Daily Intakes Ingestion/Inhalation of COPCs

in Deep Groundwater for SWMU 9 — First Quarter . . ... ... ..
Chronic Daily Intakes Ingestion/Inhalation of COPCs

in Shallow Groundwater for SWMU 9 — Second Quarter
Chronic Daily Intakes Ingestion/Inhalation of COPCs
in Deep Groundwater for SWMU 9 — Second Quarter
Toxicological Database Information for Chemicals of
Potential Concern for SWMU S ... ... ... ...... ... .. ...
Hazard Quotients and Incremental Lifetime Cancer

Risks Incidental Surface Soil Ingestion for SWMU 19 . . . . . . . ..
Hazard Quotients and Incremental Lifetime Cancer Risks

Dermal Contact with Surface Soil for SWMU 19 .. .. ... ....
NAVBASE — Charleston Zone H SWMU 19 USEPA

LEAD MODEL Version 0.99d Qutput . ... ..............
Hazard Quotients and Incremental Lifetime Cancer

Risks Incidental Surface Soil Ingestion for SWMU 20 ... ... ...
Hazard Quotients and Incremental Lifetime Cancer Risks

Dermal Contact with Surface Soil for SWMU 20 . ... ...... ..
Hazard Quotients and Incremental Lifetime Cancer

Risks Incidental Surface Soil Ingestion for SWMU 121 ... ... ..
Hazard Quotients and Incremental Lifetime Cancer Risks

Dermal Contact with Surface Soil for SWMU 121 ... ... ... ..
NAVBASE — Charleston Zone H SWMU 121 USEPA

LEAD MODEL Version 0.99d Qutput . ... ..............
Hazard Quotients and Incremental Lifetime Cancer
Risks Incidental Surface Soil Ingestion for AOC 649
Hazard Quotients and Incremental Lifetime Cancer Risks

Dermal Contact with Surface Soil for AOC649 . . .. ... . ... ..
Hazard Quotients and Incremental Lifetime Cancer
Risks Incidental Surface Soil Ingestion for AOC 650
Hazard Quotients and Incremental Lifetime Cancer Risks

Dermal Contact with Surface Soil for AOC 650 ... ...... .. ..
Hazard Quotients and Incremental Lifetime Cancer

Risks Shallow Groundwater Ingestion for SWMU 9 —

First Quarter

xxviii



Table 6.2.1.56

Table 6.2.1.57

Table 6.2.1.58

Table 6.2.1.59

Table 6.2.1.60

Table 6.2.1.61

Table 6.2.1.62

Table 6.2.1.63

Table 6.2.1.64
Table 6.2.1.65

Table 6.2.1.66

Table 6.2.1.67

Table 6.2.1.68

Table 6.2.1.69

Table 6.2.1.70

Table 6.2.1.71

Table 6.2.1.72

Table 6.2.1.73

Table 6.2.1.74

Hazard Quotients and Incremental Lifetime Cancer

Risks Inhalation of Contaminants Volatilized from Shallow
Groundwater for SWMU 9 — First Quarter ...............
Hazard Quotients and Incremental Lifetime Cancer

Risks Shallow Groundwater Ingestion for SWMU 9 —

Second Quarter . ... . ... ... ...
Hazard Quotients and Incremental Lifetime Cancer Risks
Inhalation of Contaminants Volatilized from Shallow

Groundwater for SWMU 9 — Second Quarter ... ..........
Hazard Quotients and Incremental Lifetime Cancer

Risks Deep Groundwater Ingestion for SWMU 9 —

First Quarter . ... . ... .. ... .
Hazard Quotients and Incremental Lifetime Cancer

Risks Inhalation of Contaminants Volatilized from Deep
Groundwater for SWMU 9 — First Quarter . ..............
Hazard Quotients and Incremental Lifetime Cancer

Risks Deep Groundwater Ingestion for SWMU 9 —

Second QuUarter . .. ... ... ... e
Location-Specific Analysis of COPCs Detected in SWMU 9
Groundwater with Corresponding Hazard Quotient and

Risk Estimates . ... ... ... ... ... ...
Summary of Risk and Hazard-based COCs for combined

SWMU 9 . . .
Summary of Risk and Hazard for Combined SWMU 9 .. ... ...
Residential Based Remedial Goal Options for SWMU 19

Surface Soil . .. ... ... .. e
Worker-Based Remedial Goal Options for SWMU 19

Surface Soil .. ... ... . . ..
Residential Based Remedial Goal Options for SWMU 20

Surface Soil . . ... ... ...
Worker-Based Remedial Goal Options for SWMU 20

Surface Soil . . . . . L
Residential Based Remedial Goal Options for SWMU 121

Surface Soil . .. ... ... . .. L
Site Worker-Based Remedial Goal Options for SWMU 121

Surface Soil . .. ... ... .
Residential-Based Remedial Goal Options for AQOC 649

Surface Soil . ... ... ... ..
Worker-Based Remedial Goal Options for AOC 649

Surface Soil . . ... ... .
Residential-Based Remedial Goal Options for AOC 650

Surface Soil . .. . ... e
Worker-Based Remedial Goal Options for AOC 650

Surface Soil



Table 6.2.1.75
Table 6.2.1.76
Table 6.2.1.77
Table 6.2.1.78
Table 6.2.1.79
Table 6.2.1.80
Table 6.2.1.81
Table 6.2.1.82

Table 6.2.2.1
Table 6.2.2.2

Table 6.2.2.3
Table 6.2.2.4
Table 6.2.2.5
Table 6.2.2.6
Table 6.2.2.7
Table 6.2.2.8
Table 6.2.2.9
Table 6.2.2.10
Table 6.2.2.11
Table 6.2.2.12
Table 6.2.2.13
Table 6.2.2.14
Table 6.2.2.15
Table 6.2.2.16

Table 6.2.2.17

Residential-Based Remedial Goal Options for SWMU 9

Shallow Groundwater — First Quarter .. ............ ... . . 6-237
Worker-Based Remedial Goal Options for SWMU 9 Shallow
Groundwater — First Quarter . . . . . ... ................. 6-238

Residential-Based Remedial Goal Options for SWMU 9

Shallow Groundwater — Second Quarter . . ............ ... 6-239
Worker-Based Remedial Goal Options for SWMU 9 Shallow
Groundwater — Second Quarter .. ..................... 6-240
Residential-Based Remedial Goal Options for SWMU 9

Deep Groundwater — First Quarter . . . .. ................ 6-241
Worker-Based Remedial Goal Options for SWMU 9 Deep

Groundwater — FirstQuarter . . ... .................... 6-242
Residential-Based Remedial Goal Options for SWMU 9

Deep Groundwater — Second Quarter . . ................. 6-243
Worker-Based Remedial Goal Options for SWMU 9 Deep

Groundwater — Second Quarter .. ..................... 6-244
Methods Run at SWMU 13 Surface Soil . . . . ...... ... ... . 6-260
Methods Run at SWMU 13 Shallow Groundwater,

Sampling Round 01 . ... ... .. ... . ... ... . . ... ... .. 6-262
Methods Run at SWMU 13 Shallow Groundwater,

Sampling Round 02 .. ... ... ... ... ... .. ... ... .. ... 6-263
SWMU 13 Surface Soil ... ...... .. ... ... L. 6-264
SWMU 13 Shallow Groundwater, Sampling Round 01 .. ... ... 6-266
SWMU 13 Shallow Groundwater, Sampling Round 02 . . . ... .. 6-267
Exposure Pathways Summary —SWMU 13 .. ........ .. ... 6-268
Statistical Analysis of COPCs Surface Soil at SWMU 13 .. ... .. 6-270
Chronic Daily Intakes Incidental Ingestion of Surface Soil

(0-1Y for SWMU 13 . .. ... ... 6-271
Chronic Daily Intakes Dermal Contact with Surface Soit

(0-1for SWMU 13 . . .. .. e 6-272
Chronic Daily Intakes Ingestion of Shallow Groundwater for

SWMU 13 ... 6-273
Toxicological Database Information for Chemicals of Potential

Concern for SWMU 13 . . ... .. ... ... .. ... . .. . ... 6-274
Hazard Quotients and Incremental Lifetime Cancer Risks

Incidental Surface Soil Ingestion for SWMU 13 . . .. .. ... . ... 6-276
Hazard Quotients and Incremental Lifetime Cancer Risks Dermal

Contact with Surface Soil for SWMU 13 . . ............ ... 6-277
Hazard Quotients and Incremental Lifetime Cancer Risks

Shallow Groundwater Ingestion for SWMU 13 . ... ...... ... 6-278
Central Tendency Chronic Daily Intakes Ingestton of Shallow
Groundwater for SWMU 13 . ... ... .. ... ... .. .. ... 6-279
Central Tendency Hazard Quotients and Incremental Lifetime

Cancer Risks Shallow Groundwater Ingestion for SWMU 13 . . .. 6-280

XXX



Table 6.2.2.18
Table 6.2.2.19

Table 6.2.2.20
Table 6.2.3.1
Table 6.2.3.2
Table 6.2.3.3
Table 6.2.3.4
Table 6.2.3.5
Table 6.2.3.6
Table 6.2.3.7
Table 6.2.3.8
Table 6.2.3.9
Table 6.2.3.10
Table 6.2.3.11
Table 6.2.3.12
Table 6.2.3.13
Table 6.2.3.14
Table 6.2.3.15
Table 6.2.3.16
Table 6.2.3.17
Table 6.2.3.18
Table 6.2.3.19

Table 6.2.3.20
Table 6.2.3.21

Table 6.2.3.22

Table 6.2.3.23

Table 6.2.3.24

Table 6.2.3.25

Summary of Risk and Hazard for SWMU 13 ... . .. ... . ... ..
Residential-Based Remedial Goal Options for SWMU 13

Shallow Groundwater . . . .. ... .. ... .. ..
Worker-Based Remedial Goal Options for SWMU 13

Shallow Groundwater . . . ... ... .....................
Methods Run at SWMU 15 Surface Soil . . .. ........ ... ...
Methods Run at AOC 670 Surface Soil
Methods Run at AOC 684 Surface Soil . .................
Methods Run at SWMU 14 (Includes SWMU 15, AOC 670 and
AOC 684) Shallow Groundwater, Sampling Round 01 ... ... ..
Methods Run at SWMU 14 (Includes SWMU 15, AOC 670 and
AOC 684) Shallow Groundwater, Sampling Round 02 . ... .. ..
Methods Run at SWMU 14 (Includes SWMU 15, AOC 670

and AOC 684) Deep Groundwater, Sampling Round 01 . .. .. ..
Methods Run at SWMU 14 (Includes SWMU 15, AOC 670,

and AOC 684) Deep Groundwater, Sampling Round 02
SWMU 14 Surface Soil
SWMU 15 Surface Soil
AOC 670 Surface Soil
AOC 684 Surface Soil . .. ...... ... ... ... . . . ... ...
SWMU 14 (Includes SWMU 15, AOC 670 and AOC 684)

Shallow Groundwater, Sampling Round 01) . ..............
SWMU 14 (Includes SWMU 15, AOC 670 and AOC 684)

Shallow Groundwater, Sampling Round 02) ... ............
SWMU 14 (Includes SWMU 15, AOC 670 and AOC 684)

Deep Groundwater, Sampling Round 01) .. ... ............
SWMU 14 (Includes SWMU 15, AOC 670 and AOC 684)

Deep Groundwater, Sampling Round 02) . .. ... ... ... ...
Exposure Pathways Summary —SWMU 14 . . ... ... . ......
Statistical Analysis of COPCs Surface Soil at SWMU 14 . . . .. ..
Statistical Analysis of COPCs Surface Soil at Combined

AOC G670 . . . . e
Statistical Analysis of COPCs Surface Soil at AOC 684 . . . . .. ..
Chronic Daily Intakes Incidental Ingestion of Surface Soil (0-1')
for SWMU 14 . ... .. . .
Chronic Daily Intakes Dermal Contact with Surface Soil (0-1")

for SWMU 14 . . ... . e
Chronic Daily Intakes Incidental Ingestion of Surface Soil (0-1')
for SWMU IS . ... . . .
Chronic Daily Intakes Dermal Contact with Surface Soil (0-1'")

for SWMU 15 . .. .. . .
Chronic Daily Intakes Incidental Ingestion of Surface Soil (0-1")
for AOC 670

............................

............................



Table 6.2.3.26
Table 6.2.3.27
Table 6.2.3.28
Table 6.2.3.29
Table 6.2.3.30
Table 6.2.3.31
Table 6.2.3.32
Table 6.2.3.33
Table 6.2.3.34
Table 6.2.3.35
Table 6.2.3.36
Table 6.2.3.37
Table 6.2.3.38
Table 6.2.3.39
Table 6.2.3.40
Table 6.2.3.41
Table 6.2.3.42

Table 6.2.3.43

Table 6.2.3.44
Table 6.2.3.45

Table 6.2.3.46
Table 6.2.3.47

Chronic Daily Intakes Dermal Contact with Surface Soil (0-1")

for AOC 670 . ... ... . .. .
Chronic Daily Intakes Incidental Ingestion of Surface Soil (0-1')
for AOC 684 .. ... .. ... . . . .
Chronic Daily Intakes Dermal Contact with Surface Soil (0-1")

for AOC 684 . .. ... . . . . .
Chronic Daily Intakes Ingestion of Shallow Groundwater for
Combined SWMU 14 . . . ... . .. ... .. ... ... .. ... .. ...
Chronic Daily Intakes Ingestion of Deep Groundwater for
Combined SWMU 14 . . . . .. .. ... .. . .. ... . ...
SWMU 14 Toxicological Database Information for Chemicals

of Potential Concern . .............. ... .. ....... ...
Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion for SWMU 14 . . .. .. ... .. ..
Hazard Quotients and Incremental Lifetime Cancer Risks Dermal
Contact with Surface Soil for SWMU 14 . ... .. ... ... .....
Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion for SWMU 15 . ... ... ... ...
Hazard Quotients and Incremental Lifetime Cancer Risks Dermal
Contact with Surface Soil for SWMU 15 . ... .............
Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion for AOC 670 .............
Hazard Quotients and Incremental Lifetime Cancer Risks Dermal
Contact with Surface Soil for AOC670 ... ...............
NAVBASE — Charleston Zone HAPC 670

USEPA LEAD MODEL Version 0.99d Output . ... .........
Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion for AOC 684 . ............
Hazard Quotients and Incremental Lifetime Cancer Risks Dermal
Contact with Surface Soil for AOC 684 . .................
Hazard Quotients and Incremental Lifetime Cancer Risks

Shallow Groundwater Ingestion for Combined SWMU 14 . . . . ..
Hazard Quotients and Incremental Lifetime Cancer Risks

Deep Groundwater Ingestion for Combined SWMU 14 . . .. . . ..
Hazard Quotients and Incremental Lifetime Cancer

Risks Inhalation of Contaminants Volatilized from Deep
Groundwater for Combined SWMU 14
Summary of Risk and Hazard-based COCs for combined

SWMU 14 . .
COPCs Detected in SWMU 14 Surface Soil with

Corresponding Hazard Quotient and Risk Estimates . ... ... ...
Summary of Risk and Hazard for Combined SWMU 14
Residential-Based Remedial Goal Options for SWMU 14
Surface Soil . . . . .. ..



Table 6.2.3.48

Table 6.2.3.49

Table 6.2.3.50

Table 6.2.3.51

Table 6.2.3.52

Table 6.2.3.53

Table 6.2.3.54

Table 6.2.3.55

Table 6.2.3.56

Table 6.2.3.57

Table 6.2.3.58

Table 6.2.4.1
Table 6.2.4.2

Table 6.2.4.3
Table 6.2.4.4
Table 6.2.4.5
Table 6.2.4.6
Table 6.2.4.7
Table 6.2.4.8
Table 6.2.4.9
Table 6.2.4.10
Table 6.2.4.11
Table 6.2.4.12
Table 6.2.4.13

Table 6.2.4.14

Worker-Based Remedial Goal Options for SWMU 14

Surface Soil . . ... ... . .. 6-401
Residential-Based Remedial Goal Options for SWMU 15

Surface Soil . .. ... ... . 6-402
Worker-Based Remedial Goal Options for SWMU 15

Surface Soil . .. ... ... . ... 6-403
Residential-Based Remedial Goal Option for AOC 670

Surface Soil . .. ... .. .. ... 6-404
Worker-Based Remedial Goal Options for AOC 670

Surface Soil . ... ... .. . 6-405
Residential-Based Remedial Goal Option for AOC 684

Surface Soil . . ... .. .. . 6-406
Worker-Based Remedial Goal Options for AOC 684

Surface Soil . . ... .. . . L 6-407
Residential-Based Remedial Goal Option for Combined

SWMU 14 Shallow Groundwater .. .................... 6-408
Worker-Based Remedial Goal Options for Combined

SWMU 14 Shallow Groundwater . ..................... 6-409
Residential-Based Remedial Goal Options for Combined

SWMU 14 Deep Groundwater . .. ..................... 6-410
Worker-Based Remedial Goal Options for Combined

SWMU 14 Deep Groundwater . . ...................... 6-411
Methods Run at SWMU 17 Surface Soil . ... ......... .. ... 6-437
Methods Run at SWMU 17 Shallow Groundwater,

Sampling Round 01 . ...... ... ... ... ... ... ... ... 6-439
Methods Run at SWMU 17 Shallow Groundwater,

SamplingRound 02 . .. ...... ... ... ... . ... ... .... 6-440
SWMU 17 Surface Soil .. ...... ... .. ... .. ... ... .... 6-441
SWMU 17 Shallow Groundwater, Sampling Round 01 . .. ... .. 6-443
SWMU 17 Shallow Groundwater, Sampling Round 02 . . . ... .. 6-444
Exposure Pathways Summary —SWMU 17 .. .......... ... 6-445
Statistical Analysis of COPCs Surface Soil at SWMU 17 . .. .. .. 6-447
Chronic Daily Intakes Incidental Ingestion of Surface Soil

O-1Y for SWMU 17 ... ... .. e i e 6-448
Chronic Daily Intakes Dermal Contact with Surface Soil (0-1")

for SWMU 17 . ... . . 6-449
Chronic Daily Intakes Ingestion/Inhalation of COPCs in

Shallow Groundwater for SWMU 17 . . .. ................ 6-450
Toxicological Database Information for Chemicals of Potential

Concern . ... ... e 6-451
Hazard Quotients and Incremental Lifetime Cancer Risks

Incidental Surface Soil Ingestion for SWMU 17 . .. ... ... . ... 6-453

Hazard Quotients and Incremental Lifetime Cancer Risks Dermal
Contact with Surface Soil for SWMU 17

XXXiii



Table 6.2.4.15

Table 6.2.4.16

Table 6.2.4.17
Table 6.2.4.18
Table 6.2.4.19

Table 6.2.4.20
Table 6.2.4.21
Table 6.2.4.22

Table 6.2.5.1
Table 6.2.5.2
Table 6.2.5.3
Table 6.2.5.4
Table 6.2.5.5
Table 6.2.5.6
Table 6.2.5.7
Table 6.2.5.8
Table 6.2.5.9

Table 6.2.5.10
Table 6.2.5.11
Table 6.2.5.12
Table 6.2.5.13
Table 6.2.5.14
Table 6.2.5.15
Table 6.2.6.1
Table 6.2.6.2
Table 6.2.6.3
Table 6.2.6.4
Table 6.2.6.5

Table 6.2.6.6
Table 6.2.6.7

Hazard Quotients and Incremental Lifetime Cancer Risks Shallow
Groundwater Ingestion for SWMU 17 . . ... ... .. ... ... .. 6-455
Hazard Quotients and Incremental Lifetime Cancer Risks

Inhalation of Contaminants Volatilized from Shallow Groundwater

for SWMU 17 . .. ... . . 6-456
Summary of Risk and Hazard-based COCs form SWMU 17 . . . .. 6-457
Summary of Risk and Hazard for SWMU 17 . ... .. ... ... . .. 6-458
Residential-Based Remedial Goal Options for SWMU 17

Surface Soil .. ... .. ... ... 6-459
Worker-Based Remedial Goal Options for SWMU 17

Surface Soil . ...... ... ... . ... 6-460
Residential-Based Remedial Goal Options for SWMU 17

Shallow Groundwater . . .. .......................... 6-461
Worker-Based Remedial Goal Options for SWMU 17

Shallow Groundwater . . . ... ........................ 6-462
Methods Run at SWMU 159 — Surface Soil . .............. 6-479
SWMU 159 — Surface Soil .. .......... ... ... ...... 6481
SWMU —Sediment . . .. .................. ... ...... 6-483
Exposure Pathways Summary — SWMU 159 .. ... . ... ... .. 6-485
Chronic Daily Intakes — Incidental Ingestion of Surface Soil . ... 6-487
Chronic Daily Intakes — Dermal Contact with Surface Soil . . . . . 6-488
Chronic Daily Intakes — Incidental Ingestion of Sediment . . . . .. 6-489
Dermal Contact with Sediment . . . .. ................... 6-490
Toxicology Database Information for Chemicals of

Potential Concern . .. .......... ..., 6-491
Hazard Quotients and Incremental Lifetime Cancer Risks —

Incidental Surface Soil Ingestion . . . ... ................. 6-493
Hazard Quotients and Incremental Lifetime Cancer Risks —

Dermal Contact with Surface Soil . ... .. ... ....... ... .. 6-494
Hazard Quotients and Incremental Lifetime Cancer Risks —

Incidental Sediment Ingestion . . . . ..................... 6-495
Hazard Quotients and Incremental Lifetime Cancer Risks —

Dermal Contact with Sediment . . . ... ... ... ............. 6-496
Summary of Risk and Hazard for SWMU 159 . . . ... .. ... ... 6-497
Residential-Based Remedial Goal Options . . . ... ... ... .. ... 6-498
Methods Run at SWMU 178 — Surface Soil .............. 6-510
Methods Run at SWMU 178 — Shallow Groundwater, Sampling

Round O1 . . .. .. .. . . . . 6-511
Methods Run at SWMU 178 — Shallow Groundwater, Sampling

Round 02 . . . . . ... 6-512
SWMU 178 — Surface Soil . . ....... ... .. ... ........ 6-513
SWMU 178 — Shallow Groundwater, Sampling Round 01 . . . . . 6-515
SWMU 178 — Shallow Groundwater, Sampling Round 02 . . . . . 6-516

Exposure Pathways Summary —SWMU 178 . . . ... ... .. ... 6-517

XXX1V



Table 6.2.6.8
Table 6.2.6.9
Table 6.2.6.10

Table 6.2.6.11

Table 6.2.6.12
Table 6.2.6.13
Table 6.2.7.1
Table 6.2.7.2

Table 6.2.7.3

Table 6.2.7.4
Table 6.2.7.5
Table 6.2.7.6
Table 6.2.7.7
Table 6.2.7.8
Table 6.2.7.9
Table 6.2.7.10
Table 6.2.7.11

Table 6.2.7.12

Table 6.2.7.13

Table 6.2.7.14

Table 6.2.7.15
Table 6.2.7.16
Table 6.2.7.17
Table 6.2.8.1
Table 6.2.8.2

Table 6.2.8.3

Table 6.2.8.4
Table 6.2.8.5
Table 6.2.8.6
Table 6.2.8.7
Table 6.2.8.8
Table 6.2.8.9
Table 6.2.8.10
Table 6.2.8.11

Chronic Daily Intakes — Incidental Ingestion of Surface Soil . .
Chronic Daily Intakes — Dermal Contract with Surface Soil . . .

Hazard Quotients and Incremental Lifetime Cancer Risks —

Incidental Surface Soil Ingestion . . . . ..................

Hazard Quotients and Incremental Lifetime Cancer Risks —

Dermal Contact with Surface Soil . ... ... ..............

Summary of Risk and Hazard for SWMU 178

Methods Run at AOC 653 — Surface Soil
Methods Run at AOC 653 — Shallow Groundwater, Sampling

Round O1 . . . . . ...

Methods Run at AOC 653 — Shallow Groundwater, Sampling

Round 02 . . . .. ... e e e e e

AOC 653 — Shallow Groundwater, Sampling Round 01
AOC 653 — Shallow Groundwater, Sampling Round 02

Toxicological Database Information for Chemicals of Potential

CONCEITL . . o i e e e e e e e e e e e e e e e,

Hazard Quotients and Incremental Lifetime Cancer Risks —

Incidental Surface Soil Ingestion . . .. ... ...............

Hazard Quotients and Incremental Lifetime Cancer Risks —

Dermal Contact with Surface Soil . . .. .. ... ... ... . .....

Hazard Quotients and Incremental Lifetime Cancer Risks —

Shallow Groundwater Ingestion . . .. ..................

Summary of Risk and Hazard for AOC 653
Residential-Based Remedial Goal Options
Worker-Based Remedial Goal Options

Methods Run at AOC 655 — Shallow Groundwater, Sampling

Round 01 . . . . .. .. e

Methods Run at AOC 655 — Shallow Groundwater, Sampling

Round 02 . . . . . .. . e
AOCG655 — Surface Soil . . ... . ... ... ... .. ... .. ...

AOC 655 — Shallow Groundwater, Sampling Round 01

Statistical Analysis of COPCs — Surface Soil at AOC 655

XXXV

Residential-Based Remedial Goal Options . . . . ... .........

Exposure Pathways Summary — AOC653 ..............
Chronic Daily Intakes — Incidental Ingestion of Surface Soil . . .
Chronic Daily Intakes — Dermal Contact with Surface Soil . . . .
Chronic Daily Intakes — Ingestion of Shallow Groundwater . . . .

..............
................

Methods Run at AOC 655 — Surface Soil . . ... .. ........

AOC 655 — Shallow Groundwater, Sampling Round 02 . . . ..
Exposure Pathways Summary . ......................
Chronic Daily Intakes — Incidental Ingestion of Surface Soil . .
Chronic Daily Intakes — Dermal Contact with Surface Soil . . .
Chronic Daily Intakes — Ingestion of Shallow Groundwater . . .

. 6-519
. 6-520

6-521

6-522
6-523
6-524
6-539

6-540

6-580

6-581
6-582
6-584
6-585
6-586
6-588

. 6-589
. 6-590
. 6-591



Table 6.2.8.12

Table 6.2.8.13

Table 6.2.8.14

Table 6.2.8.15

Table 6.2.8.16
Table 6.2.8.17

Table 6.2.8.18

Table 6.2.8.19

Table 6.2.8.20

Table 6.2.8.21

Table 6.2.8.22

Table 6.2.8.23
Table 6.2.8.24
Table 6.2.8.25
Table 6.2.8.26

Table 6.2.8.27

Table 6.2.9.1
Table 6.2.9.2

Table 6.2.9.3

Table 6.2.9.4
Table 6.2.9.5
Table 6.2.9.6
Table 6.2.9.7
Table 6.2.9.8
Table 6.2.9.9
Table 6.2.9.10
Table 6.2.9.11
Table 6.2.9.12

Toxicological Database Information for Chemicals of Potential
Concern .. ... ... .
Hazard Quotients and Incremental Lifetime Cancer Risks —
Incidental . . .. ... .. .. ... .. ...
Hazard Quotients and Incremental Lifetime Cancer Risks —
Dermal Contact with Surface Soil . .. ................. . .
Hazard Quotients and Incremental Lifetime Cancer Risks —
Shallow Groundwater Ingestion . ......................
Summary of Risk and Hazard-based COCs for AOC 655 . ... ...
Central Tendency Chronic Daily Intakes — Incidental Ingestion
of Surface Soil . ...... ... .. ... .. .. ..
Central Tendency Chronic Daily Intakes — Dermal Contact with
Surface Soil ... ... ... ...,
Central Tendency Hazard Quotients and Incremental Lifetime
Cancer Risks — Incidental Surface Soil Ingestion . . .. ..... ..
Central Tendency Hazard Quotients and Incremental Lifetime
Cancer Risks — Dermal Contact with Surface Soil . .. ... ...,
Central Tendency Chronic Daily Intakes — Ingestion of

Shallow Groundwater . . . ... ........ ... ..
Central Tendency Hazard Quotients and Incremental Lifetime
Cancer Risks — Shallow Groundwater Ingestion
Summary of Risk and Hazard for AOC655 ... ............
Residential-Based Remedial Goal Options — Surface Soil .. ...
Worker-Based Remedial Goal Options — Surface Soil . . . ... ..
Residential-Based Remedial Goal Options — Shallow
Groundwater . . ... ... .. ...t e
Worker-Based Remedial Goal Options — Shallow

Groundwater . .. ... ... . .. e
Methods Run at AOC 656 — Surface Soil . .. ... ........ ..
Methods Run at AOC 656 — Shallow Groundwater, Sampling
Round 01 . . .. . ... . e
Methods Run at AOC 656 — Shallow Groundwater, Sampling
Round 02 . .. ... ... . ... e
AOC 656 — Surface Soil . . .. ... ... ... ...
AOC 656 — Shallow Groundwater, Sampling Round 01
AQC 656 — Shallow Groundwater, Sampling Round 02
Exposure Pathways Summary
Statistical Analysis of COPCs Surface Soil at AOC 656 . . . ... ..
Chronic Daily Intakes — Incidental Ingestion of Surface Soil . . .
Chronic Daily Intakes — Dermal Contact with Surface Soil . . . .
Chronic Daily Intakes — Ingestion of Shallow Groundwater . . . .
Toxicological Database Information for Chemicals of Potential
Concern

........................

Xxxvi



Table 6.2.9.13

Table 6.2.9.14

Table 6.2.9.15

Table 6.2.9.16
Table 6.2.9.17
Table 6.2.9.18
Table 6.2.10.1
Table 6.2.10.2
Table 6.2.11.1
Table 6.2.11.2

Table 6.2.11.3
Table 6.2.11.4
Table 6.2.11.5
Table 6.2.11.6
Table 6.2.12.1
Table 6.2.12.2
Table 6.2.12.3
Table 6.2.12.4
Table 6.2.12.5
Table 6.2.12.6
Table 6.2.13.1
Table 6.2.13.2
Table 6.2.13.3

Table 6.2.13.4
Table 6.2.13.5

Table 6.2.13.6

Table 6.2.13.7
Table 6.2.13.8

Table 6.2.13.9

Hazard Quotients and Incremental Lifetime Cancer Risks —

Incidental Surface Soil Ingestion . . . . ................... 6-639
Hazard Quotients and Incremental Lifetime Cancer Risks —

Dermal Contact with Surface Soil . . ................ . ... 6-640
Hazard Quotients and Incremental Lifetime Cancer Risks —

Shallow Groundwater Ingestton . ...................... 6-641
Summary of Risk and Hazard-based COCs for AOC 656 . . . . . .. 6-642
Summary of Risk and Hazard for AOC 656 ............... 6-643
Residential-Based Remedial Goal Options — Surface Soil . .. .. 6-644
Methods Run at AOC 659 — Surface Soil . . . ............. 6-648
AOC 659 — Surface Soil .. .......... ... ... ... .. .... 6-649
Methods Run at AOC 660 — Surface Soil .. .............. 6-652
Methods Run at AOC 660 — Shallow Groundwater, Sampling

Round 01 . . ... ... .. . 6-653
Methods Run at AOC 660 — Shallow Groundwater, Sampling

Round 02 . . .. .. . .. e e 6-654
Surface Soil ... ... ... .. .. ... 6-655
Shallow Groundwater, Sampling Round 01 . . . .. ... ... .. ... 6-656
Shallow Groundwater, Sampling Round 02 . . . .. ... ... ... .. 6-657
Methods Runat AOC 662 . .. ........................ 6-660
Methods Run at AOC 662 — Shallow Groundwater, Sampling

Round O1 . . .. .. . . . . e 6-661
Methods Run at AOC 662 — Shallow Groundwater, Sampling

Round 02 . . ... ... . 6-662
Surface Soil ... ... ... . 6-663
Shallow Groundwater, Sampling Round 01 . . ... ... ... ... .. 6-664
Shallow Groundwater, Sampling Round 02 . . . .. ... ... ... .. 6-665
Methods Run at AOC 663 (Includes SWMU 136) — Surface

Soil .. e 6-687
Methods Run at AOC 663 (Includes SWMU 136) —

Shallow Groundwater, Sampling Round 01 . . . . ... ... ..., .. 6-688
Methods Run at AOC 663 (Includes SWMU 136) —

Shallow Groundwater, Sampling Round 02 . . . ... ... ....... 6-689
AOC 663 (Includes SWMU 136) — Surface Soil ... ........ 6-690
AQOC 663 (Includes SWMU 136) — Shallow Groundwater,

Sampling Round 01 . ... ..... ... .. .. ... . ... ....... 6-692
AOC 663 (Includes SWMU 136) — Shallow Groundwater,

Sampling Round 02 . . . .. ... .. ... ... .. ... . ...... 6-693
Exposure Pathways Summary . ....................... 6-694
Chronic Daily Intakes — Incidental Ingestion of Surface

Soil AOC 663/SWMU 136 . ... ....... ... ... ... ... .... 6-696

Chronic Daily Intakes — Dermal Contact with Surface
Soil AOC663/SWMU 136 . ... . ... .. ... ... .. ....... 6-697

XXXVil



Table 6.2.13.10

Table 6.2.13.11

Table 6.2.13.12

Table 6.2.13.13

Table 6.2.13.14

Table 6.2.13.15

Table 6.2.13.16

Table 6.2.13.17

Table 6.2.13.18

Table 6.2.13.19

Table 6.2.13.20

Table 6.2.13.21

Table 6.2.13.22

Table 6.2.13.23

Table 6.2.13.24

Table 6.2.13.25

Table 6.2.13.26

Table 6.2.13.27

Table 6.2.13.28

Chronic Daily Intakes — Ingestion of Shallow Groundwater

AOC 666 . .. ... . 6-698
Chronic Daily Intakes — Inhalation of Shallow

Groundwater — AOC 663/SWMU 136. . ................ 6-700
Toxicological Database Information for Chemicals of Potential

Concern ... .. 6-701
Hazard Quotients and Incremental Lifetime Cancer Risks —

Incidental Surface soil Ingestion — AOC 663/SWMU 136 . .. .. 6-703

Hazard Quotients and Incremental Lifetime Cancer Risks —

Dermal Contact with Surface Soil — AOC 663/SWMU 136 . ... 6-704
Hazard Quotients and Incremental Lifetime Cancer Risks —

Shallow Groundwater Ingestion — AOC 663/SWMU 136 ... ... 6-705
Hazard Quotients and Incremental Lifetime Cancer Risks —

Inhalation of Contaminants Volatilized from Shallow

Groundwater — AOC 663/SWMU 136 . ................. 6-706
Summary of Carcinogenic Risk and Non-carcinogenic and

Identification of Chemicals of Concern — AOC 663/

SWMU 136 ... . e e 6-707
Central Tendency Chronic Daily Intakes — Incidental Ingestion

of Surface Soil — AOC 663/SWMU 136 ................ 6-709
Central Tendency Chronic Daily Intakes — Dermal Contact with
Surface Soil — AOC 663/SWMU 136 .. ................. 6-710

Central Tendency Hazard Quotients and Incremental Lifetime

Cancer Risks — Incidental Surface Soil Ingestion —

AOC 663/SWMU 136 . .. .. i i i 6-711
Central Tendency Hazard Quotients and Incremental Lifetime

Cancer Risks — Dermal Contact with Surface Soil —

AOCG663/SWMU 136 ..... ... ... . .. 6-712
Central Tendency Chronic Daily Intakes — Ingestion of
Shallow Groundwater — AOC 663/SWMU 136 . ........... 6-713

Central Tendency Hazard Quotients and Incremental Lifetime

Cancer Risks — Shallow Groundwater Ingestion —

AOC 663/SWMU 136 . ... it e e 6-714
Central Tendency Hazard Quotients and Incremental Lifetime

Cancer Risks — Inhalation of Contaminants Volatilized from

Shallow Groundwater — AOC 663/SWMU 136 .. .......... 6-715
Exposure Pathway Summary of Carcinogenic Risk and

Non-carcinogenic Hazard — AOC 663/SWMU 136 .. ....... 6-716
Residential-Based Remedial Goal Options — Surface

Soil — AOC663/SWMU 136 . ..... ... . ... . ... ...... 6-717
Worker-Based Remedial Goal Options — Surface Soil —

AOC 663 . . e 6-718

Residential-Based Remedial Gaol Options — Shallow
Groundwater — AOC 663/SWMU 136. ... .............. 6-719

XXXvill



Table 6.2.13.29
Table 6.2.14.1
Table 6.2.14.2
Table 6.2.14.3
Table 6.2.14 .4
Table 6.2.14.5
Table 6.2.14.6

Table 6.2.14.8
Table 6.2.14.9

Table 6.2.15.1
Table 6.2.15.2

Table 6.2.15.3
Table 6.2.15.4
Table 6.2.15.5
Table 6.2.15.6
Table 6.2.15.7
Table 6.2.15.8
Table 6.2.15.9
Table 6.2.15.10
Table 6.2.15.11
Table 6.2.15.12
Table 6.2.15.13
Table 6.2.15.14
Table 6.2.15.15

Table 6.2.15.16
Table 6.2.15.17

Table 6.2.15.18

Worker-Based Remedial Goal Options — Shallow

Groundwater — AOC 663/SWMU 136.................. 6-720
Methods Runat AOC 665 ... ...... ... ... ... ... ..... 6-730
Surface Soil . .. ... . ... 6-731
Exposure Pathways Summary — AOC665 ............ ... 6-733
Chronic Daily Intakes — Incidental Ingestion of Surface Soil —

AOC 665 . . . . e 6-735
Chronic Daily Intakes — Dermal Contact with Surface

Soil — AOC 665 .. ... . . .. . . e 6-736
Hazard Quotients and Incremental Lifetime Cancer Risks —

Incidental Ingestion of Surface Soil — AOC 665 ... ........ 6-737
Summary of Risk and Hazard for AOC 665 ............... 6-739
Residential-Based Remedial Goal Options — Surface Soil —

AOC 665 . . .. 6-740
Methods Run at AOC 666 — Surface Soil . . .............. 6-758
Methods Run at AOC 666 — Shallow Groundwater, Sampling

Round 01 . ... ... .. . 6-759
Methods Run at AOC 666 — Shallow Groundwater, Sampling

Round 02 . . .. ... . i e 6-760
Surface Soil . .. .. ... .. 6-761
Shallow Groundwater, Sampling Round 01 . . ... ... ... .. ... 6-763
Shallow Groundwater, Sampling Round 02 . . .. ... ... .. .... 6-764
Exposure Pathways Summary — AOC666 . .............. 6-765
Chronic Daily Intakes — Incidental Ingestion of Surface

Soil — AOC 666 ... ... . . . . 6-767
Chronic Daily Intakes — Dermal Contact with Surface

Soil — AOC666 ......... .. . i 6-768
Chronic Daily Intakes — Ingestion/Inhalation of Chemicals

Reported in Shallow Groundwater — AOC 666 ............ 6-769
Toxicological Database Information for Chemicals of Potential

CONCEIN . . . ot 6-770
Hazard Quotients and Incremental Lifetime Cancer Risks —

Incidental Surface Soil Ingestion — AQC 666 ............. 6-772
Hazard Quotients and Incremental Lifetime Cancer Risks —

Dermal Contact with Surface Soil — AOC 666 ............ 6-773
Hazard Quotients and Incremental Lifetime Cancer Risk —

Ingestion of Shallow Groundwater — AOC 666 ... ......... 6-774
Hazard Quotients and Incremental Lifetime Cancer Risk —

Inhalation of Shallow Groundwater — AOC 666 ........... 6-775
Summary of Risk and Hazard-Based COCs for AOC 666 . . .. .. 6-776
Central Tendency Chronic Daily Intakes — Incidental Ingestion

of Surface Soil — AOC666 ............ ... ... ... ...... 6-777
Central Tendency Chronic Daily Intakes — Dermal Contact with
Surface Soil — AOC 666 ... ... ... .. .. ... ... . ..... 6-778

XXXIX



Table 6.2.15.19

Table 6.2.15.20

Table 6.2.15.21

Table 6.2.15.22

Table 6.2.15.23

Table 6.2.15.24

Table 6.2.15.25

Table 6.2.15.26

Table 6.2.15.27

Table 6.2.15.28

Table 6.2.16.1

Table 6.2.16.2

Table 6.2.16.3

Table 6.2.16.4
Table 6.2.16.5

Table 6.2.16.6

Table 6.2.16.7
Table 6.2.16.8

Table 6.2.16.9

Table 6.2.16.10

Table 6.2.16.11

Table 6.2.16.12

Central Tendency Hazard Quotients and Incremental Lifetime
Cancer Risks — Incidental Surface Soil Ingestion —

AOC666 . .. ... . 6-779
Central Tendency Hazard Quotients and Incremental Lifetime

Cancer Risks — Dermal Contact with Surface Soil —

AOC666 . . ... . 6-780
Central Tendency Chronic Daily Intakes — Ingestion of

Shallow Groundwater — AOC 666 .................... 6-781
Central Tendency Hazard Quotients and Incremental Lifetime

Cancer Risks — Shallow Groundwater Ingestion —

AOC 666 . ... ... 6-782
Central Tendency Hazard Quotients and Incremental Lifetime

Cancer Risks — Inhalation of Contaminants Volatilized from

Shallow Groundwater — AOC 666 .................... 6-783
Summary of Risks and Hazard for AOC 666 . ... .......... . 6-784
Residential-Based Remedial Goal Options — Surface Soil —

AOC 666 .. ... 6-785
Worker-Based Remedial Goal Options — Surface Soil —

AOC G666 . .. ... 6-786
Residential-Based Remedial Goal Options - Shallow

Groundwater — AOC666 ............... ... ....... 6-787
Worker-Based Remedial Goal Options — Shallow

Groundwater — AOC 666 ......................... 6-788
Methods Run at SWMU 667 (Includes SWMU 138) —

Surface Soil . . ... .. .. ... 6-799
Methods Run at SWMU 667 (Includes SWMU 138) —

Shallow Groundwater, Sampling Round 01 . . .. ... ... ... ..., 6-800
Methods Run at SWMU 667 (Includes SWMU 138) —

Shallow Groundwater, Sampling Round 02 . . ... ........... 6-801
SWMU 667 (Includes SWMU 138) — Surface Soil . .. .. ... .. 6-802
SWMU 667 (Includes SWMU 138) — Shallow Groundwater,

Sampling Round 01 . ... ... ... ... .. ... ... . ....... 6-804
SWMU 667 (Includes SWMU 138) — Shallow Groundwater,
SamplingRound 02 ... ... ... ... ... .. ... .. ..... ... 6-805
Exposure Pathways Summary — AOC667 ... ......... ... 6-806
Chronic Daily Intakes — Incidental Ingestion of Surface

Soil — AOCs667/138 .. ... .. . . . . . . 6-808
Chronic Daily Intakes — Dermal Contact with Surface

Soil — AOCs 667/138 .. .. ... . . . .. . . 6-809
Hazard Quotients and Incremental Lifetime Cancer Risks —

Incidental Surface Soil Ingestion — AOCs 667/138 . . ... ... .. 6-810
Hazard Quotients and Incremental Lifetime Cancer Risks —

Dermal Contact with Surface Soil — AOCs 667/138 . . . ... ... 6-811

Summary of Risk and Hazard for SWMU 138/A0C 667 . . ... .. 6-812

x1



Table 6.2.17.1
Table 6.2.17.2
Table 6.2.17.3
Table 6.2.17.4
Table 6.2.17.5
Table 6.2.17.6
Table 6.2.17.7
Table 6.2.17.8
Table 6.2.17.9
Table 6.2.17.10
Table 6.2.17.11
Table 6.2.17.12
Table 6.2.17.13
Table 6.2.17.14
Table 6.2.17.15
Table 6.2.17.16
Table 6.2.17.17
Table 6.2.17.18
Table 6.2.17.19
Table 6.2.17.20

Table 6.2.17.21
Table 6.2.17.22

Table 6.2.17.23

Table 7-1
Table 7-2

Table 7-3a
Table 7-3b
Table 7-4a

Methods Run at Other Impacted Area, GO7 — Surface Soil . . . .
Methods Run at Other Impacted Area, G38 — Surface Soil . . . .
Methods Run at Other Impacted Area, G80 — Surface Soil . . . .
Other Impacted Area, GO7 — Surface Soil
Other Impacted Area, G38 — Surface Soil
Other Impacted Area, G80 — Surface Soil . ..............
Exposure Pathways Summary — Other Impacted Areas
Chronic Daily Intakes — Incidental Ingestion of Surface
Soil — AOC GO7 . ... .. .. e e
Chronic Daily Intakes — Dermal Contact with Surface

Soil — AOCGO7 . ... .. . i .
Chronic Daily Intakes — Incidental Ingestion of Surface

Soil— AOCG38 .. ... . .. e
Chronic Daily Intakes — Dermal Contact with Surface

Soit — AOCG38 ... .. ... .
Chronic Daily Intakes — Incidental Ingestion of Surface

Soil — AOCG80 ... ..... ... . .. i
Chronic Daily Intakes — Dermal Contact with Surface

Soil — AOCG80 . ... ... e,
Other Impacted Areas — Toxicological Database Information

for Chemicals of Potential Concern . . . . ... ..............
Hazard Quotients and Incremental Lifetime Cancer Risks —
Incidental Surface Soil Ingestion — AOCGO7 .............
Hazard Quotients and Incremental Lifetime Cancer Risks —
Dermal Contact with Surface Soil — AOCGO7 ............
Hazard Quotients and Incremental Lifetime Cancer Risks —
Incidental Surface Soil Ingestion — AOCG38 .............
Hazard Quotients and Incremental Lifetime Cancer Risks —
Dermal Contact with Surface Soil — AOCG38 ............
Hazard Quotients and Incremental Lifetime Cancer Risks —
Incidental Surface Soil Ingestion — AOCG8O . ... ...... ...
Hazard Quotients and Incremental Lifetime Cancer Risks —
Dermal Contact with Surface Soil — AOCG80 . ......... ..
Summary of Risk and Hazard for Other Impacted Areas . ... ...
Residential-Based Remedial Goal Options — Impacted Grid
Sampling Location Surface Soil ... ................. ...
Worker-Based Remedial Goal Options — Impacted Grid
Sampling Location Surface Sotl .. ... ..... ... ... ... ....
AOCs/SWMUs within Zone H Subzones . . ...............
Federal and State Listed Threatened, Endangered and Candidate
Species That Occur or Potentially Occur on NAVBASE
Subzone H-1 Inorganic Constituents in Surface Soil
Subzone H-1 Organic Constituents in Surface Soil
Subzone H-2 Inorganic Constituents in Surface Soil

..........

xli



Table 7-4b
Table 7-4c
Table 7-5a
Table 7-5b
Table 7-6a
Table 7-6b
Table 7-6¢
Table 7-7

Table 7-8

Table 7-9

Table 7-10
Table 7-11
Table 7-12
Table 7-13

Table 7-14a

Table 7-14b

Table 7-14¢

Table 7-14d

Table 7-15a

Table 7-15b

Table 7-15¢

Table 7-15d

Subzone H-2 Organic Constituents in Surface Soil .. ...... ... 7-19
Subzone H-2 Sediment Concentrations . ... ............... 7-22
Subzone H-3 Inorganic Constituents in Surface Soil . ... ... . .. 7-23
Subzone H-3 Organic Constituents in Surface Soil . ... ... ... . 7-23

Surface Water Concentrations (Shipyard Creek) . . .. ... .... .. 7-27

Sediment Concentrations (Shipyard Creek) . ... ... .. ....... 7-28
Subzone H-4 Sediments Concentrations . ................. 7-30
Wildlife Contaminant Exposure Model for Surface Soil

Zone H . ... . 7-38
Summary of Chemical Effects Studies on Terrestrial

Infaunal Invertebrates . . . .. ........ ... ... ... ...... 7-42
Bioaccumulation Data' Baseline Risk Assessment

Zone H ... . . . 7-65
Exposure Parameters and Assumptions for Representative

Wildlife Species at Subzone H-1 . . .. ......... .. ... ..... 7-71
Exposure Parameters and Assumptions for Representative

Wildlife Species at Subzone H-2 . . .. ... ... ... oo oL 7-72
Exposure Parameters and Assumptions for Representative

Wildlife Species at Subzone H-3 . . . ... ............ .. ... 7-73
Significant Risk Levels® for Terrestrial Wildlife within Zone H

SUbZONES . . . ... e 7-74

Hazard Quotients for Potential Lethal Effects for

Wildlife Species Associated with Maximum Exposure

Concentrations of ECPCs in Soil at Subzone H-1 . . . . ... ... .. 7-75
Hazard Quotients for Potential Sublethal Effects for

Wildlife Species Associated with Maximum Exposure

Concentrations of ECPCs in Soil at Subzone H-1 . . . ... ... ... 7-78
Hazard Quotients for Potential Lethal Effects for

Wildlife Species Associated with Mean Exposure

Concentrations of Selected ECPCs in Soil at Subzone H-1 . . . . .. 7-81
Hazard Quotients for Potential Sublethal Effects for

Wildlife Species Associated with Mean Exposure

Concentrations of Selected ECPCs in Soil at Subzone H-1 . . . . . . 7-82
Hazard Quotients for Potential Lethal Effects for

wildlife Species Associated with Maximum Exposure

Concentrations of ECPCs in Soil at Subzone H-2 . . . ... ... ... 7-83
Hazard Quotients for Potential Sublethal Effects for

Wildlife Species Associated with Maximum Exposure

Concentrations of ECPCs in Soil at Subzone H-2 . . . ... ... ... 7-86
Hazard Quotients for Potential Lethal Effects for Selected

Wildlife Species Associated with Mean Exposure

Concentrations of Selected ECPCs in Soil at Subzone H-2 . . . . .. 7-88
Hazard Quotients for Potential Sublethal Effects for

Wildlife Species Associated with Mean Exposure

Concentrations of Selected ECPCs in Soil at Subzone H-2 . . . . . . 7-88

xlii



Table 7-16a

Table 7-16b

Table 7-16¢

Table 7-16d

Table 7-17

Table 8.1

Table 8.2
Table 8.3
Table 8.4
Table 9.1
Table 9.2
Table 9.3

Table 9.4
Table 9.5
Table 9.6
Table 9.7
Table 9.8
Table 9.9
Table 9.10
Table 9.11
Table 9.12
Table 9.13
Table 9.14
Table 9.15
Table 9.16
Table 9.17
Table 9.18
Table 9.19
Table 9.20
Table 9.21
Table 9.22

Hazard Quotients for Potential Lethal Effects for

Wildlife Species Associated with Maximum Exposure
Concentrations of ECPCs in Soil at Subzone H-3 . . . .. ... . ...
Hazard Quotients for Potential Sublethal Effects for

Wildlife Species Associated with Maximum Exposure
Concentrations of ECPCs in Soil at Subzone H-3 . . ... ... .. ..
Hazard Quotients for Potential Lethal Effects for Selected
Wildlife Species Associated with Mean Exposure
Concentrations of Selected ECPCs in Soil at Subzone H-3
Hazard Quotients for Potential Sublethal Effects for
Selected Wildlife Species Associated with Mean Exposure
Concentrations of Selected ECPCs in Soil at Subzone H-3
Comparison of Phytotoxic Responses to Maximum Soil
Concentrations of ECPCs at Subzones H-1, H-2, and H-3 . . . . ..
Sites Containing COCs, Types of COCs, and Possible Remedial
Technologies . ... ... ... ...,
Removal/Containment/Disposal Options . . . . .. ............
Treatment Technology Options . . . ....................
Comparison and Ranking of Alternatives
Zone H Conclusion Summary SWMU9 . . ... ... ... ... ...
Zone H Conclusion Summary SWMU 13 . ... .............
Zone H Conclusion Summary Combined SWMU 14 (Includes
SWMUs 14 and 15 and AOCs 670 and 684)
Zone H Conclusion Summary SWMU 17
Zone H Conclusion Summary SWMU 19
Zone H Conclusion Summary SWMU 20
Zone H Conclusion Summary SWMU 121
Zone H Conclusion Summary SWMU 178 .. ..............
Zone H Conclusion Summary AOC 649, 650, and 651
Zone H Conclusion Summary AOC 656
Zone H Conclusion Summary AOC 653
Zone H Conclusion Summary AOC 654
Zone H Conclusion Summary AOC 655
Zone H Conclusion Summary AOC 659
Zone H Conclusion Summary AOC 660
Zone H Conclusion Summary AOC 662 ... ...............
Zone H Conclusion Summary AOC 663 and SWMU 136
Zone H Conclusion Summary AOC665 . . ................
Zone H Conclusion Summary AOC 667 and SWMU 138
Zone H Conclusion Summary AOC 666 . .................
Zone H Conclusion Summary SWMU 159
Zone H RFI Summary of Recommendations

...............
.................
.................

................

........
..................
..................
..................

..................

......

................

...............

xliii



Appendix A
Appendix B

Appendix C
Appendix D
Appendix E

Appendix F
Appendix G
Appendix H
Appendix I

Appendix J

Appendix K
Appendix L

Appendix M
Appendix N
Appendix O
Appendix P
Appendix Q

List of Appendices

Chain of Custody

Zone H and Zone I Lithologic Boring Logs and Monitoring Well
Construction Diagrams

Groundwater Sampling Forms

Aquifer Characterization Graphs

Final Technical Memorandum, Preliminary RFI Field Activity Soil-Gas and
Geophysical Surveys, SWMUs 9 and 14, Naval Base Charleston,
Charleston, South Carolina

Soil Consultants Geotechnical Report

Groundwater Quality Parameters Data

Tidal Data for Cooper River and Groundwater Level Graphs

Zone H Site Specific Analytical Data

Background Document

Data Validation Reports

Comprehensive Long-Term Environmental Action Navy — Naval Base
Charleston Final Focused Field Investigation Report

Grid-Based Analytical Data for Zone H NAVBASE Charleston
Analytical Data for Soil Samples Collected in Other Impacted Areas
Terrestrial Species List

Wildlife Toxicity Data

Risk/Hazard Data

xliv



ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR NAVBASE ZONE H

The following abbreviations, acronyms, and units of measurement are used in this report.

AA

ABF

AEC

AL

AOC
AQTESOLV
AST

ASTM

atm

AWQC

BAF
BAP
BDL
BE
BEHP
BEQ
BEST
bgs
BHC
BRA
BRAC

BTEX

CAMP
CAMU
CDD
CDF
CDI
CEC
CERCLA
CF
CFR
CLEAN
CLP
cm/sec
CMI
CMS
CNS
CNSY

Atomic Absorption

Absorption Factor

Area of Ecological Concern

Action Level

Area of Concern

Aquifer Test Solver

Aboveground Storage Tank

American Society for Testing and Materials
Atmospheres

Ambient Water Quality Criteria

Bioaccumulation Factor

Benzo(a)pyrene

Below Detection Limit

Barometric Efficiency
Bis(2-ethylhexyl)phthalate

BAP Equivalent

Building Economic Solutions Together
Below ground surface

Benzene hexachloride

Baseline Risk Assessment

Base Realignment and Closure Act of 1988 and Defense Base Closure and
Realignment Act of 1990, collectively
Benzene, toluene, ethylbenzene, and xylene

Corrective Action Management Plan

Corrective Action Management Unit

Chlorinated dibenzo-p-dioxin

Chlorinated dibenzofuran

Chronic Daily Intake

Cation Exchange Capacity

Comprehensive Environmental Response, Compensation, and Liability Act
Calibration Factor

Code of Federal Regulations

Comprehensive Long-Term Environmental Action Navy
Contract Laboratory Program

Centimeters per second

Corrective Measures Implementation

Corrective Measures Study

Central Nervous System

Charleston Naval Shipyard

xliv



COC Chemical of Concern

COPC Chemical of Potential Concern

cPAH Carcinogen Polynuclear Aromatic Hydrocarbon
CPSS Chemical Present in Site Samples

CRAVE Carcinogen Risk Assessment Verification Endeavor
CRDL Contract Required Detection Limit

CSAP Comprehensive Sampling and Analysis Plan
CSlI Confirmatory Sampling Investigation

CT Central Tendency

DAF Dilution Attenuation Factor

DCAA 2,4-Dichlorophenylacetic acid

DDD Dichlorodiphenyldichloroethane

DDE Dichlorodiphenyldichloroethylene

DDT Dichlorodiphenyl-trichloroethane

DNAPL Dense Non-Aqueous Phase Liquid

DQO Data Quality Objectives

DRO Diesel Range Organics

DWEL Drinking Water Equivalent Level

E/A&H EnSafe/Allen & Hoshall

ECAO Environmental Criteria and Assessment Office
ECPC Ecological Chemical of Potential Concern
EMPC Estimated Maximum Possible Concentration
EOD Explosive Ordnance Disposal

EPC Exposure Point Concentration

ERA Ecological Risk Assessment

ESA Ecological Study Area

ESDSOPQAM Environmental Services Division Standard Operating Procedures and Quality
Assurance Manual

ESOD Erythrocyte superoxide dismutase

FC Fraction Contracted

FFI Focused Field Investigation

Fi Fraction Ingested

FID Flameionization detector

GC/MS Gas Chromatography/Mass Spectrometry
gpm Gallons per minute

GPS Global Positioning System

GRO Gasoline Range Organics

HASP Health and Safety Plan

HEAST Health Effects Assessment Summary Tables
HHRA Human Health Risk Assessment

HI Hazard Index

HMW High Molecular Weight

HQ Hazard Quotient



HSWA
HTTD

ICM
ICP
ID
IDL
ILCR
ILO
IRIS
IRP
IS

KPH

LCs
LCS
LDy,
LMW
LNAPL
LQAC
LTTD

MCL
MCLG
meq/L
mg’kg
mg/L
mg/m?
ml

mph

msl
MS/MSD

NA
NAD
NAVBASE
NBS
NCEA
NCR

ND
NEESA
NFI

ng/kg
NGVD
NIOSH
NL
NOAEL

Hazardous and Solid Waste Amendments
High-Temperature Thermal Desorption

Interim Corrective Measure

Inductively Coupled Plasma

Inside Diameter

Instrument Detection Limit

Incremental Lifetime Excess Cancer Risk
Indeterminate Lubricating Oil

Integrated Risk Information System
Installation Restoration Program

Internal Standard

Kilometers per hour

Lethal Concentration to 50 percent of test population
Laboratory Control Sample

Lethal Dose to 50 percent of test population

Low Molecular Weight

Light Nonaqueous Phase Liquid

Laboratory QA Coordinator

Low-Temperature Thermal Desorption

Maximum Contaminant Level
Maximum Contaminant Level Goal
Milliequivalent per liter

Milligram per kilogram

Milligram per liter

Milligram per cubic meter

Milliliter

Miles per hour

Mean sea level

Matrix Spike/Matrix Spike Duplicate

Not Applicable

North American Datum

Naval Base Charleston

National Bureau of Standards

National Center for Environmental Assessment
NEESA Contract Representative

Not Detected

Naval Energy and Environmental Support Activity
No Further Investigation

Nanogram per kilogram

National Geodetic Vertical Datum

National Institute for Occupational Safety and Health
Not Listed

No Observed Adverse Effect Level

xlvi



NPDES

NRC

OERR
OIA
OSHA
OSWER
OVA

PAH
PCB
PCT
PDE
PEM
pe/g
pg/L
POTW

PPE

ppm
ppt

PRC
PRG
PSA
psi

PVC

QA/QC

RAGS
RBC
RBSL
RCRA
RDA
RFA

RGO

RPD

National Pollutant Discharge Elimination System
Not Reported

National Research Council

National Toxicology Program

Nephelometric Turbidity Unit

Office of Emergency and Remedial Response
Other Impacted Area

Occupational Safety and Health Administration
Office of Solid Waste and Emergency Response
Organic Vapor Analyzer

Polynuclear Aromatic Hydrocarbon
Polychlorinated biphenyl
Porphyria Cutanea Tarda
Potential Dietary Exposure
Performance Evaluation Mixture
Picogram per gram

Picogram per liter

Publicly Owned Treatment Works
Parts per billion

Personal Protective Equipment
Parts per million

Parts per trillion

Preliminary Risk Characterization
Preliminary Remedial Goal
Preliminary Site Assessment
Pounds per square inch

Polyvinyl Chloride

Quality Assurance/Quality Control

Risk Assessment Guidance for Superfund
Risk-Based Concentration

Risk-Based Screening Level

Resource Conservation and Recovery Act
Recommended Daily Allowance

RCRA Facility Assessment

Reference Concentration

Reference Dose

RCRA Facility Investigation

Remedial Goal Option

Reasonable Maximum Exposure

Relative Percent Difference

Relative Response Factor

Xlvii



RTV

SAA

SC
SCDHEC
SDG

SF

SFF
SMCL
SOUTHDIV
SRL

SSL

SSV

SVE
SVOA
SvoC
SWMU

TCDD
TCE
TD-GS/MS
TD/MS
TDS
TEF
TEQ
TIC
TOC
TPH
TSCA
TTAL
TU

UCL
USEPA
UST
UTL
uv
UXO

VOA
voC

WBZ
wQC

Reference Toxicity Value

Satellite Accumulation Area
South Carolina

South Carolina Department of Health and Environmental Control

Sample Delivery Group

Slope Factor

Site Foraging Factor

Secondary Maximum Contaminant Level
Southern Division Naval Facilities Engineering Command
Significant Risk Level

Soil Screening Levels

Sediment Screening Value

Soil Vapor Extraction

Semivolatile Organic Analysis
Semivolatile Organic Compound

Solid Waste Management Unit

Tetrachlorodibenzo-p-dioxin
Trichloroethene

Thermal Desorption-Gas Chromatography/Mass Spectrometry
Thermal Desorption/Mass Spectrometry
Total Dissolved Solids

Toxic Equivalency Factor

TCDD Equivalency Quotient
Tentatively Identified Compounds

Total Organic Carbon

Total Petroleum Hydrocarbons

Toxic Substances Control Act
Treatment Technique Action Level
Temporary Unit

Upper Confidence Limit

United States Environmental Protection Agency
Underground Storage Tank

Upper Tolerance Limit

Ultraviolet

Unexploded Ordinance

Volatile Organic Analysis
Volatile Organic Compound

Water-Bearing Zone
Water Quality Criteria

xlviii



uglem?
uglg
ng/kg
ug/L

%R
%RSD
%D

2,4-D
2,4-DB
2,4,5-T
2,4,5-TP

Microgram per square centimeter
Micrograms per gram
Microgram per kilogram
Microgram per liter

Percent Recovery
Percent Relative Standard Deviation
Percent Difference

2,4-Dichlorophenoxyacetic acid
2,4-Dichlorophenoxybutyric acid
2,4,5-Drichlorophenoxyacetic acid
Silvex

xlix



PREFACE

The initial draft Zone H Resource Conservation and Recovery Act Facility Investigation report
was submitted in October 1994 and has since been through several iterations of revisions. The
site-specific discussions in Sections 1 through 8 of this report are best described as snapshots in

time that reflect site conditions as they were understood, when the first draft was prepared.

Since that time, some sites have been altered and additional data have been generated for others.
Examples of site alterations are the voluntary interim measures the Navy performed to reduce
or mitigate risks to human health and the environment. Examples of additional data being
collected are the quarterly groundwater sampling events which preceded development of the
report. The information generated by these actions is significant to the risk management

decision-making process.

As this report was being finalized, the Naval Base Charleston Project Team considered all
information available as of June 1997 in reaching consensus on the conclusions and
recommendations as presented in Section 9. The Project Team is comprised of representatives
from the Navy, South Carolina Department of Health and Environmental Control, U.S.

Environmental Protection Agency, and Navy contractors.
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EXECUTIVE SUMMARY

The environmental investigation and remediation at Naval Base Charleston are required by the
Hazardous and Solid Waste Amendments portion of the Resource, Conservation and Recovery
Act, Part B permit. For management purposes, Naval Base Charleston has been geographically
divided into 12 investigative "zones" identified as A through L. The following report addresses
the RCRA Facility Investigation for Zone H. For the benefit of the reader, it should be noted that
the initial draft report was submitted in October 1994. The site specific discussions found in
Sections 1 through 8 of this report generally reflect site conditions based on the data available at
that time. Since that time remedial actions in the form of voluntary interim measures have

occurred at some sites and additional quarters of groundwater data have been collected.

The objective of the investigation is to characterize the nature and extent of contaminants
associated with releases from sites identified as Solid Waste Management Units and Areas of
Concern, evaluate contaminant migration pathways, and to identify both actual and potential
receptors. The goal is to determine the need for Interim Measures or a Corrective Measures

Study.

Fifty-three sites were identified in Zone H through the RFA process. Of the 53 sites, 30 Solid
Waste Management Units and Areas of Concern were identified as needing further assessment in
the RCRA Facility Investigation. The remaining 22 were classified as needing no further action.
The sampling and analysis plan which described the methods to be used for site characterization
was outlined in the Final Zone H RCRA Facility Investigation Work Plan. The investigation was
conducted between August, 1994 and April, 1995. Media sampled included soil, sediment,
groundwater, surface water, and air. This report also incorporates data from environmental
investigations which preceded the RCRA Facility Investigation. The site assessments were

accomplished by comparison of sample results to a combination of background and risk based
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screening values. Background was established by non-site related sampling on a grid basis using

an algorithm that decreased sampling frequency by increasing the spatial distance between points
as the distance from individual sites increased. This method allowed determination of natural
background values of inorganics as well as establishing the ubiquity of certain organics.
Compounds or elements which exceeded either background and/or risk based screening values
were retained for further evaluation in accordance with the guidelines established in the Final

Comprehensive Baseline Risk Assessment Work Plan.

Generally, the baseline risk assessment is divided into two subsections - human health risk and
ecological risk. The baseline risk assessment analyzes the potential adverse effects, on actual or
hypothetical receptors, that could arise from exposures to hazardous substances released from a
site if no remedial actions are taken to mitigate or reduce levels of contaminants present.
Compounds or elements present at concentrations which pose an unacceptable risk or hazard are
identified as either "chemicals of concern” or "ecological chemicals of potential concern". It
should be noted that a chemical of concern with respect to human health may not be an ecological
chemical of potential concern and vice-versa. The value of the risk assessment process is that it
facilitates risk management decisions by providing remedial goal options for each of the chemicals
of concern identified in the various media. Exceedances of remedial goal options at a site does

not necessarily mean that remedial measures will be needed.

The human health risk assessment evaluated two scenarios, hypothetical site worker (industrial
land use) and hypothetical site resident (potential future residential land use). The risk assessment
concluded that under the residential scenario, surface soil may pose an unacceptable risk/hazard
at SWMUs 14, 15, 17, 19, 20, 121, 178, and 159 and AOCs 503, 649, 650, 655, 656, 663 (and
SWMU 136), 665, 666, 670, and 684 and OlAs GO7, G38, and G80. Shallow groundwater may
pose an unacceptable risk/hazard at SWMUs 9, 13, 14, and 17 and AOCs 656, 653, 655, 663 (and
SWMU 136), and 666. Deep groundwater may pose and unacceptable risk/hazard at SWMUSs 9,
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and 14. Petroleum hydrocarbon contamination of soil exceeds the action level of 100 ppm at
SWMUs 13, 14, 17, 19, 121, 178, 159, and AOCs 649, 650, 656, 653, 655, 659, 663 (and
SWMU 136), 665, 667 (and SWMU 138), and 666. Risks or hazards have tentatively been

deemed unacceptable if contaminant concentrations resulted in an incremental excess lifetime

cancer risk of 1 x 10 or a hazard index of 1 was exceeded.

For purposes of the ecological risk assessment, Zone H was divided into four "subzones" (H-1,
H-2, H-3, and H4) on the basis of habitat type. Subzones H-1 through H-3 are upland areas and
H-4 is a marsh area. A portion of Zone H was excluded from the ecological risk assessment on
the basis that it is heavily industrialized and suitable habitat for ecological receptors is
conspicuously absent. Potential risks for ecological receptors within these subzones were
evaluated for exposure to-surface soil, surface water, and sediment at Zone H. Risks associated
with exposure to ecological chemicals of potential concern in surface soil were evaluated for
terrestrial wildlife based on a model that predicts the amount of contaminant exposure via the diet
and incidental ingestion of soil. Comparison of predicted doses for representative wildlife species
with doses representing thresholds for both lethal and sublethal effects is the basis of the risk
evaluation. Risks for soil invertebrates and plants were evaluated based on qualitative
comparisons to literature effects-levels for taxonomic groups similar to those potentially occurring
at Zone H. Risks for aquatic organisms were evaluated by calculating hazard quotients from

benchmark values that are either promulgated or proposed by federal and state regulatory agencies.

The ecological risk assessment concluded the following for each of the subzones:

H-1  Potential lethal and sublethal effects from inorganics exists for terrestrial wildlife species.
Young herbaceous vegetation is also at risk from elevated metal contamination. A
potential risk to soil infaunal organisms is also predicted due to the presence of polynuclear

aromatic hydrocarbons.
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H-2 Potential lethal and sub-lethal effects to Eastern cottontail rabbit exposed to soil metal

concentrations in sub-zone are predicted by the model. Potential sub-lethal effects to
American robin from metals in soil are predicted. Lead, copper, and zinc soil
concentrations detected at sub-zone H-2 may pose a risk to early seedlings and infaunal

invertebrates.

H-3 Potential lethal and sublethal effects from inorganics exist for terrestrial wildlife species.

A potential risk to infaunal organisms from soil lead and PAH concentrations is predicted.

H-4 No risks are predicted to aquatic receptors in surface water of Shipyard Creek. Potential
risks to aquatic receptors does exists from sediment contamination in Shipyard Creek. For
both inorganic and organic ecological chemicals of potential concern, hazard quotient

values were above one. Copper and zinc may pose a risk to young herbaceous plants.

The report makes recommendations for inclusion of sites in the Corrective Measures Study.
Residential risk greater than 1E-6 or residential hazard HQ greater than 1.0 for either soil or
groundwater, and significant ecological risk constituted inclusion into the CMS. TPH
concentrations greater than 100 mg/kg also constituted inclusion into the CMS. The final decision
as to which sites will be carried forward into the Corrective Measures Study will be made by the
risk managers which are the State and Federal regulatory agencies. The thresholds for
determining whether or not sites are recommended for the Corrective Measures Study were
conservatively set as contaminant concentrations which result in greater than 1 x 10°® excess
incremental lifetime cancer risk to potential future site residents, a hazard index greater than 1,
or concentrations of total petroleum hydrocarbons in excess of 100 parts per million. These action
levels were established by the NAVBASE Charleston BRAC Cleanup Team. Based on these

levels, the following sites were recommended for inclusion in the CMS prior to risk management
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decision making: SWMU 9 (including SWMUs 19, 20, 121, and AOCs, 649, 650, 651);
SWMU 14 (including SWMU 15 and AOCs 670, 684); SWMUs 13, 17, 159, 178; AOCs 653,
656, 659, 663 (including SWMU 136), 665, 666, and 667 (including SWMU 138). The grid

based sampling points GO7, G38, and G80 which were identified as “other impacted areas” were

also recommended for CMS. AOCs 654, 655, and 660 were recommended for no further action.

Following risk management decision making activities (conducted during the 1997 monthly project
team meetings and at multiple subcommittee meetings), corrective action for SWMUs 13, 178, and
AOC 656 was transferred to the Subtitle I (UST) program. AOC 662 has been recommended for
transfer to Subtitle I, and OIA GO7, OIA G38, and OIA G80 were determined to be NFA.

Additional data that may affect the disposition of sites in Zone H will be submitted as an

addendum to the RFI Final Report and will provide a basis for risk managers to determine whether

these sites warrant a CMS or are determined to be NFA.,

a-5






Final RCRA Facility Investigation Report for Zone H
NAVBASE Charleston

Section 1: Introduction

July 5, 1996

1.0 INTRODUCTION

The environmental investigation and remediation at Naval Base Charleston (NAVBASE) are
required by the Hazardous and Solid Waste Amendments (HSWA) portion of the Resource
Conservation and Recovery Act (RCRA) Part B permit. The purpose of the investigation is to
evaluate the nature and extent of hazardous wastes or constituent, and to identify, develop, and
implement an appropriate corrective measure or measures to protect human health and the
environment. The scope of the RCRA Facility Investigation (RFI) includes the entire
Naval Base, which has been subdivided into zones (Zone A through L) to accelerate the
RFI process. This report for Zone H of NAVBASE, prepared by EnSafe/Allen & Hoshall
(E/A&H), is submitted to satisfy condition I1.C.6 of the HSWA portion of the Part B permit.

1.1 NAVBASE Description and Background

Location

NAVBASE is in the city of North Charleston, on the west bank of the Cooper River in
Charleston County, South Carolina (Figure 1.1). This installation consists of two major areas:
an undeveloped dredged materials area on the east bank of the Cooper River on Daniel Island
in Berkeley County, and a developed area on the west bank of the Cooper River (Figure 1.2).
The developed portion of the base is on a peninsula bounded on the west by the Ashley River
and on the east by the Cooper River. Major commands that occupy areas of the base include
Charleston Naval Shipyard, Fleet Ballistic Missile Submarine Training Center, Fleet and
Industrial Supply Center, Flect and Mine Warfare Training Center, Naval Hospital Charleston,
. and Naval Station (Figure 1.3). NAVBASE also includes the degaussing facility in downtown
Charleston, the Shipboard Electronics System Evaluation Facility on Sullivan’s Island, and the
Naval Station Annex adjacent to the Charleston Air Force Base.

The areas surrounding NAVBASE are "mature urban,” having long been developed with

commercial, industrial, and residential land uses. Commercial areas are primarily west of
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NAVBASE; industrial areas lie primarily to the north of NAVBASE and along the west bank
of Shipyard Creek.

The area west of Shipyard Creek is concentrated with heavy industry, and has been for many
years. Railways have served the area since the early 1900s. Railways and nearby waterways
have made the area ideal for heavy industry. While ownership has changed from time to time,
the land adjacent to NAVBASE remains dedicated to chemical, fertilizer, oil refining,
metallurgy, and lumber operations.

In contrast, the east bank of the Cooper River is undeveloped with extensive wetlands,
particularly along Clouter Creek and Thomas Island. Active dredged materials disposal areas
are on Naval property between the Cooper River and Clouter Creek.

History
In 1901, the U.S. Navy acquired 2,250 acres near Charleston to build a naval shipyard, and the
first naval officer was assigned duty in early 1902. A work force was organized, the Navy Yard
surveyed, and construction of buildings and a drydock began. The drydock was finished in
1909, along with several other brick buildings and the main power plant, which are still in use
today. With a work force of approximately 300 civilians, the first ship was placed in drydock
and work began on fleet vessels in 1910. World War I brought about an expansion of the yard’s
facilities, land area, and work force. The yard built two gunboats, several subchasers, and tugs
-in addition to performing repairs and other services to the fleet. The future of the shipyard was
uncertain following the war, when employment levels dropped. The year 1933 marked the
beginning of an upsurge at the yard. A larger workload, principally in construction of several
Coast Guard tugs, a Coast Guard cutter, and a Navy gunboat, created the need for more

facilities and a much larger work force.
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Civilian employment peaked in 1943 with almost 26,000 employees divided among three daily
shifts. In 1956, construction began on piers, barracks, and buildings for mine warfare ships and
personnel. Later in the decade, Charleston became a major homeport for combatant ships and
submarines of the U.S. Atlantic Fleet.

Base Closure

Today, due in part to the end of the cold war and major cuts in defense spending, NAVBASE
is in the process of shutting down operations. In 1993, NAVBASE was added to the list of
bases scheduled for closure under the Defense Base Closure and Realignment Act (BRAC),
which regulates the closure and transition of property to the community. Since the base was
scheduled for closure, operations have been scaled back and environmental cleanup has begun
to make the property available for redevelopment after closure on April 1, 1996.

1.2  Base Closure Process for Environmental Cleanup

The Installation Restoration Program

In 1980, The Department of Defense established the Installation Restoration Program (IRP) to
investigate and clean up contamination which may have resulted from past operations, storage,
and disposal practices at federal facilities nationwide. The Navy adopted this program, which
has regulatory requirements similar to those developed under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA). Although federal installations were not
required to comply with this act until it was amended in 1986, the Navy has, in effect, been

. complying with its environmental regulations through participation in the IRP since 1980.

Resource Conservation and Recovery Act

The primary focus of NAVBASE's environmental cleanup activities fall under RCRA, which
was passed by Congress to control the handling of hazardous materials and wastes, and to set
standards for hazardous waste generation, tramsportation, treatment, storage, and disposal.
NAVBASE was issued a hazardous waste permit in 1990 in accordance with this act, allowing
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the base to operate within these guidelines. Hazardous materials include substances such as
chemicals, pesticides, petroleum products, and some paints and cleaners the U.S. Environmental
Protection Agency (USEPA) identifies as being potentially harmful to human health or the

environment.

The NAVBASE hazardous waste permit covers the investigation and cleanup of individual sites,
called solid waste management units (SWMUs) and areas of concern (AOCs), resulting from past
hazardous waste spills. SWMUs and AOCs are defined in the Part B permit as follows:

J SWMU — "Any unit which has been used for the treatment, storage, or disposal of solid
waste at any time, irrespective of whether the unit is or ever was intended for the
management of solid waste. RCRA-regulated hazardous waste management units are
also solid waste management units. SWMUSs include areas that have been contaminated
by routine and systematic releases of hazardous constituents, excluding one-time
accidental spills that are immediately remediated and cannot be linked to solid waste

management activities (e.g., product or process spills)."

o AOC — "Any area having a probable release of a hazardous waste or hazardous
constituent which is not from a solid waste management unit and is determined by the
Regional Administrator to pose a current or potential threat to human health or the
environment. Such areas of concern may require investigations and remedial actions as
required under Section 3005(c)(3) of the Resource Conservation and Recovery Act and
40 CFR §270.32(b)(2) in order to ensure adequate protection of human health and the

environment. "

Where appropriate in this document, SWMUs and AOCs are collectively referred to as "sites. "
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The investigation and cleanup activities are referred to as "corrective measures." The main

steps of the corrective measures process are outlined below.

1.3

RCRA Facility Assessment (RFA) identifies potential or actual contamination releases
through a records review and visual examination of every SWMU and AOC.

RCRA Facility Investigation (RFI) confirms contamination and determines its nature.
This investigation also examines the extent and rate of any migration, provides a baseline

risk assessment and baseline data for the evaluation of corrective measures.

During a Corrective Measures Study (CMS), cleanup alternatives for the site are
developed and evaluated. This study also recommends a preferred cleanup option or

corrective measure.

During Corrective Measures Implementation (CMI), the selected corrective measure is
designed, constructed, operated, maintained, and monitored for performance.

Interim Corrective Measures (ICMs) are used to stabilize, control, or limit further

releases from a site. Interim measures can be imposed at any point in the process.

Investigative Zone Delineation

-Due to the size of the base and the level of detail required for investigations, NAVBASE
has been divided into 12 investigative zones, identified as A through L, as shown in Figure 1.4.

The order in which zones will be investigated and cleaned up has been determined in conjunction
with the Restoration Advisory Board and the BEST (Building Economic Solutions Together)

committee (a board authorized by the state to study and report on the best reuse options for the
property being transferred). In 1994, BEST was replaced by the Charleston Naval Complex

Redevelopment Authority, which has authority to establish leases for the transferred property.
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Zone H is in the southern portion of the peninsula formed by Shipyard Creek and the
Cooper River. The zone is bounded by Hobson Avenue to the north; Shipyard Creek to the
south; Osprey Street, C.B. Lane, and the dredged materials area to the east; and Halsey Street,
Bainbridge Avenue, and property boundaries to the west. Zone H contains properties identified
for transfer to the State Department as well as Naval support activities, training areas, and
administrative areas.

1.4  Current Investigation

Objective

The objectives of the RFI are to characterize the nature and extent of contaminants associated
with releases from SWMUs and AOCs, evaluate contaminant migration pathways, and to identify
both actual and potential receptors. The ultimate goal is to determine the need for ICMs or a
CMS. This need will be evaluated by conducting a Baseline Risk Assessment (BRA) to assess
the risks posed to human health and the environment by individual sites and/or groups of sites

within a zone.

Scope

Fifty-three sites were identified in Zone H through the RFA process. A detailed discussion of
each site in Zone H can be found in the RFA (E/A&H, 1995b). Recommendations for
investigative approach at each site were made based on the best available information at that time
and are subject to change should additional information become available that would substantiate

.a change. These investigatory designations are as follows:

1-12
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No Further Investigation (NFI) — This designation was applied to an AOC or SWMU if, based
on the RFA process, there was no reason to suspect that a release had ever occurred. These

sites were not included in the Zone H RFI.

Conﬁnnatory‘ Sampling Investigation (CSI) — A CSI was performed due to evidence of past
releases, potential migration pathways, or a lack of a thorough assessment of the hazards
associated with the SWMU/AOC, as determined through the RFA process. Generally, a limited
amount of "confirmatory" samples were needed to either determine whether a hazard exists.
Confirmatory sampling will determine whether no further investigation is appropriate or a
full-scale RFI is warranted. If a SWMU/AOC was within the boundaries of another
SWMU/AOC considered for a CSI or RFI, it was incorporated into the RFI of the larger site.

RCRA Facility Investigation — An RFI was performed if historical information suggested that
an event(s) capable of environmental impact occurred, analytical data from past investigations
indicated the presence of contamination, or if additional work is considered necessary to more
accurately assess impact. If a SWMU/AOC was within the boundaries of another SWMU/AOC
considered for an RFI, it was incorporated into the RFI of the larger site.

Of the 53 SWMUs and AOCs identified, 30 were deemed as needing further investigation. The
Final Zone H RFI Work Plan (E/A&H, 1994b) outlined an investigative strategy for each site
designated as CSI or RFI. The investigations of SWMU 159, AOC 661, and AOC 503 were
incomplete when the first draft of this report was prepared. Figure 1.5 identifies the sites.
"SWMU 159 was a late addition to the RFI; consequently, a revision to the work plan was
required and the sampling efforts did not occur concurrently with the other sites. However,
samples have been collected and data have been received from the analytical laboratory, and
incorporated into this report. Evaluations of AOCs 661 and 503 are to be performed by a Naval
explosive ordnance disposal (EOD) team before transfer of NAVBASE property. Table 1.1
briefly describes each SWMU and AOC in Zone H requiring further investigation and its

investigative approach.
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Table 1.1
Zone H SWMUs and AOCs with Investigatory Designations
Zone H Investigative Investigation
AOCs and SWMUs Site Description Approach Grouping

Solid Waste Transfer Station
Satellite Accumulation Area, Building 801

Metal Trades, Inc., Storage Area

Septic Tank and Drain Field 1718, Building 661

. Investigated
: Independently

Chemical Disposal Area
Former Skeet Range, South of Building 1897

SWMU 17 Oil Spill Area RF1 Investigated
Independently

Site of Apparent Transformer Fire Outside of CSI Investigated
Building NS-53 Independently

AOC 661 Explosives Storage CSI To Be Investigated

AOC 655 Oil Spill Area, Building 656 RF1 Investigated
Independently
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Table 1.1
Zone H SWMUs and AOCs with Investigatory Designations

Zone H Investigative Investigation

AOC 660 Mosquito Control, Former Building 31 Csl Investigated
Independently

AOC 663 Gas/Diesel Pumping Station, Building 851 CSI This AOC and SWMU

. were investigated
- together.

Pyrotechnic Storage, Building 159

AOC 667 CBU 412 Vehicle Maintenance Area, RFI
Building 1776

1.5  Previous Investigations
In addition to data generated during the current investigation, information from investigations

conducted in Zone H prior to its RFI were reviewed while preparing this report. Pertinent data
have been incorporated where appropriate. Table 1.2 lists previous investigations applicable to
the Zone H RFI.
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Table 1.2
Previous Investigations of Zone H SWMUs and AOCs

Number Previous Investigations Actlvities C

SWMU 14 Confirmation Study, 1982; preliminary Geophysical and soil-gas Tetrachlorocthane
geophysical and soil-gas study (E/A&H,  surveys; soil and groundwater  (Soil-gas)

1994). sampling.

Geophysical and soil-gas

sediment, and groundwater studies surveys; trenching; soil, whether contamination was
(E/A&H, 1994). Analytical daa to be groundwater, and sediment present.
included with this report. sampling.

Zone Inspection Report for Zone 22
(July 31, 1991)

7 detected near the repored of

AOC 656 Passive soil-gas investigation conducted Passive soil-gas sampling Relatively high soil gas

with inital FFI response. using PETREX™ technology.  responses for acetone, BTEX
compounds, and other oil
compounds were detected in

the vicinity of the site,
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2.0 FIELD INVESTIGATION
The sampling strategy for each SWMU and AOC within Zone H, as detailed in the
Final Zone H RFI Work Plan (E/A&H, 1994b), was designed to consider:

The environmental quality of NAVBASE as a whole.

° Possible impacts of one SWMU or AOC on another SWMU or AOC.

. Benefits to be gained at one SWMU/AOC by sampling at another.

L The possibility of environmental contamination migrating onto and/or off NAVBASE.

. Specific data needs for various potential presumptive remedies which are necessary to
design the CMS.

. Data needs of other related activities such as the BRA.
. Specific need for each piece of data.
J A minimum of mobilization.
. The presence of data gaps from previous investigations.
Field activities were conducted in compliance with the Final Comprehensive, Sampling and
Analysis Plan (CSAP) (E/A&H, 1994a) and the USEPA Region IV Environmental Services

Division Standard Operating Procedures and Quality Assurance Manual (ESDSOPQAM)
(USEPA Region IV, 1991). Sampling and investigatory methodologies used during the Zone H

2
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RFI investigation are summarized in this section. All chain-of-custody forms generated during
Zone H sampling are included as Appendix A.

2,1 Sample Identification

All samples collected during this investigation were identified using the 10-character scheme
specified in Section 11.4 of the CSAP (E/A&H, 1994a). This scheme identifies the samples by
site, sample matrix, location, sample depth. The first three characters identify the site where
the sample was collected. The fourth character identifies the matrix or quality control (QC) code
for the sample. The fifth, sixth, seventh, and eighth characters identify the sample location.
The ninth and tenth characters identify the soil sample depth or sample interval. For example:
sample 013SB00402 is a second-interval soil sample from Boring 004 at SWMU 013. For the
groundwater samples; the ninth and tenth characters identify the sampling sequence. For
example, 653GW00101 is the first groundwater sample collected from monitoring well 001 at
AOC 653,

2.2  Soil Sampling
Section 4 of the CSAP (E/A&H, 1994a) details the methods used to sample soil. The following

subsections summarize those procedures.

2.2.1 Soil Sample Locations

Soil samples were collected based on the proposed locations identified in the Final Zone H
RFI Work Plan (E/A&H, 1994a), analytical data resulting from first and second rounds of soil
sampling, and sample location’s accessibility. The sample locations proposed in the Final
Zone H RFI Work Plan were based on the investigation strategy outlined in Section 1.2 of that
document. Each SWMU and AOC primary sampling pattern is justified in Subsections 4.1
through 4.21 of the Final Zone H RFI Work Plan. Some proposed sample locations were
modified slightly due to utility locations. A few locations were deemed inaccessible due to the

thickness of concrete overlying the soil.
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Additional samples were required at some sites to adequately characterize contaminant
distribution. Following interpretation of analytical data for samples collected during the initial
round of soil sampling, a second round of sample collection was proposed in some areas. A few
~ locations required a third round of sample collection. Typically, additional sample locations
were justified due to relatively high concentrations of contaminants on the perimeter of the

previous sampling pattern.

2.2.2 Soil Sample Collection

Composite soil samples were generally collected for laboratory anmalysis from 0 to 1 foot
below ground surface (bgs) and from 3 to 5 feet bgs. The 0- to 1-foot bgs interval is referred
to in this report as the Ol or upper interval sample. At soil sample locations overlain by
pavement, the surface interval was collected from the base of the pavement to 1 foot below the
base. The 3- to 5-foot bgs interval is referred to as the 02 or lower interval sample. No other
sample intervals were collected due to the relatively shallow depth to groundwater in Zone H.
Groundwater is typically encountered from 2 to 6 feet bgs at NAVBASE. No saturated soil

samples were retained for laboratory analysis.

Stainless-steel hand augers were used to collect soil samples. At sodded locations, the sod
(generally less than 2 inches thick) overlying the soil sample at the 01 interval was removed
prior to augering down to 1 foot bgs. As the auger filled with soil, it was removed from the
hole and the contents were placed in stainless-steel mixing bowls. This process was completed
-until the entire interval had been sampled. The 02 sample interval was collected using a clean
decontaminated auger following the same procedures used for the 01 interval sample. A
concrete coring machine was utilized at numerous locations to provide access to soil covered by

concrete and/or asphalt.
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2.2.3 Soil Sample Preparation, Packaging, and Shipment
Guidelines contained in Section 11 of the CSAP were followed for the preparation, packaging,
and shipment of soil samples collected during the Zone H RFI investigation. The following

briefly summarizes those activities.

Upon placement of the soil sample into the stainless-steel mixing bowl, a portion of the sample
was packed into a sample jar for volatile organics analysis (VOA). Following VOA sample
preparation, the remaining material was homogenized and the appropriate sample containers
were filled using stainless-steel spoons. The remaining soil was used to backfill the auger hole
from which it was removed. Any portion of the auger hole remaining open was then filled with
bentonite pellets which were hydrated in place.

Soil samples were identified as described in Section 2.1 and in compliance with Section 11.4 of
the CSAP (E/A&H, 1994a). From the moment of collection, sample identifications accompanied
each sample container. Pertinent information such as date and time of sample collection,
weather, sampling team, sketch map of sample location, and analytical parameters were recorded

in the Zone H soil sampling logbook for each sample or group of samples collected.

At the close of each day of sampling, soil samples were grouped by sample identification,
custody sealed, enclosed in waterproof plastic bags, encased in protective bubblewrap, and
placed in a sample cooler. Ice, enclosed in two waterproof plastic bags, was placed on top of
. the samples to preserve them at approximately 4°C. Before sealing the sample cooler for
shipment, all sample data were entered onto an official chain-of-custody form which was then

affixed to the top, inside surface of the sample cooler.

Sample coolers were shipped by air for next-day delivery to Pace Laboratories, New Hampshire.

24
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2.2.4 Soil Sample Analysis

All first-round soil samples were analyzed for the following USEPA parameter list: volatile
organic compounds (VOCs) (Method 8240), semivolatile organic compounds (SVOCs)
(Method 8270), pesticides/polychlorinated biphenyls (PCBs) (Method 8080), cyanide
(Method 9010), and metals (Methods 6010, 7060 [As], 7421 {Pb], 7470 [Hg], 7740 [Se],
7841 [T1]). During the second and third rounds of sampling, analytical parameters were reduced
to focus only on those compounds defined as chemicals of potential concern (COPCs) by the first
round of sampling. Soil samples collected near the chemical disposal area were analyzed for
Appendix IX parameters which include hexavalent chromium, dioxins, herbicides,
organophosphate pesticides, in addition to the more comprehensive lists of VOCs, SVOCs, and
pesticides/PCBs. Sample analyses were performed and data reported in accordance with USEPA
Data Quality Objectives (DQO) Level 3 guidelines. In areas where petroleum hydrocarbon
contamination was suspected, soil samples were also analyzed for total petroleum hydrocarbons
(TPH) by USEPA Methods 418.1 and 8015, modified.

Approximately 10% of the soil samples collected at Zone H were duplicated and also submitted
for Appendix IX analytical parameters. Duplicate samples were analyzed and data reported in
accordance with USEPA DQO Level 4 guidelines. The purpose of Appendix IX sampling was
two-fold: 1) provide a measure of reassurance that the sampling scheme was not inadvertently
overlooking any compounds potentially present; 2) provide a quality assurance/quality control
(QA/QC) check on the DQO Level 3 data.

- Upon identification of the presence of significant (relative to the risk-based screening levels)
concentrations of constituents of concern based on analytical data from the first and second soil
sampling events, locations were identified at which to collect soil samples to provide engineering
parameter data for the CMS and Section 5 of this report. These samples were analyzed for the
following USEPA and American Society for Testing and Materials (ASTM) parameters:



Final RCRA Facility Investigation Report for Zone H

NAVBASE Charleston

Section 2: Field Investigation

July 5, 1996

° Cation Exchange Capacity USEPA SW-846 Method 9080, 9081
. Organic Content USEPA SW-846 Method 9060
. pH USEPA SW-846 Method 9045
o Nitrate USEPA SW-846 Method 9056
o Nitrite USEPA SW-846 Method 9056
. Ammonia USEPA 350

J Phosphorus (total) USEPA 365.1

o Sulfur (percent) ASTM D 129-64

. Chlorides (percent) ASTM D 2015-77

. Bulk Density ASTM D 1587-83

. Soil Moisture ASTM D 2216-80

J Unsaturated Hydraulic Conductivity ASTM D 2434-68

. Grain Size Analysis ASTM D 422-63

. Hydrometer Analysis ASTM D 422

. Porosity Sowers and Sowers, 1951

2.3 Monitoring Well Installation and Development

Section 5 of the CSAP (E/A&H, 1994a) describes methods used to install and develop
monitoring wells. All monitoring wells were installed after well permits were acquired from
South Carolina Department of Health and Environmental Control (SCDHEC). The following

subsections briefly summarize those methodologies.

Monitoring wells installed as a portion of the Zone H RFI investigation were identified according
to the following convention. All identification numbers for monitoring wells installed during
the Zone H investigation consist of 10 characters. The first three characters (NBC for all wells)
identify the wells as Naval Base Charleston wells. The fourth character identifies the
investigatory zone in which the monitoring wells were installed. (H in this case). Characters

5, 6, and 7 identify the site at which the monitoring wells were installed. For example,
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monitoring wells installed in the vicinity of SWMU 9 contain 009 as the fifth, sixth, and seventh
characters. For monitoring wells installed as part of the grid-based sampling network of
Zone H, the well identifications will contain GDH as the fifth, sixth, and seventh characters.
The eighth, ninth, and tenth characters in the monitoring well identification scheme identify the
individual well number. For example, the individual well identification for the fifth well to be
installed at SWMU 9 was 005. If the tenth character is D, the monitoring well is a deep well.
Three complete examples of typical monitoring well identifications are as follows. NBCH013005
is the number 005 well at SWMU 13 at Naval Base Charleston. NBCHGDHO4D is the deep
well at the number 04 grid-based sampling location in Zone H of Naval Base Charleston.
NBCHGDHO001 is the number 001 grid-based monitoring well in Zone H at Naval Base
Charleston.

2.3.1 Shallow Monitoring Well Installation

The shallow monitoring wells were installed to facilitate groundwater sampling in the upper
portion of the shallow aquifer. These monitoring wells were installed using the hollow-stem
auger drilling and monitoring well construction methods. Drilling involved augering to the total
depth of the borehole using hollow-stem auger flights tipped with a lead auger head. The total
depth of the shallow wells depended primarily on depth to groundwater. Every effort was made
to bracket the water-table surface at each shallow monitoring well location. However, this was
not always possible due to the shallow depth to groundwater. Given that groundwater was
encountered at approximately 2 to 6 feet bgs across NAVBASE, the typical depth of a shallow

- monitoring well was approximately 13 to 14 feet.

Two-foot split-spoon samples were collected for lithologic characterization at 5-foot intervals
from each shallow monitoring well borehole. These soil samples were visually classified and
screened for organic vapors by the onsite geologist. These samples were not retained for
chemical analysis. Typical split-spoon sample intervals in shallow monitoring well boreholes

were from 3 to 5 feet bgs, 8 to 10 feet bgs, and 13 to 15 feet bgs. A sample representing the
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lithology of the typical screened interval for each SWMU/AOC was retained for grain-size

analysis from one well boring at each site.

Typical shallow monitoring well construction involved placing a 10-foot section of 2-inch inside
diameter (ID) polyvinyl chloride (PVC) screen with 0.010-inch slots attached to 10 feet of
2-inch ID PVC riser pipe down the inside of the hollow-stem auger after having drilled to the
desired depth. Filter pack material was then poured into the annular space between the
hollow-stem auger and PVC to approximately 2 feet above the top of the screened section. As
the sand was added, the level in the borehole annulus was measured with a weighted tape. The
hollow-stem auger sections were withdrawn while the sand was added to allow uniform
placement of the filter pack and to avoid bridging and raising the well screen and riser casing
with the augers. Care was taken to never raise the hollow-stem auger sections higher than the
level of filter pack in the borehole, to ensure that no formation material slumped into the
borehole against the well screen. Bentonite pellets were emplaced from the top of the filter pack
to ground surface and hydrated with potable water. After allowing sufficient time for the
bentonite to hydrate, typically 24 hours, the surface mount was constructed. Groundwater
protection was provided in the interim through use of locking well caps in the inside diameter

of the PVC riser pipe.

A boring log documenting the lithology encountered and as-built well information for each

shallow monitoring well is located in Appendix B.

Temporary monitoring wells were installed near SWMUs 20 and 121 in the SWMU 9 area
during the RFI to provide screening level data for positioning permanent monitoring wells.
Hydropunch technology was attempted before temporary well installation, but was discontinued
due to the lithologic properties of SWMU 9 sediments. The clay and silt content of the
sedimentary deposits in the SWMU 9 area prohibited groundwater from entering the Hydropunch
sampling device. After several failed attempts to collect groundwater using that device,
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installing temporary monitoring wells was judged to be an appropriate method to obtain
screening level quality data from a large area for which very little data were available.

Appropriate permits were obtained from SCDHEC before constructing the temporary wells. The
temporary monitoring wells were installed following the same procedures as outlined for
permanent shallow monitoring wells except that surface mounts were not constructed. A
bentonite seal of minimum 1-foot thickness was installed at the top of each filter pack and
extended to ground surface. This bentonite was hydrated with potable water. A locking well
cap was placed on the PVC riser pipe stickup, which extended approximately 2 to 3 feet above
ground surface. The temporary wells remained locked until they were purged prior to sampling.

Following sampling, the temporary wells were abandoned by pulling the PVC riser casing and
screen from the borehole and filling the portion that did not collapse with high-solids bentonite
grout.

2.3.2 Deep Monitoring Well Installation

Deep monitoring wells were installed to facilitate groundwater sampling at the base of the
shallow aquifer. Review of regional geology identified the Ashiey Formation of the
Cooper Group as the shallowest formation most capable of retarding or preventing downward
flow of water and/or contaminants. This formation is widely noted in the Charleston area for
its low permeability and its effectiveness as a confining layer over the underlying
. Santee Limestone. Deep monitoring wells were installed in the shallow aquifer at the contact

with the underlying Ashley Formation.

Rotosonic drilling, which was used to install the deep monitoring wells, combines standard
rotary action with sonic vibration. The vibrations are created at the surface and directed to the
subsurface through the drill string. The sonic vibration displaces formation material rather than

removing cuttings back to the surface as with more traditional drilling methods. The continuous
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core sample produced with the rotosonic method provides extremely accurate lithologic
characterization. Soil samples were logged and classified as described in Section 2.3.1. Core
sections, 10 to 20 feet long, were typically produced, depending on anticipated proximity to the

target formation.

After target depth identification, monitoring well construction would proceed much like
monitoring well construction through hollow-stem augers. A 10-foot section of 2-inch ID,
0.010-inch factory slot, PVC screen was installed with the base of the screen at the contact
between the Ashley Formation and the overlying Pleistocene sediments. Attached to the screen
was an appropriate length of 2-inch ID PVC riser casing. Filter pack sand was placed to
approximately 2 feet above the screened interval and settled by activating the sonic vibration.
A bentonite seal of a minimum 3-foot thickness was emplaced on top of the filter pack and also
settled with vibratory action and then hydrated. The remaining interval of borehole was then
tremied to the surface with high-solids bentonite grout.

A portion of the deep monitoring wells installed in Zone H deviate from the construction
standard proposed in the Final Zone H RFI Workplan. These wells were constructed with
excessive filter pack material extending below their screened interval. The following wells have

been identified as having excessive filter pack:

. NBCHO00904D
.. NBCHO00905D
. NBCHO00906D
. NBCHO00912D
. NBCH01401D
. NBCHO01405D
. NBCHGDHO01D
. NBCHGDHO02D
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. NBCHGDHO7D
. NBCHGDH11D

The practice of backfilling with filter pack material, when overdrilling in the Ashley Formation

occurred, was not followed during subsequent zone investigations.

In each of the above-listed wells, with the exception of NBCH01405D and NBCHGDHI11D, an
apparently transmissive zone was present in the interval which was screened. Typically, the
inference of being transmissive was due to the presence of a well sorted shell hash and/or sand.
When overdrilling occurred it was always into the Ashley Formation (Cooper Marl) and the
Ashley Formation was never penetrated. Several samples of the Ashley Formation
were submitted for physical parameter analysis. The average hydraulic conductivity of the
Ashley Formation samples was 1.2x10% centimeters per second (cm/sec). No samples
were collected for physical parameter analysis from the interval directly above the top of the
Ashley Formation due to the noncohesive nature of the material and thus the inability to obtain
a competent sample. Due to the presence of the shelly and/or sandy nature of the material
present within the screened interval, and that overdrilling only occurred in material with
low hydraulic conductivities, and the Ashley Formation was not penetrated (reported to be
200-300 feet thick), water removed while sampling would be representative of the screened

interval.

- Wells NBCH01405D and NBCHGDH11D did not exhibit the typical shelly and/or sandy zone
directly overlying the Ashley Formation. There was 12 and 7 feet, respectively, of excess filter
pack in each one of these wells. Marsh clay was present down to the top of the Ashley
Formation in both wells. Hydraulic conductivities for the marsh clay averaged 2.5x10% cm/sec.
Although there is greater potential with these two wells that a portion of the water in the samples
originated from within the top of the Ashley Formation, it should be noted that both logs
describe the Ashley Formation as "dry" providing support of the representativeness of the
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groundwater samples. All boring logs for deep wells include the descriptive term "dry" for the

Ashley Formation or directly name it the Cooper Marl.

Boring logs in Appendix B document the lithology encountered and as-built well construction

information for each deep monitoring well.

2.3.3 Monitoring Well Protector Construction

The well protectors installed were of either the flush-mount, manhole-type, or abovegrade
protective casing, depending on the well’s location. Well protectors were installed in accordance
with Section 5.4 of the CSAP (E/A&H, 1994a).

At locations where vehicular traffic was expected, as in parking lots, a flush-mount well
protector was installed. At all other locations, abovegrade steel protective casings were
installed. In the case of flush mounts, a 2-foot by 2-foot section of material, typically concrete
or asphalt, was removed from around the borehole to approximately 6 inches in depth. A 8-inch
ID, 8-inch deep, flush-mount cover with a bol'-down manhole cover was then placed over the
capped well. The top of the completed well cover was generally 2 inches above adjacent
surfaces. Concrete was added to fill the 2-foot by 2-foot excavated area and mounded to provide
a sloped surface away from the top of the flush-mount cover to the adjacent surface. A
monitoring well identification tag containing the well number, date installed, drilling
subcontractor, total well depth, and depth to water was mounted onto the sloped concrete surface
- of each flush-mount pad. Expansion caps and keyed-alike locks were placed on each monitoring

well with a flush-mount cover.

Abovegrade well protectors were prepared by installing a 3.5-foot long, 4-inch by 4-inch square
section of steel protective surface casing approximately 1 to 1.5 feet down over the PVC riser
pipe. Care was taken not to compromise the integrity of the bentonite seal overlying the filter

pack material. The protective casings were hinged approximately 6 inches from the top to allow
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access to the top of the PVC riser pipe. The hinged covers for each abovegrade protective
casing were designed to be locked. A 4-foot by 4-foot concrete pad approximately 6 to 8 inches
thick was then constructed around each protective casing. Weep holes were drilled through the
well protector to allow for drainage and venting. A 3-ihch diameter bumper post was set at each
corner of the pad. A monitoring well identification tag containing the well number, date
installed, drilling subcontractor, total well depth, and depth to water was mounted onto the
hinged cover of each abovegrade well protector. Each hinged cover is secured with keyed-alike
locks.

2.3.4 Monitoring Well Development

Monitoring wells were developed by initially stressing the filter pack by surging and
subsequently purging with a pump to lower the turbidity and stabilize the parameters of
conductivity, pH, and temperature. Well development adhered to Section 5.5 of the CSAP
(E/A&H, 19%4a).

Surging involved the following steps:
1. Decontaminated PVC rods were attached to a surge block.

2. The surge block was lowered into the monitoring well screen section.

3. The surge block was then raised and lowered so groundwater would surge in and out of

the monitoring well screen.
4. Surging was conducted for approximately 10 to 15 minutes per well.

5. The surge block was removed from the well for decontamination.
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Pumping of shallow monitoring wells involved the following steps:
1. Decontaminated polyethylene tubing was lowered into the well.

2. The tubing was attached to a pump at the surface and pumping began. A pitcher pump
was used at deep well locations where centrifugal pumps could not lift water to the
surface.

3. If the productivity of the monitoring well was low, it would be alternately pumped then
left idle to recover. The onsite geologist determined when development was complete

using the following guidelines.

4. Monitoring wells were developed until the water column was as free of turbidity as
possible given the subsurface conditions, and until the pH, temperature, and specific
conductivity were stabilized to satisfy the following criteria. A minimum of three well

volumes of groundwater were removed from each well during development.

Temperature: within + 1.0°C

pH: within 1 0.5 standard unit

Conductivity: within + 10 percent from the duplicate

Turbidity: generally between 10 and 30 nephelometric turbidity units (NTUs)

or relatively stable (+ 15 NTUs)

2.4  Groundwater Sampling
Section 6 of the CSAP (E/A&H, 1994a) describes groundwater sampling methods. The
following subsections briefly summarize those procedures. Copies of groundwater sampling

forms completed during each sampling event are included in Appendix C.
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2.4.1 Groundwater Sampling Locations

Groundwater samples were collected from well locations based on the approved locations
identified in the Final Zone H RFI Work Plan (E/A&H, 1994b), analytical data resulting from
the first and second rounds of soil sampling, and the first round of groundwater sampling. Some

proposed locations were moved slightly due to accessibility and utilities.

Additional wells were required at some sites to determine the extent of groundwater
contamination. Following analysis and interpretation of groundwater analytical data for samples
collected from the initial wells, additional monitoring well locations were proposed. Typically,
additional sample locations were justified due to relatively high concentrations of contaminants

on the perimeter of the previous sampling pattern.

2.4.2 Groundwater Sample Collection

Groundwater sampling was conducted in accordance with Section 6 of the CSAP
(E/A&H, 1994a) after the wells were allowed to recover from development for two weeks. The
following steps outline the typical process of monitoring well sampling.

1. Decontaminated sampling equipment and supplies were transported to the monitoring well
to be sampled.

2. A temporary work area was established around each well. Plastic sheeting was placed
on the sampling table and around the well to be sampled. Personal protective equipment
(PPE) was donned in accordance with the approved health and safety plan (HASP) for

the monitoring well to be sampled.

3. The condition and security of the monitoring well were noted. The monitoring well was
unlocked and the well cap removed. Headspace was immediately measured for VOCs
using an organic vapor analyzer (OVA). The breathing zone was also monitored prior

to and during sampling with an OVA.
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4.

Depth to water and total depth of the well were measured using an oil-water interface
probe if OVA readings, odor, or other indicators suggested a light nonaqueous phase
liquid (LNAPL) on the water surface. A water-level meter was used if no LNAPL was
suspected. All measurements were recorded to the nearest 1/100th of a foot. Static
water-level measurements were taken from the top of casing at a point notched into the
well. Well volumes were calculated and all measurements and observations recorded.

Water-level measurement equipment was decontaminated immediately after each use.

New decontaminated Teflon tubing was installed in the well. The tubing extended into
the well and, depending on a sufficient water level in the well, positioned above the
screened interval. A peristaltic pump was positioned at the surface and the tubing
mounted through the pump. Groundwater was purged into graduated buckets or

containers for volume measurements, which were recorded in the field logbook.

At one, two, and three well-volume intervals, the parameters of temperature, pH,
conductivity, and turbidity were measured and recorded. Groundwater conditions
typically stabilized during this purging period. Stabilization of temperature, pH, and
conductivity was defined by variation of 10% or less between the last two readings.
Turbidity values were monitored with the intent to achieve readings of less than
10 NTUs. Purging would continue for up to five well volumes with the intent of
stabilizing the parameters of temperature, pH, and conductivity and achieving less than
10 NTUs for turbidity. Wells that were purged dry, due to slow recovery, were sampled
after 12 hours of recovery. Purging some wells to achieve turbidity of less than
10 NTUs was not possible due to lithologic variabilities. For example, at wells installed
in areas with increased silt content, it was typically more difficult to achieve a turbidity
of less than 10 NTUs.
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7. After purging, groundwater samples were collected according to the analytical parameters

proposed for each groundwater sample.

The first-quarter groundwater samples were collected using a vacuum container placed in-line
between the well and the pump. Sample water was pulled into this container from which the
appropriate sample containers were filled. VOA samples were collected by capping the surface
end of the Teflon tubing and allowing gravity to drain water out of the end of the tubing into
the VOA vials. Second quarter groundwater samples were collected without the use of a vacuum
container from the discharge side of the pump after having gone through Tygon tubing within
the pump. VOA samples were obtained by capping the Tygon tubing and raising it from the
well and allowing the contents of the tube to drain into the sample containers. All tubing used
during sampling was new and decontaminated. No tubing was dedicated or reused. The
procedure followed in collecting second round groundwater samples deviated from the procedure
outlined in the Final Zone H RFI Workplan. This deviation involved the use of Tygon tubing
to remove sample water from the well rather than Teflon tubing. This deviation was corrected
prior to the third round of groundwater sampling. A comparison of analytical resuits for
equipment rinsate blanks collected during the first, second, and third rounds of groundwater
sampling is provided in Table 2.1.

Equipment rinsate blanks collected during groundwater sampling were collected through the
same sampling procedure as the groundwater samples. Deionized water is pumped from a
- decontaminated stainless steel container through the sampling tubing into the appropriate sample

containers.

Based on the data summarized in Table 2.1, there is no apparent change in analytical data results
for samples collected through Teflon tubing or Tygon tubing. Equipment rinsate blanks
collected during the first round and third round of groundwater sampling were drawn through

decontaminated Teflon tubing into a glass vacuum container prior to being poured into sample
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Table 2.1
Zone H Groundwater Sample Equipment Blank Contaminant Comparison

Third Quarter
|  Sample ID VOC and SVOC Hits

First Quarter

Sample ID YOC and SVOC Hits

00SEW08DO2 Methylene Chloride — 4 J

178EW00101 Acetone — 10.9 667TEW00103 Acetone — 13 ]
Methylene Chloride — 7.8 Chlorobenzene — 2.7 Chloroform — 4.8 J
BEHP — 15 BEHP — 26 No SVOC Detections

014EWO05DO2 Chloroform — 6
No SVOC Analysis

009EW00703 Methylene Chloride — 29 J
Chlorobenzene — 9 J
BEHP — 7.3J

No VOC Analysis
No SVOC Detections

013EW00702
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bottles. Equipment rinsate blanks collected during the second round of groundwater sampling
were drawn through decontaminated Tygon tubing directly into the sample container. No VOCs
or SVOCs were detected in the equipment rinsate blanks collected during the second round that
were not also detected in equipment rinsate blanks from the first and/or third round of

groundwater sampling.

Groundwater samples were identified in accordance with Section 2.1 of this report and
Section 11.4 of the CSAP (E/A&H, 1994a).

Temporary monitoring wells were purged prior to sampling using a bailer. At least three well
volumes of water were removed from the temporary wells prior to sampling. The pH,
conductivity, and temperature were measured during sampling. Samples from temporary wells

were collected with clean, unused disposable Teflon bailers.

2.4.3 Groundwater Sample Preparation, Packaging, and Shipment
Guidelines in Section 11 of the CSAP (E/A&H, 1994a) were followed for the preparation,
packaging, and shipment of groundwater samples collected during the Zone H RFI investigation.

The following briefly summarizes those activities.

Groundwater samples were preserved according to laboratory criteria for parameters being
collected. Appropriate labels and custody seals were completed and affixed to each sample
. bottle. Glass sample containers were encased with bubblewrap and enclosed in a resealable
plastic bag to protect during shipment. Plastic/polyethylene sample containers were also placed
in a resealable plastic bag. Immediately after sample collection and identification, sample
containers were placed on ice in coolers prior to transport to the field trailer. Records of
sampling were entered into a dedicated field logbook and a master logbook stored in a fireproof

safe in the site trailer.
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Before shipping them to the laboratory, the samples were transferred into a shipping cooler to
lessen possible breakage. All samples were placed into a waterproof plastic bag prior to
placement in the cooler. Bubblewrap was placed on the bottom of each of the coolers. Enough
ice, enclosed in two waterproof plastic bags, was placed along the sides and on top of each
group of bagged samples to ensure a temperature of approximately 4°C during shipment.
Temperature blanks were included with each sample shipment to monitor sample temperature
upon arrival at the laboratory. Chains-of-custody were prepared daily and accompanied each
sample cooler shipment. Two custody seals were affixed to each sample cooler prior to

shipment. Sample coolers were shipped by air for next-day delivery to Pace Laboratories.

2.4.4 Groundwater Sample Analysis

All first-round groundwater samples were analyzed using the following USEPA, SW-846
methods: VOCs (Method 8240), SVOCs (Method 8270), pesticides/PCBs (Methods 8080),
cyanide (Method 9010), and metals (Method 6010, 7060 [As], 7421 [Pb], 7470 [Hg], 7740 [Se],
and 7841 [T1]). Where petroleum hydrocarbon contamination was suspected, a portion of the
SWMU- and AOC-specific samples was analyzed for TPH (Method 418.1 and Method 8015,
modified). Groundwater samples from near the chemical disposal area (SWMU 14) were
analyzed for Appendix IX parameters, which include hexavalent chromium, dioxins, herbicides,
organophosphate pesticides, in addition to more comprehensive lists of VOCs, SVOCs, and
pesticides/PCBs. During the second and third rounds of sampling, analytical parameters were
reduced to focus only on those compounds defined as COPCs by the first round of sampling.

Only VOA samples were collected from the temporary wells.

Groundwater samples were collected from several grid-based monitoring wells within Zone H

and analyzed for engineering parameters relevant to the CMS. These parameters include:
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. Temperature Measured during sample collection
. pH Measured during sample collection
. Biological Oxygen Demand USEPA Method 405.1
. Chemical Oxygen Demand USEPA Method 410.1, 410.2, or 410.3
. Alkalinity USEPA Method 310.2
. Hardness USEPA Method 130.2
. Total Suspended Solids USEPA Method 160.2
. Total Dissolved-Solids USEPA Method 160.1
. Total Organic Carbon USEPA Method 415.1
. Nitrate USEPA Method 352.1
. Nitrite USEPA Method 354.1
. Ammonia USEPA Method 350.1
. Phosphorus (Total) USEPA Method 365.1

Ten percent of the groundwater samples collected at Zone H were duplicated and submitted for
Appendix IX analytical parameters.

The zone-wide second round of quarterly groundwater sampling was conducted during
April 1995. The resuits of this round of sampling are also included in this report.

2.5  Sediment and Surface Water Sampling
- Section 7 of the CSAP (E/A&H, 1994a) describes methods to collect sediment and surface water

samples. The following subsections briefly summarize those procedures.

2.5.1 Sediment and Surface Water Sample Locations
Sediment and surface water samples were coliected from the approved locations identified in the

Final Zone H RFI Work Plan. All sediment and surface water sample locations were accessible
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by wading at the time of sample collection. Surface water samples were collected before

sediment samples.

2.5.2 Sediment and Surface Water Sample Collection

Composite sediment samples were collected for laboratory analysis from O to 6 inches bgs.
Sediment samples were collected using the scoop sampling methods outlined in Section 7.2.3 of
the CSAP (E/A&H, 1994a). Surface water samples were collected in accordance with
Section 7.3 of the CSAP.

Stainless-stee]l spoons and bowls were used to collect sediment samples. When the sample
location was identified, the sediment surface was removed with a decontaminated stainless-steel
spoon or spatula to expose a previously unexposed surface. Using a clean decontaminated
stainless-steel spoon, the sediment was scooped into a decontaminated stainless-steel bowl. For
VOC samples, the sample containers were filled directly from the sampling device, taking care
to avoid twigs, large rocks, and grass. The remaining material was homogenized in the bowl

and placed into the appropriate sample containers.

Surface water samples were collected by submerging the appropriate sample containers with the
open end in the upstream direction. Care was taken not to disturb bottom sediments during the

sample procedure. VOC samples were collected first in the series of sample containers.

-2.5.3 Sediment and Surface Water Sample Preparation, Packaging, and Shipment
Guidelines in Section 11 of the CSAP (E/A&H, 1994a) were followed for the preparation,
packaging, and shipment of sediment and surface water samples collected during the Zone H

RFI investigation. The following briefly summarizes those activities.

Sediment and surface water samples were identified as outlined in Section 11.4 of the CSAP.

From the moment of collection, sample identifications accompanied each container for each
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sample. Samples were stored on ice in a cooler until prepared for shipment. Pertinent
information such as sample date and time of sample collection, weather, sampling team, sketch
map of sample location, tidal phase, and analytical parameters were recorded in the Zone H
sampling logbook for each sample or group of samples collected.

At the close of each day of sampling, sediment and surface water samples were grouped by
sample identification, custody sealed, enclosed in waterproof plastic bags, encased in protective
bubblewrap, and placed in a sample cooler. Ice in two waterproof plastic bags was placed on
top of the samples to preserve them at approximately 4°C. Before sealing the sample cooler for
shipment, the official chain-of-custody form was affixed to the top, inside surface of the cooler.

The coolers were then secured and two custody seals were affixed prior to shipment.

Sampling records were entered into a dedicated field logbook and a master logbook stored in a
fireproof safe at the site trailer.

Sample coolers were shipped by air for next-day delivery to Pace Laboratories.

2.5.4 Sediment and Surface Water Sample Analysis

All sediment samples were anatyzed using the following USEPA, SW-846, Third Edition method
parameters: tota] organic carbon (TOC) (Method 415.1, 415.2) (SWMU 9 and SWMU 159),
organotins (laboratory standard operating procedure), VOCs (Method 8240), SVOCs
- (Method 8270), pesticides/PCBs (Method 8080), cyanide (Method 9010), and metals
(Method 6010, 7060 [As], 7412 [Pb], 7470 [Hg], 7740 [Se], and 7841 [TI]). A portion of the
sediment samples was duplicated and analyzed for Appendix IX parameters, such as hexavalent

chromium, dioxins, herbicides, organophosphate pesticides, and more comprehensive lists of
VOCs and SVOCs.
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All surface water samples were analyzed for the following list of parameters by USEPA
methods: VOCs (Method 8240), SVOCs (Method 8270), pesticides/PCBs (Method 8080), metals
(Method 6010, 7060 [As], 7412 [Pb], 7470 [Hg], 7740 [Se], and 7841 [TI]), and cyanide
(Method 9010). A portion of the surface water samples was also duplicated and analyzed for
the Appendix IX parameters. Field parameters (dissolved oxygen, temperature, pH,
conductivity, and salinity) were not measured during Zone H surface water sampling. These

parameters will be measured and recorded during any Zone J surface water sampling.

Grain size analyses were not conducted on the sediment samples collected at SWMU 9 as
proposed in the Final Zone H RFI Workplan. Grain size analyses are to be conducted as a
portion of the sediment mapping exercise proposed in the Zone J RFI Workplan.

2,6  Aquifer Characterization

Between November 9 and December 9, 1994, rising and falling head slug tests were conducted
on 19 shallow and six deep monitoring wells to enhance estimates of aquifer characteristics.
Before a slug test was initiated, the static water level in each well was measured using an
electronic water-level indicator. A "slug" was then instantaneously introduced into the well, at
which time the water level and the time (T,) were recorded. Periodically, water level/elapsed
time measurements were recorded as the head fell back to the original level. Similarly, each
rising head slug test was performed by removing the "slug” and recording water level/elapsed
time measurements as the head rose back to normal. The time required for a slug test to be

.completed and the water level rate of change are functions of hydraulic conductivity.

The slugs consisted of 5-foot and 6-foot, 1.5-inch diameter solid Teflon cylinders with
stainless-steel eyebolts attached at one end. A nylon rope tethered to the eyebolt suspended the
slug in the well just above or below the water level. At the beginning of each test, the data

logger was activated the instant the slug was either lowered into or removed from the water.
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For each slug test, InSitu pressure transducers and two-channel Hermit 1000C data loggers were
used to record water level/elapsed time measurements. For graphing data, the data loggers were
programmed to record water level measurements on allogarithmic time scale. Raw data from

the data loggers were downloaded to a personal computer for data reduction and manipulation.

Data from the slug tests were compiled using the computer program AQTESOLYV (Aquifer Test
Solver) by the Geraghty and Miller Modeling Group (1989). AQTESOLV has several widely
published and accepted analytical solutions for many different kinds of aquifer tests. Rising and
falling head slug test data from shallow wells were plotted using an unconfined aquifer solution.
For this solution, time (elapsed) versus displacement (change in water level) was plotted on
semilogarithmic graph paper. Hydraulic conductivity (K) was computed by the program using
an equation developed by Bouwer and Rice (1976) for unconfined aquifers.

Data from deep wells were plotted using two different confined aquifer solutions because some
of the wells match one solution better than the other. One confined aquifer solution is a slightly
different version of the Bouwer and Rice unconfined aquifer solution mentioned above. The
other is a confined aquifer solution by Cooper, Bredehoeft, and Papadopulos (1967) which uses
time (elapsed) plotted against changes in head on semilogarithmic graph paper to calculate
aquifer transmissivity (T) and storativity (S). The AQTESOLV graphs are presented in
Appendix D of this report.

.Variables on the graphs are:

o)
S
i

initial displacement in the well due to slug injection or extraction
= well casing radius

wellbore radius

= length of the well screen

= thickness of the aquifer

c‘rﬂgg
I
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H = static height of water in the well
K = hydraulic conductivity
y0 = Y intercept
= transmissivity
S = storage coefficient

Transmissivities from the Cooper et al. confined solution were converted to hydraulic

conductivity values with the following relationship:

T

b

Where: K = hydraulic conductivity
T = transmissivity
b = aquifer thickness

A length of 10 feet was used for the aquifer thickness (b) in the formula above. This is roughly

the thickness of the lower sand zone. Where the lower sand is absent, the screen is 10 feet long

as well.

2.7  Vertical and Horizontal Surveying

Monitoring well locations and elevations were determined by conventional plane surveying
techniques. The horizontal and vertical control were established from existing monumentation
von NAVBASE with the horizontal North American Datum 27 and vertical National Geodetic
Vertical Datum 29. All traverse closures exceeded 1/20,000. No data corrections were required
as part of the monitoring well survey. Soil boring locations were surveyed with the Global

Positioning System (GPS).
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2.8 Trenching

Trenching with associated soil sampling were conducted near the landfilt (SWMU 9) during the
summer of 1993. The locations of the trenches were based on targets identified during the
geophysical survey and soil-gas investigations described in Appendix E. A clean plastic cover
was placed adjacent to each trench location prior to excavation. All excavated material was
placed on the plastic to allow all spoils produced during trenching to be returned to the
respective trenches or containerized. Each trench was approximately 2 feet wide and extended
through less than 1 foot to 3 feet of sandy material into the landfilled waste.

Soil samples were collected from each trench. The samples were taken directly from the
contents of the backhoe during excavation and included representative samples of the cover
material and soil/waste within the landfill. The backhoe was decontaminated between each
trench following the process outlined in Section 2.10.3 of this report. Water produced during
the decontamination process was containerized.

The preparation, packaging, shipment, and analysis of the soil samples collected from the

trenches were the same as those presented in Section 2.2.3 and 2.2.4 of this report.
All trenching and trench sampling activities were conducted wearing Level B PPE.

2.9 Soil-Gas and Geophysical Surveys
- Soil-gas and geophysical surveys were completed during 1992 at two SWMUs in Zone H:
SWMU 9, (the closed landfill) and SWMU 14 (the chemical disposal area). The results of these
surveys were published in the following report: Final Technical Memorandum, Preliminary RFI
Field Activity Soil-Gas and Geophysics Surveys, SWMUs 9 and 14, Naval Base Charleston,
Charleston, South Carolina, (E/A&H, 1994¢) (included as Appendix E). Soil-gas and
geophysical surveys were selected and designed to help identify the best locations for follow-up

soil sampling, trenching, and groundwater investigations. Survey objectives included a more
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accurate delineation of the boundaries of the two SWMUs, the identification of buried drums or
similar containers, and the identification of detectable leachate plumes.

2.10 Decontamination Procedures

Decontamination procedures were performed in accordance with Section 15 of the CSAP
(E/A&H, 1994a) and Appendix B, Section B-8 of the ESDSOPQAM for sampling equipment
(USEPA Region IV, 1991) and in accordance with Appendix E, Section E-9 of the
ESDSOPQAM for drilling equipment with the following exceptions. The detergent used on this
project was Liquinox because it contains powerful chelating agents to bind and remove trace
metals from sampling equipment. @ When available, hot water was used for field
decontamination. PVC well construction materials were not solvent-rinsed or washed with hot
water. Field reagent grade water was produced onsite to meet the specifications of ASTM
Type III water (D 1193-77 re-approved 1983, federal test method 7916). The steam cleaner
and/or high-pressure hot water washer were capable of generating adequate pressure and
producing hot water and/or steam. All wastes generated during decontamination were
containerized in designated drums for disposal by the Navy in accordance with Section 16 of the
CSAP.

2.10.1 Decontamination Area Setup

The decontamination area is a concrete pad designed to direct surface runoff into a catch basin.
Liquids contained within the catch basin were pumped regularly into designated containers. All
-equipment was cleaned on saw horses or auger racks above the concrete surface. When field

cleaning was necessary, plastic sheeting was placed on the ground to contain any spills.
2.10.2 Cross-Contamination Prevention

The following procedures were implemented during sampling activities to reduce

cross-contamination risk.
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1. New disposable outer gloves were donned before handling sampling equipment.

2. Only Teflon, glass, or stainless-steel spray bottles/pressurized containers were used to

apply decontamination rinsates. Each solution was kept in a separate container.

3. All necessary decontaminated field equipment was transported to the sampling location

to minimize the need for field cleaning.

2.10.3 Nonsampling Equipment
Nonsampling equipment includes drill rigs, and backhoes. Nonsampling equipment was

decontaminated using the following procedures:
1. Equipment was decontaminated with high-pressure steam.

2. Portions of the equipment contacting material to be sampled were scrubbed with a

laboratory-grade detergent and clean water wash solution.
3. Equipment was rinsed with clean water as necessary.

2.10.4 Sampling Equipment

Sampling equipment includes any downhole equipment (e.g., augers, drill pipe, and split-barrel
-samplers) and any sampling utensils (e.g., stainless-steel spoons, stainless-steel spatulas,

stainless-steel bowls, pumps) not dedicated to the sample location. Hollow downhole equipment

or equipment with holes potentially transmitting water or drilling fluids was cleaned on the inside

and outside. The decontamination procedure was as follows:
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1. Protective gloves were donned before decontaminating the equipment.

2. Items were washed and scrubbed with a laboratory-grade detergent and clean
water wash solution or decontaminated with high-pressure steam.

3. Items were rinsed with ASTM Type III water.

4, They were next rinsed with organic-free water.

5. Then they were rinsed twice with pesticide-grade isopropyl alcohol.

6. The final rinse was with ASTM Type III water.

7. Equipment was then air dried. If weather prohibited air drying, the isopropyl alcohol
rinse was repeated and the item was rinsed with ASTM Type III water twice.

8. Items were wrapped in aluminum foil or plastic sheeting if the sampling equipment was
to be stored or transported.

9. Augers and drill rods were covered in clean plastic after decontamination.
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3.0 PHYSICAL SETTING

3.1 Geology

3.1.1 Regional Physiographic and Geologic Background

NAVBASE is in the Lower South Carolina Coastal Plain Physiographic Province, on the
Cooper River side of the Charleston Peninsula, which is formed by the confluence of the Cooper
and Ashley Rivers. Topography in the area is typical of the South Carolina lower coastal plain,
having low-relief plains broken only by the meandering courses of sluggish streams and rivers
which flow toward the coast past occasional marine terrace escarpments. The topography at
NAVBASE is essentially flat. Elevations range from just over 20 feet above mean sea level
(msl) in the northwest part of the base to sea level at the Cooper River. Most of the original
topography at NAVBASE has been modified by activities such as dredge spoil deposition. The
southern end of the base was originally tidal marsh drained by Shipyard Creek and its
tributaries. The original elevations in other portions of the base were only slightly higher. The
land surface at NAVBASE has been elevated with both solid wastes and dredged materials
(primarily the latter) in increments over the last 93 years. Nonetheless, most of NAVBASE

remains within the 100-year flood zone of less than 10 feet above msl.

Geology of the Charleston area is typical of the southern Atlantic Coastal Plain. Cretaceous-age
and younger sediments thicken seaward and are underlain by older igneous and metamorphic
basement rock. Surface exposures at NAVBASE, in the limited areas which remain undisturbed,
consist of recent and/or Pleistocene sands, silts, and clays of high organic content referred to
-as the Wando Formation (Weems and Lemon, 1993). Underlying the Wando Formation,
increasing with age, are the Oligocene-age Cooper Group and the Eocene-age Santee Limestone.
The Cooper Group is comprised of the Parkers Ferry, Ashley, and Harleyville formations. The
formation of particular importance in the Cooper Group is the Ashley Formation, which was
formerly referred to as the Cooper Marl in most NAVBASE reports and regional geologic
literature. In more recent geologic nomenclature, the name "Cooper” has been given to a group

of formations which includes the Ashley Formation, a pale-green to olive-brown, sandy,
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phosphatic limestone or marl, which is locally muddy and/or sandy. The Ashley Formation in
the vicinity of Charleston is encountered at a depth of approximately 30 to 70 feet bgs. The
relief of the top of the Ashley Formation is associated with an erosional basin according to Park
(1985), who identifies the entire Cooper Unit, which includes the Ashley Formation, as being
approximately 300 feet thick.

Surface soil at NAVBASE has been extensively disturbed. Native soil was the fine-grained silts,
silty sands, and clay typical of terrigenous tidal marsh environments. Sand lenses are present
in localized areas; however, these are generally only a few feet thick. Much of NAVBASE,
particularly the southern portion, has been filled using dredged materials from the Cooper River
and Shipyard Creek. The dredged materials are an unsorted mixture of sands, silts, and clays.
Most of the remainder of the base has been either filled or reworked.

3.1.2 NAVBASE Geologic Investigation

Geological and stratigraphic information has been obtained from soil and monitoring well
borings installed during the Zones H and I RFIs. Data for both investigations have been
assessed and are included in the geologic and hydrogeologic assessment presented in this
RFI report. The soil encountered was classified and logged by an E/A&H geologist as described
in Section 2.3. Shelby tubes collected during soil sampling were analyzed for porosity, grain
size, and vertical permeability. However, the depth of the deepest borehole limited the
information to the upper 80 feet of unconsolidated sediments. Figure 3.1 identifies monitoring
. wells installed during the Zones H and I RFIs. Table 3.1 summarizes of construction data for
all Zone H monitoring wells. Monitoring well construction diagrams and associated lithologic

boring logs are included in Appendix B.
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Table 3.1
Zone H Monitoring Well Construction Data Summary

Top of
Ground Casing Depth to
Monitoring Surface Date Total Depth Screened {TOC) Groundwaters
Well ID # Elevation Installed (fY) Interval Elevation (below TOC)

NBCH009002 7.9 9/27/93 15.0 5-15 10.89 6.45

9/28/93 13.75

 NBCH009006 ' 9129/93 150
'NBCHOO9008 5.6 10/4193 14.0
NBCHO0900S 113 1043 1475 ¢
NBCHOOS010 82  10/5/93 150
. NBCH009011 107 200593 1475 475475 137
NBCH009012 71 10125/9% 15.0 a3

 NBCHOO13 65 10725094 150
NBCH009014 64  10125/94 15.0
'NBCHOOSOIS 82 o6/ 150
NBCHOO016 5.6  4/11/95 5.0
NBCHOOS017 . 5.5 = 41195 130 7
© NBCHO009018 50 41195 150
NBCHOO019 $7 41198 13O 2
NBCH009121 67 100419 150

3.68

NBCHOOS02D 81  10/10/% -~ 550 5.04
0.76
S

NBCHQ00903D 7.4 8/26/94 | 50.0
'NBCHOO9MD 44 10/18/% 450
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Table 3.1
Zone H Monitoring Well Construction Data Summary
Top of
Ground Casing Depth to
Monitoring Surface Date Total Depth Screemed (TOC) Groundwater*
Well ID # Elevation Installed {fe) Interval Elevation {(below TOC)

NBCH00906D 10.8 10/17/94 55.0 25-35 13.20 9.11

 NBCHO0908D 1 550  43-53 - 7.85 061
'NBCH013001 2 8729/9
8/29/94

NBCHO013003

'NBCHO13004 8/30/94
NBCHO13005 9/6/94
NBCHO13006 8.8  9/6/%4
NBCHO13007 87 9/12/94
NBCHO17001 116~ 9/1/94
NBCHO17002 106  9/8/9

NBCHOI7003 LS 9/8/94
NBCHO017004 10.2 9/10/94
NBCHO17005 a;.i?-’S_ 4/7/95
~ NBCHO017006 : 10.4 417195
NBCHI36001 -~ 9.5 921/%
NBCH178001 99  9/13/94
NBCHI78002 9.4  9/14/%4
NBCH653001 63  9/12/94

NBCHGS3002 64 9129 15
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Table 3.1
Zone H Monitoring Well Construction Data Summary
Top of
Ground Casing Depth to .
Monitoring Surface Date Total Depth  Screened {TOC) Groundwaters

Installed

| NBCH655002 | 8.77 8/29/94 15.0 3-13 8.82 2.46

NBCH656001 9.1  8/25/94 150  3.5-13.5 11.23 )

NBCH656003 8.5 8/25/94 15.0 5-15 10.94 NA

NBCH660002 9/9/94 15.0 313 859 471
NacHes0r 88 emss 10 3 s ua
NBCH662002 94  9/7/9

NBCH663001 87 824

NBCH663002 82 9/21/9

NBCH66600! B2  9/9/9%

NBCH666002 86  9/9/94

NBCH66T001 7.1 9112/94

NBCH667002 70 91219

NBCHOMO0L 10.4 972219

NBCHO14002 105 922104

NBCHO14003 B4 92319

NBCHO014004 7.1 923/94

NBCHO014005 94 92354

NBCHO1401D 102 10/20/94

NBCHOM02D  10.6 - 10120;9’451:-;;,:-,,, .
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Table 3.1
Zone H Monitoring Well Construction Data Summary
Top of
Ground Casing Depth to
Monitoring Surface Date Total Depth Screened (TOC) Groundwaters
Well ID # Elevation Installed (ft) Interval Elevation (below TOC)

NBCH01404D 6.8 10/21/94 45.0° 25-35 9.38 6.55

NBCHGDHO001 104 9/26/94 15.0 312 13.01 7.79

NBCHGDHO003 10.6 9/27/94 13.0 3-13 13.20 9.35

NBCHGDH005
 NBCHGDHO06

NBCHGDHO037 9/28/94

NBCHGDHO08 9.8  928/4

NBCHGDHO0 105  10/3/94

NECHGDHOI0 7.3 1039 =

NBCHGDHOI11 69  10/4/9

NBCHGDHOID 103 103154 -

NBCHGDHO2D 7.2 10/11/9

NBCHGDHO3D 104  10/12/%4 0
| NBCHGDHMD 9.1  10/19/%4 65.0 656

NBCHGDHOSD 117 10019/ .0

NBCHGDHO06D 10/18/94

NBCHGDHOTD - 93 '10/22/94

NBCHGDHO08D 10.3 10/19/

NBCHGDHOSD 109 102154 = 600




Final RCRA Facility Investigation Report for Zone H
NAVBASE Charleston

Section 3: Physical Setting

July 5, 1996

Table 3.1
Zone H Monitoring Well Construction Data Summary

Top of
Ground Casing Depth to
Monitoring Surface Date Total Depth  Screened (TOC) Groundwater*
Well ID # Elevation Installed (L) Interval Elevation {below TOC)

50.0 NA NA NA

020TW02 7.9 10/4/94 14.5 4.5-14.5 NA
o20TWO3 ot 1200 22 NA
020TWN4

10/5/94 12.0 2-12 NA
00TWOS 41 1o7m4 40 03 NA
020TWOS 76 10/4/9 12.0 2-12 NA
00TWO7 55 154 120 212 NA
020TWO08 54 10784 12,0 212 NA
020TW09 136 10/6/94 15.0 5-15 NA NA
020TW10 1.7 10/6/94 15.0 5-15 NA Y

020TW11 o 111 10!6194 | 15.0 55 NA
020TWI12 95 107719 15.0 515 NA
RITWOL 67 10/5/9 120 212 NA CONA
121TW02 48 10/5/9 NA NA
ITWOS 67 10894

2023 NA . NA
121TW04 6.0 10/6/94 12.0 2-12 NA NA
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Table 3.1
Zone H Monitoring Well Construction Data Summary
' Top of
Ground Casing Depth to
Monitoring Surface Date Total Depth  Screened (TOC) Groundwaters
Well ID # Elevation Installed _ () Interval Elevation (below TOC)

Temporary Monitoring Well and Hydropunch Construction Data

Notes:

s =  Depth to groundwater varies by season and time of day. Depths to water presented in this table
should only be considered approximate.

NA =  Not Available

NS =  Not Surveyed

Of the stratigraphic formations described in Section 3.1.1, only two (the Wando and Ashley
formations) were encountered during the Zone H RFI. The lowermost stratigraphic unit
identified is the Ashley Formation of the Oligocene-age Cooper Group. Figure 3.2 is a contour
map of the erosional surface of the Ashley Formation. Above the Ashley lies what is believed
to be sediments of the Quaternary-age Wando Formation. Lithologic cross sections prepared
with data collected during monitoring well installation are presented in Figures 3.3, 3.4, and
3.5, which the following discussion of the geology of NAVBASE is based.

3.1.3 Ashley Formation

The Ashley Formation is an olive-yellow to olive-brown, tight, calcareous, sandy and clayey silt
-often found dry in split-spoon samples. The top of this formation, which was encountered at
depths ranging from 35 to 77 feet bgs, represents the target depth of the deep borings.
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Five Shelby tube samples collected from the Ashley Formation exhibited an average porosity of
54%. The grain size and hydrometer analyses indicated that the average silt content was 49%,
sand content was 27%, and clay averaged 27% in the five samples. Geotechnical information

from the Shelby tube samples is presented in Appendix F.

Figure 3.2 is a paleogeologic map depicting the former erosional surface of the
Ashley Formation. The map indicates that relief on the surface of the Ashley is considerably
greater than the topographic relief at ground surface. Maximum relief of the top of the
Ashley Formation is 49 feet measured between the highest point at deep well location
NBCIGDIIO9D (-19 feet msl) and the lowest point at deep well location NBCH00907D
(-68 feet msl). Erosional surface lows on the Ashley occur at NBCH009Q7D, NBCIGDI15D,
and along a northwest/southeast trending line from NBCH00905D to NBCIGDIOSD.

3.1.4 Wando Formation

Overlying the Ashiey and extending to ground surface (in areas not covered by dredged
materials) is the Wando Formation, which ranges from approximately 35 to 77 feet thick. The
Wando is made up of one or more horizon(s) of undifferentiated sand and clay which vary
greatly in thickness and distribution. Beneath most of the site the Wando has a lower sand layer
overlain by a "marsh clay” layer. Another surficial sand layer generally overlies this clay unit.
However, at some borehole locations, either sand layer may be absent or additional clay layers

may be present above the upper sand and below the lower sand layers.

The lower sand, characteristically gray-green or gray-brown, medium- to well-sorted, and
clayey, often contains shell fragments and phosphate nodules. The maximum thickness of this
sand was 14 feet as measured in borehole NBCH00912D. The average porosity of four Shelby
tube samples collected from the lower sand was 69 percent. The grain-size distributions for

these samples averaged 36% silt, 27% sand, and 37% clay.
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The lower sand is overlain by a grayish-green and blackish-green, sandy, fat (high plasticity),
silty-clay that often contains shell-hash layers and plant remains. Also referred to as "marsh
clay,” this unit characteristically has a high organic content which results in a distinct hydrogen
sulfide (H,S) odor. The average porosity of four Shelby tube samples collected from the lower
sand was 69%. The grain-size distributions for these samples averaged 36% silt, 27% sand, and
37% clay.

The top of the Wando is usually represented by a surficial sand layer that overlies the
marsh-clay. This grayish-green to olive-tan clayey sand is fine- to coarse-grained and also often
contains shell-hash layers and phosphate nodules. Physical analysis of this sand indicated an
average porosity of 37%, and a grain-size distribution of 5% silt, 88% sand, and 7% clay.

Although most of the site is underlain with the stratigraphy described above, isolated areas do
not fit this simplified stratigraphy. For example, to the northeast, between boreholes
NBCHGDHO7D and NBCH01405D, the lower sand is absent and a layer of marsh clay lies
above the upper sand layer. The same sequence occurs at NBCH00903D and NBCHGDHI10D.
To the west, the upper sand layer is absent at NBCH00907D and NBCH00912D and the lower
sand layer is underlain by marsh clay at NBCH00912D.

3.1.5 Fill Deposits

In many areas across the southern portion of NAVBASE Charleston, the Wando Formation is
‘overlain by fill material used to raise the elevation of low-lying areas, extend shorelines, and
protect riverbanks and shorelines from tidal erosion. These fill deposits consist of dredged
materials from the Cooper River and Shipyard Creek; domestic, industrial, and medical wastes
(primarily in the area of SWMU 9); and former quay-wall construction materials such as large

rock boulders, slabs of concrete, wood pilings, and crushed rock and gravet.
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3.2 NAVBASE Hydrogeology

3.2.1 Regional Hydrologic and Hydrogeologic Background

Parts of the southern portion of NAVBASE are drained by Shipyard Creek while some northern
areas are drained by Noisette Creek. The drainage basins of both waterways include areas other
than NAVBASE. These waterways are tributaries of the Cooper River. Surface drainage over
the remainder of NAVBASE flows directly into the Cooper River, which discharges into
Charleston Harbor.

Shipyard Creek, a small tidal tributary about two miles long, flows southeast along the
southwestern boundary of NAVBASE to its confluence with the Cooper River opposite the
southern tip of Daniel Island. Docks are along the western shore of the lower mile of the
channel, while the entire length of the eastern shore is bounded by tidal marshland.

Noisette Creek, which transects the northern portion of NAVBASE, is a tidal tributary
approximately 2.5 miles long. The creek flows nearly due east from its headwaters in the

City of North Charleston and empties into the Cooper River.

Groundwater occurs under water table or poorly confined conditions within the Pleistocene
deposits overlying the Ashley Formation of the Cooper Group. Transmissivities in the
Pleistocene aquifer are generally less than 1,000 feet per day and well yields are variable,
ranging from 0 to 200 gallons per minute (gpm). This groundwater contains high concentrations

of iron and is commonly acidic at shallow depths (Park, 1985).
The Cooper Group is hydrogeologically significant mainly because of its low permeability. In
most locales, its sandy, finely granular limestones produce little or no water, but instead act as

confining material that causes artesian conditions in the underlying Santee Limestone.

The Santee Limestone aquifer, which underlies the Cooper Group, is typically artesian, except
in outcrop areas. Yields from wells in the Santee are typically less than 300 gpm (Park, 1985).
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3.2.2 NAVBASE Hydrogeologic Investigation

Hydrogeological information was obtained from slug test analysis, water level measurements,
and tidal influence monitoring conducted during the Zone H RFI. Estimates of vertical
permeability, grain-size distribution, and porosity were obtained from analysis of Shelby tube
samples collected during drilling.

3.2.3 Lower Confining Unit

The high clay and silt content, laterally consistent overall thickness, and very low vertical
permeabilities of the Ashley Formation strongly suggest that this formation serves as an aquitard
beneath Zone H. The five Shelby tube samples collected from the Ashley exhibited a very low
average vertical hydraulic conductivity of 0.0027 feet per day. According to Fetter (1988),
sediments with permeabilities of 0.03 feet/day or less can be considered confining units. The
low vertical permeability found in the Ashley indicates an extremely low potential for
groundwater movement through the unit. The fact that many of the soil samples collected from
this formation were dry lends further credence to its designation as an aquitard. As an aquitard,
the Ashley serves as a lower confining unit to the water-bearing sediments of the overlying

Wando Formation.

3.2.4 Shallow Aquifer
The two sand layers of the Wando Formation are distinct water-bearing zones that exhibit limited
hydraulic connection. Beneath much of the site, the "marsh mud" clay layer serves as an

-aquitard separating the upper and lower sands.

The lower sand is considered semiconfined to confined by the intervening clay layer because
water levels in wells screened across the lower sand rise well above the top of the unit.
Generally, potentiometric head levels in this unit are within 10 feet of ground surface and in
some wells (NBCHO00903D, NBCHO00905D, NBCHO00908D, and NBCHGDHOS5D) the
potentiometric head level is above ground surface.
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The high silt and clay content of the marsh-clay layer makes it a viable aquitard that impedes
flow between the sands. The four Shelby tube samples collected from this unit had an average
vertical hydraulic conductivity of 0.001 feet/day, 2.7 times lower than that of the
Ashley Formation.

The upper sand is considered unconfined. However, it may be semiconfined where it is overlain
by marsh clay or silty-clay fill material. Water levels in the upper sand are usually within 6 feet
of ground surface, and at, well NBCH009005, groundwater is above ground surface.

3.2.5 Groundwater Flow Direction

The potentiometric surface maps for the upper and lower zones of the shallow aquifer are
presented as Figures 3.6 and 3.7. Figure 3.6 incorporates data from the shallow wells and
generally represents the upper sand aquifer because most of the shallow wells were screened in
that unit. For the same reason, Figure 3.7 roughly depicts the potentiometric surface of the

lower sand.

Figure 3.6 (upper sand) shows that much of the central and southeastern portions of NAVBASE
contain areas of high groundwater elevation that roughly form a groundwater ridge or divide
trending northwest/southeast. Groundwater to the north and east of this ridge flows toward the
Cooper River while groundwater to the southwest flows toward Shipyard Creek.

-Figure 3.7 (lower sand) displays a large area of high groundwater potential covering the
northeastern and most of the central portions of the southern end of NAVBASE. Southwest of
this area, groundwater in the lower sand flows toward Shipyard Creek. Groundwater to the

north, east, and southeast of this potentiometric surface high flows toward the Cooper River.
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3.2.6 Vertical Hydraulic Gradient

When water levels at shallow/deep well pairs on the southern portion of NAVBASE are
compared, there is usually a downward hydraulic gradient between the two sand layers.
However, at some of the well pairs, water levels are either the same or there is a distinct upward

hydraulic gradient between the layers.

Table 3.2 presents the calculated vertical hydraulic gradients between each of the shallow/deep
well pairs. The vertical gradients were calculated by dividing the difference in static water-level
elevation by the vertical distance between each aquifer at each well pair. In cases where either
(or both) sand layer was not present, the vertical distance between well screens was used in the
calculation (Bedient, et. al. 1994). Figure 3.8 presents the distribution of vertical gradients
across the site. Positive gradients indicate a downward potential for vertical flow and negative

gradients indicate potential for upward flow.

Most of the well pairs have a downward hydraulic gradient (positive) indicating the potential for
groundwater to flow from the upper sand aquifer to the lower sand aquifer. This does not
necessarily mean that the aquifers are hydraulically connected beneath the site. It does indicate
the direction of flow if a connection exists. However, no connection between the upper and
lower sands was observed in any of the Zone H boreholes. At some lateral distance from
Zone H, a connection between the two sands could exist in association with the Cooper River
and/or Shipyard Creek.

Well pairs that exhibit negative vertical gradients indicate a potential for upward vertical flow
between the lower and upper sands. Most of the well pairs with upward vertical flow potential
are along the southwestern shore of the peninsula near Shipyard Creek. This area roughly
corresponds with one of the erosional surface lows indicated on the paleogeologic map of the

Ashley Formation (Figure 3.2).
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Table 3.2
Vertical Hydraunlic Gradients

Groundwater
Elevation Vertical Distance Vertical Hydraulic
Well Pair Difference (ft) (ft) Gradient (ft/ft):

NBCH009003/00903D 4.22 27 -0.156

* NBCH009005/00905D

'NBCHOMOODMOID 007
NBCH014002/0 1;021) -b.59

NBCHO1400301403D 009
NBCHO14004/01404D 0.77
NBCHO1400/01405D . 0.78
NBCHGDHOOI/GDHOID 328
NBCHGDHO002/GDHO2D 373
NBCHGDH003/GDHO3D 0.59
NBCHGDHO04/GDHO4D 1.59
NBCHGDHO0S/GDHO5D 0.41
NBCHGDHO06/GDHOGD 138
NBCHGDHO007/GDHOTD 1.59
NBCHODHOOB/GDHOSD 079 25
NBCHGDH009/GDHO9D 243
NBCHGDHO10/GDH10D gL

NBCHGDHO011/GDHI1D -4.24
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Table 3.2
Vertical Hydraulic Gradients
Groundwater
Elevation Vertical Distance Vertical Hydraulic
Well Pair Difference (ft) (13] Gradient (ft/ft)
—

NBCHGDI001/GDIO1D -1.15 34
NBCHGDI003/GDIO3D -1.88 39 -0.048

NBCHGDI00S/GDIOSD | 016 305 | 0.085
| NBCHéDibO‘” dDIO’TD
 NBCHGDIOOS/GDIOSD
NBCHGDIOOQ/GbIMb
NBCHGDII01/GDIIOD
NBCHGDI011/GDI11D
NBCHGDIOI2/GDII2D
NBCHGDIO13/GDI13D

NBCHGDIOI4/GDII4D

NBCHGDIO15/GDI15D
NBCHGDIOI6/GDI16D e 5

NBCHGDIO17/GDI17D 1.61 | %5 0.061
NBCHGDIOI®/GDISD L6 . m 0.071
NBCHGDIOI/GDIOD 49 1 01
Note:

(-} = Indicates potential for upward flow.
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3.2.7 Horizontal Hydraulic Gradient

The potentiometric maps (Figures 3.6 and 3.7) were examined to find the highest and lowest
horizontal hydraulic gradient for each aquifer. Table 3.3 presents horizontal hydraulic gradients
for selected well pairs associated with each aquifer. Generally, the well pairs were selected to -
show the maximum and minimum horizontal gradients measured perpendicular to the water Jevel

contours.

Table 3.3
Horizontal Hydraulic Gradient

Shallow Aquifer

NBCHO0903D/NBCHO0912D 0.012
Lower Sand
NBCHGDHO9D/NBCIGDIOSD 0.00078

— — —
— —— e —— e —— ——

3.2.8 Hydraulic Conductivity

Rising and falling head slug tests were conducted to determine the hydraulic conductivity of the
surficial aquifers. The hydraulic conductivities for the upper and lower sands are presented in
Tables 3.4 and 3.5 respectively. Injecting the slug produced falling head data and rising heads
resulted from withdrawal of the slug.

Because hydraulic conductivity data are lognormally distributed, the geometric mean is the best
. measure of central tendency. Therefore, the average hydraunlic conductivity for each well is

presented as the geometric mean of the falling and rising head values.

Both rising and falling head slug tests were conducted on tested wells. However, a falling head
test was not conducted on NBCH00905D because the water level was too high. If the slug had
been introduced instantaneously, well water would have overflowed the casing. Therefore, only

a rising head result is presented for this well.
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Table 3.4
Zone H
Shallow-Well Slug Test Hydraulic Conductivity Results in feet/day
Well Falling Head Rising Head Geometric Mean*

NBCHO09008 0.260 0.244 0.252
93 e
NBCHO013005 1.94 330 2.53

NBCHO014002 1.70 2.30 1.97

NBCHO17001

0.695 1.07 0.863

0203
0.712
NBCHS55001

o078

NBCH6S6001 o3
NBCH660OOI 1&2
NBCH662001 | 7.15
NBCH663001 a2 -
NBCH666001 | 0.507

NBCH667001 ~ . 033

NBCHGDH004 0.429

NBCHGDHO0S " 2.88 a6 342
" Note:
. = Average calculated using the falling and rising head values.
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Table 3.5
Zone H
Deep-Well Slug Test Hydraulic Conductivity Resuits in feet/day
Well Falling Head Rising Head Geometric Mean*

NBCHO00907D

NBCHO01402D

1.28

* = Average calculated using the falling and rising head values.

The geometric mean for the slug-tested shallow wells is 1.05 feet/day. This number is generally
representative of the upper sand because most of the tested wells are screened across that unit.
The geometric mean for the deep wells (all screened across the lower sand) is 0.892 feet/day.

The mean hydraulic conductivities from Tables 3.4 and 3.5 were plotted next to their respective
wells on Figure 3.9 to show the areal distribution of hydraulic conductivity.

3.2.9 Horizontal Groundwater Velocity
To estimate the rate at which groundwater and possibly dissolved contaminants are migrating,
groundwater velocity was calculated using the following formula:

v- K*i
n

[

Where:
vV = horizontal groundwater velocity
K = hydraulic conductivity
i = horizontal hydraulic gradient
n, = effective porosity
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The average porosity of 37% from the upper sand (Section 3.1.4) was used as the effective
porosity in the equation for both aquifers. The maximum and minimum hydraulic gradients and
geometric mean hydraulic conductivity for each aquifer were obtained from Sections 3.2.7

and 3.2.8, respectively.

Groundwater velocities for each aquifer are listed below in feet/day:

Maximum gradient Minimum gradient
Upper Sand 0.017 0.0012
Lower Sand 0.029 0.0019

3.2.10 Zone H Groundwater Usage and Ambient Water Quality

Both the Pleistocene deposits and the Santee Limestone function as potable aquifers in the
Charleston region. However, the shallow (Pleistocene) aquifer is poorly developed in the
NAVBASE area and is not used on the NAVBASE. A survey of groundwater users within a
seven-mile radius of the NAVBASE was provided by the South Carclina Water Rescurces
Commission to ascertain the extent of any shallow groundwater usage. The survey identified
no drinking water wells which are screened in the shallow aquifer within a four-mile radius of
the NAVBASE. The shallow aquifer overlying the Ashley Formation consists of differentiated
sedimentary fluvial deposits extending from the surface to approximately 80 feet bgs. No
information relative to intervening aquitards or units capable of significantly impeding downward
~migration of contaminants was available prior to drilling through the interval of Pleistocene

sediments.

Analytical data for various parameters reflective of groundwater quality were obtained from
monitoring wells completed in the upper