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DEPARTMENT OF THE NAVY 
S!WlHERN D M S W  

NAVAL FACttlTlES ENQINEERtNG COMMAND 

P.O. BOX 1 OOOlO 

2155 EAGLE DRIVE 

NORTH CHARLESTON, S.C. 20HQ~B010 

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, 

M.A.HUNT, P.E. 
Environmental Engineer 
Installation Restoration 111 

Copy to: 
SCDHEC (Paul Bergstrand, Johnny Tapia), USEPA (Dam Spariosu), 
SOUTHNAVFACENGCOM (Matthew Hunt), CSO Naval Base Charleston (Billy Drawdy, 
Daryle Fontenot), SPORTENVDETCHASN (Bobby Dearhart) 



Filing Instructions 
Final RCRA Faciliry Investigation Reporr for Zone H 

Naval Base Charleston 
June 18, 1998 

FILING INSTRUCTIONS 

The following is a list of pages in the Final RCRA Facility Investigation Report for Zone H, dated 

July 5, 1996, that have been revised. The obsolete pages presently in your binders are listed in 

the column headed "Remove." New and replacement pages are listed in the column headed 

"Replace." Please file this instruction cover sheet preceding the Table of Content of Final RCRA 

Facility Investiga~ion Report for Zone H.  

I f  you have any questions, please call 843-884-0029. 

Remove 

List of Changes/Revisions Pages 

Front Cover, Spine, and Front Page Volume I - 

Table of Contents - updated. Volume I i - xliii 

Section 4.19 Volume I 4-287 - 4-298 

Replace 

Paees 
- 

i - xliv 

4-287 - 4-298(g) 
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Columbia, SC 29201-1708 
CERITFIED MATL 

~ S E D N E R :  

J o b n ~ ~ l o a i u  
aninarn LCDR Paul Rose 

OGcer in Charge, Caretaker Site Office 
WWmM.Hull.Jr,MD 
via ~linnra Naval Facilities Enficcring Command, Southem Division 

Building NI1-45 
RoqaLtlbk 
-w Charleston Nnvd Base 

Charleston, SC 29408-2020 
-EkbbolP.PDS 

cyadic~- Re: Zone H Final RCRA Facility Iwtstigatioa @Fl) Report 
Pagc Cbmges ofid Response to Comments, Jw&4/97 

~ K S ~  Charleston Navd Base 
RadacrLQurby SCO t 70 022 560 

Dear LCDR Rose: 

Thc Souh Carolinn Depulmcnt of Health and EnvironmmtiJ. Control (Department) and the 
U.S. Enviroamcnd Protection Agoncy @FA) have reviewed the above r&r- Zone H Find 
RFI Rrpwt. page cbqges and responrc lo eommeahs, mmdhg to nppticablc State and Federal 
Regulations nnd tbe Charleston Naval Base H ~ d o u s  Waste Permit effective June 5,1990. 
Based on h s  review, the Dcpartmcnt ha minor corxlmentu hat must be addressed during the 
Corrective Measures Study (CMS) phase, and do not preclude this Depatmenc from 
conciitionolly approving the Zdne H RFl report as final. The DepJrbment believes that the 
Charleston Nmid Base complies with requkmwts af pennit condition W.C.6. of the RCRA 
pamit and concur with rht Corrective Measures Reammcndations provided that b e  followiug 
chnngts ;are made: 

- SWMU 17 groundwau should also be monitored fir beazidine as part of the data 
gnpstobefillcd. 

- AOC 655 &~ri!d xostor s ~ u w  grcundwaw for ~ s e a i c .  
- AOC 462 is a potential candidate for transfer to thc subtitle I of RCRA 
- OIA G07 llnd G38 CMM~ bc consided M candidam for W A  at thiS the .  The 

m a t  of contamination for pesticides has not bee11 Tdly defined= Additional sail 
snmylts @oh intervals) should bc collected and tbe risk reevaluated. This 
infomlation cnn be pr'esmted as ~UI addendum to the zone H RFl report Pcr pumit 
condition N.B. I., the up ta now callad Other lmpnctd Areas (007, G38 and G 80) 
shoulrl be identified as Ares of Corn (AOC) a d  given a number. T h ~ c  sites 
should dso be indudcd in the permit renewal ~pplicatim. 

It should be nolcd that according to ~ondition lV.E.2. the pennit shall be modified pursu~at to 
R61-79.270.4 1. fhcpeamit modifidions can be made as port of the p m i t  rcncwal., cum& 
underway. The US EPA recommended approval of tbe report and response to comments on 
letter dated August 5,  1997. 

SOUTH C A R O L I N A  D E P A R T M E N T  n F  H R a r  r u  A ~ X T ~  = h r - r r - - . . - - - - - -  



Commander Paul Rose 
August 28,1947 
Page rwo 

Based on the abme md by virtue of this letter the Dcp-nt hereby condiliondly approves 
the Zone H RFI Report. 

'Ih Depsb~cllt's concurrence is based on Ih iDformaton provided by the N D I ~  to date Any 
mu infirnation conmdicting the baris for this & n n u l w  m q  requl. M c r  '-tigation 
or action. 

Should YOU b e  my qucstiom regarding this issue. plcasc contact Johnny Tapia at (803) 8 9 6  
41 79 or Paul Bergsb-~nd at (803) 896-4016. 

lo& H d e y ,  ~ Y w ~ e ;  
RCRA Corrective Action Engiaccriag Section 
Bureau of Land & Waste Managemen1 

cc: Paul Bergsfmind, Hy6-ogeotogy 
Rick Richter, Trident EQC 
Tony Hun< SOUTHNAVFACmGNCOM 
Jay Basset&, IEPA Region IV 



SCDHEC COMMENTS ON 
PAGE CHANGES AND RESPONSE TO COMMENTS 

DRAFT ZONE H RFI REPORT 
Dated June 24,1997 

Johnny Tapia 

I .  The Dcpummt largely agms with the T o m e  to cbmmeut # 1, homer the 
Wl Report should be complete. Decisibns rue made b d  on data obtained 
LO d ~ r ;  therefore the iZFI report should contab the results of dl rounds of 
groundwater sampling clod andysk These documem are for public 
bowledge and should be wmplc&. or handouts provided during or 
beforc PInjcd Team Meetings are coasidered exclusively Ear that use and not 
as information chat should be added to a repoh 

By not scnding h e  required informohon the Navy could violate permit 
condition N.C.6. of the approved RCRA Permit. This pennit condition clearly 
states: ..." Thc W'I Report(s) shall include an analysis and summary of dl 
rcquircd investigations af solid waste maaagenaenr units 'and their resulu." 
Four muads of groundwtcr sampling are re(luircd , chey are mt opriornl. The 
informahon that compietes the groundwater dab collection d analysis could 
be submitted ns an addendum to the RFI rcpat Tluis informadon and 
addendurn to the RFI report should he submitted by Scptcmbcr 30,1997. 

2. The second Department's general comment wrrs in relation to thc revised 
Upper Tolervrac Limits (UTLs) and the changes that could have been 
produced in the inclusionlwcclusion ofam& conraminants as COPCs. 
A tevision of the data site-by-site was perform& nnd the following -dings 
shall be considcrcd in the measure tbnt t h q  a&t decisions m& for NFA 
wndidnte sitcs. If the below rncntiond sites are adidate for a CMS, the 
below described r n n m  should be considaal during this stage: 

AOC 670: Chromium should be added as a COPC in surfju soil. 
SWMU 14: Arsenic should be addtd as a COPC in deep groundwtcr. 
SWMU 159: Chromium should be added as n COPC in swfhce soil. 
Additioanlly, sediment detections at this site werr; campared to Region XIX 
RBCs. 

Considcring rhnt all of the above mwtioned sites are moving into thc 

Cornl ive Mu~surcs Study phase;, these c h a n g e s l w ~  can. be done 
during h i s  stage of the Corrective Action process. 



3. This is s clariGcaLion to the response to spccific commmt # 3, which stilI has 
the wrusg valw for the RBC for Aroclor 1216. Tbe RBC with a 0.1 KaPrd 
Quoticut IS 550 ugfKg. Since we ore using thc more c-cmservativc value 83 
ugXs h r  01) PCB congeners, the W e n  value does not need to be changed. 

4. The D e p m e n t  agree with the response to specific comment # 4 whcn 
KBCs art u p d a d  to a higher number. However, if the n u m b  is l owed  
b d m  ;r doaumnt is approved and would considerably affoce the outcome of 
a decisian. it should immcdiakly b~ masided and reported to this 
UepartmenL The conclusions and rccorkmndations sections should aka bc 
revised in this cvnt. 

5. Spcciiic cornmat # 8 was &.reded to include copper and lead as having a 
sigdwnt migmdon pathwayfbtn soil to gr~undwater in SWhrfV 19. Copper 
and l td  detections in soil exceeded thcir rcsptctivt screening vulue (RBC and 
soil action levd), in the subsudace soil they exceeded their Soil Screening 

Level ( SSL). Two rounds of groundwater silmpling detected coppcr ilnd lead 
in excess of tap water RBC and water action Ievcl, rcspectivcly. Additionally, 
these iwo inorganics were atso dekcted in sedimenb. The data shows cr 

poteatid d g r a h n  pafhwny. Copper and Lead should be included in table 
5.3.5 for S W M U  19. 

6 .  Specific comment # I I made refmce to AOC 655 detections of arsenic ia 
gcoundwater, spcciIiwUy to well NBCH655003. Now Qrrt the fbur rounds of 
data h i l ~ i  been rcviewBd it is appropriate to monitor for U S C ~ ~ C  in the shallow 
qufier, due to consislent ckkcti0115 above UTLs ( 30-40 uglL)and 40% to thc 
MCLvnluc (50 ug/L). Web NBCH655002 also consisteatly detected arsenic 
but belorv the ;rccepted WI'Lrm, There orc no grid-baed wells nearby to confinu 
if the presence of arsenic in gmnchmter is localized or port of a bigger threat. 
'his sire shouid be monitored 6 r  &c. 



2600 Bull Srrcer 
Culumbi;~. SC 29201-17138 

TO: Johnny Tapia, Environmental Engineer Assmiate 
H ~ o u s  Waste Petmirting Section ! 

Hazardous and Infectious Waste Management 
Burcau of Land and Waste Management 

I/ 

l?ROM; Paul M. Bergsoand, Hydrogeobgisr 
Hazardous Waste Section 
Di.sion of Hydmgmlogy 
Bumu of Land and Waste Management 

D A m  19 August 1997 

R E  Charleston Naval Base (CNAV) 
Charleston, South Carolina 
SCO 170 022 560 

Final RCRA Facility Investigation 0 Report 
Page changes and response to comments , 

Zone H 
Dated 24 June 1997 

The materials refexaced above has been review& with respect to the requirements of R.61-79 
of the South Carolina Hazardous Waste Management Regulations, The Environmental 
Pmtcction Agencies (@A) BCBA F F  . . . . May 1989, 
the revised EPA Region 1V Environmental Cornplian~e Branch 

A- (SOPIQAM) dated May 1996 and the Final Comprehensive 

Sampling and Analysis Plan dated 30 August 1994. 

Based on that review. minor comments on the Response to Comments are armched which do 
not prwent approving the Zone H Rm Report as final. These comments should be 
incorporated in future RFT Rcports. 

DD970824. PMB 



1. S~cCommmts#1,2,3,anb4. 

These cornmefirs, in general, are ail wncemrng how uata has been resented on maps, 
more specifuxly data presented in the farm of risk maps in lieu ! ;oconcm&on 
maps. The Prajecc Team agreed to accept risk maps for nonspec:. : polyaromatic 
hydrocarbons. Therefore, when nonspa5fiic polyaromatic hycimcdom lend 
themselves to risk maps in the r q r t ,  the Navy should make tl15 risk maps. When  sit^ 
related compounds lend themselves to mncentiation maps, rhe Navy should maLE 
thc ~ ~ ~ 0 o n  maps.  

2. Specific Comment #4 

This comment pointed out the lack of important site features such as pipelimes, t&, 

dfajnage ditches-from 51% maps in the report. The apparent reason is that only the 

features present in the ArcView database get p r i n d  on the site maps. The Navy 
should include impomt site features on site maps. 

3. Specific Comment #8 
The CNAV Project Team has a@ not to use statements such as 'No Further Adon 
with rtspcct to RCRA' whm addressing sites transfm to the SC UST Program s h e  

this may result in conhsion regarding site status, Only the program area managing a 
UST, SWMU or AOC will issue a 'No Further Actionn. 



Filing Inrtructions 
Final RCRA Faciliry Investigation Report for Zone H 

Naval Base Charleston 
June 24, 1997 

FILING INSTRUCTIONS 

The following is a list of pages in the Final RCRA Facility Investigation Report for Zone H, dated 

July 5, 1996, that have been revised. The obsolete pages presently in your binders are listed in 

the column headed "Remove." New and replacement pages are listed in the column headed 

"Replace. " Please file this instruction cover sheet preceding the Table of Content of Final RCRA 

Facility Investigation Report for Zone H 

If you have any questions, please call 803-884-0029. 

List of ChangesIRevisions 

Table of Contents - updated. Volume I 
Executive Summary Volume I 
Preface - Addition Volume I 

Section 4.0 - Table 4.1.2 and 4.1.3 Volume I 
Section 4.0 - Figure 4.10.1 
Section 4.0 - Figure 4.16.1 
Section 4.0 - Figure 4.23.1 

Section 5.0 - Table 5.6.3 Volume I1 
Section 5.0 - Table 5.10.1 

Section 6.0 - Text Changes Volume I1 

Section 9.0 - Text Changes 

Appendix Q 

Volume I11 

Volume VII 

Remove 

i - xliii 
I - liii 

Site 666 

Replace 

Pages 
i - xliii 
a-1 to a-5 
Before the 
Executive Summary 

Site 666 



DEPARTMENT OF THE NAVY 
SOUTHERN DIVISION 

NAVAL FAClLlTlES ENGlNEERlNG COMMAND 

P.O. BOX 190010 

21 55 EAGLE DRIVE 

NORTH CHARLESTON, S.C. 28418-9010 

5090/ 1 1 
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.A. HUNT 
Environmental Engineer 
Installation Restoration I11 



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) 



Filing Instmetions 
Final RCRA Facility Investigation Report for Zone H 

Naval Base Charleston 
June 24, 1997 

F'LING INSTRUCTIONS 

The following is a list of pages in the Final RCRA Facility Investigation Report for Zone H, 

dated July 5, 1996, that have been revised. The obsolete pages presently in your binders are 

listed in the column headed "Remove." New and replacement pages are listed in the column 

headed "Replace." Please file this instruction cover sheet preceding the Table of Content of 

Final RCRA Facility Investigation Report for Zone H .  

If you have any questions, please call 803-884-0029. 

List of Changes/Revisions 

Table of Contents - updated. Volume I 
Executive Summary Volume I 
Preface - Addition Volume 1 

Section 4.0 - Table 4.1.2 and 4.1.3 Volume I 
Section 4.0 - Figure 4.10.1 
Section 4.0 - Figure 4.16.1 
Section 4.0 - Figure 4.23.1 

Section 5.0 - Table 5.6.3 
Section 5.0 - Table 5.10.1 

Section 6.0 - Text Changes 

Section 9.0 - Text Changes 

Appendix Q 

Volume I1 

Volume I1 

Volume I11 

Volume VII 

Remove 

i - xliii 
1 - liii 

Site 666 

Replace 

Pages 

i - xliii 
1 -1iv 
Before the 
Executive Summary 

Site 666 



RESPONSE TO COMMENTS FOR 
FINAL RCRA FACILITY INVESTIGATION REPORT 
FOR ZONE H 
NAVAL BASE CHARLESTON 
DATED JULY 5, 1996 

CONTRACT N62467-89-D-0318 
CTO-029 

Prepared for: 

Comprehensive Long-Term Environmental Action Navy 
(CLEAN) 
Charleston Naval Shipyard 
Charleston, South Carolina 

Prepared by: 

EnSafeIAllen & Hoshall 
5720 Summer Trees Drive, Suite 8 
Memphis, Tennessee 38 134 
(901) 383-9115 

June 24, 1997 



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 Fust and then UTLs, could screen out sites with high Arsenic presence 
that will not be protective of human health andlor 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 Cbsubcommittee" 
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 dl zones. On April 22, 1997 



Response to Comments 
Charleston Naval Base 

Final 2 n e  H RFI Repon 
Dated July 5, 1996 

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

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 
maximurn 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. 

Zone H 
Revised Arsenic UTL concentrations (gpm) 

SPECIFIC COMMENTS: 

Comment 1 : 

- ' k 

Revised UTL 

15.6 

22.5 

21.5 

8.2 

Sample f ~ f l a t b n  [ (M~WUTL 

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 ugll . 

- 
Soil (Upper Interval) 

Soil (Lower Interval) 

Groundwater (Shallow) 

Groundwater (Deep) 

Response 1: 

14.81 

35.52 

27.99 

14.98 

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 Bare 

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. 

Notes: 
BEHP not analyzed for during the second round. 

J Estimated value. 
U Compound not detected above method detection limit. 
( ) Duplicate results. 



Response to Commenrs 
Charlesron Naval Base 

Final Zone H RFI Repon 
Dated July 5, 1996 

Comment 2: 

The third paragraph of the Executive Summary states that 31 SWMUs and AOCs were identified 
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 b'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 111 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 IXI RBC tables list a hazard based residential RBC for Aroclor 1254 and 
Aroclor 1016 of 1,600 uglkg and 55,000 ugikg, respectively. Adjusting to a target hazard 
quotient of 0.1 would yield 160 uglkg and 5,500 uglkg. All PCB congeners (Aroclors) are 
considered to be carcinogenic. The cancer-based residential RBC is 83 uglkg 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 uglkg. 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, I996 

Comment 4: 

Table 4.1.3: 

In a review of the April 19, 1996 EPA Region I11 Risk Based Concentration Tables. 

The RBSLs for Arsenic is 0.43 mg1Kg 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 continuaIly updated and 
have the potential to change with each six-month update. The RFI was current with the 
October 1995 Region I11 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 mglkg. The hazard-based RBC 
for manganese changed between the October 1995 and June 1996 versions. 
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Comment 5 : 

S WMU 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 
NBCH017005 at a concentration of 56 ugll which is more than 5 orders of magnitude 
greater than its RBSL(0.00029 ugll). 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 NBCH017005. 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 Iabeled 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 sampIe location GDH5B038. 
Figure 4.23.1 identi@ 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 G3SSB001. 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 11 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 ugll instead of 1,300 ug/l described 
in the table. Table 5.2 should be modified to included the above mentioned 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 mgfkg (300 mgtkg based on a THQ of 0.1). The 
Zone H Final RFI is current with EPA's Draft Soil Screening Guidance which l i s  a SSL 
of 4,000 mgtkg 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 11, and endosulfan sulfate. 
The tap water RBC for l,l,l-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 
l,l,l-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, 
65 1, 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 ugll) as 
described in Table 5.3.2, and should also be included in Table 5.3.5 for SWMU 9. 

Response 8: 

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 "ChemicaIs Detected in Soil And Sediment". It 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 1 1 : 

AOC 655, Section 5.10, Table 5.10.1 : 

4 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/l exceeded the screening 
level of 27.99 ug/I . 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. 



Response to Comments 
Charleston Naval Base 

Anal Zone H RFZ Report 
Dated July 5, 1996 

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. In the 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 : 

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

Comment 15 : 

Section 6.2.2.8, RGOs, page 6-259: 

o 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 .O. From a review of Table 6.2.3.32 it was found that the HI adds up to 1.2 
instead. 

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. 



Response to Comments 
Charleston Naval Base 

Final Zone H RFI Report 
Dated July 5, 1996 

• It should be explained howlwhy 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 mgfkg. This is explained on page 6-13. 
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Comment 18: 

Section 6.2.82, COPC Identification: 

• 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 fur 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, 1597. 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 RFZ Work 
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P2.m. 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 risklhazard was proposed as a viable alternative to mapping 
chemical concentrations. The resulting risklhazard contours provide the best 
approximation of site boundaries relative to human health or ecoIogical risklhazard. 

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 RF'I 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 SB00513-5 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 1 1 : 

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. 

C omrnent 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 1 5 : 

AOCs 649, 650, 65 1 
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. 

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 1 7 : 

AOC 653 
The extent of TPH contamination is not defined. 

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 compIeted. 
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. 

• 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, AOC 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 66contamination" 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 
rn m e  extent of contamination is not defined. 

rn Soils near the pipelines from the AST were not sampled. 

rn 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 chIoride 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 : 

AOC 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 subcommittee 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 : 

AOC 665 
The extent of contamination is not defined. 

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 RFT 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. 



Response to Comments 
Charleston Naval Base 

Final Zone H RFI Report 
Dared July 5, 1996 

Comment 24: 

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

rn TPH is reported at 1,800 ppm. 

Chlorinated solvents are reported in shallow monitoring wells. 

• There are no deep monitoring wells at this site. 

rn 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 WI 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 : 

AOC 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 interim 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 F'igure 9.37 and the Appendix Q table as 
instructed by the errata page directory attached to this response to comments. 



Response to Comments 
Charleston Naval Base 

Final Zone H RFZ Report 
Dated July 5 ,  1996 

Comment 26: 

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

There are no monitoring wells at this site. 

• Groundwater is shallow. 

The nearest wells, GRDOl 1 and GRDO1 ID, are over 300 feet away from the site. 

• 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 wilI 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 CharIeston (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 
def- in the various media (e.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 contamhation has been defined. The Report should 
be revised to discuss whether the extent of contamination bas 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 contamhation has not been defined, then the report 
should make specific recommendations for additional assessment. Section 9 of the Zone H RFI 
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 contamhation 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 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 fonns 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 Cham 
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 fllmmarizin% analytical data fond in Section 4 (Nature of Contambation) 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 W o r  RJ3SLs as a comparison, this would 
be acceptable. The Report should be revised accordingly. 

Rapom:  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 xnaxhum conkmhmt 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 occurreflces were noted in which high TPH 
co~lcentrations were detected, however, analyses for VOCs, SVOCs, etc. did not detect specific 
hamdous 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 G r o d  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, TfH was detected in soil samples at concentrations ranging from 
77 parts per million (ppm) to 15,000 ppm. Detection of TPH at such concen~rations generally 
indicates the presence of organic compounds. However, with the low concentrations of 
compoUQds 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 discffpatlcy in the data. This should be 
completed for all SIVMUs 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 co~lcenmtions 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 



(GUMS). This discrepancy is explained as follows. Petroleum hydrocarbas are 
made up of paraffmic, cycloparaffinic, and aromatic hydrocarbons. P d m  
(interchangeable with the word alkanes) are a class of aliphatic hydrocubom 
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, paraffw, and PAH. GRO consist of 
fractions of hexanes, cycloparffins, a d  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 analyzed for these 
compounds. In many cases, the analyst ideflxes a GRO compound based on the 
probability of a match. This means that the instrument will tentatively identify 
a compound, mrch 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 GCIMS. A typical library contains 
50,000 to 70,000 compounds in which standanis have been chmatographed. 
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 compoUQdS, 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 JPQ fuels. The standard is analyzed on a GC at different 
concentrations (producing broad chromatograms), samples are compared to 
standads 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 
co- library to help with identification. The most likely TICS would be 
methyl-naphthalenes, alkanes, cycloalkanes, and udmown 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 hydrocafbons, rather than cornpounds 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 
Fbrther Investigation 0, (2) inclusion into the Corrective Measures Study (CMS), or (3) 
additional groundwater monitoring. Such a table and supporting justif~cation 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 concurently . However, in order to insure that AOC 66 1 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 aclolowledging 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 tubii as described in the approved Zone H RFI Work 
Plan. The Report notes that "E/A&H did not adequately direct the s u b c o ~ t o r s  in the use of 
c o m t  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 r o d  g~oundwater samples, has been pqared 
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 
cantamhation 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-FMW4" 

I was observed on Figure 3.1 (Monitoring Well kcation 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 r e f e d  to as 'CNSY-FMWQ" . It appears that this one well is 
referred to using three different identifiers. The Zone H RFI Repoa should be revised to clarify 

I 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 (NBCH009MW4). 

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 ugIL. The concentrations found were 



1 1.8 ug/L in monitoring well NBCHO1W, 5 .O ug/L in well NBCHO14003, and 5.8 ug/L in 
well NBCHOl4004. 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 e x d i n g  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 01 4GW04DO3 (from monitoring well W H O  1404D), which reported 
740 ugfL (the same well reported ND in the first round). 

Comment 11: 

Table 4.3.6 on page 4-108 contains a mistake. The Maximum Contamhate Level fMCL) 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 flunmarizes 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 compleieness. 

Section 4.6 - SWMU 20 

Comment 13: 

The report does not discuss the analytical results of several temporary monitoring wells Mar 
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 lodons 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 
~ c c e s s f u l  due to concrete that was encountered d i t l y  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 
samplii 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 r o d  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 
coIlected from the surface to one foot depth, and from three to five feet below the surface and 
were analyzed for a complete list of hawdous constituents. Groundwater samples from 



monitoring wells installed on a similar grid were also analyzed for an extensive list of 
constituents. While this sation 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 k revised to describe the analytical results of the grid-based 
sampling locations. 

Rspollse: Analytical results for each sample collected in Zone H are included in 
Appendix I. 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 appropriare 
screening values. Maximum soil results for each SWUU/AOC (or group thereon 
were compared to the greater of leachability-based soil to groundwater screening 
levekr, assmumrng a dilution attenuation factor of 10, as presented in the USEPA 
Region 111 Risk-Based Concentratr'on (RBC) Tables, March 1995 (or USEPA Soil 
Screening Guidance assm'ng a dilution altenuation factor of 10) and grid-based 
background UlZ concentrations for soil in Zone H. M a x i m  groundwater 
analytical results for each S?WU/AOC (or group thereolj) were compared to the 
greater of tap water RBCs and grid-based background UTL concentra#ions 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 QE: the UTL for background. This paragraph should be 
revised to accurately d 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 thc 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 aad 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 signScant 
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 
soiYgroundwater equilibria are -cientIy 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 ailow a SWMU or AOC to reach equilibrium with respect 
to contaminant release from soil to groundwater, then this would be an itlaccurate 
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 AOC 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 contamhation. 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 infitration. 
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 contamhation. 

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-@surface 
water migration pathways. 

Response to Comment 16B: 

Justification for the use of generic SSIs 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 aad conservatively ide- all of the significant fate and 
transport concerns. Site-specific SSLs are generally less come~ative. Default soil 
characteristics used to estimate generic SSLs are similar to the soil characteristics found 



in Zone H. Two parameters that would see ~ i g ~ c a n t  adjustment based on site-specific 
analysis is the dilution attermation factor (Dm) 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 contamhated 30 acre source that extends 
downward through the unsaturated zone. Many of the areas of contamination identifed 
at Zone H are s i - d y  less than 30-acres (most are less than Vi acre) and do not 
extend far into the subsurface. Sources tbat are less than 30-acres with a significant 
portion of uncontamhated 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 a d o r  constituents in 
groundwater at concentrations above tap water RBC. Constituents ideMied based on 
the qualitative or the quantitative screening process were considered to be significant with 
respect to soil-to-groundwater migration. The quantitative compoaent 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 SWMUiAOC 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 defm the extent of soil 
contamination. 

Response: Comment noted. 



Comment 18: 

In Sections 9.11 and 9.13, it is noted that arsenic was detected in groundwater samples at 
co~l~enttations of less than the MCL, however, still at concentrations high enough to drive the 
risk at this site to 8E-4. 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. 



Environmental Protection Agency Comments on the Draft Resource Co~l~ervation and 
Recovery Act Facility Investigation Report for Zone H 

GENERAL 

Comment 1: 

The groundwater sampling fonns 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 (redeveloped 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 fonnat 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 LRvel 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 residentid 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 a n i d  studies. 

EPA now considers the slope factor approach to be more appropriate. Therefore, EPA has 
derived a cleanup level of 1 ppb for a workerfindustrial scenario. Although this cleanup level 
is the same mmerically as previously suggested, the derivation is considerably different. 



The equation and values used are given below: 

C, = TR-ATSW 
EF ED [(CSF, - CF II&) + (CSF- . - l/PEF) + (CSF,, . CF . SSA SAF 

* ASB)] 

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. 

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 I ppb 
TEQ, and hence, no dioxin-specific cleanup is anticipated. 



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 OCCLU. 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 d outcome of USEPA Region W's revised dioxin cleanup level 
derivation have been incorporated into Section 6.1 of the RFI. 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 workerlindustrial 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 667lSWMU 138, and SWMU 159 need only 
minimal treatment in the CMS. 

Response: Although the Navy is iaclined to agree, frnal decisions relative to the level of 
effort required at each SWMUIAOC will be the responsibility of the BCT, and 
will be made in consideration of reasonable f u t m  use and other issues. 

Comment 5: 

Methods for Background Comparison - The background comparison was performed acmrdii 
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. 



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 dcient 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. 

Respome: 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 arad monitoring wells in the 
SWMU 9 area. These samples were analyzed for metals, VOCs, SVOCs, and 
pesticides1PCBs. This data has been hc1uded 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. 



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 &ta 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 - H u m  Health Evaluation Manual, 
Supplemental Guidance-Deimal 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 document 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 fiposure Assessment: Principles and Applications - 
Interim Report, ORD, EPA/600/8-9 1 I01 1 B, 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: C o w  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 Rm HHRA, although it is not expected to 
dictate specific action relative to corrective measures. 



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 mgkg, 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 cleanuplscreening 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 mgkg. 

Response: In each instances within the HHRA where the mean lead' concentration at a 
SWMU or AOC was found to exceed the residential screening level, an additional 
comparison was performed relative to the USEPA Region N industrial screening 
value of 1,300 mglkg for adult 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 davs 9 years 
CT &timate = RME Estimate 350 days : 30 years 

Throughout the document, the correction factor of 20% was used to detembe 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 a d  thus the child's CT risk estimate 
could also be 2341350 or 66% of the RME risk estimate. 

The 20% correction factor might be appropriate for a child if the ED is apportioned either as 
(I) 2 childhood years (0-6 years old) in an environmentally impacted reside= 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 ~~)n-carcinogenic 
COCs were identified. 



Comment 7: 

Table 6.2.4.17 The groundwater pathway summed risks and the total summed risks are 
incomest 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 con tarninant 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 
spreadskt 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 6.2.13.1 1, Inhalation of shallow groundwater - This table was absent - a 
blank page. EPA assumed that the ingestion exposure of 2 Olday was used as a surrogate for 
the inhalation exposure from a shower per Region IV guidance. Details should have been given. 



Response: Table 6.2.13.11 has been added to the revised HHRA. This table was 
inadvertently omitted from the draft-final document. la addition, 
Tables 6.2.15.14 and 6.2.14.16 (for AOC 666) which were omitted from the 
previous mbmittal have been included in the f d  RFI HHRA. 

Comment 12: 

Table 6.2.13.15, RiskiHazard at AOC 666 due to inhalation of volatiles from groundwater - 
The assumption was made that workers shower at work. Tbis 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 c o n ~ t s  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 mglkg. 

Response: The proper arsenic EPC (23.9 mglkg) 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 (mglkg-day)-1. 

Response: The inhalation slope factor for benzo(a)pyrene (3.1 mgikg-day)-1 has been added 
to each toxicological reference table presented in the HHRA. 

Comment 15: 

Page 1-7, Figwe 1-3 - This figure is missing. Please check. 

Response: Figure 1-3 was in the copies of the Zone H Rm available for our review upon 
receipt of this comment. 



Comment 16: 

Page 1-17, Figure 1-5 - Label SWMU 159 in this figwe. 

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 tbat 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 #lla (comparison of data to ecological screening values) and # l l b  (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 responws 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. 

Rapom:  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 



additional soil samples be collected at SWMU 20 for inorganic analyses, for use in exposurelrisk 
determinations and to detemhe any relationship between inorganic soil con iami~nts  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 NBCW009007 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 ESAIAEC checklists and their purpose in the Zone H ERA process have been added 
to the report. 



B. For cldication (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 con taminant 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 signihmtly 
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. 



Response to Comment 23B: 

Three of the six sediment samples in subzone H-2 have been tabulated and assessed as 
true sediment (Table 7-44. 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 - Iraclude a discussion of surface waterlsediment data collected along 
possible contaminant migration pathways from SWMUs and AOCs to areas of ecological concern 
(e.g., from stom drains or ditches). Indicate any relationship seen between contaminants in 
samples collected along c o e t  migration pathways and those f o u l  in the different 
subzones. 

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

Comment 26: 

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

Response: The chronic effects levels for both trivalent and hexavalent chromium have been 
added. 



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 r e f d  if further risk 
determination is necessary. 

B. Infaunal Invertebrates - Revise the last l k  to read "qualitatively measured by 
comparing literature data on toxic effects to actual soil concentrations." 

Response to Comment 271B: 

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 pint  made in paragraph 1 about the use of different concentration 
units is understandable. However, since the analytical data are presented in units of ugtkg or 
mgtkg (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 (mgtkg, pglkg, 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 mglkg 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 tbe 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 4 ,  Pages 7-14 through 7-23, to compare the concentrations), include 
summary comparison tables for the effects data and soils data for subzones H-I , 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, S W U  20, and AOCs 649, 650, and 651. SWMU 19 and AOCs 640- 
65 1 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 s'&xies. 



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 
calculated for those ECPCs without an available bioaccumulation factor (BAF). 

B. Include a statement explaining why Hazard Quotients WQs) 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 "NAB 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 selecting 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. 



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 bas been corrected. 

B. For subzones H-2 and H-3, include the maximum concentrations of the inorganic 
contamhnts, 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 
acceptab1e 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. 



Comment 37: 

Page 7-74, Section 7.8.4 - According to Table 7-$a, 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 d a c e  water analyte concentrations exceeded effects levels selected for assessment" 
is wrong. Revise paragraph 1 accordingly. 

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

Comment 38: 

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

Response: The text has been corrected. 

Comment 39: 

General Comments on the Eco10gid Risk PLssessment 

A. As written, the Risk Characterization (Section 7.8) seems more like a Prelimhary 
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 11, a Prelimiuaty Risk Characterization (PRC) will be formulated. This PRC 
will assimilate data obtained during the Phase I - Prelim- 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 Fonnulation/Conceptual Model), iracluding 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 Fioal 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 



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 con taminant concentrations, to present a risk 
range. Use of both mean and nmimurn 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 rnaxirnum 
concentrations. This will better enable the management team to make decisions 
regarding actual impact. Mean values have been modelled for con tamhnts and receptor 
species with HI values > 1 to provide perspective risk potentials for zone-wide 
contaminant distribution and "hot spots. " 

C. C h a r a c t e m  ecological risk for each of the subzones is good. However, a 
better tie-in is needed with the SWMUs and AOCs, with respect to the need for 
any corrective measures based upon ecological risk, either to decrease exposure 
to con taminants at SWMUs/AOCs or to cut off contamination migration pathways 
to areas of ecological concern. (See the comment for Page 9 4 ,  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 assumed that contamhation from several sources may have impacted 
an entire subzom. 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). 



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 concern will be the basis for detemhhg the need for a Corrective Measures Study. 
Depending upon the f d  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- 1 1, 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 55.23: 

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 SWMUsfAOCs and the ECPCs found within 
the different subzones (i.e., contambation present at a SWMU/AOC located 
within a subzone and/or contambut migration pathway leading from a 
SWMUfAOC to a subzone). 



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 contamhation within subzone H-4. 

Response to Comment 42C: 

See response to Comment 3%. 

Comment 43: 

Volume 1, Table of Contents 

A. List of Figures 

1) Figures 1.1, 1.3, and 1.4 are ideMed 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 
AOC-Specific Sediment and Surface Water Sampling. The title identified 



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 (307, G38, and G80. 

A. The tern O M  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. 



Comment 45: 

Page xliv - Mention is made of identifying four "submnes" 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 witbin 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 defmition of each parcel of 
ecological study (ESAs, AECs, and subzones) associated with the Zone N ERA. 

Comment 46: 

Page 1-15, last paragraph, fourth line - It should read "--- when the fmt 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 
(confmhants) 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 fmt 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 modfied in order to specifically state whether compounds were 
present at cuf~~entrations which exceeded their respective RBSLs. 



Comment 50: 

Page 7-1, Section 7.1 - The statement is made that "A more detailed description of tbis 
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 Plan is still draft and should be referred to accordingly. 

Response to Comment HA: 

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: 

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 AOCs, 
such as collection of additional samples, p r o d  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 RCRQ 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 shouId munmarize 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 contamhation"). The 
extent of contamhation is critical to designing a CMS. 



Consider two hypothetical scenarios: 

A. Assune: In the RFI, a sample is collected which includes an old treated piling. 
The sample is highly contaminated. Sampling c o n f i  that the contamination is 
from that one piling; contamhation 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 codi~rmatory 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 
contamiaat ion. 

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 c o n ~ t i o n  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 
need to be evaluated further in the CMS. Much of the &ta 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 i n c d .  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 ranlung 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 



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 arad 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 we11 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 9-4, Section 9. I, and others - The statements are made that "---consideration should be 
given to third and fourth quarter results prior to risk management decision-malung," and "--- 
additional groundwater sampling --- is recommended." This raises two questions: 

A. Have d ~ c i e n t  data been collected to demonstrate that an area is environmentally 
clean? 

B. Or, if contaminated, have sufficient data been collected to defrne the extent of 
contamhation 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 
contamhation at each AOC and SWMU which was thought to have the potential for 
contamhation, 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 
simcant risk were not necessarily associated with the site activities. For instance, at 
AOC 655 dieldrin, Aroclor-1254, Armlor-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 



in the CMS were not even expected to be there. These unexpected hits of compounds 
are not 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 spilI 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 sijpificant 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 to define the extent of each contaminant identifled. However, 
the extent of significant risk and/or hazard at sites within Zone H, with the exception of 
SWMU 19, SWMU 20, a d  SWMU 121, has been adequately d e f d .  Although 
sampling conducted as part of the CMS or possible remedial action will likely be used 
to provide more detail to the existing defmition of risk and/or hazard. 

In the areas of SWMU 19, SWMU 20, and SWMU 121 (within the boundaries of 
SWMU 9) the COCs identifkd 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 frnal 1995 RFAs should be cited instead. 

Response: The citations have been changed as suggested. 



Comment 55: 

Appendix C - The statement is made that: 

This appendix bas not been reproduced for this final report. It was produced in flnal 
form for the Draft Final Zone H lWI 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 andlor 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 Chlomfonn and Chlommetbane. Table 39 presents 
Inhalation Rfl) values for these chemicals calculated from subchronic RfCs. This fact should 
be mentioned in the table. 

Response: Comment noted. The source and derivation of tbe 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 
P m  technology, but no mention is made of these data in the FFI. These data aeed 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): 



1) To i d e m  the presence or absence of indoor air con taminants [volatile organic 
compounds, semi-volatile organic compounds, and selected inorganic compounds 
(ie. sulfur)]. 

2) To determine if the indoor air con taminants quantified are emanating from the 
interior or exterior of the buildis.  

3) To detemine any risks to human health from air contamhunts having an external 
Source. 

Had the 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. 

B. 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. 



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, Remnse to Comments for Draft Find RCRA Facilitv Investigation ReDort for 
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 'crack9 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 Res~onse to Comments for Draft Final RCRA Facilitv Investigation Remrt for Zone H, 
Response 8A and 8B, reference is made to a b m b e r  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 al l  of 
the air data including the PETREXTM data, and to review the factors which might affect the 
interpretation of the data. As noted above, the PETREXTM 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 &signed to explicitly comider those mechanism 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 P A ) .  

Thus, considering Mr. Scotto's comment, absent any consideration of EPA's above 
comment regarding a chadge in the floor of Building 656, and absent any consideration 
of the PETlWP'data, EPA's concern about soil gas migrating fiom SWMU 9 has not 
been adequately addressed. Note that EPA is not interested in conducting a health effects 



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 f h m  SWMU 9 poses an undue risk to human health 
and the environment. Pending such an investigation, EPA does not consider the RF? for 
SWMU 9 to be complete. 

Response: The passage from Carala Air Associates January 5, 1996 correspondence was 
taken out of context. By mentioning the uncertainty associated with the data, Mr. 
Scotto was merely putting resuIts 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 
sy~h~hronized 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 bas 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. 
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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 SoIid 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 Facilio 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 riskfhazard 

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 Oms 0 7 ,  G38, and G80. Shallow groundwater may 

pose an unacceptable risWhazard 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 SWMUs 9, 



Final RCRA Facility Investigation Report for Zone H 
NA VBASE Charleston 

Executive Summary 
June 24, 1997 

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 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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8-2 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 IE-6 or residential hazard HQ greater than 1.0 for either soil or 

groundwater, and significant ecoIogical risk constituted inclusion into the CMS. TPH 

concentrations greater than 100 mglkg 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 106 excess 

incremental Iifetime 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 (307, G38, and G80 which were identified as "other impacted areas" were 

also recommended for CMS. AOCs 654, 655, and 660 were recommended for no hrther 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 (307, 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. 
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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 (RIFI) 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 

(EIAW), is submitted to satisfy condition II.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 commaads that occupy areas of the base include 

Charleston Naval Shipyard, Fleet Ballistic Missile Submarine Training Center, Fleet and 

Industrial Supply Center, Fleet 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 a d  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 fmished in 

1909, along with several other brick buiIdings 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 yea. 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 emptoyees divided among three daiiy 

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 a& Realignment Act (BRAC), 

which regulates the closure and transition of property to t.h 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 Instahtion 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 federa1 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 

s t a n M  for hazardous waste generation, transportation, 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 AUCs are defined in the Part B permit as follows: 

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. SWMUs 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). " 

AOC - "Any area having a probable mlease 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 5270.32(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. 

RCRA Facility Assessment (RFA) identifies potential or actual contamhation 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 baselk data for the evaluation of corrective measures. 

During a Corrective Measures Srudy (CMS), cleanup alternatives for the site are 

developed and evaluated. This study also recommends a preferred cleanup option or 

corrective measure. 

During Corrective Mearures Implementation (CMI), the selected corrective measure is 

designed, constructed, operated, maintained, and monitored for performance. 

Interim Corrective Measures ( K M s )  are used to stabilize, control, or limit further 

releases from a site. Interim measures can be imposed at any point in the process. 

1.3 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 fonned 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 andlor 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: 
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No Further Investigation (M:I) - This designation was applied to an AOC or SWMU if, based 

on the RFG process, there was no reason to suspect that a release had ever occurred. These 

sites were not included in the Zone H RFI. 

Confirmatory 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. 

Conf i i tory  sampling will determine whether no further investigation is appropriate or a 

fuil-scale RFI is warranted. If a SWMU/AOC was within the boundaries of another 

SWMUIAOC 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 environmentid 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 SWMUIAOC was within the boundaries of another SWMUiAOC 

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. 

S W U  159 was a late addition to the RFI; consequentIy, 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 &ta 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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Tabk 1.1 
Zone H SWMUs pad AOCs with Investigatory Designations 

Zone H Investigative Investigation 

AOC 650 

S W M U  17 Oil Spill Area RFI: Investigated 
Independently 

SWMU 178 Site of Apparcnt Transformer Fire Outside of CSI investigated 
Building NS-53 Independent1 y 

AOC 661 Explosives Storage CSI To Be Investigated 

AOC 655 Oil Spill Area, Building 656 RFI Investigated 
Independently 
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Tnbk 1.1 
Zone H SWMUs and AOCs with Investigatory Designations 

Zone H Lnvtstbtive 

AOC 660 Mosquito Control. Former Building 31 CSI Investigated 
Independently 

AOC 662 Fofmct Gasoline Satioo, fktildmg NW CSt hv&gared 
IrrdepcadGntly 

AOC 663 GaslDieseI Pumping Station. Building 851 CSI This AOC and SWMU 
w e n  investigated 

S W W L 3 6  B u i l d i n $ N S - 5 3 ~ ~ ~ 1 9  ~ $ 1  together. 

AOC 665 Pyrotechnic Storage, Building 159 CSI 

AOC 664 W Sfb~gc, Buildb W 5  CSI Investigated 
Independently 

AOC 667 CBU 412 Vehicle Maintenance Area, RFI Tbis AC%! ad m'MI.I 
Building 1776 inv-  bog&^#. 

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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SWMU 14 Confirmrtion Study, 1982; preliminvy Oeophysiul md soil-gas T c t m c M o m h  
goDphysicrl d soil-gas study (Elm, surveys; toil md gfilundmtcr (Soil-gas) 
1994). snm~ling. 

S W  19 Rcliminvy geophysicll. soil-gas, soil. Gmphysic*l and mil-g*s Insuftickat dam m 
sedimnt. usd groundwater rtudies surveys; trenching; sail, whether conlamiaadon was 
@IA&H. 1994). A d y t k . l  dm to be grwndwatcr. md sediment present. 
i D E W  with this Iqma. snmpline. 

AOC 653 Zone Inspection Repoa for Zom 22 V W  inspection Oil residue and pemleum 
(July 31, 1991) hydrocubom 

AOC 655 P u r i w ~ ~ u i r r v e r r i p r i w ~ ~  ~ r o i k g a s ~  W v e l y  high &yl- 

with inirirl Pocused Pldd fnvmigatb twh PElXF techpobgy. responses tot buue#, 
(pm)rarpaasC- mtueru, ehylbenreat, ud 

X Y ~  (flm, -, mvl 
~ d o o n ? p o u & ~  
detecd tbc = p o d  oil 
spill. 

AOC 656 Rssivc soil-gas investigation conducted Passive toil-gas sampling Relatively high soil gas 
with idid FPI response. using P m  techlogy. responses for ~cemnc. BTEX 

compounds, lad other oil 
compounds w e n  detected in 
r h  vicinity of the rite. 
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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. 

I Benefits to be gained at one SWMUIAOC by sampling at another. 

The possibiIity of environmental contamination migrating onto andlor 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. 

a 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 N Environmental Services 

Division Standard Operating Procedures and Quality Assurance Manual (ESDSOPQAM) 

(USEPA Region IV, 1991). Sampling and investigatory methodologies used during the Zone H 
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RFI investigation are ized 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 (EIA&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 S W M U  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 iocations. 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. TypicaIly, additional sampfe 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 analysis 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 01 or upper interval sample. At SOB 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-f00t 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 fdled 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 andlor 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 fdled 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 (EIA&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 4OC. Before sealing the sample cooler for 

shipment, all sample data were entered onto an official chain-of-custody form which was then 

a f f i  to the top, inside surface of the sample cooler. 

Sample coolers were shipped by air for next-day delivery to Pace Laboratories, New Hampshire. 
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2.2.4 Soil Sample Analysis 

A11 first-round soil samples were analyzed for the following USEPA parameter list: volatile 

organic compounds (VOCs) (Method 8240), semivolatile organic compounds (SVOCs) 

(Method 8270), pesticideslpol ychlorinated biphenyls (PCBs) (Method 8080), cyanide 

(Method 9010), and metals (Methods 6010, 7060 [As], 7421 [Pb], 7470 [Hg], 7740 [Se], 

784 1 [TI 1). 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 M 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: 
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Cation Exchange Capacity 

Organic Content 

PH 

Nitrate 

Nitrite 

Ammonia 

Phosphorus (total) 

Sulfur (percent) 

Chlorides (percent) 

Bulk Density 

Soil Moisture 

Unsaturated Hydraulic Conductivity 

Grain Size Analysis 

Hydrometer Analysis 

Porosity 

USEPA SW-846 Method 9080, 9081 

USEPA SW-846 Method 9060 

USEPA SW-846 Method 9045 

USEPA SW-846 Method 9056 

USEPA SW-846 Method 9056 

USEPA 350 

USEPA 365.1 

ASTM D 129-64 

ASTM D 2015-7'7 

ASTM D 1587-83 

ASTM D 2216-80 

ASTM D 2434-68 

ASTM D 422-63 

ASTM D 422 

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 foIlowing 

subsections briefly summatize 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 ( M C  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 identifj 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. NBC.3005 

is the number 005 well at SWMU 13 at Naval Base Charleston. MCHGDHMD is the deep 

well at the number 04 grid-based sampling location in Zone N of Naval Base Charleston. 

NBCHGDHOOl is the number 001 grid-based monitoring well in Zone H at Naval Base 

Charleston. 

2.3.1 Shallow Mdturhg  Well Installation 

The shallow monitoring wells were installed to facilitate groundwater sampIing 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 totaI 

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 we11 location. However, this was 

not always possible due to the shalIow 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 SWMUIAOC 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 materia1 slumped into the 

borehole against the we1 screen. Bentonite pellets were emplaced froin 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 Iittle 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 htaUation 

Deep monitoring wells were installed to facifitate groundwater sampling at the base of the 

shallow aquifer. Review of regional geology identified the Ashley 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 Iow 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-faot section of Zinch 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 empiaced 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 B RFI Workpian. 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: 

NBCH00904D 

NBCH00905D 

NBCH00906D 

NBCH00912D 

NBCHO 1401 D 

NBCH01405D 

NBCHGDHOlD 

NBCHGDH02D 
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NBCHGDH07D 

a NBCHGDHl lD 

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 NBCHGDH1 ID, 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 bash 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 1.2~106 centimeters per second (cdsec). 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 andfor 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 NBCHGDHllD 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 . 5 ~ 1 0 6  cmlsec. 

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 "dryw for the 

Ashley Formation or directly name it the Cooper Marl. 

Boring iogs 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 Zfoot 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-inch diameter bumper post was set at each 

comer 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, 1994a). 

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. 

Tempera-: within f l.O°C 

pH: within f 0.5 standard unit 

Conductivity : within f 10 percent from the duplicate 

Turbidity: generally between 10 and 30 nephelometric turbidity units (NTUs) 

or relatively stable (f 15 NTUs) 

2.4 Groundwater Sampling 

Section 6 of the C S M  (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 fust 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 breathmg 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 11100th of a foot. Static 

water-level measurements were taken from the top of casing at a point notched into the 

well. Well volumes were calcuIated and all measurements and observations recorded. 

Water-level measurement equipment was decontaminated immediately after each use, 

5 .  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. 

6 .  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 frlled. 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 havhg 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 results 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 frrst round and third round of groundwater sampling were dram through 

decontaminated Teflon tubing into a glass vacuum container prior to being poured into sample 
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bottles. Equipment b a t e  blaaks collected dwing 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 h a t e  blanks from the fxst 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 (WA&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 

GuideIines 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 s u m m e s  those activities. 

Groundwater samples were preserved according to laboratory criteria for parameters being 

collected. Appropriate labels and custody seals were completed and affured 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 fiproof 

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 4OC 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 H i e d  to each sample cooler prior to 

shipment. Sample coolers were shipped by air for nextday delivery to Pace Laboratories. 

2.4.4 Groundwater Sample Analysis 

All fmt-round groundwater samples were analyzed using the foIlowing USEPA, SW-846 

methods: VOCs (Method 8240), SVOCs (Method 8270), pesticidesfPCBs (Methods 8080), 

cyanide (Method 9010), and metals (Method 6010,7060 [As], 742 1 [Pb] ,7470 mg] ,7740 [Se] , 

and 7841 [Tl]). Where petroleum hydrocarbon contamination was suspected, a portion of the 

SWMU- and AOC-specific samples was analyzed for TPH (Method 41 8.1 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 

pesticides1PCBs. 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 

PH 
Biological Oxygen Demand 

Chemicd Oxygen Demand 

Alkalinity 

Hardness 

Total Suspended Solids 

Total Dissolved .Solids 

Total Organic Carbon 

Nitrate 

Nitrite 

Ammonia 

Phosphorus (Total) 

Measured during sample collection 

Measured during sample coIlection 

USEPA Method 405.1 

USEPA Method 410.1, 410.2, or 410.3 

USEPA Method 310.2 

USEPA Method 130.2 

USEPA Method 160.2 

USEPA Method 160.1 

USEPA Method 4 15.1 

USEPA Method 352.1 

USEPA Method 354.1 

USEPA Method 350.1 

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 results 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 collected 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 0 to 6 inches bgs. 

Sediment samples were collected using the scoop sampling methods outlined in Section 7.2.3 of 

the CSAP (EIABrH, 1994a). Surface water samples were collected in accordance with 

Section 7.3 of the CSAP. 

Stainless-steel 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 contamers. 

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 (EIALkH, 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 S.ection 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 waterpmf 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 4OC. Before sealing the sample cooler for 

shipment, the official chain-of-custody form was affixed to the top, inside M a c e  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 analyzed using the following USEPA, SW-846, Third Edition method 

parameters: total organic carbon (TOC) (Method 415.1, 415.2) (SWMU 9 and SWMU 159), 

organotins (laboratory standard operating procedure), VOCs (Method 8240), SVOCs 

(Method 8270), pesticidesfPCBs (Method 8080), cyanide (Method 90 lo), and metals 

(Method 6010, 7 0 0  [As], 7412 [Pb] , 7470 [Hg] , 7740 [Se], and 7842 [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 Mace  water samples were analyzed for the following list of parameters by USEPA 

methods: VOCs (Method 8240), SVOCs (Method 8270), pesticidesIPCBs (Method 8080), metals 

(Method 6010, 7060 [Asl, 7412 [Pb], 7470 [Hg], 7740 [Sej, 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 RF;I 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 "slugn was then instantaneously introduced into the well, at 

which time the water level and the time (TJ 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 Ievellelapsed 

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. 



F i d  RCRA Fon'lily lnvcstigananon Report for Zone H 
NAYBASE Charlaton 

Seczion 2: Field Investigntion 
Juiy 5, 1996 

For each slug test, InSitu pressure transducers and two-channel Hermit lOOOC data loggers were 

used to record water levelfelapsed time measurements. For graphing data, the data loggers were 

programmed to record water level measurements on a logarithmic 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 AQTESOLV (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 unconfjLned 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 transrnissivity (T) and storativity (S). The AQTESOLV graphs are presented in 

Appendix D of this report. 

.Variables on the graphs are: 

HO = initial displacement in the well due to slug injection or extraction 

rc = well casing radius 

rw = wellbore radius 

L = length of the well screen 

b = thickness of the aquifer 
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H = static height of water in the well 

K = hydraulic conductivity 

yo = Y intercept 

T = transmissivity 

S = storage coefficient 

Transmissivities from the Cooper et al. c o n f i i  solution were converted to hydraulic 

conductivity values with the following relationship: 

Where: K = hydraulic conductivity 
T = trammissivity 
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 

on NAVBASE with the horizontal North American Datum 27 and vertical National G.eodetic 

Vertical Datum 29. All traverse closures exceeded 1120,000. No data corrections were required 

as part of the monitoring well survey. Soil boring locations were surveyed with the Global 

Positioning Syskm (GPS) . 
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2.8 Trenching 

Trenching with associated soil sampling were conducted near the landfill (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-& and Geophy.rics Surveys, SMUUs 9 and 14, Naval Base Charleston, 

Charleston, S u ~ h  Carolina, (E/A&H, 1994c) (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 ckaner 

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 

csm. 

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 tbe 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 tramported to the sampling location 

to minimize the need for field cleaning. 

2.10.3 Nonsampliag Equipment 

Nonsampling equipment includes drill rigs, and backhoes. Nonsarnpling 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 f d  rinse was with ASTM Type 111 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 In 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 HarleyviIle 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 Iimestone 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 

(I 985), 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 E Monitoring Well Construction Data Summary 

Top of 
Ground Depth to 

Moaitorinp: Surface Date Total Depth Screened v'w Groundwatw 
Well ID Elevation lastalled Elevation (below TOC) 
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Table 3.1 
Zone H Monitoring Well ComtmAion Ihata Summary 

Top of 
Ground Casing Depth to 

Monitoriog Surface Date Total Depth Screened VW) Gromdwate~ 
Well ID # Elevation Installed Interval Elevation below TOC) 

NBCHO 13003 8.2 8/29/94 15.0 4-14 10.17 7.14 

NBCHO 13007 8.7 9/12/94 

NBCHO 17004 10.2 9110194 

NBCHO 17006 10.4 4/7/95 

NBCH 13600 1 9.5 9/21/P4 13.0 2- 12 9.12 3.48 

NBCH 17800 1 9.9 9/13/94 13.0 2-12 12.23 5.89 
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Table 3.1 
Zone H Monitoring Well Constnrction Data Summary 

Top of 
Ground Casing Depth to 

Monitoring Surface Date Total Depth Scmmed ma Groundwatev 
Wetl ID # Elevation Installed (fi) hterval Elevation (below TOC) 

NBC 

NBCHO 14002 10.5 9/22/94 13.0 3-13 13.23 8.54 

NBCHO 14003 8.4 9/23/94 13.0 3-13 10.99 6.74 

NBCHO 140 1 D 10.2 10/20/94 55.0 3646 12.58 7.63 
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Table 3.1 
Zone E Modtoring Well Construction Data Summary 

Top of 
Gmuad Casing Depth to 

Monitoring Surface Date Total Depth Screened -1 Groundwatw 
Well ID # Elevation Installed Interval Elevation (below TOC) 

NBCHGDHMD 9.1 10119194 65 .O 53-63 11.72 6.56 

NBCHGDHOSD 11.7 10119194 65 .O 53-63 14.35 7.67 

NBCHGDHOSD 10.3 10119194 45.0 3545 13.10 7.96 
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Table 3.1 
Zone H Monitoring Well Constmctlon Data Summary 

Top of 
Ground Casing Depth to 

Monitoriqj Swface Date Total Depth Screened flw) Groundwater 
Well ID I Elevation Installed Interval Elevation (below TOC) 

NBCHGDHl 1D 7.0 10/14/94 65.0 48-58 9.55 1 -44 

Temporary Monitoring Well and Hydropunch Construction Dato 
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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 flm) Groundwatw 
Well ID # Elevation Installed (fi) Interval Elevation (below TOC) 

Temporary Monitoring Well and Hydropunch Construction Data 

Notes: 
a = Depth to groundwater varies by season and time of day. Depths to water presented in this table 

should only be wnsidered 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 NAWASE 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 492, 

sand content was 27 5% , 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 paleogeoiogic 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 

NBCIGDI19D (-19 feet msl) and the lowest point at deep well location NBCH00907D 

(-68 feet msl), Erosional surface lows on the Ashley occur at NBCH00907D, NBCIGDI1 SD, 

and along a northwest/southeast trending line from NBCH00905D to NBCIGDIOSD. 

3.1.4 Wando Formation 

Overlying the Ashley 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 sampIes 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 fme- to coarse-grained and also often 

contains shell-hash layers and phosphate nodules. Physical analysis of this sand indicated an 

average porosity of 37 2, anti a grain-size distribution of 5 % silt, 88 % sand, and 7 2 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 

NBCHGDH07D and NBCHO1405D, the lower sand is absent and a layer of marsh clay lies 

above the upper sand layer. 'be  same sequence occurs at NBCH00903D and NBCHGDHIOD, 

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 souhern 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 S W U  9); and former quay-wall construction materials such as; large 

rock boulders, slabs of concrete, wood pilings, and crushed rock and gravel. 
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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 dong 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 transecl the northern portion of NAVBASE, is a tidal tributary 

approximately 2,s 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, fmly 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 overdl 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 Iow 

average vertical hydraulic conductivity of 0.0027 feet per day. According to Fetter (1988), 

sediments with penneabilities of 0.03 feetlday 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 confmhg unit to the water-bearing sediments of the overlying 

Wando Formation. 

3.2.4 ShalIow 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 Iayer serves as an 

aquitard separating the upper and lower sands. 

The lower sand is considered serniconfiied to confined by the intervening clay layer because 

water levels in wells screened across the lower sand rise well above the top of thc unit. 

Generally, potentiometric head levels in this unit are within 10 feet of ground surface and in 

some wells (NBCH00903D, NBCH00905D, NBCH00908D, and NBCHGDHOSCI) 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 unconfied. 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 shaIlow 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 f o m  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 shaliowldeep 

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 comected beneath the site. It does indicate 

the direction of flow if a co:nnection 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 we11 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 Hydraulic Gradients 

Groundwater 
Elevation Vertical Distance Verticsl Hydraulic 

Well Pair Difference (ft) Grndient (ftlft). 
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Table 3.2 
Vertical Hydraulic Gradients 

Groundwater 
Elevation Vertical Distance Vertical Hydraulic 

Well Pair Difference (ft) (ft) Gradient (ftJft)l 

Note: 
I(-) = 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 level 

contours. 

Table 36 
Horizontal Hydraulic Gradient 

Shallow Aquifer Well Pair Gradient 

Lower Sand 

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 hydraulic 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 NBCHOOW5D because the water level was too high. If the slug had 

been introduced instantaneously, well wafer would have overfIowed 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 Hydradk Cooduethrity Results in feeUday 

' 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 Results in feeUday 

Geometric Mean* 

NBCH00907D 8.56 11.51 9.9 

NBCHGDHOSD 1.28 1.28 1.28 

No&: 
* = Average calculated using the falling and rising head values. 

The geometric mean for the slug-tested shallow wells is 1.05 feetiday. 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 feetlday. 

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 c o n ~ t s  are migrating, 

groundwater velocity was calculated using the following formula: 

Where: 

V = horizontal groundwater velocity 

K = hydraulic conductivity 

i = horizontal hydraulic gradient 

ne = 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 co:nductivity for each aquifer were obtained from Sections 3.2.7 

and 3.2.8, respectively. 

Groundwater velocities for each aquifer are listed below in feetlday: 

Upper Sand 
Lower Sand 

Maximum gradient Minimum gradient 
0.017 0.0012 
01.029 0.0019 

3.2.10 Zone B 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 NA'VBASE was provided by the South Carolina Water Resources 

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 fluviai 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 Pleist~xene 

sediments. 

Analytical data for various parameters reflective of groundwater quality were obtained from 

monitoring wells completed in the upper and lower sands of the shallow aquifer (Appendix G). 

These samples were collected. during the first and second zone-wide groundwater sampling 

events conducted in the fall and winter of 1994 and the spring of 1995. Analytical results from 
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these samples are summarized in Table 3.6. Standards for groundwater quality listed by the 

USEPA (1994d) and S C D E C  (1992) are also presented in Table 3.6. Groundwater in Zone H 

is classified "GB" which SCDHEC considers to be a potable water supply. 

Table 3.6 
Results of Groundwater Qunlity Analpis in rniuigmns per liter (mgL), except for pH) 

Monitoring Well 

NBCHGDHO 1 D NSl22,000 NS113,OOO NSIND 

NBCHGDH002 NSi27,oOO NS/16,0OO NSIND 

NBCHGDH04Da NS/23,000 NS/13,000 NSIND 

NBCHGDHOSD NS122,OOO NS/16,000 NSIND 

NBCHGDH008Da 6.88 23,000122,500 12,000113,000 NDIND 

NBCHGDHO 10 NS/1,900 N S f 3 8 0  NS1650 

NBCHGDH 1OD. NS118,000 NS/9,900 NSIND 
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Table 3.6 
Results of Groundwater Quality Analysis in milligrams per liter (mgn), except for pH) 

Monitoring Well 
Identification TDS Chloride Sulfate 

USEPA Drinking Water 6.5 - 8.5 
Secondary MCLs 

Notes: 
NS = Not Sampled. 
ND = Not Detected. 
NL = Not Listed. 
a = Deep Wells designed to allow groundwater at the base of the shallow aquifer to be monitored. 

3.3 Tidal Influence Investigation 

3.3.1 Objective 

Long-term water level monitoring was conducted to determine the effects of tidal fluctuation on 

wells and groundwater flow .throughout Zone H. 

3.3.2 Methodology 

Wens installed at SWMUs 9 and 14, at AOCs 666 and 667, and at several grid locations were 

monitored during the investigation. In all, 19 wells (13 shallow and six deep) were monitored; 

however, data from NBCHWHO10 were unusable due to a data logger malfunction. Wells 

were selected for monitoring based on their proximity and orientation with respect to tidal areas 

(Shipyard Creek and Cooper River). Selected wells roughly fall along parallel lines trending 

northeast/southwest that are perpendicular to Shipyard Creek and sections of the Cooper River. 

The wells are shown in Cross Sections A-A' and B-B' and listed below. Figure 3.10 i1lu.strates 

the areal relationship of the nnonitored wells. 
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Cross Section A-A' 

Shallow Wells Deep WelIs 

NBCH009004 NBCH00904D 

NBCH009005 NBCH00905D 

NBCH009008 NBCHGDH06D 

NBCH009011 

NBCHGDH003 

NBCHGDH006 

Cross Section B-8' 

Shallow Wells Deep Wells 

NBCHO 14001 NBCH01401D 

NBCHO 14005 NBCH01405D 

NBCH666001 NBCHGDHWD 

NBCH667001 

NBCHGDH007 

NBCHGDHW 

A pressure transducer was placed in each monitored well and connected to an InSitu Well 

Sentinel or Hemit lOOOC data logger programmed to measure and record the water levels on 

one-hour intervals. A barometric pressure probe was installed at ground level near monitoring 

well NBCH009008 to a record barometric pressure changes during the tidaI monitoring 

investigation. Data recording started at 6:00 p.m. on December 4, 1994, and continued until 

the Iast transducer was removed at 2:30 p.m. on December 8, 1994. The four-day monitoring 

period spanned nine high and nine low tides. 

3.3.3 Results 

To determine potential tidal effecl on groundwater levels, actual tidal information for the 

Cooper River at Charleston was obtained from the National Ocean Services of the Department 

of Commerce (Appendix H). For the four-day monitoring period, the time between high-tide 

peaks varied betwezn 12 and 12.8 hours, with an average of 12.47 hours. The difference 

between Cooper River high-tide peaks and low-tide troughs varied between 5.15 and 7.15 feet, 

with an average of 6.25 feet. 

The graph of actual tidal data in Appendix H shows high- and low-tidal peaks and troughs 

measured in feet and plotted versus time in minutes. The tidal measurements are based on the 

datum at Charleston which is 5 -44 feet above msl. Therefore, 5.44 feet would have to be 
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subtracted from the data points to convert them to feet above msl. For the "xn axis, 0 minutes 

corresponds to the start of monitoring at 6:00 p.m. on December 4, 1994. 

Barometric pressure data for the monitoring period are presented on the second graph in 

Appendix H. Direct pounds per square inch (psi) measurements from the data logger were 

converted into feet (of water) by multiplying the psi by 2.307. Then, 34 feet was subtracted 

from each value so that barometric pressure data could be plotted on the same graph and use the 

same " y " axis scale as water level data from the wells. 

The dotted vertical lines on the graph correspond with the high and low tides that warred 

during the monitoring period.. The "H" and "L" to the right of each line at the bottom of the 

graph indicates whether the line represents a high or low tide. 

The graph indicates that barometric pressure, like the tides, fluctuates roughly on a 12-hour 

basis. Moreover, during monitoring, some barometric highs and lows correlated with tidal highs 

and lows. This correlation makes it difficult to differentiate between barometric and tidal 

influence on some of the morlitored wells. Water level changes in wells that were only sllightly 

impacted by the tides may have been masked by barometric pressure effects. Therefore, lag 

time and the magnitude of ticlal influence could not be discerned from the tidal graphs of some 

of the wells. 

Similar plots of the water level data for each monitored well are presented in Appendix H. A 

portion of the graphs show water level trend plots for individual wells compared with tile plot 

of barometric pressure. In some of the individual well plots, barometric pressure has been 

omitted so the water level data could be displayed with more detail. 

The sixth graph in Appendix H is a plot used to determine the barometric efficiency (BE) of 

monitoring well NBCH009005. BE for this well was investigated because water kvel trends in 
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the well appeared to correlate with changes in barometric pressure more than any other 

monitored well. This correlation is evident in the fifth graph in Appendix H. On this graph, 

most decreasing water level trends correspond directly to increases in barometric pressure and 

conversely, decreases in barometric pressure are associated with increases in water levels. 

The BE of NBCH009005 was determined using the method described by Dawson and Istok 

(1991) in which water level in the well is plotted against the corresponding barometric pressure 

in feet of water. The correlation between water level and barometric pressure is determined 

through linear regression of the scatter plot. The slope of the line through the points is BE. 

The BE of NBCH009005, which was determined to be nearly 100% using this method, indicates 

that most of the water level changes in NBCH009005 resulted from barometric pressure changes. 

No other monitored well displayed as much influence from barometric pressure. 

Similar to the tides, water level measurements collected from many of the wells fluctuate from 

highs to lows on approximately 12-hour intervals. When the groundwater level peaks and 

troughs are compared to actual high and low tide data for Charleston, the groundwater level 

highs and lows coincide with the tidal highs and lows. However, the high and low groundwater 

levels in the wells lag behind the high and low tides by varied amounts of time. 

According to Fetter (1988), the lag time of aquifer response to tidal changes is governed by the 

distance from the tidal source (Cooper River and Shipyard Creek), the extent of hydraulic 

connection between the aquifer and the source, the tidal period, and the storage coefficient (S) 

and transmissivity (T) of the aquifer. Generally, lag time increases as distance inland increases. 

The lag time for each we1 was estimated using the graphs in Appendix H. The time of each 

high tide (vertical dotted line) was subtracted from the time of each discernible water level high 

to obtain the lag time associated with each tide. For some wells, all nine tide changes were 
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discernible (well NBCHOO!NO4 for example) and at others none or only a few were dimmable 

(NBCH009008). The average lag time of all discernible events for each monitored we11 is 

presented in Tables 3.7 and 3.8 below. 

Table 3.7 
Water Level Monitorlug Summary of W e b  Along 

Cross Section A-A' 

Aveme Mnximum Change Between Distance from Well to Cooper 
Well Lag Time &ours) High and Low 'hde (feet) Riverlshipyard Creek (f6et) 

No&: 
- = Not Discernible 

Table 3.8 
W~lter Level Monitoring Summary of W e b  Along 

Cross Scction BB' 

Average M u m  Change Between Righ Distance from Well to Cooper 
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Table 3.8 
Water Level Monitoring Summary of Wells Along 

Cross section B-B' 

Average Maximum Change Between High Distance from Well to Cooper 

Note: - = Not Discernible 

Wells marked "Not Discernible" indicate that either there were too few water level peaks to 

estimate tidal influence parameters, or the peaks were not discernible. 

The maximum change between succeeding high and low water level events is presented on 

Tables 3.7 and 3.8 to provide a measure of the magnitude of tidal influence on each well. The 

amount of groundwater level change was detemhed by subtracting low-tide groundwater levels 

from high-tide groundwater levels. 

3.3.4 Discussion 

Of the wells monitored, lag time varied between a minimum of one hour at NBCH009004 and 

a maximum of 2.2 hours at NBCHGDH06D. The maximum change between high and low 

water level was 1.12 feet for the shallow aquifer at NBCH009004 and 0.65 feet for the deep 

aquifer at NBCH00904D. 

Theoretically, lag time should increase and water Ievel change between high and low tide should 

decrease as distance inland increases. With regard to these typical responses, wells monitored 

for this tidal study did not behave entirely as expected. 
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For example, NBCHGDH006 is 560 feet closer to the Cooper River than NBCHGDH003. Yet, 

NBCHGDH003 had a shorter lag time and a greater change between high and low tide than 

NBCHGDH006. Moreover,, NBCH666001 lies between NBCHGDH007 and NBCH66'7001 in 

proximity to both tidal sources. Yet, NBCHdddOOl has the shortest lag time and the smallest 

water Ievel change of the three wells. 

The variation from the expected tidaI pattern exhibited in these wells could be due to varied 

types of deposits in the aquifer. Well-sorted, coarse-grained deposits would allow fctr more 

efficient trammission of tidal influence than fme-grained or poorly sorted deposits. Zone H is 

underlain primarily by medium- to fine-grained, moderately to well-sorted sand interspersed with 

lenses of silt, clay, and poorly sorted mixtures of sand, silt, and clay. The lenses are not as 

transmissive as the more well-sorted sand deposits and therefore would reflect a more subdued 

response to tidal influence than the sands. Additionally, the former surface topography of the 

study area has been modified by the disposal of shipyard waste and dredge deposits from the 

Cooper River. These deposits would exhibit different hydrologic properties than natural 

deposits. It is likely that the subdued or indiscernible responses seen in many of the monitored 

wells is due to the presence of fme-grained or poorly sorted deposits. 

Wells screened in the shallow and deep aquifer along cross section A-A' indicate that tidal 

influence from Shipyard Creek may be stronger than that of the Cooper River. Shallow well 

NBCH009004 is approximately 150 feet from Shipyard Creek and had a maximum change 

between low and high water levels of 1.12 feet. Well NBCHGDH003 is 760 feet and 

NBCHGDH006 is 200 feet from the Cooper River; these had only 0.11 feet and less than 

0.05 foot of change, respectively. Similarly, deep well NBCH00904D, 150 feet from 

Shipyard Creek, had 0.65 foot of change while N3CHGDH006D, 200 feet fralm the 

Cooper River, had only 0.16 foot of change. 
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The evidence for greater tidal influence from Shipyard Creek is not as pronounced along cross 

section B-B' because no monitored wells are witbin 1000 feet of the creek. However, shallow 

well NBCH667001 had the most change in water level between high and low tide and it is the 

well closest to Shipyard Creek of the cross-section B-B' wells that had discernible tidal 

influence. The deep wells along cross section B-B' could not be compared because only one had 

discernible influence. 

Wells along cross section A-A' indicate that tidal influence in the shallow and deep aquifer 

decreases as distance inland increases. Wells within 760 feet of a tidal source (NBCH009004, 

MCH00904D, NBCHGDH003, NBCHGDHOO6, and NBCHGDH006D) showed at least some 

tidal influence. Wells NBCHOO!XlO5, NBCH00905D, NBCH009008, and NBCH009011 are near 

the center of the peninsula and they bad no discernible tidal influence. 

3.3.5 Conclusions 

For the wells influenced by tidal fluctuation, lag time varied between one and 2.2 hours. 

The shallow and deep wells demonstrating the most fluctuation due to tidal influence 

were NBCH009004 and NBCH00904D, with maximum water level changes of 1.12 and 

0.65 feet respectively. These wells are approximately 150 feet from Shipyard Creek and 

directly adjacent to an area that is inundated daily by the tide. 

The heterogeneity of h e  aquifer materials may Iimit or accentuate the tidal response in 

some wells. 

In general, wells closer to a tidal source were more influenced by tidal change than wells 

inland on the peninsula. Moreover, tidal influence from Shipyard Creek appears to be 

greater than that of the Cooper River (possibly because of the quay wall along the river). 
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The minimal fluctuations in groundwater levels are not expected to play a ~ignific~ant role 

in directing contaminants transported by groundwater in any direction other than that 

determined by the natural groundwater gradient. 

3.4 Climate 

The climate of the Charleston Harbor area is relatively mild compared to other areas farther 

inland. The mountains in the northern portion of the state buffer cold air masses f'rom the 

northwest, and the Bermuda :high pressure system limits the progress of cold fronts into the area. 

These conditions produce relatively miId, temperate winters. Summers are hot and humid, with 

few temperature extremes. :Moderate summer temperatures are largely due to the influc=nce of 

the Gulf Stream (S.C. SEA Grant Consortium, 1992). 

The average monthfy air temperatures for the Charleston area are presented in Table 3.9. The 

temperatures are generally rrloderated by marine influences and are often 35OF to 37°F lower 

in the summer and 37OF to 46°F higher in the winter than those areas further inland from the 

harbor. 

The wind direction and velocity in the Charleston area are highly variable, and rather evenly 

distributed in all directions. The inland portions of the region are subjected to a 

southwest-northeast wind regime. The prevailing winds are northerly in the fall and winter, and 

southerly in spring and m n e r .  The monthly average wind velocities and directions for the 

area range from a low of 7.ii miles per hour (mph) in May to a high of 10.4 mph in March. 

The average monthly wind speeds and prevailing wind directions are presented in Table 3.9 

(S.C. SEA Grant Consortiunl, 1992). 
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Table 3.9 
Meau Temperature and Wind Data 

for Charkston Hubor between 1970 and 1965 

Daily Min Mean Speed Prevailing 

February 62.2 40.1 10.3 NNE 

April 76.8 52.7 10 SSW 

June 88.9 69.1 8.5 S 

August 88.7 70.5 7.5 SW 

October 77.2 54.9 8.2 NNE 

November 67.8 43.9 8 -2 N 

December 61.0 38.3 8.7 NNE 

The Charleston area receives an annual average precipitation of 49 inches, almost all rainfall 

(Table 3.10). Very little precipitation is recorded as snow. sleet, or hail. The greatest average 

monthly precipitation normally falls in July while the smallest amount normally occurs in 

November (Table 3.10) (S . C . SEA Grant Consortium, 1992). 

Relative humidity in the Charleston Harbor area is normally very high and fluctuates greatly. 

Generally, it is higher during the summer months than other times of the year, and the coastal 

areas exhibit a lower relative humidity than inland portions of the area. The monthly mean 

relative humidity for four different times of day are presented in Table 3.10 (S.C. SEA 

Grant Consortium, 1992). 
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Table 3.10 
Monthly aud A~mual Mean Precip1tation. Relative Humidity, and Claud Cover 

for Charkston Harbor between l%O and 1985 

Relative Humidity by Month Cloud Cover 
% Number of Day~i 

Precipitation 
Month 0100 0700 1300 1900 Ckar Partly CrOudy 

February 3.29 79 82 52 68 9 6 13 

April 2.88 84 84 50 67 11 8 11 

June 4.98 90 86 59 75 6 12 12 

July 7.7 1 9 1 88 64 79 4 13 14 

August 6.61 92 9 1 63 80 5 14 12 

September 5.83 91 91 63 82 7 11 12 

October 2.84 88 89 56 80 12 8 11 

December 2.85 82 84 54 74 9 8 14 

Cloud cover varies widely for Cbarleston, with amuaI averages of 101 clear days, 1 15; partly 

cloudy days, and 149 cloudy days. The average monthly clear, partly cloudy, and cloutly days 

for the area are presented in Table 3.10 (S .C. SEA Grant Consortium, 1992). 

The primary climate concern is tropical cyclones or hurricanes. Hurricanes frequent the 

east coast of the United States and almost always have some effect on the weather around 

Charleston Harbor. Hurricanes normally occur between August and December. The last 

hurricane to make landfall in the Charleston area was Hurricane Hugo, a class IV hurricane 

which struck Charleston in September 1989 causing severe damage. Tornados are extremely 



Final RCRR Facility Znvestigatl'on Rqorr fur Zone H 
NA ?BASE Chorlcs~ron 

Sediun 3: Physical Setting 
July 5, 1996 

rare in the vicinity but have occurred in the inland portions of Charleston County (S.C. SEA 

Grant Consortium, 1992). 

3.5 HabitatiBiota Survey 

Zone H is host to a significant portion of the sensitive ecological habitats at NAVBASE, 

including several large wetland areas. The basewide habitat evaluation has identified three areas 

within Zone H as areas of ecological concern (AECs): AEC V-1, the headwaters of 

Shipyard Creek; AEC V-2, which contains the West Road wetlands and woodland; and, 

AEC V-3, which contains SWMUs 14, and 15, and AOCs 670 and 684, is a narrow forested 

area west of the Dredged Material Area (Figure 3.11) (See Section 7 for the detailed Ecological 

Risk Assessment (ERA) and associated maps). Subzones, which are based on habitat type and 

potential receptors, will be identified and serve as the investigatory unit during the Zone H 

ecological risk assessment. 

AEC V-l 

The headwater region of Shipyard Creek i s  designated as an AEC for its riparian, wetland, and 

open field habitats. The Zone H RFI has investigated two SWMUs near AEC V-1, SWMU 19 

and SWMU 20. The AEC is bounded on the northeast by Bainbridge Avenue and on the west 

by an open storage facility used by the Public Works Department. 

A culvert that drains surface water runoff from the north runs south beneath Bainbridge Avenue 

and into AEC V-1, creating a forestedlscrub-shrub wetland. This wetland extends approximately 

1,500 feet southeast along the low-lying area between Bainbridge Avenue and the now 

overgrown Plate Street. Concrete and asphalt debris was in the roadside portions of the wetland. 

The headwaters of Shipyard Creek also drain a large offsite wetland south of Viaduct and 

Bainbridge Roads. The northern portion of AEC V-1 west of Plate Street receives water from 

an offsite expansive palustrine emergent wetland via a second culvert which runs beneath the 
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to form a larger creek which meanders southward until going offbase near Building 1838. For 

this headwater portion, the creek banks are high and steep and, at several locations south of 

Building 1838, frequent surface water runoff is evidenced by deep erosion cuts down the west 

side of the bank, 

Vegetation in the riparian areas of AEC V-1 includes southern hackberry, wax myrtle, black 

willow, popcorn, red mulberry, and eastern red cedar with a honeysuckle and peppervine 

understory. The wetland supports populations of cattail, needlerush, and cordgrass. The 

shallows of these headwaters also have abundant communities of small fish, fiddler crabs, and 

sand crabs and are, therefore, popular feeding areas for heron, egrets, and kingfishers. 

AEC V-2 

Another undeveloped portion of Zone H has been designated as AEC V-2. It incluties the 

expansive estuarine intertidal wetland southwest of the athletic fields and the equally large 

palustrine forested wetland south of Building 655. The palustrine forested wetland is amidst a 

large wooded tract of land which constitutes the largest contiguous undeveloped upland area at 

NAVBASE. A posted wading-bird nesting sanctuary is southeast of the athletic fields in 

AEC V-2. This protected area was established subsequent to the damage caused by Hurricane 

Hugo in 1989, which demolished most of the mature trees and snags at the former nesting site 

approximately 1,000 feet to the southeast. The intertidal wetland immediately east of West Road 

is a salt marsh with irregular topography which allows for areas of nonhydrophytic vegetation. 

The unimproved West Road separates this wetland from the fringe wetlands of Shipyard Creek, 

although culverts beneath the road allow tidal influence to extend inland. 

Numerous AOCISWMU sites are in or near AEC V-2, including SWMUs 9, 19, 20, 121, and 

159 and AOCs 503, 649, 650, 651, and 654. Additionally, a site which has been the subject 

of investigations by state and federal environmental agencies is on the opposite shore of 

Shipyard Creek. This undeveloped portion of Zone H has several different types of habitat, 



Final RCRA Facility lnvestigcrtr'on Rcport for Zone H 
NAWASE ~ l w t o n  

Section 3: Physical Setting 
JuLy 5, 1996 

including an intertidal wetland, a forested wetland, and an upland forest. The intertidal wetland, 

a former antennae field, receives regular tidal inundation via a culvert and, during exceptionally 

high tides, flooding over West Road. Distinct channelization is present along the inland side of 

West Road, aiding receding tidal water drainage. The wetland is bounded on the north and 

northeast by a slightly elevated band of deciduous forest, The southeastern portion of AEC V-2 

supports a second, more expansive upland forest which abuts several parking lots and buildings 

to the northeast and a clearing which marks the AEC's southern perimeter. The woods between 

Holland Street and West Road have a slightly lower topography, allowing standing water and 

hydrophytic vegetation throughout. 

The diverse habitats in AEC V-2 host various types of vegetation. Typical estuarine vegetation, 

such as cattail, cordgrass, and needlerush, is present in the central portions intertidal wetland 

and wax myrtle, french tamarisk, and black willow are common along the wetland's fringe. The 

forested portion of the AEC is dominated by several overstory species such as popcorn trees, 

southern hackberry, and mulberry with loblolly pine, tree-of-heaven, and eastern red cedar tree 

present in fewer numbers. Common understory species are privet, possumhaw viburnum, saw 

palmetto, honeysuckle, and virginia creeper. 

These habitats play host to a wide variety of wildlife and offer a large area of suitable nesting 

and foraging habitats. Passerine birds include the cardinal, cedar waxwing, loggerhead shrike, 

brown thrasher, mockingbird, and mourning dove. Red-tailed hawk, killdeer, egrets, and heron 

were also observed. Nest boxes had been mounted on the fenceposts along the north end of 

West Road but were in poor condition and unoccupied. Fiddler crabs are abundant in the mud 

flat areas in the intertidal wetland and regularly flooded creek banks. Numerous small fish were 

in the ditch near the culvert leading from Shipyard Creek to the intertidal wetland. Raccoon 

tracks were also present. 
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AEC V-2 

Zone H also contains a relati.vely small portion of AEC V-3. Over 90% of this AEC, however, 

is within Zone I and will be largely assessed during the Zone I (and Zone J) RFI. The portion 

of AEC V-3 within Zone H contains SWMUs 14, and 15, and AOCs 670, and 684 (all located 

in the northeast area of AEC V-3) and a narrow forested area west of the Dredged Material 

Area. 
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4.0 NATURE OF CONTAMINATION 

Sections 4.1 through 4.21 identify all chemicals present in site samples (CPSSs), the frequency 

of their detections, and range of concentrations of detections for all media sampled at each 

SWMU or AOC. Sections 4.22 aod 4.23 present data collected from the grid-based sampling 

network and subsequent samples collected based on grid-based soil sample results. Detected 

concentrations of CPSSs are compared to risk-based screening levels (RBSLs) and/or background 

concentrations expressed as upper tolerance limits (UTLs) and, where appropriate, ecological 

screening values in the following Section 4 subsections. The RBSLs listed in each table are 

taken from U.S. EPA Region 111 Risk-Based Concentratr'on Table (1995). 

Because human health risk and hazard and ecological risk will ultimately d k t  remedial action, 

detailed discussions of the extent of chemicals of concern (COCs) are deferred to site-specific 

BRAS presented in Section 6 and 7 of this report. The risk characterization section of each BRA 

provides risk and hazard maps for COCs (where data support such depictions) to aid in 

interpreting the risk assessment outputs. Where data points are insufficient to develop a relevant 

visual presentation, affected iocations will be discussed for each medium. 

Figure 4.0 shows all soil, sediment, groundwater, and surface water sampling locations for 

Zone H . Table 4.0.1 lists the number of soil and groundwater samples collected for each round 

of sampling at each SWMUIAOC and the analyses performed for each set of samples. 

Table 4.0.2 provides the same information for sediment and surface water samples. Table 4.0.3 

compares proposed and actual sample quantities. Each site-specific section closes with an 

explanation for variations between proposed number of samples and the actual number collected. 

Tables presented in Sections 4.1 through 4.21 summarize the complete data packages for AOC 

and SWMU soil, groundwater, sediment, and surface water analytical data in Appendix I. Each 

table lists the number of analyses for a particular compound group (i.e., VOCs, SVOCs, metals, 

pesticidesIPCBs), individual compounds or elements within the compound group, number of 
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detections per sampling interval, and the range of detection concentrations at each A(3C and 

SWMU for each interval sampled, along with applicable risk-based screening levels and 

background concentrations. Dioxin data reflect a summary of the temchlorodibenzo-p-dioxin 

(TCDD) equivalency quotient (TEQ) values as computed using the procedure identified in 

Interim Procedures for Estimating Risks Associated with Exposures to Mixtures of Chlorinated 

dibenzo-p-dioxins and dibenzofurans (CDDs and CaFs) and 1989 update (USEPA, 1989a). For 

screening purposes dioxin data are compared to the dioxin TEQ of 1.0 microgram per kilogram 

(pglkg) based on a peer-reviewed scientific paper (Khbrough, et al., 1984). This dioxin 

concentration was the cleanup level at the T i e s  Beach Superfund Site. 

Estimated or "J" values, as identified through the validation process, are included in the data 

tables as actual values. 

For compounds that were detected in the primary sample and also detected in the duplicate 

sample, the concentrations for both detections are averaged and listed as one detection in the 

tables. For compounds that were detected in only one of these samples. the value of the one 

detection is used. 

Sample identification numbers may be associated with their respective locations based on the 

following relationship. An example of a typical soil sample identification number is 

013SB00301, which, based on the sample identification discussion provided in Section 2, is a 

soil sample from the upper interval at boring location 003 at SWMU 13. On the Zone H and 

SWMU 13 sample location maps, the location from which this sample was collected is labeled 

013SB003. An example of a typical groundwater sample identification number is 01 3GW00301. 
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This number indicates a frrst-round groundwater sample from well 003 at SWMU 13. The 

corresponding monitoring well identification number is NBCH013003. A typical sediment 

sample identification number is 009M000101. This sample identification number corresponds 

to sample location 009M0001 on the SWMU 9 sample location map. Surface water samples 

follow the same convention as sediment samples. 

For SWMU 9 trench soil samples collected in 1993 (example: 009ST01C93), the first three 

characters represent SWMU 9. The fourth character is for soil sample. Five through eight are 

for trench number and location on the trench (Location C of Trench 1 for the example). The 

last two characters distinguish these data as being collected in 1993. For SWMU 9 1993 

monitoring well soil samples (example: 009SBO2193), the first three characters are for 

SWMU 9. The fourth character is for soil sample. Five signifies boring. Six and seven denote 

the monitoring well where the sample was collected, and eight is for the interval (1 or 2) where 

the sample was collected. The year ('93) is represented by the ninth and tenth characters. For 

the example given, the soil sample was from SWMU 9 at monitoring well 002 from the upper 

interval and collected during 1993. 

Background Determination 

The background concentrations expressed as UTLs were developed following the methods 

identified in Appendix J. 

Data Validation Summary 

Introduction 

This portion of Section 4 presents the QNQC evaluation of the data produced from the analyses 

of samples collected at Zone H of NAVBASE. Data evaluation verifies that the QC 

requirements of the dataset have been met and characterizes the weakness of questionabIe data. 
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Environmental samples were collected at NAVBASE Charleston from August 1994 to May 1995. 

The samples were analyzed by Pace, Inc. and 100% were reported using USEPA DQO 

Level III. Project management for Pace, Inc. laboratory was conducted from its 

New Hampshire location. However, samples were analyzed by several Pace, Inc . laboratories. 

The following lists laboratories that conducted analyses: 

Pace, Inc., New Hampshire; Level III analyses. 

Pace, Inc., New Orleans; Appendix IX analyses except metals. 

Pace, Inc., Indianapolis; dioxin analysis. 

Pace, Inc., Minnesota; Level III analyses for three sample delivery groups (SDGs). 

a Pace, Inc., New Jersey; Level III analyses for two SDGs. 

The DQO for Zone H included using USEPA SW-846 and Title 40 Code of Federal Regulations 

(CFR) Part 2 U  analytical methods to identify the appropriate analpcal levels for site 

characterization and risk assessment, documenting analytical deliverables using USEPA k v e l  111 

and Level IV protocols to meet data quaIity needs, and validating the environmental sample data 

to ensure that appropriate dab quality was obtained. Ten percent of the samples were analyzed 

for Appendix U( parameters. The Appendix IX parameters are in 40 CFR Part 265 and use 

SW-846 methods for analysis. The analytical methods and DQO laboratory deliverables are 

summarized on Table 4.0.4. SCDHEC requires that a11 laboratories performing analyses for 

sites in South Carolina be certified by the SC Environmental Laboratory Certification Program. 

Certification for the listed methods has been verified for Pace's New Harnpshire'and New Jersey 

laboratories. At the time the report was produced it had not been confinned whether the 

remaining labs were certified- Also, it was uncertain as to whether the program certifies the 

dioxin method USEPA 8290, which was used during the RFI. 
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The methods listed in Table 4.0.4 are from: 

USEPA Office of Solid Waste and Emergency Response (OSWER), Test Methodr for 

Evaluahirg Solid WMe, Physical/Chemi'cal Methodr (SW-846), Third Edition, revised 

July 1992. 

USEPA Environmental Monitoring and Support Laboratory, Methuds for Chemical 

Analysis of Wder and Wastes (EPA-60014-79-020, revised March f 983). 

Title 40 CFR Part 264, Appendix IX (52 Federal Register 25947, July 1987). 

Third-party independent data validation of all analytical work performed under the CSAP 

(E/A&H, 1994a) was conducted by Validata Chemical Services based on the QC criteria in the 

USEPA National Functional Guidelines for Organic and Inorganic Data Review (1994a/b). The 

third-party validator assessed and summarized the data's quality and reliability to determine their 

usability and to document any factors affecting usability such as compliance with methods, 

possible matrix interferences, and laboratory blank contamination, 

Discrepancies occurred in elevated TPH concentrations at AOCs 653 and 659 and SWMUs 13 

and 278. 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 chrornatography/mass spectrometry (GCIMS). This discrepancy is explained as follows. 

Petroleum hydrocarbons are made up of paraffmic, cycloparaffinc, and aromatic hydrocarbons. 

Paraffins (interchangeable with the word alkanes) are a class of diphatic 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, cycloparffm, and aromatic 

(cyclohexanes) hydrocarbons. 
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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 dkrepancy between the GRO axid VOC analyses. A somewhat more reliable 

indication of GRO presence and concentration can be produced though 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 quatititation of these compounds is not exact 

since standards were not analyzed 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 cycloparaffm, because only a 

percentage of the mass scan matches. A limitation for identification is the analytical laboratory's 

mass spectra library in the GUMS. A typical library contains 50,000 to 70,000 compounds in 

which standards have been c.hromatographed. 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 JP-4 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 
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compounds like diesel and kerosene as constituents. To detennki 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, c ycloalkaaes, and d o w n  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. 

Organic Evaluation Criteria 

The USEPA methods in Test Methods for Evaluating Solid Wmte, Physical/Chem'cal Methodr 

(1992d), and Methodr for Chemical Analysis of Water and Wmfes (1983) defrne QC criteria the 

laboratory must meet. However, the methods do not address data evaluation from a user's 

perspective. Data evaluation criteria are available in USEPA Contract Laboratory N a t i o ~ l  

Functionul Guidelines for Organic Data Review (Organic Functional Guidelines), February 1994. 

For NAVBASE Zone H, these functional guidelines were used throughout the data evaluation 

process for this purpose. 

Data evaluation included the following parameters: 

Holding times 

GCIMS instrument performance checks 

Surrogate spike recoveries 

Instrument calibration 

Matrix spike and matrix spike duplicates (MSIMSDs) 
Blank analysis 

Internal standard 0s) performance 
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Compound quafltitation 

Field duplicate precision 

Calculations 

When the QC parameters do not fall within the specific method guidelines, the data evaluator 

annotated or "flagged" the corresponding compounds where deficiencies were identified. The 

following flags were used to annotate data exhibiting laboratory and/or field deficiencies or 

problems: 

Undetected - The analyte was analyzed for but not detected or was also found 

in an associated blank, but at a concentration less than 10 times the blank 

concentration for common constituents (acetone, methylene chloride) or five times 

the blank concentration for other constituents (benzene, toluene). The associated 

value shown is the quantitation or reporting limit. 

Estimated Value - One or more QC parameters were outside control limits. 

Undetected and Estimated - The analyte was analyzed for but not detected 

above the estirrlated quantitation Iimit . The quantitation limit is estimated because 

one or more QC parameters were outside control limits. 

R/UR Unusable Data - One or more QC parameters grossly exceeded controI limits. 

EMPC Estimated Maximum Possible Concentration - The dioxin malyte was 

analyzed for, but due to possible instrument carryover that cannot be verified, 

results may actuaily be lower. This qualifier is unique to this document and is 

further explained in the validation summaries in Appendix K. 
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NR Not Reported - Compounds not on requested list, but were reported on a 

portion of the samples. 

These validation flags were applied to data where deficiencies were noted. Appendix K includes 

tables of all qualified data. 

Holding Times 

Acceptable technical holding times are specified in the CSAP. The sample holding time depends 

on the type of analysis. For water and soil samples, the holding time for VOC analysis is 

14 days from the collection date. SVOC , pesticideIPCB, organophosphorus pesticide, and 

chlorinated herbicide water samples must be extracted within seven days from the collection date 

and analyzed within 40 days after extraction. For soil, samples must be extracted within 14 days 

of sample collection and analyzed within 40 days of collection. Dioxin water and soil sampies 

require extraction within 30 days from date of collection and analysis within 45 days of 

collection. 

Holding times for TPH are 28 days from the day of collection for both water and soil samples 

that are preserved and refrigerated. 

GCIMS Instrument Performance Checks 

Performance standards for VDC and SVOC analyses are evaluated to determine if the data 

produced by the instrument may be correctly interpreted according to the requirements of the 

method being used. f erformance standards must be analyzed within 12 hours of sample 

analysis, and the results must be within the established criteria. 

Surrogate Spike Recoveries 

Surrogate compounds are added to samples and laboratory blanks before extraction and sample 

preparation to evaluate the effect of the sample m a t .  on extraction and rneasuement 
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procedures. Surrogates are organic compounds chemically similar to analytes of interest, but 

not normally found in environmental samples. Three surrogate compounds are added to samples 

for VOC analysis, eight ;are added to samples for SVOC analysis, two are added to 

pesticide/PCB and dioxin samples, and one is added to both organophosphorus pesticides and 

chlorinated herbicides. Percent recovery of the surrogates is calculated by comparing the 

amount of the compound recovered by the analysis to the amount added to the sample. 

The surrogate compounds recommended by the SW-846 methods are listed below. 

Abbreviations for each compound are in parentheses, when applicable. 

TolucncdS NitrobcnzeoedS (NBZ) Tcmchlor~m-xylem 2.4-Dichloro- 4-CUom-3- 
Bromoflumbenzcnc 2-FJuorobiibtnyl (FBP) crcm pbtny k t i c  Nitmbemtdluoridc 
(BFB) Tcrphenyldl4 (TPH) Deuchlorobiphcnyl acid @CM) (CNB7-l 
1.2-Dichtorocthane 2.4.6-Tribmmopbcnol (TBP) (DCB) 
(DCE) Phenol& (PHL) 

2Chlorophewld4 (2CP) 
1.2-Dichlorobe1lzcned4 (DCB) 
2-Fluorophcnol (2FP) 

Instrument Calibration 

Instruments are initially and continually calibrated with standard solutions to verify that they can 

produce acceptable quantitative data for the compounds. 

Initial calibration (GCIMS): The insuument is calibrated at the beginning of the analytical run 

to check its performance and to establish a linear five-point calibration curve. The initial 

calibration is verified by calculating the relative response factor (RRF) and the percent relative 
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standard deviation (XRSD) for each compound. An RRF less than 0.05 % or a %RSD greater 

than 30% is outside the QC limits for the initial calibration. 

Continuing calibration (GUMS): Standard s01utions are run periodically to check the daily 

performance of the instrument and to establish the 12-hour RRF on which the sample 

quantitatiom are based. The continuing calibration is verified by calculating the RRF and the 

percent difference (XD) for each compound. An RRF less than 0.05 or a %D greater than 25 % 

is outside the QC limits for the continuing calibration. 

Initial calibration (GC): For single-component pesticides, five-point calibrations are analyzed, 

and calibration factors (CFs) are established. The CF for singlecomponent pesticides must be 

less than or equal to 20%. 

The multicomponent pesticide toxaphene and all PCBs (or Aroclors) are analyzed separately. 

Retention times and CFs are determined for three to five primary peaks. The only review 

criteria for multicomponent compounds is to verify these steps were taken. 

A five-point initial calibration is analyzed for herbicides, organophosphorus pesticides, and TPH. 

Two methods for calibration may be used: external or linear regression methods. For the 

external method, the initial calibration may be verified by calculating the RRF and the %RSD 

for each compound. An RRF less than 0.05 or a %RSD greater than 20% is outside the QC 

limits for the initial calibration. If linear regression is used, the correlation coefficient must 

meet or exceed 0.995 before samples can be analyzed. 

Continuing calibration (GC): The calibration verification is to confum the calibration and 

evaluate instrument performance for single-component pesticides. The calibration verification 

consists of e instrument blank, performance evaluation mixture (PEM), and the midpoint 

concentration of the two standard mixes. The continuihg calibration is run on two GC columns 
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(a primary and a secondary) for analyte confirmation. The %D between the calculated amount 

and the true amount must not ex- 15% on the primary column. 

~ulticomporknt compounds do not require continuing calibration. 

For herbicides and organophosphorus pesticides, the continuing calibration is verified by 

calculating the RRF and the ID for each compound. An RRF less than 0.05% or a %D greater 

than 15% is outside the QC limits for the continuing calibration. 

For NAVBASE, only positive results were flagged when the %RSDs and %D were outside 

control limits but less than 50%. If the ZRSD or %D exceeded 50%, both the positive and 

nondetected results were flagged. Based on professional judgment, the results were flagged 

because of the risk in reporting results with a high bias rather than a low bias. 

MSIMSD 

An MS, used to determine the accuracy of the analysis for a given matrix, consists of a known 

quantity of stock solution added to the sample before its preparation and analysis. Evaluating 

the matrix spike data involves two calculations. First, the percent recovery (%R) is calculated 

by comparing the amount of h e  compound recovered by the analysis to the amount added to the 

sample. In addition, the relative percent difference (RPD) between the MS and the MSD 

samples is calculated and assessed. No specific requirements have been established for 

qualifying MSIMSD data. However, guidelines to aid in applying professional judgment are 

discussed in the Organic Functional Guidelines. 

Laboratory Control Samples and Laboratory Duplicates 

TPH and other GC methods may require laboratory control samples (LCSs) and laboratory 

duplicates with each SDG. The LCS monitors the overall performance of each step during 

analysis, including sample preparation. All aqueous LCS percent recovery results must fall 
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within the control limits established by the laboratory. Laboratory duplicate samples are used 

to demonstrate acceptable method precision at the time of analysis. The RPD between the 

sample and the duplicate sample is calculated. Although no guideiines are established for 

organic laboratory duplicates, sample qualification is left to professional judgment. 

Blank Analysis 

Laboratory method blanks are used to assess the existence and magnitude of potential 

contamination introduced during analysis. Additionally, field blanks may be collected to assess 

any contamhation introduced while collecting samples. When chemicals are found both in 

samples and laboratory blanks analyzed within the same 12-hour period andlor fieldderived 

blanks, the usability of the data depends on the reviewer's judgment and the blank's origin. 

According to the Organic Functional Guidelines, a sample result should not be considered 

positive unless the concentration of the compound in the sample exceeds 10 times the amount 

in any blank for common laboratory contaminants (i.e., methy lene chloride, acetone, 2-butanone, 

and phthalate esters), or five times the amount for other constituents. These amounts are 

referred to as action levels (ALs). Because blank samples may not be prepared using the same 

weight of sample, volume of sample, or dilution, these variables also should be considered when 

using these blank criteria. The specific actions to be taken are as follows: 

If a chemical is found in the blank but not the sample. no action is taken. 

If the sample concentration is less than the quantitation limit and less than the AL, 

the quantitation limit is reported. 

If the sample concentration is between the quantitation limit and the AL, the 

concentration is reported as nondetect "U. " 
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If the sample concentration is greater than the action level, the concentration may be 

used unqualified. 

Field-Derived Blanks 

For this project, four types of fieldderived blanks were collected: the field blank, the rinsate 

blank, the equipment blank, and the trip blank. The field blank is a sample of the source water 

used onsite, primarily to decontmhte equipment. The rinsate blank is a sample of runoff 

water from one or more pieces of the decontaminated equipment used to collect samples. The 

equipment blank is a sample of each fdter pack, grout, bentonite pellets, or powder used in well 

construction. The trip blank is a 40-milliliter (ml) VOA vial filled with certifiable water used 

to assess cross-contamhation during VOC sample shipment. 

The frequencies for collecting these QC samples were defined in Section 13 of the NAVBASE 

CSAP as follows: 

Field blank - one per sampling event (week) per source 

Rinsate blank - one per week per media 

Equipment blank .- one sampte of each well construction material per source 

Trip blank - one per sample shipping cooler containing VOA samples 

For data validation purposes, each trip blank is associated only with the samples from the same 

shipment or cooler. The field blanks and the rinsate blanks apply to a larger number of samples 

because only one is collected per sampling event. Because fieldderived blanks are used with 

method blanks to assess potential cross-contamination of field investigative samples, no action 

was taken if the same contaminants were detected in the method blanks and the associated 

fieldderived blanks but not in the investigative samples. 
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Internal Standard Performance 

GCfMS ISs are added. to samples to check the stability of the instrument's sensitivity and 

response during each analytical VOC and SVOC run. IS area counts for samples and blanks 

must not vary more than a factor of two (-50% to +100%) from the associated caIibration 

standard. If IS concentration results are outside this window, the sample would be flagged as 

estimated. 

Listed below are the IS compounds recommended by the methods. 

VOC SVOC Dioxin 

Bromochloromethane (J3CM) 1,4-Dichlorobenzened4 PCB) IF,,- 2,3,7,8-TCDD 

1 ,CDifluorobenzene (DFB) Naphthalene48 (NIT) 'TI,- 2,3,7,8-TCDF 

Chlorobenzene45 (CBZ) Acenaphthened 10 (ANT) WI2- 1,2,3,7,8-PeCDD 

Phenanthrened 10 (PH N) "C12- 1,2,3,7,8-PeCDF 

Chrysened 12 (CRY) l3CI2- 1 ,2.3,6,7,8-HxCDD 

Perylened 12 (PRY) ~T,2-l,2,3,4,7.8-HxCDF 

13C,,-1 ,2,3,4,6.7.8-HpCDD 

'ell-1,2,3,4,6,7,8-HpCDF 

IFl2-OCDD 

Definitions 

TCDD (Tetrachlorodibenzo-pdioxin) 

TCDF (Teuachlorodibentofuran) 

PeCDD (Pentachlorodibenm-pdioh) 

PeCDF (Pentachlorodibemfuran) 

HpCDD (Heptachlorodibenm-p-dioxin) 

HpCDF (Heptachlorodibenmhran) 

HxCDD (Hexacblorodibem-pdioxin) 

HxCDF (Hexachlorodibentofuraa) 

OCDD (Octachlorodibenzo-pdioxin) 

Diluted Samples 

An evaluation of the samples diluted by the laboratory prior to d y s i s  was performed to 

determine the reasons for the dilutions. The concern being that detection limits may have been 
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elevated above screening concentrations, which could result in COCs being overlooked. In all 

but four cases, samples were diluted due to the presence of elevated concentrations of site 

contamhants. Where this occurred, the laboratory was required to report the results of any 

detections of other compounds at the lower detection limits. Table 4.0.5 lists all diluted samples 

from Zone H. Four semivolatiles samples had dilution factors ranging from two to five and had 

a noodetect for results. Of the four, sample 178GW00102 had a high concentration of 

bis(2-ethylhexy1)phthalate in the laboratory blank, which caused detection limits to be elevated. 

The remaining three well samples had elevated detection limits due to possible matrix 

interferences in the samples. 

Inorganic Evaluation Criteria 

The USEPA methods described in Test Methods for Evaluatl'ng Solid Wste, Physical/Chemical 

Methods (1992d), and Title 40 CFR Part 264, Appendix ZX (1987) define QC criteria the 

laboratory must meet, but the methods do not address data evaluation from a user's perspective. 

Evaluation criteria are available in USEPA Contract Laboratory National Functional Guidelines 

for Inorganic Data Review (Inorganic Functional Guidelines), February 1994. The guidelines 

were used throughout the data evaluation process to address data usability. 

Data evaluation for samples collected at NAVBASE included: 

Holding times 

Instrument calibration 

MS results 

Laboratory duplicates 

Blank analysis 

Inductively Coupled Plasma (ICP) interference check samples 

ICP serial dilutions 

Laboratory control sample results 
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Atomic Absorption (AA) duplicate injections and post digestion spike recoveries 

• Field duplicate precision 

According to the Inorganic Functional Guidelines, when the QC parameters do not fall within 

the specific method guidelines, the data evaluator annotates or "flags" the corresponding 

compounds where deficiencies were identified. The data from NAVBASE sites were evaluated 

using this approach. The following flags were used to annotate data exhibiting laboratory and/or 

field deficiencies or problems: 

U Undetected - The analyte was analyzed for but not detected above the instrument 

detection limit (IDL) or was also found in an associated blank at a concentration less than 

five times the blank concentration. 

J Estimated Value - One or more QC parameters were outside control limits. 

UJ Undetected and Estimated - The analyte was analyzed for but not detected above the 

listed estimated IDL; the IDL is estimated because one or more QC parameters were 

outside control limits. 

R/UR Unusable Data - One or more QC parameters grossly exceeded control limits. 

NR Not Reported - Compounds not on requested list, but were reported on a portion of the 

samples. 

Holding Times 

Acceptable technical holding times are specified in the CSAP (EIA&H, 1994a). For aqueous 

and soil samples, the holding time for metals analysis is six months, except for mercury, which 
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is 28 days from the date of collection. For aqueous and soil samples, cyanide analysis has a 

sample holding time of 14 days from the date of collection. 

lnstmnent Calibration 

Instruments are initially and continually calibrated with standard solutions to check that they are 

capable of producing acceptable qualitative and quantitative data for the analytes on the 

inorganics list. 

An initial calibration is conducted to check the instrument's performance at the beginning of the 

analytical run and to establish a linear calibration m e .  Calibration standard solutions are run 

periodically to check its performance and confirm that the initial calibration curve is still valid. 

Calibrations are verified by calculating the %R and comparing the amount of the analyte 

recovered by analysis to the known amount of standard. The %R for metals, except mercury 

and cyanide, should fall between 90% and 110%. The %R, for mercury and cyanide should fall 

between 80% and 120% and 85 % and 1 15 % , respectively. 

Blank Analysis 

Laboratory method blanks are used to assess the existence and magnitude of potential 

contamination introduced during analysis. Additionally, field blanks may be collected to assess 

the potential contamination introduced during sample collection. When chemicals are found in 

samples and laboratory blanks, the usability of the data depends on the reviewer's judgment and 

the blank's origin. According to the Inorganic Functional Guidelines, a sample result should not 

be considered positive unless the sample concentration exceeds five times the amount in any 

blank, or the ALs. Because blank samples may not be prepared using the same weight of 

sample, volume of sample, or dilution, these variables also should be considered when using 

these blank criteria. The specific actions to be taken are as follows: 
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If a chemical is found in the blank but not the sample, no action is taken. 

If the sample concentration is between the DL, and less than five times the amount 

found in any blank, the concentration is reported as "U. " 

If the sample concentration is greater than five times the amount in any blank, the 

concentration may be used unqualified. 

ICP Interference Check Samples 

The ICP interference check sample is used to confm the laboratory instrument's inter-element 

and background correction factors. Interference samples should be analyzed at the beginning 

and end of each sample analysis or at least twice per eight-hour working shift. The %Rs for 

the interference check sample should fall between 80% and 120%. 

Laboratory ControI Samples 

LCSs are used to monitor the overall performance of steps in the analysis, including the sample 

preparation. All aqueous LCS %R results must fall within the control limits of 80% to 120%, 

except for antimony and silver, for which control limits have not been established. Soil LCS 

standards are provided by the USEPA. Control limits are established for each soil LCS standard 

prepared. 

Spike Sample Analysis 

Samples are spiked with known quantities of analytes to evaluate the effect of the sample matrix 

on digestion and measurement procedures. The XR should be within 75% to 125 %. However, 

when the sample concentration exceeds the spike concentration by a factor of four or more. spike 

recovery criteria are not applicable. 
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Laboratory Duplicates 

Laboratory duplicate samples are analyzed to evaluate data precision, a measure of the 

reproducibility of the analysis. The RPD between the sample and its duplicate is calculated. 

A control limit of 20% RPD should not be exceeded for analyte values greater than 100 times 

the IDL. 

ICP Serial Dilutions 

ICP serial dilutions assess the absence or presence of matrix interference. One sample from 

each set of similar matrix type is diluted by a factor of five. For an analyte concentration that 

is at least a factor of 100 times above the IDL, the measured concentrations of the undiluted and 

diluted samples should agree within 10 % . 

AA Duplicate Injections and Post-Digestion Spike Recoveries 

During AA analysis, duplicate injections and postdigestion spikes are used to assess precision 

and accuracy of the laboratory analysis. The %RSD of duplicate injections must agree within 

20%. Percent recovery of the postdigestion spike sample should fall between 85 % and 115 %. 
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Lcrel Method Refucncc 

v d p d k . O g i n l c m  mnu SW-Mbm 

C h l o m  Herbicides WlV SW-846 8150 

Hexrvdent Chromium m/rv USEPA 218.4 

Note: 
Full Scanprpmetcn include: VOCs. SVOCs, PcsficideslPCBs. TPH. and Metals (Level ID). Appendix IX parmeten include: VOC:s. SVOCs. 
PesricideslPCBs. Herbicides. Organophosphorus Pesticides. Meds. Hexavalent Chmmium and Dioxins (Level IV). 

Table 4.0.5 
Zanc B Wwcd SPmple R e m b  

Dilldion Factor R d  #kg) 

655SBWJ703 CHS 10 Dieldrin 5 360 

654S800602 CHSlO Acetone 1700 1 
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4.1 SWMU 9 (Includes Groundwater, Surface Water, and Sediment for SWMUs 19, 20, 
and 121, and AOCs 649, 650, 651, and 654) 

SWMU 9 is a closed landfdl at the southern end of NAVBASE that is generally bounded by 

Shipyard Creek to the southwest, Bainbridge Avenue to the northeast, and Holland Street to the 

southeast. A geophysical and soil-gas survey was completed in 1992 (E/A&H, 1994~) to 

enhance the delineation of the geographic boundary of the landfd. Figure 4.1.1 identifies the 

boundary of SWMU 9 as identified by the geophysical and soil-gas survey. The landfdl was 

used for industrial and domestic solid waste disposal from the 1930s until 1973. Trenching 

unearthed materials such as medical waste, empty oil containers, empty Freon tanks, cargo 

netting, gas masks, concrete, wood, and domestic garbage. 

Seven additional sites were investigated concurrently with SWMU 9 during the RFI because they 

were within the landfrll perimeter. These sites include SWMU 19, a solid waste transfer station 

currently in operation; SWMU 20, a waste disposal area which appears to have been used for 

disposal of industrial-type materials; SWMU 121, a former satellite accumulation area (SAA) 

associated with a recycling operation; AOC 654, the location of a former septic tank disposal 

system; and AOCs 649, 650, and 651, areas that formerly stored ship repair supplies. 

The intent of the 1992 geophysical and soil-gas survey was to delineate the landfill boundary and 

identify containers and/or contaminant pIumes hat may have been in the SWMU 9 area. 

Following these surveys, exploratory trenches were excavated to identify the source of 

geophysical anomalies and soil-gas hot spots. The excavations allowed visual observation of the 

landfill contents at selected locations, but did not conclusively identify significant quantities of 

buried metallic containers or sources for the soil-gas hot spots. Soil sample analysis from each 

excavation is discussed below. One of the most significant observations was the conspicuous 

absence of any cap or impervious layer to prevent d a c e  water The landfdl 

generally is covered with 1 to 3 feet of sand andlor sandy silt. 
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Soil, groundwater, sediment, and d a c e  water sampling was conducted during the RFI. Except 

for soil sample data, analytical results for SWMU 9 and associated sites are discussed as if they 

were one site. Soil data from individual sites are discussed separately in this report because 

con taminant distribution in soil appears to be defmable and geographically unique. The data 

from the analysis of the remaining media sampled, groundwater in particular, indicate that it is 

more appropriate to discuss the sites collectively since it would be inherently difficult to identify 

specific point sources for con taminants that may have commingIed. 

Both temporary and pemanent monitoring wells were sampled as part of the groundwater quality 

investigation of the SWMU 9 area. Temporary wells were installed in SWMUs 20 and 121 to 

provide data to guide the placement of permanent wells in both areas. Hydropunch technology 

was initially employed to sample groundwater for screening purposes, but was discontinued due 

to the type of aquifer material encountered. Standard temporary monitoring wells were 

constructed after the Hydropunch failed to provide good samples. Sixteen temporary monitoring 

wells were installed: 11 in SWMU 20 and five in SWMU 121. Each well was installed as 

described in Section 2. A sample for VOC analysis was collected from each temporary well 

following construction. Analytical results for the temporary monitoring well samples are 

presented in Table 4.1.1. These results were used to select permanent monitoring well 

locations. Five permanent monitoring weIls were installed based on the results of the temporary 

monitoring well sample anaIysis. Based on VOA results for hydropunch and temporary 

monitoring well samples the area with the highest quantity of detected VOCs and the highest 

total concentration of VOCs was near NBCH20HP01. Groundwater samples collected fiom 

temporary monitoring weIYhydropunch sampling locations NBCH20TW02, NBCH20TW03, 

NBCH20TW04, NT3CH20TW05, NBCH20TW07, N%CH20TW08, and NBCH20TW09 also 

contained VOCs. Monitoring wells NBCH009012, NBCH00912D, NBCH009013, 

NBCH009014, and NBCH009015 were installed in the vicinity of these apparently impacted 

areas or between the areas and Shipyard Creek, the destination for groundwater flow in the 

SWMU 20 area. 
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Five temporary monitoring wells were inswed in the vicinity of SWMU 121. VOCs were 

detected in each of the temporary monitoring well samples. The number of compounds detected 

and the total concentration of VOCs in each of the five samples were comparable. One 

pe-nt monitoring well (NBCH009121) was placed in the approximate center of the 

SWMU 121 temporary monitoring well pattern. 

Based on results of the first round of groundwater sampling of permanent monitoring wells, four 

additional permanent monitoring well locations were identified. The first round of groundwater 

samples from these additional wells was coUected during the second round of groundwater 

sampling for all other SWMU 9 wells. Figure 4.1.1 identifies locations for all temporary and 

permanent monitoring wells in the S W  9 area. All temporary wells were abandoned within 

two days of sampling by pulling the PVC riser casing and screen, and grouting the borehole 

from the total depth to ground surface with bentonite slurry. 

4.1.1 Soil Sampling and Analysis 

Eleven trenches were constructed in the SWMU 9 area during the summer of 1993. One soil 

sample was collected from each trench to characterize the types and concentrations of 

compounds or elements in SWMU 9. Soil samples were collected in accordance with procedures 

detailed in Section 2.2 of this report, typically from 2 to 5 feet bgs, depending on the type of 

waste and the presence of material that could be sampled. 

Soil samples were collected during the fall of 1993 at the location of seven monitoring wells. 

These soil samples were collected in accordance with procedures detailed in Section 2.2 of this 

report. Upper-interval soil samples were collected at each of seven monitoring well locations. 

Second-interval soil samples were collected from two of the seven monitoring well locations. 

Soil samples (trench and monitoring wdl) were analyzed for VOCs, SVOCs, metals, and 

pesticidesIPCBs. One trench sample was duplicated for QA purposes. Tables 4.1.2 and 4.1.3 
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summarize the organic and inorganic data, respectively, for the trench soil samples collected at 

SWMU 9. Tables 4.1.4 and 4.1.5 summarize the organic and inorganic data, respectively, for 

the monitoring well soil samples collected at SWMU 9. A complete analytical data report for 

SWMU 9 soil samples is included in Appendix I. Trench locations are shown on Figure 4.1.1. 

SWMU 9 soil samples were collected in 1993 as an interim RFI measure. The sampling and 

analysis plan used during the 1994 RFI had not been developed in 1993, when the soil samples 

presented in Section 4.1 were collected; therefore, only VOCs, SVOCs, pesticides/PCBs, and 

metals were analyzed. The results of the soil samples collected in 1993 provided adequate 

information necessary to characterize the type of waste in the landfill. As a resuit no additional 

soil samples were collected to characterize waste in the SWMU 9-specific area during the 

1994 RFI. The 1W4 RFI of SWMU 9 was designed to determine if contaminants in the landfill 

were migrating outside its perimeter. 

4.1 .l. 1 Volatile Organic Compounds in Soil 

Six VOCs were detected in one or more SWMU 9 trench soil samples. No VOCs were present 

at concentrations exceeding their respective RBSLs. VOCs ranged from four to seven orders 

of magnitude below their RBSLs. 

Six VOCs were detected in the SWMU 9 1993 monitoring well soil samples. No VOCs were 

at concentrations exceeding their respective RBSLs. VOC concentrations ranged from three to 

seven orders of magnitude below their RBSLs. 

4.1.1.2 Semivolatile Organic Compounds in Soil 

Twenty-four SVOCs were detected in SWMU 9 trench soil samples. Benzo(a)pyreae 

(RBSL-88 pglkg) was the only SVOC in the trench samples that exceeded its respective RBSL. 

This compound was present at trench locations 1C and 10A at concentrations of 440 &kg and 

430 pglkg, respectively. 
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Twenty-one SVOCs were detected in SWMU 9 1993 monitoring well soil samples. Of these 

compounds only five (all polynuclear aromatic hydrocarbons IpAH]) were detected at 

concentrations exceeding their respective RBSLs. Benzo(a)anthracene, knzo(b)fluoranthene, 

benzo(a)pyrene, and indeno(l,2,3-cd)pyrene were detected at RBSL-exceedmg cancentrations 

in the surface soil at monitoring well NElCH009003. Bem(a)anthraeene, benzo(b)fluoranthene, 

benzo(a)pyrene, and dibenzu(a,h)anthtacene were detected at RBSL-exceedmg concentrations in 

the surface soil at monitoring we11 NBCH009007. No other SVOC detections exceeded their 

respective RBSLs. 

4.1.1.3 Pesticides and PCBs in Soil 

Six pesticide compounds were reported in the results for SWMU 9 trench soil samples. None 

were at concentrations exceeding its RBSL. Concentrations were one to two orders of 

magnitude below respective RBSLs . 

Eight pesticides were detected in the SWMU 9 1993 monitoring well soil samples. None of 

these compounds were detected at concentrations above their respective RBSL. Concentrations 

for the pesticide compounds detected in these samples ranged from one to two orders of 

magnitude below the RBSLs. 

PCBs were detected in each trench sample analyzed. Three PCBs (Arodor-1242, Aroclor-1254, 

and Aroclor-1260) were at concentrations exceeding the RBSL of 83 pg/kg at trenches lC, ZA, 

3A, 4A, 5A, 6A, 9A, and 10A. The exceedances ranged from one to two orders of magnitude 

above the RBSL. Most soil samples with the highest concentrations of PCBs were collected at 

trenches 3A and 5A. The soil sample from trench 3A contained Aroclors-1242 and 1260 at 

concentrations of 6,700 p g k g  and 1,200 pglkg, respectively. The soil sample collected from 

trench 5A contained Amflor-1254 at a concentration of 2,500 pgkg.  
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PCBs were detected in three of the SWMU 9 1993 monitoring well soil sampIes. Aroclor-1260 

was detected in the surface soil at monitoring wells NBCH009005 and NBCH009006 at 

RBSL-exceeding concentrations. The only other monitoring well soil sample with PCBs was at 

monitoring well NBCH009008; however, the concentration of Aroclor-1260 in this sample was 

below the RBSL. 

4.1.1.4 Other Organic Compounds in Soil 

As explained in Section 4.1.1, analyses for other organic compounds (Appendix IX) were not 

conducted on soil samples from SWMU 9. 

4.1.1.5 Inorganic Elements in Soil 

Four elements (beryllium, chromium, lead, and manganese) were detected in trench soiI samples 

at concentrations which exceeded their respective RBSLs and UTLs for background. Antimony 

was detected in five trench samples at concentrations exceeding its RBSL. No UTL was 

calcuIated for antimony. 

• Beryllium, trench 8A, 2.1 milligrams per kilograms (mg/kg) (RBSL-0.15; UTL = 1 -466) 

Chromium, trench 2A, 140.7 mg/kg (RBSL-39; UTL=85.65) 

Lead, trench 3A, 417 mglkg (RBSL-400; UTL= 1 18) 

Manganese, trench 4A, 791 mglkg WSL-39; UTL=636.4) 
• Antimony, all five detections, 9.4 to 26.9 mglkg (RBSL3.1) 

Only one element (copper) was detected in the SWMU 9 1993 monitoring well soil samples at 

concentrations which exceeded its RBSL and interval-specific UTL. Copper was detected in the 

soil at two monitoring wells (NBCH009003 and NBCH009006) at RBSL- and UTL-exceeding 

concentrations. The following elements: lead, nickel, zinc, aluminum, barium, and bery Ilium 

were present in concentrations which were between the lower of the RBSL or UTL and the 

higher of the RBSL and UTL. 

4-38 
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4.1.2 Groundwater Sampling and Analysis (Includes SWMU 19, 20, and 121; and 
AOCs 649, 650, 651, and 654) 

Seventeen shallow groundwater samples were collected in the primary groundwater sampling 

event near SWMU 9 to measure shallow groundwater quality. One of the samples was collected 

from a monitoring well (CST-FMW-4) installed as part of an earlier investigation. Eight deep 

groundwater samples were collected in the primary groundwater sampling event near SWMU 9 

to measure deep groundwater quality. In the first sampling round, both deep and shallow 

groundwater samples were analyzed for VOCs, SVOCs, pesticides/PCBs, cyanide, and metals. 

Three shallow groundwater samples were duplicated and submitted for herbicide, hexavalent 

chromium, dioxin, and organophosphorus pesticide analyses, in addition to the standard suite 

of analyses. Two of the shallow duplicate samples and one other shallow sample were also 

analyzed for TPH. Based on the results of the shallow groundwater sample analyses, four 

additional shaIlow monitoring wells were constructed along the south side of Bainbridge Avenue 

(near the northwest boundary of Zone H) and sampled for the standard suite of analytical 

parameters. One of the four samples was duplicated and submitted for analysis of additional 

compounds, as above, Although the four additional wells were installed shortly after 

second-round groundwater sampling had begun, data from analyses of the initial samples 

coflected from the wells have been included with the fmt-round sample results. Consequently, 

no second-round samples were collected from these wells. 

In the second sampling round at SWMU 9, groundwater samples collected from the 17 original 

shallow weIls and eight deep wells were submitted for analysis of VOCs, SVOCs, pesticides, 

and metals. Three shallow samples were duplicated and analyzed for the same parameters as 

the primary samples. 

Groundwater sampling was conducted in accordance with procedures detailed in Section 2.4. 

Tables 4.1.6 and 4.1.7 summarize the organic analytical data for shallow and deep groundwater 

samples. Tables 4.1 .8 and 4.1.9 summa. the inorganic analytical data for SWMU 9 shallow 
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and deep groundwater samples. Appendix I contains a cumpIete report of groundwater analytical 

data. Groundwater sampling locations are shown on Figure 4.1.1. 

4.1.2.1 Volatile Organic Compounds in Groundwater 

Thirteen VOCs were detected in shallow groundwater samples collected in the first sampling 

round from near SWMU 9 (Table 4.1.6). Detected concentrations for seven of the 13 VOCs 

exceeded respective RBSLs. Benzene and chlorobellzene were the most frequently detected 

compounds exceeding RBSLs. Benzene (RBSL4.35 microgram per liter bg/L]) was detected 

in samples from 11 shallow wells at concentrations ranging from 1.8 to 180 pg/L. 

Chlorobenzene (RBSL-3.9 pg/L) appeared in samples from nine shallow wells at concentration 

levels of 9 to 1,300 pg/L. The highest concentrations of both benzene (180 pg/L) and 

chlorobenzene (1,300 pg/L) were reported in the sample from well NBCH009010, near the 

running track in the middle of the main landfill. In first-round samples from the other wells in 

SWMU 9, maximum values for benzene and chlorobenzene were 11 pg/L and 63 pg/L, 

respectively. Both compounds were relatively widespread throughout the western half of the 

SWMU 9 area, particularly near SWMU 20. Other than those from well NBCH009010, the 

above-RBSL detections for these compounds were primarily in the northwestern (SWMU 20) 

area of SWMU 9. 

The northern extent of groundwater contamination identified in the SWMU 20 area has not yet 

been defined. Two of the four additional wells installed along Bainbridge Avenue to determine 

the northern extent of groundwater contamination near SWMU 20 contained chlorobenzene 

concentrations above its MSL. Bainbridge Avenue serves as the northern boundary of Zone H 

in this area. Upcoming additional fieldwork north of Bainbridge Avenue in Zone G should allow 

the source of groundwater contamination to be identified. 

Other VOCs detected above their RBSLs in shallow fmt-round samples were carbon disulfide 

(RBSG2.1 pglL), 1 , 2 d i c h l o r o e ~  (RBSLO. 12 pglL), 1,2dichloroethene (total) 
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(RBSLS. 5 pglL), ethylbenzene (RBSL130 pg/L), and vinyl chloride (RBSL0.019 pg/L). The 

only reported detections of 1,2dichloroethane, 1,2dichloroethene, and vinyl chloride were in 

the sample from well NBCH009007 (59, 5.5, and 720 pg/L, respectively). This sample also 

contained the'highest detections of toluene (37 pg/L) and total xylem (600 pg/L) as well as the 

second-highest detection of ethylbenzene (99 pg/L), all at concentrations below their 

corresponding RBSLs. Eight of the 13 VOCs reported in shallow first-round samples appeared 

in the sample from this well. 

Second-round samples from shallow wells at SWMU 9 contained 14 VOCs, with seven of them 

at concentrations above their corresponding RBSLs. Benzene and chlorobenzene were the only 

compounds with multiple detections greater than their RBSLE. The highest reported 

concentrations of the two compounds were again in the sample from well NBCH009010: 

benzene at 85 pg/L and chlorobenzene at 520 pg/L. The sample from this well also had the 

highest reported concentrations of acetone (RBSL-370 pg/L) at SWMU 9: 230 pglL. Six VOCs 

appeared only in the sample from well NBCH009007, with five of them exceeding their 

corresponding RBSLs: 

1,2dichloroethene (total) (1 60 pg/L ;  MSL-5.5 pg/L) 

methylene chloride (120 pglL; RBSIA. 1 pglL) 

tn'chloraethene (9 pglL; RBSL-1.6 pg/L), vinyl chloride (415 pg/L; RBSM.019 pg/L), 

and trichlorofluoromethane (52 pglt; RBSL-130 pg1L) 

This sample also contained the highest repom detections of ethylbenzene and toluene, both at 

concentrations below their RBSLs. 
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In the fmt sampling round, three VOCs were detected in two deep groundwater samples 

collected near SWMU 9 (Table 4.1.7). Two of the three were at concentrations above their 

respective RBSLs. Carbon disulfide (RBSE2.1 pg/L) was detected in a groundwater sample 
. . 

from well NBCH00904D at a concentration of 61 pg/L. Chloroform (RBSL-O.15 pglL) was 

detected in a groundwater sample from well NBCH00906D at 2.4 pg/L. 

No VOCs were detected in second-round groundwater samples from deep monitoring wells at 

SWMU 9. 

4.1.2.2 Semivolatile Organic Compounds in Groundwater 

Twenty-six SVOCs were detected in one or more of the shallow fmt-round groundwater samples 

from near SWMU 9 (Table 4.1.6). Ten of the SVOCs (azobenzene; benzidine; 

bis12-chloroethyl]ether; 1,4dichlorobenzene; 2,4dimethylphenol; bis[2-ethylhexyllphthalate 

[BEHP]; hexachlorocyclopentadine; 2-methylphenol [ocresol]; 4-methylphenol [p-cresol]; and 

pentachlorophenol) appeared at concentrations above their corresponding RBSLs. Compounds 

with the greatest number of detections exceeding RBSLs in the first round were 

1,4dichlorobenzene (four samples) and pentachlorophenol (three samples). The sample from 

monitoring well NBCH009007 reported the highest concentrations of four compounds that 

exceeded RBSLs (bis[2-chloroethyllether; 2,4dimethylphenoI; 2-methylphenol; and 

4-methylphenol). The sample collected from well NBCH009016 was also highest in four of the 

above-RBSL compounds (azobenzene, BEHP, hexachIorocyclopentadiene, and 

pentachlorophenol). The other two compounds that exceeded RBSLs were highest in samples 

from wells NBCH009010 (1,4dichlorobenzene) and NBCHWFMW (knzidine). In general, 

the highest concentrations were detected in the far northwestern part of Zone H, near 

SWMU 20. 

In the second sampling round, 16 SVOCs were detected in samples from shallow wells, with six 

exceeding their corresponding RBSLs : 1,4-dichlorobellzene, 2,4-dimethylphenol, 
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hexachlombenzene , hexachlorobutadiene , hexachloroethane , and 4-methylphenol. Of these six, 

1,4-dichlorobenzene appeared twice at concentrations above its RBSL, while the other five 

exceeded their RBSLs only once. Three of the six above-RBSL compounds were highest in the 

second round in the sample from shallow well NBCH009006 (hexachlorobenzene, 

hexachlorobutadiene, and hexachloroethane); two were highest in the sample from NBCH009007 

(2,rtdimethylphenol and 4-methylphenol); and 1,4-dichlorobenzene was highest in the sample 

from NBCH009010. 

Two SVOCs were detected in deep groundwater samples collected near SWMU 9 during the first 

sampling round (Table 4.1.7). In neither case did the reported concentration exceed its 

corresponding RBSL. 

No SVOCs were detected in second-round samples from deep monitoring welts near SWMU 9. 

4.1.2.3 Pesticides and PCBs in Groundwater 

In the first sampling round, dichlordiphenyl-trichloroethane (DDT) was the only pesticide 

reported for shallow groundwater samples collected near SWMU 9 (Table 4.1.6). A 

groundwater sample collected from well NBCH009011 contained 4,4'-DDT at a concentration 

of 0.06 pg/L, which is well below the RBSL of 0.2 pg/L. 

The only pesticides to appear in second-round samples from shallow wells near SWMU 9 were 

4.4'- dichlorodiphenyldichloroethane (DDD). 4.4'dichlorodiphenyldichloroethylene (DDE), and 

endosulfan I. All three were detected in the sample from well NBCH009015 at concentrations 

well below their RBSLs, 

No pesticide compounds were detected in the deep groundwater samples collected near 

SWMU 9. 
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No PCBs were reported for deep or shallow groundwater samples collected near SWMU 9 

during the fmt sampling round. Second-rod samples were not submitted for PCB analysis. 

4.1.2.4 Other Organic Compounds in Groundwater 

Four duplicate shallow groundwater samples from the fmt round were anaIyzsd for herbicides, 

dioxins, and organophosphorus pesticides, in addition to the standard suite of analyses. Three 

samples were submitted for TPH analysis. The herbicide trichlorophenoxyacetic acid (2,4,5-T) 

was detected in a single sample from well NBCR009016 at a concentration of 0.56 pg/L, nearly 

two orders of magnitude lower than its RBSL or 37.0 pg/L. Dioxins were detected in three of 

the four duplicate samples collected near SWMU 9. Dioxin total TEQ concentrations for these 

three analyses ranged from 0.1% picogram per liter @g/L) to 2.502 pg/L (Table 4.1.3). 

Neither organophosphorus pesticides nor petroleum hydrocarbons were detected in the first-round 

shallow duplicate samples from near SWMU 9. 

Shallow samples from the second round of groundwater sampling at SWMU 9 were not 

submitted for analysis of herbicides, organophosphorus pesticides, dioxins, or TPH, nor were 

deep samples from the fmt or second sampling round. 

4.1.2.5 Inorganic Elements in Groundwater 

Of the 21 inorganic chemicals detected in at least one first-round shallow groundwater sample 

from near SWMU 9 (Table 4.1.8). the following nine metals were reported at concentrations 

exceeding RBSLs: antimony, arsenic, barium, copper, lead, manganese, thallium, vanadium, 

and chromium (if hexavalent). Antimony, copper, vanadium, and chromium were not detected 

in enough background samples to determine UTLs. Arsenic, manganese, and thallium 

concentrations were below their respective UTLs. Lead and barium were detected at 

concentrations exceeding both their corresponding RBSLs and UTLs. The metals that were 

reported above their RBSLs most frequently were manganese (in 20 samples), arsenic (in 
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eight samples), barium (in eight samples), and thallium (in five samples). Antimony, chromium, 

copper, and vanadium detections exceeded tbeir RBSLs in only one sample each (from wells 

NBCH009016, -012, -MW4, and -006, respectively). The highest concentrations of arsenic 

(11.5 pg/L) and lead (52.6 pg/L) were in the sample from NBCH009009; barium was highest 

(1,200 pg/L) in NBCHO18;  the highest manganese defection (1,700 pgiL) came from 

NBCH09012; and thallium was highest in the sample from NBCH009121 (shown on maps as 

NBCH121001). (Note: The chromium RBSL of 18 pg/L is based on hexavalent chromium, 

which has not been detected in any sample in Zone H. The RBSL for trivalent chromium in tap 

water is 3,700 pg/L.) 

Seventeen inorganic chemicals were detected in second-round samples collected from shallow 

wells at SWMU 9, with eight of them at concentrations equalling or exceeding their RBSLs: 

arsenic (above RBSL in nine samples), barium (eight samples), beryllium (one sample), 

cadmium (one sample), copper (one sample), lead (one sampie), manganese (16 samples), and 

vanadium (one sample). The sample from well NBCH009006 reported the highest concentration 

of copper (154 pg1L) and vanadium (67.9 pg/L). Highest reported values of the other six 

above-RBSL metals from deep samples came from six different wells: arsenic at 75 pg/L from 

NBCH009008, barium at 1,410 pg/L from NBCH00903, beryllium at 1.4 pg/L from 

NBCH009007, cadmium at 1.8 pglt  from NBCH009014, lead at 33.5 pg/L from NBCH009009, 

and manganese at 1,990 pg/L from NBCH009002. 

No cyanide was detected in any of the 21 shallow fmt-round groundwater samples. Hexavalent 

chromium analysis was conducted on four duplicate shaIlow groundwater samples. Hexavalent 

chromium was not detected in any of the duplicate samples collected in the first round. 

Seventeen inorganic chemicals were detected in at least one deep fmt-round groundwater sample 

from war SWMU 9 (Table 4.1.9). Of the 17, five were detected as concentrations exceeding 

respective RBSLs: arsenic, cadmium, chromium (if hexavalent), manganese, and thallium. 
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Manganese was the only element detected at concentrations exceeding both its RBSL and UTL. 

Arsenic concentrations. were below its UTL. Cadmium, chromium, and thallium lacked 

sufficient background detections to determine UTLs. Manganese was detected at concentrations 

above its RBSL in all eight deep fmt-round samples, with the highest concentration (805 pg/L) 

from well NBCH00903D. Arsenic concentrations exceeded RBSL in four samples; the sample 

from NBCH00907D was highest at 4.8 pglL. Cadmium, chromium, and thallium were detected 

in one sample apiece, each of which was above its corresponding RBSL: cadmium at 2.2 gg/L 

from NBCH009 12D, and chromium at 18.1 pg/L and thallium at 160 pglL from NBCH00904D. 

In the second sampling round, eight inorganic chemicals were detected in samples from deep 

wells near SWMU 9. Only arsenic, cadmium, and manganese were found at concentrations 

above their RBSLs. Again, manganese exceeded its UTL as well as its RBSL. Arsenic 

concentrations were above RBSL but below UTL, while cadmium lacked sufficient background 

detections to establish a valid UTL. Manganese had seven detections above its RBSL, with the 

two highest from NBCH00903D (1,220 pg/L) and NBCH00907D (1,270 pglL). A11 three 

cadmium detections exceeded its RBSL, with the highest (3.2 pgIL) in the sample from 

NBCH00906D. The single arsenic detection of 4.1 pg/L was above RBSL, and also came from 

well NBCH00906D. 

Cyanide was detected in the first-round groundwater sample from deep well BNCH00908D at 

50 pg/L, slightly below the RBSL of 73 pg/L. 

4.1.3 Sediment Sampling and Analysis 

Sediment samples were collected from nearby water bodies to measure the potential impact from 

SWMU 9 and adjacent SWMUs. Fifteen sediment samples and two duplicate sediment samples 

were coIlected, each from a depth of 0 to 1 foot below the sediment surface. Tables 4.1.10 

and 4.1.11 summarize the organic and inorganic analytical data, respectively, for sediment 

samples collected at SWMU 9. Appendix I contains a complete report of analytical data for 



Final RCRA Facility Invcstgananon Report for Zone H - N A W E   ato on 
Section 4: Nature of & M e o n  

July 5, 1996 

Zone H . Sediment sampling locations are shown on Figure 4.1.1. The sediment samples were 

collected from multiple ecological and wetland settings. The ecological risk assessment partion 

of this document will assess sediment data with regard to the environment in which it was 

collected. 

Con taminant concentrations in the sediment were compared to USEPA Region IV sediment 

screening values (SSVs) as shown in Table 4.1.10. Sediment screening values and how they 

relate to ecological risk will be discussed further in the Zone J RFI report. 

The I5 sediment samples collected were analyzed for VOCs, SVOCs, pesticidesIPCBs, metals, 

organotin, cyanide, and TOC. The two duplicate samples were analyzed for VOCs, SVOCs, 

TPH, pesticidesIPCBs, herbicides, organophosphate pesticides, cyanide, metals, hexavalent 

chromium, and dioxins. The positions of all sediment sampling locations were based on areas 

most likely to have been impacted by a potential release from SWMU 9 or any other nearby 

SWMU. 

4.1.3.1 Volatile Organic Compounds in Sediment 

VOCs were detected in eight of the 15 samples analyzed. In the 15 original samples, six 

different VOCs were detected in the sediment. No detected VOCs have a corresponding SSV. 

VOCs were detected in both of the duplicates analyzed. Neither carbon disulfide nor totuene 

has a corresponding SSV. 

4.1.3.2 Semivolatile Organic Compounds in Sediment 

SVOCs were detected in eight of the 15 samples analyzed. In the 15 original samples, 

10 SVOCs were detected. Acenaphthene, fluorene, phenanthrene, and pyrene were detected at 

concentrations above their SSVs. Benzo(a)anthracene was detected at concentrations below its 

SSV. Fluoranthene , bisI2-ethylhexyl)phthaIate, dibenzofuran, benzo(b)fluoranthene , 

benzo(k)fluoranthene. and chrysene were detected but do not have currently listed SSVs. 
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SVOCs were detected in both duplicate analyses and seven SVOCs were detected. No 

compounds were detected above their SSVs. Benzo(b)fluoranthene, benzo(k)fluoranthene, 

bis(2-ethylhexyl)phthalate, and fluoranthem were detected but do not have currently listed SSVs. 

The four SVOCs which were detected above their respective SSVs were in two sediment 

samples. Pyrene (SSV 380 pgkg) was detected in a sample collected at location 009M0004 at 

a concentration of 6,400 pgfkg. Acenaphtbene (SSV 16 pgtkg), fluorene (SSV 18 pgkg), and 

phenanthrene (SSV 140 pg/kg) were each detected in a sediment sample collected at location 

009M0014 at concentrations of 230 pglkg, 160 pgtkg, and 150 pglkg, respectively. 

4.1.3.3 Pesticides and PCBs in Sediment 

Pesticides were detected in 12 of the 15 sediment sample locations. Nine different pesticides 

were detected in the original 15 samples. Of the nine pesticides detected, only DDT and 

chlordane have associated SSVs. Alpha- and gamma-chlordane (SSV 0.5 pg/kg for each) were 

detected at three locations (009M0010, 009M0014, and OM0015) at concentrations ranging 

from 2 pg/kg to 29 pg/kg and 1 pglkg to 26 pg/kg, respectively. 4,4' DDT (SSV 1 pglkg) was 

detected at seven sample locations at concentrations ranging from 3 pglkg to 140 pg/kg. Aldrin, 

beta-benzene hexachloride (beta-BHC), 4,4'-DDE, 4,4'-DDD, chlorobenzilate, and endrin 

aldehyde were detected, but had no associated SSVs. 

PCBs were detected in eight of the 15 sediment sample locations at concentrations exceeding the 

SSV of 22.7 pgkg for total PCBs. 

4.1.3.4 Other Organic Compounds in Sediment 

One herbicide was detected in one of the two duplicate samples analyzed. The herbicide 

2,4dichlorophenoxyacetic acid (2,4-D) (no SSV) was detected at sample iocation 009N0010 at 

a concentration of 47.2 pgikg. 
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The organophospbosphorus pesticide parathion (no SSV) was detected in duplicate samples 

collected at locations 009N0010 and 009N0015 at concentrations of 28.6 pgfkg and 37.2 pg/kg, 

respectively. 

Petroleum hydrocarbons (TPH) (no SSV) were detected in duplicate sample locations 009N0010 

and OWN0015 at concentrations of 310,000 &kg and 180,000 pglkg, respectively. 

Dioxins (no SSV) were detected in samples collected at both duplicate sample locations 

(009N0010 and 009N0015) at TEQ concentrations of 5.045 picograms per gram (pglg) and 

15.444 pglg , respectively. 

Organotin compounds were not detected in any of the 15 primary sample locations. 

4.1.3.5 Inorganic Elements in Sediment 

At least one metal in excess of its SSV was detected in 14 of the 15 sediment sample locations 

(Table 4.1.11). Metals exceeding their SSVs most frequently were chromium, lead, mercury, 

copper, arsenic, and zinc. 

Hexavalent chromium was not detected in the two duplicate analyses. 

Cyanide (no SSV) was detected in one of 15 sediment samples collected. A sediment sample 

collected at location 009M0007 contained cyanide at a concentration of 2 mglkg. 

4.1.4 Surface Water Sampling and Analysis 

Four surface water samples were collected Erom water bodies near SWMU 9 to measure the 

potential impact from adjacent SWMUs. One duplicate water sample was analyzed for dioxins 

only. All surface water samples were collected from 0 to 1 foot below the water surface. 

Tables 4.1.12 and 4.1.13 summarize the organic and inorganic data, respectively, for S W U  9 
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surface water samples. Appendix I contains a complete report of analytical data for Zone H. 

Surface water sampling locations are shown on Figure 4.1.1. 

Contaminant concentrations detected in the surface water were compared to U S D A  chronic 

marine surface water quality criteria. These vaIues, which are shown on Tables 4.1.12 

and 4.1.13, are intended only as a screening level comparison to determine the need for further 

study. Water quality criteria and how they relate to ecological risk will be discussed further in 

the Zone 3 RFI report. 

Four surface water samples were collected and analyzed for VOCs, SVOCs, pesticidesIPCBs, 

metals, and cyanide. Surface water sampling locations were based on areas most likely to have 

been impacted by a potential release from SWMU 9 or any other nearby SWMU. 

4.1.4.1 Volatile Organic Compounds in Surface Water 

VOCs were not detected in any sample locations. 

4.1.4.2 Semivolatile Organic Compounds in Surface Water 

SVOCs were not detected in any sample locations. 

4.1.4.3 Pesticides and PCBs in Surface Water 

Pesticides and PCBs were not detected in any sample locations. 

4.1.4.4 Other Organic Compounds in Surface Water 

Dioxin was detected in the one duplicate surface water sample at 2.246 pg/L. No surface water 

quality criteria are currently listed for dioxin. 
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4.1.4.5 Inorganic Elements in Surface Water 

At least one metal exceeded USEPA chronic marine surface water quality criteria in three of the 

four surface water sample locations. Metals which exceeded the water quality criteria most 

frequently were chromium, lead, nickel, zinc, and copper. 

Cyanide was not detected in any surface water sample locations. 

4.1.5 Deviations from Final Zone H RFI Work PIan 

Fortyeight (24 upper and 24 lower) soil samples were proposed to be coIlected in the Final 

Zone H RFI Work Plan (E/A&H, 1994b). The actual number of soil samples collected within 

the SWMU 9 associated sites is 81 (7 1 upper interval and 10 lower interval). The upper interval 

sample was collected at each proposed sample location. Due to shallow depth to groundwater, 

only some of the second-interval samples were collected from the proposed 24 locations. Based 

on analytical data for soil samples collected during the sampling phase, additional sample 

locations were identified. Both sampling intervals were attempted at each of these additional 

locations. As with the initial phase of sampling, some of the second interval additional samples 

were not collected due to shallow depth to groundwater. 

Sediment and surface water samples were collected from each sample location proposed in the 

Final Zone H WI Work Plan. 

Sixteen groundwater samples were collected for screening purposes as proposed in the 

Final Zone H RFI Work Plan. Based on data from the temporary wells, one deep and four 

permanent monitoring wells were installed. Based on the results of the analysis of groundwater 

samples collected from the existing monitoring wells and the five wells installed based on 

temporary monitoring well data, four additional shallow monitoring wells were installed. The 

total number of permanent monitoring wells sampled in SWMU 9 was 28 (20 shallow and 

eight deep). 

Table 4.0.3 presents the quantities of samples proposed and actual quantities collected from the 

SWMU 9 associated sites. 
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Table 4.1.2 
SWMU 9 

Trcncb Soil samples 
Organic Compounds In Sou (&kg) 

Ronge of 
Concentrations Rkk-Biased 

Comwund Name No. of Detections for Detections Scnenin~ Lev& 

Acetone 11 16-680 780,000 

Benzene 3 13-15 22,000 

Toluene 1 13 1.600.OOO 

Naphthalene 1 220 3 10,000 

Acenaphthylene 1 120 470,000 

Fluorene 3 38-260 310,000 

3-Melhylphenol/4-methyIphenol 3 42-100 Not Listed 
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Table 4.1.2 
SWMU 9 

Trench Soil Samples 
Organic Compounds in Soil hglkg) 

Range of 
Concentrations Risk-Based 

Compound Name No. of Detections for Detections Screening Levels 

Semivolatile Organic Compounds (11 Samples Collected) 

bis(2-Ethylhexy1)phthalate (BEHP) 

Di-n-ocylphthalate 

Benzo(a)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Dibenzo(a,h)anthracene 

Benzo(p;.h.i~uervlene .- ,. " 

Pestiddes flf Sompies Collected) 

Aldrin 

4,4'-DDE 

4,4'-DDD 

Endrin keton 

alpha-Chlordane 

gamma-Chlordane 

3 2.5-8.1 470 

4 
(alpha + gamma) 

5 -0-28 - 
Polychlorinated Biphenyls (I1  Samples Collected) 

Aroclor- 10 16 1 44 83 

Aroclor- 1242 3 360-6,700 83 

Aroclor- 1254 5 140-2,500 83 

Aroclor- 1260 4 46-1,300 83 
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Table 4.1.3 
SWMU 9 

Trench Soil Samples 
Inorganic Elements in Soil (mglkg) 

Number Range of Risk-Based 
Inorganic of Number of Concentrations Screening Upwr Tolerance Limit 

Antimony I 1  5 9.4-26.9 3.1 Not Valid@) 

Arsenic 1 1  11 1.3-12.4 0.37 14.81 

Barium 1 1  1 1  8.247.9 550 40.33 

Cadmium 1 1  6 0.60-2.2 3.9 1.05 

Calcium 11 11 240-129,000 Not Listed NutrientW 

Chromium 1 1  1 1  6.1-140.7 39 85.65 

1 1  1 1  2,150-21,000 Not Listed 30,910 

Magnesium(.) 1 1  10 1 19-5,530 Not Listed 9,592 

Mercury 11 10 0.01-0.47 2.3 0.485 

Nickel 11 11 5.7-131 I60 33.38 

Potassium(a) 11 1 1  141-1,070 Not Listed Nutrientcd) 

Sodium@) 11 7 74.5-1,090 Nat Listed Nutrientfdl 

Vanadium 11 10 7.0-59.9 55 77.38 

Notes: 
(a) = Elements that are not included in both SW-846 and Appendix IX methods. 
M = See Appendix J for UTL determination. 
(c) = Number of nondetections prevented determination of UTL. 
(d) = Elements considered to be nutrients; therefore, UTL was not determined. 
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Table 4.1.6 
SWMUs 9,19,20, and 121 pad AOCs 649,650,651, and 654 

Organic Compounds in Shdow Groundwater (pg/L) 

Round 1: 21 Samples Collected, 4 Samples Duplicated 
Round 2: 17 Samples Collected, 3 Samples Duplicated 

Range of Risk-BaPed Max. 
Sampling Number of Concentrations for Screening Contam. 

Compound Name Round Detections Detections Level Level 

Valatile C k g d c  Compounds 
* 
Acetone 

Benzene 

2-Butanone (MEK) 

Carbon disulfide 

1 2 11.7-44.6 370 Not Listed 
2 2 22-230 

10.6 190 Not Listed 
- 

I 2 21.1-80.5 2.1 Not Listed 
2 0 - 

1 1 7 860 Not Listed 
2 1 6 

1.2-Dichloroethene (total) I 1 86 5.5 70 
2 1 160 

Ethylbenzene 

4-Methyl-2-Pentanone (MIBK) 1 1 2.8 290 Not Listed 
2 1 10 

Methylene chloride 

Toluene 
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Table 4.1.6 
SWMUs 9,19, 20, and 121 and AOCs 649,650, 651, m d  654 

Organic Compounds in Shallow Groundwater ()rgA,) 

Round 1: 21 Samples Collected, 4 Samples Duplicated 
Round 2: 17 Samples Collected, 3 Samplcp Duplicated 

Range of Risk-Based Max. 
Sampling Number of Conaatrptioos for Screening Contam. 

Commund Name Round Dekedo~ls M o m  Level Level 

Trichlorofluoromethanc 1 0 - 130 Not Listed 
2 1 52 

Vinyl chloride 

Xylene (Total) 

Benmic acid 

Butylbenzylphthalate 

1 7 2.9-20 220 Not Listad 
2 3 3-4-16 

2.6 0.61 Not Listed 
- 
54 0.00029 Not Listed 
- 

1 5 21-69 15,000 Not Listed 
2 0 - 

4-Chloro-3-~thylphtnol 1 2 2.8-3.1 Not Not Listed 
2 0 - Listed 

bis(2-Ch1oroethyl)ether 1 1 140 0.0092 Not Listed 
2 0 - 
1 1 5.6 18 Not Listed 
2 1 8.6 

Di-n-butylphthalate 1 2 2.7-3.4 370 Not Listed 
2 0 - 
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Table 4.1.6 
SWMUs 9, 19, 20, and 121 and AOCs 649,650, 651, and 654 

O r g d c  Compounds in Shallow Groundwater (pglL) 

Round 1: 21 Samples Collected, 4 Samples Duplimted 
Round 2: 17 Samples CoUcdcd, 3 Snmpies Duplicated 

Range of Risk-bed Max. 
Sampling Number of Concentrations for Screedng Coatam. 

Compound Name Round Detediomi Detections Level Level 

D i b e a m h  

1,2-Dichlorobenzene 

1 -4-Dichlorobenzene 

Diethylphthalate 

2,4-Dimetbylphenol 

Dipheny larnine 

bis(2-Eti~ylhexyl)phrhalate 

Fluoranrhene 

Fluorene 

Not Listed 

600 

75 

Not Listed 

Not Listed 

Not Listed 

6 

Not Listed 

Not Listed 

- 0.12 Not Listed 
2.8 

- 0.61 Not Listed 
2.7 
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Table 4.1.6 
SWMUs 9, 19, 20, and 121 and AOCs 649,650,651, and 654 

Organic Compounds in Shallow Groundwater (2cg/L) 

Round 1: 21 Samples Collected, 4 Samples Duplicated 
Round 2: 17 Samples Collected, 3 Samples Duplicated 

Raage 4 Risk-Based Max. 
Sampling Number of Co~~~ltratious for Screening Contam. 

Comwund Name Round Iktedio~is De&estiom Levd Level 

2-Methylnaphthalene 1 5 2.2-7.7 150 Not Listed 
2 2 3.05-5 .O 

2-Methylphenol (o-cresol) 1 3 3.9-270 180 Not Listed 
2 3 3.342 

4-Methylphenol (p-cresol) 1 4 2.14,400 18 Not Listed 
2 1 820 

3.4 14.0 Not Listed 
- 

Naphthalene 

Pentachlorophenol 

Phenanthrene 

Phenol 

1 7 2.2-9.9 150 Not Listed 
2 3 2.5-5.8 

I 5 2.6-9.8 150 Not Listed 
2 0 - 
1 3 6.7-5 1.8 2,200 Not Listed 
2 2 4.9-6.3 

4,4'-DDT 

Endosulfan I 

1 0 - 0.28 Not Listed 
2 1 0.1 

1 0 - 0.2 Not Listed 
2 1 0.03 

1 1 0.06 0.2 Not Listed 
2 0 - 
1 0 - 22 Not Listed 
2 1 0.07 
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Table 4.1.6 
SWMUs 9, 19,20, aod 121 and AOCs 649,650,651, and 654 

organic Compounds in Shallow Groundwater (pa) 

Round 1: 21 Samples Collected, 4 Spmpls Duplicated 
Round 2: 17 SPmples Collected, 3 Samples Duplicated 

Rnnge of Risk-Based Max. 
Sampling Number d Concentrations for Screening Contarn. 

Compound -Name Round Detections Level Level 

0.56 
No Analysis 

N o  TPH detected. 

Poiychlortnated Bipbeagls @ b u d  I: 2 1 Samples Collected, 4 Ssmples DupH 

No PCBs detected. 

Organophosphate Pesticides (Round 1: 4 SPmpies Duplicate4 

No organophosphates detected. 

Dioxin (Round 1: 4 Samples Duplicated) 

Total TEQs 1 3 0.196-2.502 pglL 0.5 pg/L 30 pglL 
2 - N o  Analysis 
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Table 4.1.7 
S W s  9, 19,20, and 121 and A W  649,650, 651, nnd 654 

Organic Compounds in Deep Groundwater 

Round 1: 8 SsmpIes Collected, 0 Samples Duplicated 
Round 2: 8 SPmples Collected, 0 Samples Duplicated 

Range of Risk-Based Max. 
SampUng Number of Concentrations for Smeaing Contam. 

Compound Name Round Detections Detediom Level Level 

Acetone 

Carbon disulfide 

370 Not Listed 

2.1 Not Listed 

Semivolatile Organic Compounds 

Benzoic acid 15,000 Not Listed 

370 Not Listed 

Pesticides 

No ptsticides detected. 

No PCBs detected. 
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Table 4.1.8 
SWMUs 9, 19,20, and 121 and A m  649, 650, 651, and 654 

b r g a d c  Chemicals in Shallow Groundwater MIL) 

Round I: 21 Samples Collected, 4 Srunples Duplicated 
Round 2: 17 Samples Collected, 3 Samples Duplicated 

upper 
Number Range of Risk-Based Tolerance Max. 

Chemical Sampling of Concentrntions for Sneening Limit of Contam. 
NamM Round Detections Detections Lwd Background&) Level 

Antimony(@ 1 1 18.8 1.5 Not 6 
2 0 - Valid 

Barium 1 16 43.6-1,200 260 323 2,000 
2 10 178.5-1,410 

- 0.016 N~A 
1.4 Valid 

Cadmiurn(a 1 1 1.4 1.8 Not 5 
2 4 1.3-1.8 Valid 

17,900-473,000 Not 
15,5W-428,000 Listed 

Nutrient Not Listed 

Not 100 
Valid 

Not Not Listed 
Valid 

Not 1,300tf) 
Valid 

Iron 

h a d  

Magnesium 

Manganese 15.3-1.700 18 3.391 Not Listed 
13.6-1,990 
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Table 4-1.9 
SWMUs 9, 19, 20, and 121 and AOCs 649,650,651, aud 654 

Inorganic Chemicals in Deep Groundwater @g/L) 

Round 1: 8 Samples CoUcctcd, 0 Samples Duplicated 
Round 2: 8 Samples CoUeded, 0 Sample Duplicated 

upper 
Range of Risk-Based Tolerance Mruc. 

Chemical SPmpling Number of Concentrations for Smtning Limit of Contam. 
N a m e  Round Detections Detections Levd Badreround*) Level - 

Thatlm(cf I 1 160 0.2!W Not Valid 2 
2 0 - 

Vanadium 1 4 4.5-12.2 26 9.29 Not Listed 
2 0 A 

Notes: 
(8) = Only elements with detections are listed. Cyanide was a separate analysis. 
W = See Appendix J for UTL detemhtions. 
(c) = Element considered to be a nutrient: therefore, UTL was not determined. 
(@ = High percentage of nondetects in background samples prevented determination of UTL. 

= Thallium carbonate used as surrogate. 
(0 = Based on treatment technique action level. 
W = If trivalent chromium, RBSL-3,700 p g L .  
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Table 4.1.10 
SWMU 9 

Organic Compounds Dekcted in Sediment (in pglkg) 

Rnnae of Sediment S c d n g  - 
No. of DeQedions Value 

Volatile organic Compounds f l S  b n p h  CoRcct& 2 Samples Duplicatca) 

Acetone 2 220-350 - 
Carbon Disulfide 5 11-150 - 
Toluene 2 2.74.7 - 

Metbylene Chloride 1 72 - 

Semlvolatlle Organic Compounds (IS Sarnp1e.v CoIZrdd, 2 Samples Duplicated) - 

Fluoranthene 

Pyrene 

Pesticide Compounds (15 Samples Collected, 2 Samples DupIicateti) 
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Table 4.1.10 
SWMU 9 

Organic Compounds Detected in Sediment (in prglkg) 

w e  of Sediment h n i n g  

Alpha-chlordane 

Gamma-Chlordane 

Chlorobenzilatc 

Endrin aldehyde 

PCB Compounds (15 S o m p k  CbUected, 2 Somplcs DctpZicataa) 

Aroclor- 1254 4 35.3-690 22.7 (total) 

ArocIor- 1248 1 3,000 22.7 (total) 

Aroclor- 1260 7 130-890 22.7 (total) 

2,4-D I** 47.2 - 

Parathion 2** 28.6-37.2 - 

TPR (2 Samples Drrpliccrtrd) 

TPH 2 180.000-3 10.000 - 
Dioxin Compounds 12 ~ l e s  Duplicaiui) 

Dioxin 2- 5.045-15.444 pglg 

Organdin (15 Samples Collected, 2 Duplicated 

No organotin compounds detected. 

Notes: 
- = No reported sediment screening value. 
+* = Compound analyzed during the duplicate analysis only. 
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Table 4.1.11 
SWMU 9 

Inorganic Elements Detected h Sediment (in mglkg) 
(15 SPmplcs Collated, 2 Samples Duplicated) 

Element No. of Mans Range d Conceotrations Sediment Screening Value 

.:-. . . .  . .  . 

iron 15, lO,UK)66,300 - 
Lead 11 5.3-107 21 

Arsenic 15 

Cadmium 9 

Cobalt 15 

Nickel 15 

Vanadium 15 

Zinc 15 

Selenium 9 

Mercury 14 0.024.69 

Magnesium 649-7700 

Calcium 1,910-220.000 

Chromium 

Cyanide 1 2 

Notes: 
- = No reported sediment screening value. 
* = Compound not analyzed during the duplicate analysis. 
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Table 4.1.12 
S W M U  9 

organic compouads Detected in Swface Water (in pglL) 

Compound Name 

Chronic Marine 
Range of Water Quality 

No. of Ddections Concentrations Criteria 

No pesticide compounds detected 

PCB Compounds (I %Is Collected, 0 Snnrp1e1 DupIicutat) 

No PCB compounds detected 

Dioxin 1 2.246 pglL - 

Note: 
- - No reponed chronic marine water quality criteria. 
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Table 4.1.13 
SWMU 9 

Inorgadc Elements Detected in Surface Water (in pglL) 
(4 Samples Collected, 0 Samples Duplicated) 

Compound Name No. of lktedions Range of ConcentrPtio~~~ Chronic Marine Quality Criteria .- 
4 39.&19,%00 - 

Sodium 4 108,0004,620,000 

Barium 

Beryllium 1 0.48 

Cadmium 1 2.4 9.3 

Cobalt 1 4.2 - 
Nickel 3 12.7-47.2 8.3 

Vanadium 

zinc 

Magnesium 4 12,100-552,000 - 
Manganese 4 199-329 - 
Calcium 4 49.600-299,000 - 
Chromium 4 2-8-22 50 

Notes: 
- = No repond water quality criteria value. 
@ = Human Health Risk Value 
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Table 4.1.8 
SWMUs 9,19,20, nnd 121 and AOCs 649,650, 651, and 654 

Inorgdc Cbcmicals in ShaUow Groundwater (prg/L) 

Round 1: 21 Samples Collected, 4 Samples Duplicated 
Round 2: 17 Samples Collected, 3 Samples Duplicated 

Upper 
Number m e  Of RWr-Based Tolerance Max. 

Chemical Sampling of Concmtmtim for Screening Limb of Contam. 
NamW Round Detections Detections Levd Backmamd~ Level 

Potassium(c) 1 21 3,400-I30,oOO Not Nutrient Not Listed 
2 16 15,200-146,000 Listed 

Silvefl 1 1 4.4 18 Not Not Listed 
2 0 - Valid 

Sodium@) 1 21 5,740-4,000,000 Not Nutrient Not Wed 
2 17 24,400-5,460,000 Listed 

Thallium 1 5 1-6.4 0.29(~) 7.660 2 
2 0 - 

VanadiumW 1 9 3.3-101 26 Not Not Listed 
2 1 67.9 Valid 

Zinc(a 1 2 19.6-19.8 1,100 Not Not Listed 
2 0 - Valid 

Hexavalent 1 - Not Detected 
Chromim '~  2 - No Analysis 

Cyanide(& 1 - Not Detected 200 
2 - No Analysis 

Notes: 
(1) = Only elements with detections are Iistcd. Hexavalent chromium and cyanide were separate analyses. 

= See Appendix J for UTL determinations. 
(tj = Element considered to be a nutrient; therefore, UTL was not determined. 
(a = High percentage of nondetects in background samples prevented determination of UTL. 

= Thallium carbonate used as surrogate. 
(0 = Based on treatment technique action level. 
W = If  trivalent chromium, RBSL= 3,700 pglL. 
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Table 4.1.9 
SWMUs 9, 19,20, and 121 d AOCs 649, 650,651, and 654 

Inorgnnlc Chemicals in Dccp Groundwater @g/L) 

Round 1: 8 Samples Collected, 0 Samples Duplicated 
Round 2: 8 Samples CollcdEd, 0 Samples Duplicated 

upper 
Range of Risk-Based Tolerance h k .  

Chemicsl SempIing Number of Concentrations for Screening Limit of Contam. 
Nmcw Round Detections Detections Level Backgroundm Level 

I 3 182-1,S# 723 Not Lbtcd 
2 0 flL) 

Arsenic 1 4 2.34.8 0.038 14.98 50 
2 1 4.1 

1 1 2.2 1.8 Not Valid 5 
2 3 2.6-3.2 

Calcium@) 92,200-344,000 Not T h t d  Nument Not Listed 
116,000-453,000 

180 Not Valid 100 

Cobalt I 2 2.4-3.0 220 3.165 Not Listed 
2 0 - 

Iron 1 8 1.010-8.590 Not Listed 8.787 Not Listed 
2 7 780-13.600 

Lead 

Magnesium 1 8 559,000-820,000 Not Listed 1,114.000 Not Listed 
2 8 7 10,000-873,000 

Manganese 

Pomsium(c~ 1 8 153.000-195,000 Not Listed Nutrient Not Listed 
2 8 205,000-24 1.000 

Selenium 1 1 
2 0 

Sodium(c)  1 8 4,370,0004,380,000 Not Listed Nuuient Not Listed 
2 8 5,730,000-7,550,000 
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4.3 SWMU 14 (Includes SWMU 15 and AOCs 670 and 684) 

SWMU 14 is an abandoned chemical disposal ares where miscellaneous chemicals, warfare 

decontaminating agents, and possibly industrial wastes were reportedly buried. SWMU 14 area 

encompasses SWMU 15 and AOCs 670 and 684. The discussion of nature and extent of 

contamhation will include all samples collected in the SWMU 14 area. SWMU 15 is the site 

of a former propane-fired incinerator reportedly used to destroy classified documents. Only the 

concrete slab and concrete propane tank saddles remain. AOC 670 is a former outdoor trap and 

skeet range operated from 1960 until the late 1970s. Lead shot and clay targets were not 

recovered during its operation. AOC 684 is a former outdoor pistol range in operation from 

early 1960s until 1981. Firearms were discharged into a soil km, from which the spent 

ammunition was not recovered. 

A 1992 geophysical and soil-gas investigation (EIA&H, 1994~) investigated the presence of 

buried containers andlor contaminant plumes in the SWMU 14 area. Portions of the sampling 

pattern in Figure 4.3.1 were based on geophysical anomalies identified during the geophysical 

survey. The complete report of findings for the 1992 geophysical and soil-gas investigation is 

included with this report as Appendix E. 

Soil and groundwater were sampled during the most recent investigation to identify whether 

contamination resulted from chemicals and other waste disposal in the SWMU 14 area and 

whether residual contamination resulted from fmam discharge in the vicinity. 

4.3.1 Soil Sampling and Analysis 

Soil was sampled in accordance with procedures detailed in Section 2.2. One hundred and 

thlrty-five (72 upper interval and 63 lower interval) soil samples were collected during the first 

round of soil sampling near SWMU 14. Sample locations were based on the suspected areas 

impacted by the former skeet range, the former pistol range, a former paper incinerator, and the 

general area of the abandoned chemical disposal area. These samples were analyzed for VOCs, 
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SVOCs, pesticidesJPCBs, meus, and cyanide. In addition to the standard suite of analyses, 

most samples were analyzed for the N1 Appendix IX group of analytical parameters due to the 

unknown nature of the types of material disposed in the area. 

Appendix IX analyses included herbicides, organophosphate pesticides, hexavalent chromium, 

and dioxins, as well as more comprehensive lists of VOCs and SVOCs. A grid-based soil 

sample Iocation is included with the SWMU 14 data due to its proximity. 

A second sampling round in the SWMU 14 area involved collecting 25 additional samples 

(19 upper interval and six lower interval) for analysis of metals, SVOCs, and PCBs. 

A third sampling round in the SWMU 14 area involved collecting 16 additional soil samples 

(eight upper and eight lower) for SVOC analysis. 

Tables 4.3.1 (organic) and 4.3.2 (inorganic) summ& the analytical data for the soil samples 

collected near SWMU 14. Figure 4.3.1 identifies all soil and groundwater sampling locations 

near SWMU 14. Appendix I contains a complete report of the analytical data for the soil 

samples collected in the SWMU 14 area. 

4.3.1.1 Volatile Organic Compounds in Soil 

One hundred and --five samples were collected for VOC analysis in the SWMU 14 area. 

Eleven VOCs were detected in the samples collected in the vicinity of SWMU 14. None of the 

detections for these compounds exceeded their RBSLs. 

4.3.1.2 Semivolatile Organic Compounds in Soil 

Twenty-one SVOCs were reported in the soil samples collected in the SWMU 14 area. Six 

compounds were detected at concentrations which exceeded the RBSLs: (benzo(a)anthracene, 
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indeno(l,2,3-cd)pyrene). The highest concentrations were immediately south, southeast, and 

east of the incinerator pad of SWMU 15, roughly centered on sample location 684SB0035. 

4.3.1.3 Pesticides snd PCBs in Soil 

Seventeen pesticide compounds were detected in the soil samples collected in the SWMU 14 

area. None exceeded RBSLs. 

Two PCB compounds (Amlor-1254, and h1or-1260) were detected in one sample each from 

three locations in the northern portion of SWMU 14. Aroclor-I254 (RBSL-83 pglkg) was 

detected in samples collected from the 0- to l-foot interval at sample locations 684SB032 

(50 pglkg) and 684SB033 (160 pglkg). Aroclor-1260 (RBSL-83 pglkg) was detected in samples 

coIlected from the 0- to l-foot interval at sample locations 684SB007 (376 pglkg), 684SBB032 

(60 pg/kg), and 684SB033 (71 pglkg). 

4.3.1.4 Other Organic Compounds in Soil 

TPH was detected at 24 of the 51 primary sample locations and in 26 of the 90 samples 

analyzed. Of the 26 samples in which TPH was detected, 12 were from the 0- to l-foot depth 

interval and 14 were from the 3- to 5-foot interval. TPH concentrations ranged from 63,000 to 

13,400,000 pglkg, with TPH concentrations above 100,000 pg/kg in 21 of the 28 samples, 

specifically the 0- to l-foot interval at sample location 684SB011 (7,700,000 pg/kg) and in the 

sample collected from the 3 to 5-foot interval at sample location 684SB009 (13,400,000 pg/kg). 

Silvex (2,4,5,-TP) (RBSL-63,000 pg/kg) was detected in 24 samples from the 0- to l-foot 

interval and in 13 samples from the 3- to 5-foot interval at SWMU 14. Concentrations ranged 

from 5.6 to 57.5 pg/kg, which are two to three orders of magnitude below respective RBSLs. 
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2,4,5-T (RBSG78,000 &kg) was detected in 20 samples from the 0- to 1-foot interval and 

19 samples from the 3- to 5-foot interval at S W W  14. Co~lcentrations ranged from 6.5 to 

25.1 pglkg, two to three orders of magnitude below respective RBSLs. 

2,4-D (RBSL-78,000 p g k g )  was detected in 16 samples ffom the 0- to 1-foot interval and eight 

from the 3- to 5-foot interval at SWMU 14. Conwntrations ranged from 35.1 to 68.5 pgjkg, 

two to three orders of magnitude below respective RBSLs. 

One organophosphate pesticide was detected in SWMU 14 soil samples. Parathion 

@BSL47,000 pglkg) was detected in 14 of the 88 samples analyzed. Detections ranged from 

21.3 ~ g f k g  to 37.5 pg/kg, three orders of magnitude below its RBSL. 

'Dioxin was detected in each of 89 samples analyzed. TEQ concentrations ranged from 

0.771-22.357 pg/g for upper interval samples and 0,459-23.560 pg/g for tower interval samples 

(screening level- 1,000 pg/g) . 

4.3.1.5 Inorganic Elements in Soil 

Seven inorganic elements (aluminum, lead, thallium, arsenic, beryllium, vanadium, and 

chromium) were detected in the soil samples collected near SWMU 14 at concentrations that 

exceeded their respective RBSLs and interval-specific UTLs. Aluminum was detected in all 

50 samples analyzed. It was above both screening limits in only the upper interval at 

SWMU 14. Lead was detected in 98 of the 133 samples analyzed and was above both screening 

limits in only the upper interval. The highest lead concentration (20,900 rng/kg) was in a 

sample fkom the 0- to 1 -foot interval at sampling location 670SB023, within the fonner trap and 

skeet range. Thallium was detected in 14 of the 133 samples analyzed and was above both 

screening limits in only the upper interval. Arsenic was detected in 91 of the 133 samples 

analyzed and was above both screening limits in only the upper interval. Beryllium was detected 

in 112 of the 133 samples analyzed and was above both screening limits in only the upper 
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interval. Chromium was detected at concentrations which exceeded both screening levels in only 

the upper hkrvd. 

Cyanide (RJ3SL-160 mglkg) was detected in one sample from near SWMU 14. A sample from 

the 0- to 1-foot interval at location 684SB008 contained cyanide at s concentration of 

0.002 mglkg, five orders of magnitude less tban the RBSL. 

No hexavalent chromium was detected in the samples collected in near SWMU 14. 

4.3.2 Groundwater Sampling and Analysis 

Five pairs of monitoring wells were installed to sample the groundwater near SWMU 14 

(Figure 4.3.1). A deep monitoring well and a shallow monitoring well were installed at each 

well pair. The deep monitoring wells were designed to allow groundwater directly above the 

Ashley Formation to be sampled. The first-round groundwater samples collected for SWMU 14 

were analyzed for the entire Appendix IX parameter Iist due to the unknown nature of the types 

of material disposed at SWMU 14. One shallow and one deep sample were also analyzed for 

TPH. Second-round sampling was more narrowly focused. Both shallow and deep samples 

from the second round were anaIyzed for VOCs, pesticides, herbicides, and metals. 

Groundwater sampling adhered to procedures detailed in Section 2.4. Tables 4.3.3 (organic data 

for shallow monitoring wells), 4.3.4 (organic data for deep wells), 4.3.5 (inorganic data for 

shallow wells), and 4.3.6 (inorganic data for deep wells) summarize analytical data for 

groundwater samples collected in the vicinity of SWMU 14, Appendix I presents a complete 

repon of the analytical data for groundwater samples collected near SWMU 14. 

4.3.2.1 Volatile Organic Compounds in Groundwater 

No VOCs were detected in groundwater samples collected in the fust and second sampling 

rounds from the shallow monitoring wells. 
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Two VOCs (carbon disulfrde, chloroform) were reported for the deep samples collected at 

SWMU 14 in the first sampling round. Carbon disulfide (RBSL2.1 kg/L) was detected in deep 

wells NBCH01402D through NBCH01405D at concentrations ranging from 1.2 pg/L to 

3.5 pg/L. Reported wflcentrations of carbon difllIfide equalled or exceeded the RBSL at two 

wells: NBCH01WD (3.5 pg/L) and NBCH01405D (2.1 pg/L). Chloroform (lU3SL-O. 15 pg/L) 

was detected in one deep weI1. A flrst-round groundwater sample collected from well 

NBCHO14MD contained chloroform at a concentration of 2.0 pg/L, e x d i n g  the RBSL. 

No VOCs were detected in second-round samples from deep wells near SWMU 14. 

4.3.2.2 Semivolatile Organic Compounds in Groundwater 

The SVOC BEHP (RBSL-4.8 pglL) was detected in each fmt-round groundwater sample from 

the five shallow wells at SWMU 14. Detections for this compound ranged from 1.8 pg/L to 

11.8 pg/L and exceeded the RBSL at three of the shallow wells. First-round groundwater 

samples collected from shallow wells NBCH014002, NBCH014003, and NBCHOl4004 had 

BEHP concentrations of 11.8 pgil, 5.0 p g / L ,  and 5.8 pg/L, respectively. 

BEHP was also detected in the groundwater samples collected in the first round from two of the 

five deep wells at S W U  14, and exceeded the RBSL (4.8 pg/L) at one of those wells. 

First-round samples collected from deep wells NBCH01401 D and NBCHO 1403D contained 

BEHP at concentrations of 1.7 pg/L and 7.5 pglL, respectively. 

In the second groundwater sampling round, SVOC analysis was not performed on samples from 

the shallow or deep wells near of SWMU 14. 

4.3.2.3 Pesticides and PCBs in Groundwater 

No pesticide compounds were detected in the shallow groundwater samples collected in the 

SWMU 14 area during either sampling round. 
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Two pesticide compounds (heptachlor epoxide, MSL0.0012 pglL,) and isodrin (no RSSL 

available) were detected in first-round groundwater samples collected from the deep wells at 

SWMU 14. Heptachlor epoxide was detected at 3.24 pglL in a groundwater sample collected 

from deep well NBCH01403D. Isodrin was detected in groundwater samples collected from 

deep wells NBCH01402D and NBCHOl404D at concentrations of 11.3 pg/L and 8.0 pg/L, 

respectively. 

In the second sampling round, no pesticides were detected in groundwater samples from deep 

wells at SWMU 14. 

No PCBs were detected in the shdlow or deep groundwater samples collected at SWMU 14 in 

the fust sampiing round. PCB analysis was not performed in the second round. 

4.3.2.4 Other Organic Compounds in Groundwater 

No herbicide compounds were detected in the groundwater samples collected from shallow wells 

at SWMU 14 in the fust sampling round. 

Three herbicides were detected in the first-round groundwater samples collected from deep wells 

at SWMU 14. 2,4-D (RBSL-6.1 pg1L) and 2,4,5-T ( RBSL-37 pg/L) were detected in a 

groundwater sample collected from deep well NBCH01404D at concentrations of 2.4 pglL and 

0.27 pgIL, respectively. 2,4,S-TP (Silvex) (RBSL-29 pg1L) was reported at 0.72 pg/L in a 

sample from deep well NBCH01405D. 

In the second sampling round, the only herbicide detected was 2,4dichlorophenylacetic acid 

(DCAA) (no RBSL available), which was in groundwater samples from all 10 wells 

(five shallow and five deep). Concentrations in samples from the shallow wells ranged from 

82 to 103 pg/L, while deep-well sample concentrations ranged from 84 to 117 pg1L. 
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No organophosphate pesticides were detected in the groundwater samples collected during the 

fmt round in the shallow wells at SWMU 14. 

One organophosphate pesticide, parathion (RBSL-22 kg/L), was detected in a fmt-round sample 

from deep well NBCH01403D at a concentration of 1.0 pglL. Samples were not analyzed for 

organophosphate pesticide compounds in the second round. 

Dioxin (RBSGO.5 pglL) was detected in each of the first-round groundwater samples collected 

from the five shalIow wells at SWMU 14. Dioxin total TEQ concentrations in these samples 

ranged from 0.214 pg/L to 10.21 1 pg/L and exceeded the RBSL at four of the wells. Total 

TEQ concentrations exceeded the RBSL at shallow wells NBCH014001 through NBCH014004 

at TEQ concentrations ranging from 1.027 pglL to 10.21 1 pg/L. 

Dioxin (RBSL-0.5 pg/L) was detected in all first-round groundwater samples collected from the 

five deep wells at SWMU 14. Dioxin total TEQ concentrations in these samples were 0.122 to 

2.152 pg/L, exceeding the RBSL at thee wells. Totat TEQ concentrations exceeded the RBSL 

at deep wells NBCH01401D, NBCH01402D, and NBCH01405D at TEQ concentrations of 

1.328 pglL, 2.152 pg/L, and 1.583 pg/L, respectively. 

4.3.2.5 Inorganic Elements in Groundwater 

ArseDic (RBSL-0.038) was the only inorganic element detected above its RBSL in groundwater 

samples collected in the first round from shallow groundwater wells at SWMU 14. Arsenic 

detections in the five shallow wells ranged from 1 .O pg/L to 7.6 pglL. All reported values were 

below the UTL for arsenic. 

Arsenic, barium, cadmium, and thallium were the only inorganic elements detected above RBSLs 

in first-round groundwater samples from SWMU 14 deep groundwater wells. Arsenic 

(RBSL-0.038 pglL) detections from five deep wells ranged from 1.2 pg/L to 10.2 p/L. Barium 
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(RBSG260 pg/L) was detected in groundwater samples collected from four of the deep wells 

and exceeded the RBSL in one of those wells. At deep well NBCH014MD, barium was 

detected at a concentration of 268 pg/L. Cadmium (RBSG1.8 pg/L) was detected in a 

groundwater sample collected from deep well NBCHO1403D at a concentration of 2.9 pg/L. 

Thallium (RBSL0.29 fig/L) was detected in groundwater samples collected from two of the deep 

wells, NBCH01402D and NBCH01405D, both at a concentration of 1.2 pg/L. All arsenic 

concentrations were below the UTL for arsenic. The reported concentration of 268 pg/L for 

the sample from well NBCH01402D was the only barium value to ex& its UTL of 

236.9 pg/L. Cadmium and thallium did not have enough detections in background samples 

determine valid UTLs, 

In samples collected from shallow wells during the second round, aluminum, chromium, lead, 

manganese, and vanadium were detected at concentrations exceeding their corresponding 

RBSLs. Aluminum (RBSL3,700 pg/L) was reported in samples from three wells, and its 

concentration exceeded its RBSL at one of them: 15,500 pg/L at NBCH014001. Chromium 

(RBSL-18). lead WSL-15 pg/L), and vanadium (WISL-26 pg/L) were detected only in the 

sample from well NBCH014001 at concentrations of 44.4 pg/L, 19.7 pglL, and 65.2 pg/L, 

respectively. [Note: The chromium RBSL of 18 pg/L is based on hexavalent chromium, which 

has not been detected in any sample in Zone H. The RBSL for trivalent chromium in tap water 

is 3700 pglL.1 Manganese (RBSL-18 1gIL) was in second-round samples from all five shallow 

wells, at concentrations ranging from 77.2 to 2,350 pg/L. The single detection of lead in 

second-round shallow samples was above lead's UTL of 4.697 pg/L. Manganese concentrations 

were all lower than the UTL for manganese. Aluminum, chromium, and vanadium were not 

detected in enough background samples to determine valid UTLs for those metals. 

Arsenic, cadmium, and manganese were detected at concentrations above their corresponding 

RBSLs in second-round groundwater samples collected from deep wells at SWMU 14. Arsenic 

exceeded its RBSL at one well, cadmium at three wells, and manganese at all five deep wells. 
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Arsenic (RBSG0.037 pg/L) was reported at a concentration of 5.5 pg/L from well 

NBCHO1403D. Cadmium (RBSG1.8 pg/L) was detected at 1 .8,2.9, and 2.0 pg/L in samples 

from wells NBCH01402D-04D, respectively. Reported manganese concentrations ranged from 

10.15 pg/L in well NBCH01403D to 109 pg/L in well NBCH01405D. Arsenic and manganese 

concentrations were all below their corresponding UTIs. Cadmium was not detected in enough 

background samples to determine a valid UTL. 

Hexavalent chromium and cyanide were not detected in first-round samples collected from 

shallow and deep wells in the of SWMU 14 area. Second-round samples were not analyzed for 

these chemicals. 

4.3.3 Sediment Sampling and Analysis 

Four sediment samples were collected to measure the potential impact from SWMU 14 and other 

adjacent SWMUs. All sediment samples were collected from 0 to 1 foot below the sediment 

surface. 

Concentrations of contaminants detected in the sediment were compared to USEPA Region IV 

SSV. These values are shown on the accompanying tables and are intended to be only a 

screening level comparison to determine the need for further study. The SSVs and how they 

relate to ecological risk will be discussed further in the Zone J RFI report. 

The four samples were analyzed for VOCs, SVOCs, TPH, pesticides/PCBs, herbicides, 

organophosphate pesticides, cyanide, metals, hexavalent chromium, and dioxin. Sediment 

sampling locations wete based on areas most likely to have been impacted by a potential release 

from SWMU 14, AOC 670, AOC 684, or any other nearby SWMU. Sediment sample 

analytical results are summarized in Table 4.3.7 (organic) and Table 4.3.8 (inorganic). 



4.3.3.1 Volatile Organic Compounds in Sediment 

Eleven VOCs were detectad in all four samples analyzed. None had a corresponding SSV. 

4.3.3.2 Semivolatile Organic Compounds in Sediment 

Sixteen SVOCs were detected in all four sample locations. Acenaphthene, anthracene, 

benzo(a)anthracene, benzo(a)pyrene, cbrysene, dibem(a,h)anthracene, fluorene, phenanthrene, 

and pyrene were detected above SSVs at two sample locations. The sediment sample collected 

at location 670M0001 contained each of these SVOCs at co~~centrations above their respective 

SSVs. A sediment sample collected at location 684~0001 contained pyrene and chrysene a h  

SSVs. 

Benzo(b)fiuoranthene, benzo(k)fluoranthene , benzo(g, h, i)perylene, bis(2ethylhexyl)phthaIate, 

dibenzofuran, fluoranthene, and indeno(1,2,3-cd)pyrene were detected in one or more of the 

four sediment samples but do not have currently listed SSVs. 

4.3.3.3 PesticidesandPCBs in Sediment 

Eight pesticides were detected in three of the four sample locations. Of the eight pesticide 

detections. only DDT and chiordane have SSVs. Chlordane (alpha and/or gamma) 

(SSV 0.5 pgkg) was detected in sediment samples from locations 670M0001, 684M0001, and 

684M410002 at concentrations ranging from 2.3 pg/kg to 98.1 pglkg.  4.4'-DDT (SSV 1.0 pglkg) 

was also detected in sediment samples collected from these three locations at concentrations 

ranging from 6.2 pglkg to 25.3 pgkg. 

PCBs were not detected in any of the four sediment samples collected. 

4.3.3.4 Other Organic Compounds in Sediment 

Of the four samples analyzed for herbicides, 2.4.5-T was detected in two of the samples and 

2,4-D was detected in two of the samples. 2.4,5-T was detected in sediment samples collected 
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at locations 670M0001 and 684M0002 at concentrations of 14.4 figlkg and 19.8 pgfkg, 

respectively. 2,4-D was detected in sediment samples collected at locations 684M0001 and 

684M0002 at concentrations of 116 pg/kg and 97.1 pglkg, respectively. Neither of these 

compounds has a listed SSV. 

Organophosphate pesticides were not detected in any of the four sediment samples, 

TPH was detected in two of the four sediment samples collected. TPH was detected in sediment 

samples collected from locations 684M0001 and 684~0002 at concenwtions of 2,100,000 fig/kg 

and 780,000 pg/kg, respectively. TPH has no SSV. 

Dioxins (no SSV listed) were detected in each the four sediment samples at concentrations 

ranging from 5.133 pg/g to 67.623 pglg. 

Organotin compounds were not detected in any of the sample locations. 

4.3.3.5 Inorganic Elements in Sediment 

At least one inorganic element exceeded its SSV at all four sample locations. Elements whch 

exceeded their SSVs most frequently were chromium, arsenic, and zinc. Chromium 

(SSV 33.0 rnglkg) was detected in each of the four sediment samples collected at concentrations 

ranging from 37.9 mg/kg to 45.8 rnglkg. Arsenic (SSV 8.0 mgkg) was detected in sediment 

samples 670M0001, 684M0001, and 684M0002 at concentrations ranging from 8.9 mgkg to 

20.3 rnglkg. Zinc (SSV 68 mg/kg) was detected in sediment samples collected from locations 

670M0001, 684M0002, and 684M0002 at concentrations ranging from 89.8 mg/kg to 

136 mg/kg . 

Cyanide was not detected in any of the four sediment samples collected. 
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Hexavalent chromium was not detected in any of the four sediment samples collected. 

4.3.4 Surface Water Data 

One surface water sample was collected from a nearby water body to measure the potential 

impact from adjacent SWMUs. The surface water sample was collected from 0 to 1 foot below 

the water surface. 

Detections in the surface water were compared to USEPA chronic marim surface water quality 

criteria. These values are shown on the accompanying tables and are intended to be only a 

screening level comparison to d e t e h  the need for further study. Water quality criteria and 

how they relate to ecological risk will be discussed further in the Zone J RFI report. 

One surface water sample was collected at location 014W0001. and analyzed for VOCs, SVOCs, 

pesticidesIPCBs, herbicides, organophosphate pesticides, cyanide, metals, hexavalent chromium, 

and dioxins. The position of the surface water sampling location was based on the area most 

likely to have been impacted by a potential release from SWMU 14 or any other nearby SWMU. 

Analytical results for surface water samples are summarized in Table 4.3.9 (organic) and 

Table 4.3.10 (inorganic). 

4.3.4.1 Volatile Organic Compounds in Surface Water 

VOCs were not detected in the surface water sample collected. 

4.3.4.2 Semivolatile Organic Compounds in Surface Water 

SVOCs were not detected in the surface water sample collected. 

4.3.4.3 Pesticides and PCBs in Surface Water 

Pesticides and PCBs were not detected in the surface water sample collected. 



Final RCR.4 Fmmliry Inycs t ig~~on Report for Zonc H 
N A W E  ChzrIrrton - 
S d o n  4: Nature of ContmOmrna&inanon 
lulv 5, 1996 

4.3.4.4 Other Organic Compounds in Surface Water 

One herbicide, 2.4.5-TP (Silvex), was detected in the surface water sample at a concentration 

of 0.34 kg/L. Silvex does not have a water quality criteria value listed. 

Organophosphate pesticides were not detected in the one surface water sample. 

Dioxin was detected in the surface water sample at a concentration of 7.327 pg/L. There is 

currently no surface water quality criteria Listed for dioxin. 

Organotin compounds were not detected in the surface water sample collectedo 

4.3.4.5 Inorganic Elements in Surface Water 

Lead, mercury, nickel, and arsenic exceeded their chronic marine water quality criteria in the 

surface water sample collected (see Table 4.3.10). 

Hexavalent chromium was not detected in the surface water sample. 

Cyanide was not detected in the surface water sample. 

4.3.5 .Deviations from Final Zone H RFI Work Plan 

One hundred and forty-four (72 upper and 72 lower) soil samples were proposed to be collected 

from SWMU 14 in the Final Zone B RFI Work Plan. The actual number of soil samples 

collected within the SWMU 14-associated sites is 176 (99 upper interval and 77 lower interval). 

The upper interval was sampled at each proposed location. h e  to shallow depth to 

groundwater, only some of the second interval samples were collected from the proposed 

72 locations. Based on analytical data for soil samples collected during the initial phase of 

sampling, additional sample locations were identified. Sampling was attempted at both intervals 

at each of these additional locations. As with the initial phase of sampling, some of the second- 
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interval samples at the additionaI locations were not collected due to shallow depth to 

groundwater. 

One sediment sample was proposed for collection in the Final Zone H RFI Work Plan. Four 

sediment samples were collected. During field sampling, two converging ditches were 

identified. Two samples from each of these ditches were collected. 

A surface water sample was collected from the sample location proposed in the Final Zone H 

RFI Work Plan. 

Groundwater samples were collected from each of the sample locations proposed in the Find 

Zone H RFI Work Plan. 

Table 4.0.3 presents the quantities of samples proposed and actual quantities collected from the 

SWMU 9-associated sites. 
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Table 4.3.1 
SWMUs 14 and 15, and AOC 670 and 684 

Organic Compounds in Soil (Icgfltg) 

. . 
Range of Concentrations 

No. of Detections for M o m  (1st Risk-Based 
Compound Name 

Acetone 

Carbon disulfide 

1,l-Dichlomthene 

Methylent chloride 

2-Butanone (MEK) 2/7 

Tetrachloroethene 110 

Toluene 47/24 

Trickdoroethene 012 

Xylene (total) 2311 1 

AcetonitriIe(~) 013 

1,2 -3-TrichloropropanN 1 I0 

Sendvolatfle Organk Compounds (172 Sonplcs CbUeUcd - % Upper AWervlrl Sumples, 76 Lower l ' d  
S l l m p b ,  6 S M p k  Wucdaa) 

Acenaphttrent 1910 28.7-2.80010 470.000 

Acenaphthylene 110 28610 470,000 

Anthracene 2111 14.34,400/37.2 2,300,000 

Berm(a)anthracene 46/7 34.5-20,000/39.7-140 8 80 

Benzo(b)fluoranthent 4315 50.4-16,000/104-200 880 

Benm(k)fluoranthene 4115 48.1-26.500183.4-140 fi,800 

Benzo(g, b,i)perylene 3210 72-5.52010 310,000 

Bem(a)pyrene 4614 53.1-22,00017 1.5-150 88 
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Table 4.3.1 
SWMUB 14 and 15, and AOC 670 and 684 

Organic Compound!5 fn S o f l o  

Rmge of Concentrations 
No. of Detections for Detections (1st Risk-Bawd 

Commund Name (1st Interval/tnd Interval) IntervaVZad Interval) Screeuing k e l s  

Di-a-butylphthalate 

Fluorantbene 

Fluorene 

Hexachlorobutadiene 

Indeno(l,2.3-cd)pyrene 

2-Methylnaphthalene 

Naphthalene 

Pesticides (136 ~ Z e s  CoUcclcd - 74 Upper I n f e ~ d  W s ,  62 Lower Internal &mples, 6 Samples 
h r p l i d J  
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Table 43.1 
SWMUs 14 and 15, and AOC 670 and 684 

Organic Compounds ln Soil (plgkg) 

Range of Conemtrations 
No. of Detections for Detections (1st W-Based 

Compound Name (1st InteRaV2nd Interval) IntervaYZnd Interval) Screening Levels 

gamma-chlordane 

4.4'-DDD 

4,4'-DDE 

4.4'-DDT 

Dieldrin 

Endosulfan I 

Endosulfan I1 

Endrin 

Endrin aldehyde 

Heptachlor 

Heptachlor epoxide 

Chlorobenzilatda) 

Isodrine) 

2,700 

1,900 

1.900 

40 

47,000 

47.000 

2,300 

2.300 

140 

70 

2,400 

Not Listed 

Polychlorinated Biphenyls (147 Samples CoUecrcd - 81 Upper Intend Samples, 66 Lower Interval 
Sorrrpks, 5 Sonrglu D U p W @  

Aroclor- 1254 210 50-16010 83 

Total Prtralcum H y m n s  {90 SMIpks CoUe 
-h, 2 Smnple &P- 

Total Petroleum 
Hydmarbons 

I2f 14 63,000- Not Listed 
7,700,000179,000- 

13,400,000 , 
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Table 4.3.1 
SWMUs 14 and 15, and AOC 670 md 684 

organic Compounds in Soil 

or c~~xlltmti~n~ 
No. of Detections for medons (Ist Risk-Based 

Compound Name 

Parathion 21.3-37.5123.3-35.9 47.000 

Total TEQ 

Note: 
= Compound included in the Appendix IX analysis but not in the SW-846 analysis. 
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Table 4 3 3  
SWMUs 14 and 15, AOCI 670 and 684 

]inorganic Ekmclltr in Sdl (mgkg) 

Numbv ot 
Number of Detections Range of ConcentrPtkns 

bPls= (upper (uPPC~ for Detedbns Risk-Based Upper 
Inorganic inttrvnvlower intervavlowtr (upper htenalhwer Senening Tokrance Limit 

Nickel 77/62 51/37 4.1-29.013.5-23.4 160 33.38129.9 

Potassinmo 27124 26% 71 1*2,41OfX J1202,SS Not Listed N&tcef 

Silver 77162 010 010 39 Not VaWG 

Thallium 77162 1014 0.073-2.9/0.07-0.86 0.63 0.6311,3 

Beryllium 77162 65/49 0.13-1.5110.18-1.5 0.15 I .46611.62 

Cadmium 77/62 2316 0.29-3.M0.222.03 3.9 1.05ll.l 

Cobalt 77162 31/32 1.1-6.6/1.5-9.2 470 5.863114.88 

Vanad~um 77/62 76/60 7.9-72i9.1-84.4 55 77.381131.6 

Zinc nl62  a 4 8  5.1-180fl.T-98.9 2.300 214.31 129.6 

Selenium 77/62 5 1 149 0.134.2/0.13-3.5 3 9 2.0R.7 

Mercury 77/62 W 4 2  0.02-0.24lO.M4.86 2.3 0.4851.74 

Magnesium'sl 27/24 27/24 3.350-7.520/3.540-5.440 Not Listed 9.592/9.179 

Calc~um 27/24 27/24 59.000-275.000/6.250- Not Listed Nutrienrd 
83,500 

Chromium 76/62 77/62 3.6-91B.6-64.9 39 85.65/83.86 

Tuw 52/38 314 32.8-81R.360.1 4 700 Not Vdid(4 

ficxavrknt 
Chromium@) 

Notes: 
(a) = Elements that are not included in both SW-846 and Appendix IX methods 

= Included in duplicate sample analyses ody. 
(cl = See Appendix J for UTL determination. 
(a = Number of nondetections prevented determination of UTL. 
(*) = Elements considered to be nutrients; therefore. UTL was not detcnnintd. 
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Tabk 4 3 3  
SWMUs 14 and 15, and AOCI 670 and 604 

O~Pnic Compou11ds In S ~ U O W  W d w a k r  (jtfi) 

Round 1: 5 Sampks CoIleetld, 0 Samples Duplicated 
Round 2: 5 Snmpks Collected, 0 h p k s  Duplicated 

~ D O U I L ~  Name 

Range of Risk-BaKd Max. 
Sampling Number of C o a c e n ~  for Screening Contam. 

Rotmd Dttdow h l  Level 

5 1.8-11.8 4.8 6 - No Analysis 

No msticides detected. 

No PCBs detected. 

DCAA 

Or~anophosphate Pesticides (Collected In Round 1 Only) 
.- 

No organophosphate pesticides detected. 

Dioxins {CoUectcd fn Round 1 Only) 

Total TEQs 
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Tabk 4.3.4 
SWMUs 14, a d  15, d AOCI 670 d 684 

0rL.lllC Campomdm in D#p Grouwlmter (Cpn) 

R o d  1: 5 Sampks Collcdsd, 1 SsmpL Duplicrttd 
R o d  2: 5 Sam* COkded, 1 Gpm* Dupkatcd 

Raoge of Rlsk-BPstd 
Nunber of -m for k c d u g  Max. Concam 

1 4 1.2-3.5 2.1 Not Listd 
2 0 - 

1 2 8.0-11.3 Not L~sted Not Listed 
2 0 - 

Polychiorhted B i p h y h  (Cdkctsd in Romd X Only) 

No PCBs dctccud 

D C M  No Analysis Not Listod Not Listed 
84-1 17 

OrgM4pborphstt Pesudh ( C o ~  in Rwrd 1 Only) 

Plntfuon 1 1 1 .O 22 Not Listed 
2 - No Analysis 

Total TEQ 
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of RLL-Bad UpprTokrPDet Mu. 
S.mpiir~ NIplbUd - tkrermk Limit of codpm. 

Arsenic 

Magnesium 

No Analysis Not Lhcd Numknt Not L i  
74.iiW252.000 

N o  M y s i r  No1 Linsd 45,760 Not tiPted 
2.130-38.900 

N o  h a l y s i s  Not Listed 3,866,000 Not  Lirtsd 
II9.000.190.000 

No AnaIysis I8 3.391 Nat Wzd 
n.2-2.350 

N o  Analysis Not Listed Nutnent Not Lifted 
38.00066.000 

No Arulys~s Not Lied Numcnt Not  t i  
596.000- 1.270.000 

- 26 Not VaM 
65.2 

- 1.100 Not V d ~ d  
82.8 

Noc 
No 

Not Dettcttd 
No AnJysis 

Notes: 
= Only clemcots wrtfi detections ue listed. Hexnvdent chromium d cylnide were scpratt analyses. 

* = Ste Appendix G for UTL detcnmnaaons. 
te = Based on trutmllt tcchque AL. 

= H y b  percentrge of mndttcctr prcvcnml dercmhation of UTL. 
(*I = Element considered to be a wuicnt; thenfore. UTL was not daemkd. 
(0 = ~f hvdcnt b m i u m ,  RBSL-3.700 ~rgn. 
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RMgc of --Based Upper Mu. 
Sam- Nrmberof Cowm&athnsfor Tdunnccttmit Contam. 

f t 2.9 1.8 Not Valid 5 
2 3 1.823 

Lead 

Manganese 

Sodium" 

1 - N o  Analysis Not Listed Nutrient Not Listed 
2 5 169.000-221.000 

f - No Aadysts Not Liotuf 3.114,000 No1 ljrtbd 
2 5 869.000-1.195,MKI 

1 - No AtrPlysis 18 776.2 ~ o t  Listed 
2 5 10.15-109 

t - No h d y s i s  Not Listed Nuaient Not ListEd 
2 5 222,000-284,000 

1 4 1.1-1.7 18 2.103 50 
2 0 - 

f - No Arntysis P(acLi0ted Nutrient Not L.ktl!d 
2 5 -S,MS.ooO 

1 2 1.2-1.2 0.2W Not Vald 2 
2 0 - 
1 - Not m 
2 - No w 
1 - Not Dct#ted 
2 - No Andysis 

Notes: 
'* = Only elements with dettctions arc listcd. Hcxavdent chromium d c y d e  were apuatc analyses. 
-1 = See Appendix 1 for UTL detcmmations. 
( )  = Bascd on lrtarmcni rcchquc AL. 
(4 = High percentage of nande~ccu in background samples preventbd determination of UTL. 
Is) = Thallium urbonatc used u sumgate. 
(0 = Element considered to be a nutrient; therefore, UTL was mt determined. 
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Table 4.3.7 
SWMU 14 

Organic Compouads Detded in Sediment ()rg/kg) 

Acetone 

Carbon Disulfide 

Toluene 

Methylent Chloride 

2-Butanone 

1,l -Dichloroethene 

TetrachIoroethene 

Trichloroethene 

1,2,3-Trichloropropane 

Vinyl Chloride 

Xylene 2 1.7-2.8 

Fluoranthene 4 

q.rene 3 

Beazo(a)anthracene 2 

bis(2-Ethy1bcxyl)phthdare 1 

Acenaphthene 

D i benzo furan 

Fluorene 1 842 18 
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Table 4.3.7 
SWMU 14 

Organic Compounds Detected in Sedimemt (Irgflrg) 

Compound Name No. of Detedions R a ~ e  of Concentmtiom Cediment Suecninn Value - - - - - -  -- 0 

Semivdafh fhgdc  cmnpounds (4 SmtpZts C4Ilce#e& I Sample# Duplicated) 
> 

Appendix M Herbicide Compounds (4 Samples Collccltd, 0 Samples Duplicated) 

2,4,5-T 2 14.4-19.8 - 

TPH 2 780,000-2,100,000 - 

Dioxin Compounds (4 Samples Collected, 0 Snmples Duptica&ed) 

Dioxin 4 5.133-67.623 - 
@icogramslgram) 

P - , -  i 

Note: 
- = No rtponed sediment screwing value. 
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Table 4.3.8 
SWMU 14 

Ino~ganic Elements Meded in Sediment (mgkg) 
(4 Samples Collected, 0 Samples Duplicated) 

Arsenic 4 55-20.3 8 

Barium 2 24 532.5  - 

Cadmium 1 0.63 1 

Nickel 4 12.7-18.6 20.9 

Vanadium 4 27-5-71 - 
Zinc 4 51.6-136 68 

Selenium 3 

Mercury 2 0.07-0.27 0.1 

Chromium 4 37.945.8 33 

Note: 
- = No reported sediment screening value. 
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Table 4.3.9 
S W M U  14 

Organic Compounds Detected in Surface Water fprgll) 

Chronic Marine Water Quality 
Criteria 

Volatflc Orgmk 0 Corn unds tc Cdlrcted 0 

No nesticidts detected 

No PCBs detected 

Appendix IX Herbicide Compounds (1 Sample Cotkcfed, 0 Samples hrplicalcd) 

No organophosphates detected 

Dioxin Compounds ( I  Sample Cotlccted, 0 Samples Duplicated) 

Dioxins 1 7.327 pglL 

Notes: 
- - - No reported water quality criteria value. 
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Table 4.3.10 
SWMU 14 

Inorganic Elements Detected in Surfact Water (prg!L) 
(1 Sample Collected, 0 SPmples Duplicated) 

Element No. of Iktdons Range of Concentmtlons Chronic Marine Quality Criteria 

Barium 1 162 - 
Nickel 1 18.4 8.3 

Selenium 1 1.4 71 

Hexavalent 
Chromium 

Not Detected 

Note: 
- - - No reported water quality criteria value. 
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4.4 SWMU 17 

SWMW 17 is the site of an oil spill from a ruptured underground fuel pipe beneath 

Building FBM 61. The 1987 rupture released approximately 14,000 gallons of he1 oil beneath 

the northcentral extension of Building FBM 61. Soil sampling affer the spill identified PCBs in 

the soil. The building was used for submatine training. Submarine trainers often have PCB oil 

in their cooling arad hydraulic systems. A large bank of transformers is on the north side of the 

building. 

Soil and groundwater were sampled at SWMU 17 to determine whether there was residual 

contamhation from previous oil spills and other spills which may have occurred near 

SWMU 17. 

4.4.1 Soil Sampiing and Analysis 

Soil was sampled in three phases at SWMU 17 at locations shown on Figure 4.4.1 in accordance 

with procedures outlined in Section 2.2 of this report. Organic and inorganic analytical data for 

soil are presented in Tables 4.4.1 and 4.4.2. Appendix I contains a complete analytical report 

for the samples collected at SWMU 17. 

During primary soil sampling, 20 soil samples were collected from 13 locations. Eleven were 

from the 0- to l-foot depth interval and nine were from the 3- to 5-foot depth interval. Sample 

locations were selected on each side of the building extension and on the southern side of 

Building FBM 61. Locations were selected to detect any impact to soil or groundwater which 

may have occurred at SWMU 17. Samples were analyzed for VOCs, SVOCs, cyanide, metals, 

TPH, and pesticides/PCBs. Four samples were selected for duplicate analysis of herbicides, 

organophosphate pesticides, hexavalent chromium, and dioxins, in addition to the standard suite 

of analyses. 
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During the second sampling event, 29 samples were collected from 15 additional locations. 

Fifteen from the 0- to 1-foot depth interval and 14 from the 3- to 5-foot interval were analyzed 

for SVOCs, PCBs, metals, and TPH. 

During the third round of soil sampling, 16 samples were collected from the upper and lower 

intervals of eight additional locations. These samples were analyzed for dioxins and PCBs. 

4.4.1.1 Volatile Organic Compounds in Soil 

VOCs were detected in .I0 of the 11 primary sampling locations, and in 16 of the 20 samples 

analyzed. Of the 16 samples in which VOCs were detected, six were from the 0- to 1-foot depth 

and 10 were from the 3- to 5-foot depth. Five VOCs were detected in the soil samples collected 

at SWMU 17. The concentrations of the VOCs detected ranged from three to five orders of 

magnitude below their respective RBSLs. 

4.4.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were detected in 9 of the 11 primary sampling locations, 8 of the 15 secondary sampling 

locations, and in 20 of the 49 samples analyzed from SWMU 17. Of the 20 samples in which 

SVOCs were detected, 13 were from the 0- to 1-foot depth interval and seven were from the 

3- to 5-foot depth interval. Only one SVOC exceeded its RBSL: benzo(a)pyrene at 116 and 

175 pg/kg WSL-88 pglkg) in the two surface interval samples at 017SB009 and 017CB022. 

4.4.1.3 PesticidesandPCBs insoil 

Pesticides were detected in soil samples from eight of the 11 sample locations and in nine of the 

20 samples analyzed. Of the nine samples in which pesticides were detected, four were from 

the 0- to 1-foot depth interval and five were from the 3- to 5-foot depth interval. The five 

pesticides detected in soil samples from SWMU 17 were found at concentrations ranging from 

one to three orders of magnitude below their RBSLs. 
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PCBs were detected in eight of the 11 primary sampling locations, 11 of the 13 secondary 

sampling locations, six of the eight tertiary sampling locations, and in of 35 of the 60 samples 

analyzed. Of the 35 samples in which PCBs were detected, 25 were from the 0- to 1-foot depth 

interval and 10 were from the 3- to 5-foot depth interval. Aroclors-1254 and 1260 were the only 

PCBs detected in the soil samples from SWMU 17. Aroclor-1254 did not exceed its RBSL of 

83 pglkg in the one sample where it was detected at 42 pg/kg. Detections of Aroclor-1260 

(RBSG83 &kg) ranged from 36 to 245,000 pgfkg. The highest 'concentrations (approximately 

four orders of magnitude greater than RBSLs) of Aroclor-1260 were northwest and east of the 

Building 61 northcentrd wing. 

4.4.1.4 Other Organic Compounds in Soil 

Analysis indicated the presence of petroleum hydrocarbons in 25 of the 49 samples analyzed. 

Of the 25 samples where petroleum products were was detected, 13 were from the 0- to 1-foot 

interval and 12 were from the 3- to 5-foot interval. Petroleum hydrocarbons were detected in 

the 0- to 1-foot depth interval at concentrations ranging from 12,000 to 1,200,000 pg/kg. 

Petroleum hydrocarbons in the 3- to 5-foot interval ranged from 22,600 to 820,000 pglkg. At 

locations where the analyses targeted specific ranges of petroleum hydrocarbons, indeterminate 

lubricating oil was the most common type of petroleum hydrocarbon detected. 

Herbicide 2.4,s-T was detected in two duplicate analyses at concentrations four orders of 

magnitude below its RBSL. 

No organophosp+te pesticides were detected in the four duplicate analyses. 

TEQs for dioxin (screening level 1WO pg/g) ranged from 0.869 pglg to 127.03 pg/g for samples 

collected at SWMU 17. Duplicate analysis of samples collected during the first two rounds of 

sampling provided data indicating dioxin compounds in the SWMU 17 viciaity. All third-round 

SOB samples were analyzed for dioxins. 
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4.4.1.5 Inorganic Elements in Soil 

Table 4.4.2 summarizes the, inorganic results from the soil samples collected at SWMU 17. The 

only element with detected concentrations greater than its RBSL and interval-specific UTL was 

cadmium, which was detected at 4.7 mgikg (RBSL 3.9, upper-interval UTL 1.05) 

Cyanide was detected at three of the 11 locations sampled, and in three of all the 20 samples 

analyzed. All cyanide detections were at least one order of magnitude below its RBSL of 

160 mglkg . 

No hexavalent chromium was detected in the four duplicate sample analyses. 

4.4.2 Groundwater Sampling and Analysis 

Four shallow monitoring wells were installed during the first round to sample groundwater near 

SWMU 17 (see Figure 4.4.1). Samples from these wells were analyzed for VOCs, SVOCs, 

pesticidesIPCBs, metals, cyanide, and TPH. Two additional shallow monitoring wells were 

installed (NBCH017005 and NBCH017006) based on the analytical results for monitoring well 

NBCHO 17002. Samples from these monitoring wells were analyzed for VOCs, SVOCs, 

pesticideslPCBs, metals, and cyanide. Although the two additional wells were installed shortly 

after second-round groundwater sampling had begun, data from analyses of their initial samples 

have been included with the frrst-round sample results. Consequently, no second-round samples 

were collected from these two weIls. Second-round samples from the four original wells at 

SWMU 17 were analyzed for VOCs, SVOCs, and metals. A fat-round groundwater sample 

from one of the two additional monitoring wells (NBCH017005) was dupIicated and submitted 

for analysis of dioxin, hexavalent chromium, organophosphate pesticides, and herbicides, in 

addition to the standard suite of parameters. A second-round sample from one of the four 

original wells was duplicated and analyzed for the same parameters as the primary second-round 

samples. Tables 4.4.3 and 4.4.4 present analytical results for organics and inorganics, 
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respectively, in groundwater. Appendix I contains a complete report of the analytical data for 

groundwater samples collected from S WMU 17. 

4.4.2.1 Volatile Organic Compounds in Groundwater 

Two VOCs were reported for first-round groundwater samples collected at SWMU 17: acetone 

at 17.9 pg1L and chlorobemne at 2.8 pg/L. Both detections came from NBCH017005, one of 

the two wells installed based on the results of the groundwater samples collected from the first 

four wells, and both were below their respective RBSLs (acetone=370 kg/L; 

chlorobe~lzene = 3.9pglL). 

In second-round samples from the four original wells at SWMU 17, chlorobenzene was reported 

from two wells. lt equalled or exceeded its RBSL in samples from NBCH017002 (4,750 pg/L) 

and NBCH017003 (3.9 pglL). 

4.4.2.2 Semivolatile Organic Compounds in Groundwater 

Eight SVOCs were detected in the first-round groundwater samples collected at SWMU 17. The 

following were detected in the groundwater sample collected from NBCH017002 at 

concentrations exceeding the corresponding RBSLs for tap water: 1,2-dichlorobenzene, 

1,3dichlorobenzene, 1,4dichlorobenzene, and 1,2,4-trichlorobenzene. Additionally, benzidine 

was detected in NBCH017005 at a concentration significantly exceeding the RBSL of 

0.00029 p g / t .  The other three SVOCs detected in the groundwater samples from SWMU 17 

did not exceed their respective RBSLs. 

In the second sampling round, the same four chlorinated benzene compounds were detected at 

concentrations exceeding their corresponding RBSLs in the sample from well NBCH017002, 

2.4,5-trichlorophenol was reported in the same sampie at a concentration of 19 pglL, well below 

its RBSL of 370 pglL. Benzidine was not detected (there was no second-round sample from 
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NBCH017005), nor were the three SVOCs that were reported at low' concentrations in the first 

round. 

4.4.2.3 Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in the fmt-mud groundwater samples collected from wells 

at SWMU 17. 

4.4.2.4 Other Organic Compounds in Groundwater 

No petroleum hydrocarbons were detected in the four first-round groundwater samples that were 

analyzed for TPH. No herbicides, dioxins, or organophosphate pesticides were detected in the 

first-round groundwater sample submitted for duplicate analysis. 

4.4.2.5 Inorganic Elements in Groundwater 

The only element exceeding its corresponding RBSL in first-round groundwater samples 

collected at SWMU 17 was manganese. All six manganese detections exceeded its RBSL of 

18 pg/L, but were well below its UTL. No cyanide or hexavalent chromium was detected in 

the groundwater samples. 

In second-round samples at S W U  17. manganese, arsenic, and chromium were reported at 

concentrations exceeding their corresponding RBSLs. All four manganese detections were above 

the RBSL of 18 pg/L, ranging upward to 896 pg/L in well NBCH017004. Arsenic was detected 

in samples from two wells, both exceeding its RBSL of 0.037 pglL: NBCH017002 (3.2 pg/L) 

and NBCH017004 (4.9 pg/L). Chromium (FUEL-18 pg/L) was detected at 40 pg/L in one 

sample from well NBCH017001. (Note: The chromium RBSL of 18 pglL is based on 

hexavalent chromium, which has not been detected in any sample in Zone H. The RBSL for 

trivalent chromium in tap water is 3700 pg/L.) All manganese and arsenic detections were 

below their corresponding UTLs. Chromium was not detected enough in background samples 

to determine a valid UTL. 
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4.4.3 Deviations from Final Zone H RFI Work Plan 

Twenty-four soil samples were proposed for collection in the Final Zone H RFI Work Plan. 

The actual number of soil samples collected at SWMW 17 was 65 (34 upper interval, 32 lower 

interval). AU proposed upper interval samples were collected. Due to shallow deptb to 

groundwater, only some of the second-interval samples were collected. Based on analytical data 

for soil samples collected during the initial phase of sampling, additional sample locations were 

identified. Sampling was attempted at both intervals at each of these additional locations. As 

with the initial phase of sampling, some of the second-interval samples were not collected due 

to shallow depth to groundwater. 

Groundwater samples were collected from each of the sample locations proposed in the Final 

Zone H RFI Work Plan and two additional locations that were selected based on results of 

analysis of samples from the fmt four wells. 

Table 4.0.3 Iists the quantities of proposed samples and quantities of actual samples collected. 
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Table 4.4.1 
SWMU 17 

Organic Compouads In Soil @g/ks) 

No. of Detections Range of Concentrations 
(1st I n t w d 2 n d  for DeQedions (upper Risk-Based 

Comwund Name Interval) htervalnower intsal)  Screenine Levels 

Acttone 

ChlomtKmmlc 

2-Butanom (MEK) 

Toluene 

Trichloroethene 

Acenaphthene 

Benzoic Acid 

Benzo(a)anthracene 

Benu>(b)fluoranthene 

Benzotg, h.i)perylene 

Ekm(a)pyrene 

bis(2-Ethylhexy1)phthalate 
(BEHP) 

Chrysene 

Di benzofum 

1.2-Dichlorobenzene 
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Table 4.4.1 
SWMU 17 

Organic Compounds in Soil (Irglkg) 

No. of Detections Range of Concentrations 
(1st IntmsV2nd for Detections (upper 

Naphthalene 

Wenanthem 

alpha-chlordane 

gamma-Chlordane 

- - - -- -- - - 

Polycbrinated Bipbmyls (61 Sumpies Collected - 32 Upper Interval Samples, 29 l o w e r  Intcmal 

Aroclor- 1254 1 10 4210 83 

Aroclor- 1260 26/10 36-1 80.000/40-245.000 83 

Petroleum H y d m c a h m  (49 Samples Collected - 26 Upper Intend Sarrrples, 23 Lower Interval Sumgics, 
4 sa?npIn Drrpk'crrltd} 

Totd Petroleum Hydrocarbons 121 11 100,000- 1,200,000/ No1 Listed 
(Primarily indeterminate 120,000-820,000 
Lubricating Oil) 

2,4,5-T 7.519.9 78.000 

Orgampbosphate Prsticide (4 Dupficate Analyses - 3 Upptt I n t e n d  ~ i e s ,  1 Lower Interpal SanpIt) 

No organophosphates detected. 

Total TEQs 
53.920 pglg 

Note: 
W = Analyses perford only on duplicate sample. 
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Table 4.4.2 
SWMU 17 

Inorganic Elements in SOU (mglkg) 

Number of Number of 
A ~ Y -  Detections Range of Concentrstions R&k- upper 
(upper (upper for Detections Based Tolerance 

Inorganic interrral/lower intmalllower (upper intervaVIower Screening Limit of 
Elemcnts htWPI) intmal) intmd) h d  Backgroundw 

23/20 23/20 2,280-17,800/3,030-37,400 Not Listed 30,910/66,170 

Lead 23/20 20f I9 2.2-4114.6-32.4 400 118168.69 

Nickel 23/20 1319 1.1-18.5511.6-10.20 160 33.38129.9 

PotassiW 23120 6f13 2QO-l,050t2993,21 Not Listad Nutdent(') 
Silver 23/20 210 10-34.410 39 Not Vatid(& 

Sodiumc3 23f20 17/17 41 -8-341172-987 Not Listcd Nutrieat(s) 

Thallium 23/20 010 

Arsenic 23/20 20119 

Barium 12f9 

Beryllium 

Cadmium 

Coba! t 

Copper 
Vanadium 

Zinc 

selenium 

Mercury 
Magnesiumla) 

Mmgane- 

Calcium 

Chromium 

Tine) 

Hexavalent 
Chromium~ 

3.0-74.1l3.5-19.5 290 

4.641.817.7-66.4 55 

3.5-267f6.7-116 2.300 

0/0.37-1.9 39 

0.02-0.66/0.020.3 2.3 

214-3790/3124170 Not Listed 

10.7-203/15.3668 39 

1320-347,0001444-984,000 Not Listed 

5.9-34.6t7.4-47.3 39 

0.63 

40.33/43.80 

1.46611.62 

1 .O511.1 

5.863/14.88 

27.6131.62 

77.38/131.62 

214.311 32.6 

2.012.7 

0.4851.74 

9.592/9,179 

636.431,412 

Nutricntfe) 

Not Valido 

Notes: 
(a) = SW-846 element list and Appendix IX dement list do not have these compounds in common. 

= Included in duplicate sample analyses only. 
(c) = Sce Appendix J for UTL determination. 

= Number of nondetections prevented determination of UTL. 
(=) = Elements considered to be nutrients; therefore, UTL was not determind. 
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Table 4.4.3 
SWMU 17 

O % ~ C  c~mpo~nb i. ~mundmm (lyn) 

Round 1: 6 Samples Collected, 1 Sample DupUoted 
Round 2: 4 Samples Collected, 1 Sample Duplicated 

Range of Risk-Based Max. 
S.mpliq Nmber of Comentratim for WSS m w .  

Compound Name Round M m * .  

1 1 
2 

17.9 
0 - 370 Not Listed 

- 370 Nor Listed 
19 

Naphthalene 1 1 
2 

6. t 
0 + 

150 Not Listad 

3 70 Not Listed 

Benzidine 1 1 
2 0 

56 - 0.00029 Not Listed 

2-Methy Inapbthalene 1 1 4.0 150.) Not Listed 
2 0 - 
1 
No pesticides detected. 
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Table 4.4.3 
SWMU 17 

Orgrrnle Compounds In Gmmdwater (Ira) 

Round 1: 6 SsmpIes Collected, 1 Sample Duplicated 
Round 2: 4 Samples Collected, 1 Sample Duplicated 

Range of Risk-Based Max, 
Sampling Number of Concentrations for Screening Contam. 

Compound Name Round Detections Iktedons Level Level 

No PCBs detected. 

Peboleum EydmauhnE mund 1: 4 samples coucctca) 

No petroleum hydrtxubons detected. 

No herbicides detected. 

Organophosphate Pesticides (Round 1: 1 Sample Duplhted 

No organophosphate pesticides detected. 

Dioxin (Round 1: 1 Sample Duplicated) 
- -. - -- -- - 

No dioxin detected. 

Note: 
w = Naphthalene used as surrogate. 
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Table 4.4.4 
SWMU 17 

b g a n i c  Chemicals in Groundwater @/I,) 

Round 1: 6 Samples Collected, 1 Sample Duplicated 
Round 2: 4 Samples Collected, I Sample Duplicated 

UPF 
Number RMge of Risk-Based Tolerance Max. 

Sampling of C m M o n s  !bcedng Lhlt of Contam. 
Chdca l  Name  Round Ddections for JMedions Lcvd BachmundcM Levd - 
AfumiaM 1 3 35.8-522 3,m Not Valid Not 

2 I 32.7 Listed 

Calcium(@ 1 6 8 1,700-179.000 Not Listed Nutrient Not 
2 Listed 

Cobal t(c' 

Coppflc) 

Iron 

Magnesium 

- 18M Not Valid 
40 

987-7,320 Not Listed 
1,475-3.860 

10,100-i56,oOO Not Listed 
13.50043.700 

Not Valid Not 
Listed 

Not Valid Not 
Listed 

45.760 Not 
Listed 

3,866.000 Not 
Listed 

Manganese 1 6 73 -3-630 I8 3,391 
2 4 86.2-896 Listtd 

Not 

Selenium 

SodiumfQ 1 6 10,900-1,340,OM) Not Listed Nutrient 
2 4 23,200-292,000 
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Table 4.4.4 
SWMU 17 

Inorgdc Chemicals in Groundwater bg/L) 

Round 1: 6 Samples Collected, 1 Sample Duplicated 
Round 2: 4 Samples Collected, 1 Sample Duplicated 

upper 
Number Range of Risk-Based Tolerance Max. 

SMlpling of C O ~ ~ ~ O I I S  Srretning Limit of Contam. 
Chemical Namd4 Round Detedions for Dehctions Level 3ackgroundm Level 

26 Not Valid Not 
Listed 

Zinccc, 1 0 - 1100 Not Valid Not 
2 1 25 Listed 

Cyanide Not Detected 
No Analysis 

Not Detected (I Sample Duplicated) 
No Analysis 

Notes: 
= Only compounds with detections are listed. Cyanide and hexavalent chromium were separate analyses. 
= See Appendix J for UTL determinations. 

(c) = High percentage of nondetects in background samples prevented determination of UTL. 
(a = Element considered to be a nutrient; herefore. UTL was not determined. 
(e) = If trivalent chromium, RBSL-3,700 pg/L. 
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4.5 SWMU 19 

SWMU 19 is the solid waste transfer station that t e m p o d y  stores solid waste before transport 

offsite. Wastes stored on the bare ground include dry trash, tires, and empty 55-gallon drums, 

Soil was sampled at SWMU 19 to evaluate whether the site is contamiuated from previous solid 

waste management activities there. Potential groundwater contamination associated with 

SWMU 9 is addressed as SWMU 9. 

4.5.1 Soil Sampling and Analysis 

Six soil samples collected during the primary round of soil sampling at SWMU 19 in accordance 

with Section 2.2 were analyzed for VOCs, SVOCs, pesticidesfPCBs, cyanide, and metals. One 

was duplicated and analysis included herbicides, hexavalent chromium, organophosphate 

pesticides, and dioxins. The primary sample locations were position based on the location of 

the perimeter fence of SWMU 19. Secondary soil samples were collected based on results of 

first round soil sample analysis. Ten soil samples collected during the second round were 

analyzed for SVOCs, PCBs, and metals. One sample was duplicated and analysis included 

herbicides, hexavalent chromium, organophosphate pesticides, and dioxins. Three additional soil 

samples were collected based on results of the fmt two sampling events were analyzed for 

dioxins, metals, SVOCs, and PCBs. In addition to these three samples. one sample was 

analyzed for only dioxins. All SWMU 19 soil sampling locations are identified on Figure 4.5.1. 

Tables 4.5.1 (organic) and 4.5.2 (inorganic) summarize of analytical data for soil samples 

collected at SWMU 19. Appendix I presents the complete analytical report for SWMU 19 

samples. 

4.5.1.1 Volatile Organic Compounds in Soil 

VOCs were detected in all four sampling locations, and in all six samples analyzed. Of the six 

in which VOCs were detected, four were from the 0- to I-foot depth interval and two were from 
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the 3- to 5 - fm  depth interval. Nine VOCs were detected in the SWMU 19 soil samples. VOC 

concentrations ranged froq two to eight orders of magnitude below their respective RBSLs. 

4.5.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were detected in all four of the primary sampling locations, eight of the 10 secondary 

sampling locations, and in 13 of all 19 samples analyzed. Of the 13 detections, 12 were horn 

the 0- to 1-foot depth interval and one was from the 3- to 5-foot depth interval. Twenty-four 

SVOCs were detected in the SWMU 19 soil samples. Four of these were reported at 

concentrations exmeding the RBSLs: benzo(a)anthmcene, benzu(b)fluoranthene , benzo(a)pyrene, 

and dibenzo(a,h)anthracene. The highest concentrations were near sample location 019SBOOQ 

and 019SB002. 

4.5.1.3 Pesticides and PCBs in Soil 

Pesticides were detected in three of the four sampling locations, and in five of the six samples 

analyzed. Of the five pesticide detections, three were from the 0- to 1-foot depth interval and 

two were from the 3- to 5-foot depth interval. Seven pesticide compounds were detected in the 

SWMU 19 soil samples. Pesticide concentrations ranged from one to four orders of magnitude 

below respective RBSLs. 

PCBs were detected in one of the four primary sampling locations, eight of the 10 secondary 

sampling locations, and in nine of all 19 samples analyzed. All nine PCB detections were from 

the 0- to 1-foot depth interval. Two PCB compounds (Aroclors-1254 and 1260) were detected 

in the soil samples collected from SWMU 19 at concentrations exceeding respective RBSLs. 

The highest concentrations of Aroclor-1260 were near 019SBOOQ and 019SB007 sample 

locations. 
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4.5.1.4 Other Organic Compounds in !30il 

Petroleum hydrocarbons were detected in the two duplicate samples 019CB00201 and 

019CB01401 at concentrations of 170,000 and 189,000 pgkg, respectively. 

Herbicide 2,4-D was detected in a duplicate sample at a concentration of 41.8 pgikg, which is 

three orders of magnitude below its RBSL of 78,000 pglkg. 

Organophosphate pesticides were not detected in either duplicate sample. 

One first-round, two second-round, and three third-round samples were analyzed for dioxins. 

TEQs for dioxin ranged from 0.507 pg/g to 44.673 pglg (screening level 1,000 pg/g) for 

samples collected at SWMU 19. All six samples analyzed for dioxin were collected from the 

0- to 1 -foot depth interval. 

4.5.1.5 Inorganic Elements in Soil 

Elements detected in samples collected at SWMU 19 which exceed both their respective RBSLs 

and UTLs for background are lead, nickel, beryllium, copper, and zinc. Lead, nickel, zinc, and 

beryllium were present at concentrations which exceeded only the upper-interval UTL. Copper 

was present in both intervals at concentrations exceeding the interval-specific UTLs. Antimony 

was present in an upper interval sample at a concentration two orders of magnitude greater than 

its RBSL. No UTL was prepared for either interval for antimony due to lack of detections. 

These elements exceeded their respective RBSLs and UTLs by one order of magnitude or less 

and were relatively evenly distributed across the SWMU 19 sampling area with the most 

detections at the 019SB004 sampling location. 

Cyanide was not detected in any of the nine samples. 

No hexavalent chromium was detected in the two duplicate sample analyses. 
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4.5.2 Deviations fmm mal Zone H RIFI Work Plan 

Eight soil samples were-proposed for collecting in the Final Zone H RFI Work Plan. The actual 

number of soil samples collected at SWMU 19 was 20 (18 upper interval, 2 lower interval). All 

upper interval samples were colIected at each proposed location. Due to shallow depth to 

groundwater, only some of the second-interval samples were collected from the proposed 

locations. Based on analytical data for soil samples collected during the initial phase of 

sampling, additional sample locations were identified. Sampling was attempted in both intervals 

at each of these additional sample locations. As with the initial phase of sampling, some of the 

second-interval samples at the additional locations were not collected due to shallow depth to 

groundwater. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Table 4.5.1 
SWMU 19 

Organic Compounds in Soil (in pgkg)  

Range of Concentrations for Risk-Based 
No. of Detections Detections screening 

Comwund Name 

Acetone 

Benzene 

Carbon disulfide 

Chloroform 

1.1 -Dichloroethene 

Toluene 

Tricbloroethene 

Xylene (total) 

Acenaphthylene 011 01130 Not Listed 

Benzo(g ,h,i)pery lene 311 110-215/600 310.000 

BEHP 

Butylbenzylphthalate 

Chrysene 
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Table 4.5.1 
SWMU 19 

organic Compoundp in Soil (in )rg/kg) 

Range of Concentrations for Risk-Based 
No. of Detections Detections 

Compound Name (1st IntervaVZnd Interval) (upper intervalflower interval) 
Scrttning 

Levels 

4-Mtthylphcnol 

Dibtnzo(a, h)anthacene 

Dibenzofuran 

Di-n-butylphthalate 

Di-n-octylphthalate 

Fluoranthene 

Fluorene 

indeno(l,2,3-cd)pyrene 

2-Methylnaphthalene 

Naphthalene 

Phenanthrene 

Phenol 

Pyrene 

Pesticide (6 Samples Collected - 4 Upper Interval !hmples, 2 Lower I n r e d  Snmpks, 2 wh 
Dupliccrtcd) 

alpha-Chlordane 

gamma-Chlordane 

4.4'-DDD 

4,4'-DDE 

4,4'-DDT 

Endosulfan I1 

Endrin aldehyde 

470 (alpha + 
g-) 
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Table 4.5.1 
SWlMU 19 

Organic Compounds in Soil (in pg/kg) 

Range of Conee~tmtiorrs for Risk-Based 
No. d ~eciioms Ddcdioas 

Compwad Name 
- 

Levels 

Petroleum Hydroarbom 2/0 110.000-170.000/0 Not Listed 

No organophosphates detected. 

Dioxin (6 Samples C o W d  - 6 U ' r  ~ a l ,  0 b w a r  lnferwi Samokg) 
- -  

Total TEQ Values 610 0.5074.673/0 pg/g 1 t a r n  P ~ / B  
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4.6 SWMU20 
S W  20 is an area previously used for waste disposaYstorage. Beginning in 1985, various 

waste materials - batteries, concrete, wood, and sand blasting residue - were stored on the 

ground at SWMU 20. No containment was provided around the waste storage area. 

Based on results of groundwater analysis h m  temporary and permanent monitoring wells in 

SWMU 20, soil samples were collected to identify the source of VOC and SVOC contaminants 

detected in the groundwater. These samples were analyzed for only SVOCs and VOCs in 

accordance with procedures detailed in Section 2.2. Table 4.6.1 summarizes the analytical data 

for soil samples. Figure 4.6.1 identifies the soil sampling locations for SWMU 20. Appendix K 

contains all analytical data for SWMU 20. 

Groundwater data for wells installed in SWMU 20 are discussed as SWMU 9. 

4.6.1 Soil Sampling and Analysis 

Soil was sampled in one phase at SWMU 20. Twelve soil samples were collected from 

11 locations. Eleven soil samples were colIected from the 0 to 1-foot depth interval and one 

from the 3- to 5-foot interval. Sample locations were distributed over the former waste storage 

area to identify the source of groundwater contamination. Soil samples were collected using 

hand augers as described in Section 2.2.2. Samples were analyzed for VOCs and SVOCs. Two 

samples selected for duplicate analysis as a QA measure were also analyzed for dioxins. Sample 

locations are shown on Figure 4.6.1. 

4.6.1.1 Volatile Organic Compounds in Soil 

Toluene (RBSL-1,600,000 pglkg), the only VOC detected in the soil samples from SWMU 20, 

was in 11 of the 12 samples analyzed. The highest concentration was in the 0- to 1-foot interval 

at sampling location 020SB010 (1 1 pgfkg), five orders of magnitude below its RBSL. 
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The results of soil sampIing in the area of SWMU 20 did not identify the same VOCs that were 

detected in the groundwater samples collected in the SWMU 20 area. 

4.6.1.2 semivolatile Organic Compounds in Soil 

SVOCs were detected at all 1 I sampling locations and in a l l  12 samples collected (both upper 

and lower sampling intervals). Eighteen semivolatiIe organic compounds were detected in soil 

samples from SWMU 20. Most were somewhat uniformly distributed across the sampling area. 

Four SVOCs were detected above RBSLs in soil samples collected at SWMU 20. At sampling 

location 020SB005, three of the compounds - benzo(a)anthracene (RBSL88 pglkg), 

benzo(b)fIuoranthene (RBSL.880 pg/kg), and benzo(a)pyrene (RBSL-88 pglkg) - were detected 

above RBSLs at concentrations of 950 pglkg, 1,400 pglkg, and 820 pgikg, respectively. 

Benzo(a)pyrene also exceeded its RBSL in samples collected from the 0- to 1-foot inrerval at 

sampling locations 020SB001 and 020SB003 and locations 020SB006 through 020SBOI0, and 

in a sample collected from the 3- to 5-foot interval at sample location 020SB0 11. Concentrations 

of benzo(a)pyrene in these samples ranged from 130 pg/kg to 580 pg/kg. At sampling location 

020SB008, dibenzo(a,h)anthracene was detected at a concentration exceeding its RBSL. 

The results of soil sampling in the area of SWMU 20 did not identify the same SVOCs that were 

detected in the groundwater samples collected in the SWMU 20 area. 

4.6.1.3 Pesticides and PCBs in Soil 

No samples were analyzed for pesticides and PCBs because these compounds had not been 

detected in groundwater near SWMU 20. 

4.6.1.4 Other Organic Compounds in Soil 

No samples were analyzed for TPH, herbicides, or organophosphates because these compounds 

had not been detected in groundwater near SWMU 20. 
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Two soil samples were analyzed for dioxin (screening level 1,000 pgig). Soil samples collected 

from tbe 0- to 1-foot interval at sample locations 020SB001 and 020SB011 contained dioxin total 

TEQ concentrations of 5.367 pg/g and 1.266 pgig, respectively. 

4.6.1.5 Inorganic Elements in Soil 

Two samples were collected in the 1993 data collection event in the SWMU 20 area and 

analyzed for metals. One of these samples was collected at monitoring well NBCH009007 (see 

Table 4.1.4 and Figure 4.0). The other sample was collected from the IOA trench (see 

Table 4.1.2). The monitoring well soil sample (009SB07193) did not contain any elements that 

were at a concentration which exceeded both the element's respective RBSL and UTL. 

However, four element's (copper, lead, nickel, and barium) were detected in this sample at 

concentrations which exceeded the elements UTL (lower than the RBSL). The trench soil 

sample (009STlOA93) did not contain any concentrations of elements which exceeded both their 

RBSL and interval-specific UTL. However, three elements (copper, nickel. and zinc) were 

detected at concentrations which exceeded their UTLs but did not exceed their RBSLs, and two 

elements (manganese and arsenic) were detected at concentrations which exceeded their 

respective RBSLs but did not exceed their UTLs. 

4.6.2 Deviations from Final Zone H RFI Work Plan 

No soil samples were proposed to be collected in the SWMU 20 area in the Final Zone H RFI 

Work Plan (Table 4.0.3). However, data from temporary and permanent monitoring welts 

(SWMU 9 groundwater investigation) suggested the presence of a contamination source in the 

SWMU 20 area. As a result of the groundwater data, 12 (11 upper interval, one lower interval) 

soiI samples were collected at SWMU 20. Due to shallow depth to groundwater, only one of 

the second-interval samples was collected from the sampling locations. Both sampling intervals 

were attempted at each of the 11 sample locations. 
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4.7 SWMU 121 

SWMU 121 is the site of Building 801 and its associated SAA. For the previous six years, 

Building 801 has been used to collect, sort, and store recyclable material. The associated SAA 

was an 8-foot by 8-foot sheet metal building with a concrete floor where hazardous waste was 

accumulated. The SAA had no secondary containment structures. 

Soil was sampled at SWMU 121 to evaluate whether it was contaminated from Building 801 and 

the SAA. Potential groundwater contamination associated with SWMU 121 is addressed as 

SWMLJ 9. 

4.7.1 Soil Sampling and Analysis 

Soil was sampled in three phases at SWMU 121. During primary soil sampling, one sample was 

collected from 0 to 1 foot at five locations near Building 801 and the SAA to detect possible 

contamination from them. The five soil sample locatiom were based on the shape of the area 

enclosed by the perimeter fence. Soil was sampled in accordance with the procedures outlined 

in Section 2.2 of this report and analyzed for the standard suite of compounds: VOCs, SVOCs, 

cyanide, metals, TPH and pesticides1PCBs. In addition to the standard suite of compounds, one 

sample was split for duplicate analysis as a QA measure and analyzed for hexavalent chromium, 

herbicides, organophosphate pesticides, and dioxins. During secondary sampling, seven soil 

samples were collected from six locations, which were based on results of the primary round of 

sampling. Two intervals were sampled at one location and only the upper interval was sampled 

at the remaining six secondary sampling locations. Secondary samples that were collected based 

on the results of the first round of soil sample analysis were analyzed for SVOCs, PCBs, and 

metals. The third round of soil samples was collected based on the analytical results of the first 

and second rounds. In the third round, five additional soil samples collected from the uppet 

interval were analyzed for SVOCs, PCBs, and metals. Sample locations for the three sampling 

events are shown on Figure 4.7.1- Tables 4.7.1 (organic) and 4.7.2 (inorganic) summarize the 
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analytical data for SWMU 121 soil samples. Appendix I conbins a complete report of analytical 

data for soil samples collected at SWMU 121. 

4.7.1.1 Volatile Organic Compounds in Soil 

Volatile organic compounds were detected in five samples from the upper sampling 2-!rerval at 

primary sample locations. Six VOCs were reported at concentrations ratiglng from 

approximately two to six orders of magnitude below the RBSLs. 

4.7.1.2 Semivolatile Organic Compounds in Sod 

SVOCs were detected in 13 of the 16 sampling locations and in 14 of the 17 samples. 

Twenty-one SVOCs were detected in the soil samples collected at SWMU 12 1. The following 

exceeded the RBSLs: benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, and 

dibenzo(a,h)anthracene. The highest concentrations were generally on the eastern side of 

SWMU 121 and at sampling location 121SB013. SampIes from 121SBOll and 121SB013 

exceeded the RBSLs for all four indicated SVOCs. Samples from 121SB002, 121SB007, 

121SB09, 121SBO10, 121SB014, 121SB015, and 121SB016 also exceeded the RBSL for at least 

one indicated SVOC. 

4.7.1.3 Pesticides and PCBs in Soil 

Pesticide compounds were detected in upper-interval soil samples from four of the five primary 

sampling locations. Five pesticide compounds were detected in the soil samples collected at 

SWMU 121 at concentrations ranging from two to three orders of magnitude below the RBSLs. 

PCB compounds were detected in three of the five primary sampIing locations, five of six 

secondary sampling locations, four of five tertiary sampling locations, and in 13 of all 

17 samples collected. Three different PCB compounds (Aroclors- 1248, 1254, and 1260) were 

detected in SWMU 121 soil samples at concentrations exceeding their RBSIs. The PCB 

compounds were distributed across the central area of SWMU 121 and past the fence to the east 



- SOIL SAMPLE LOCATION 

FIGURE 4.7.1 
SWMU 121 

SOIL SAMPLE LOCATION MAP 
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and west. The highest concentrations were at location 121SB0016 with reported concentrations 

of Aroclor- 1254 (4,300 pgkg) and Aroclor- 1260 (1,100 pgtkg). 

4.7.1.4 Other Organic Compounds in Soil 

TPH analysis indicated the presence of petroleum hydrocarbons in the single sample 

analyzed - the duplicate sample from the upper interval at location 121SB002. Petroleum 

hydrocarbons were detected in that sample at a concentration of 150,000 pgikg. 

No herbicides or organophosphate pesticides were detected in the duplicate analysis. 

Six samples were analyzed for dioxin. Total TEQs for dioxin ranged from 12.891 pg/g to 

194.231 pglg (screening level 1,000 pg/g) for samples collected at SWMU 121. 

4.7.1.5 inorganic Elements in Soil 

Inorganics that exceed both their respective RBSLs and UTLs for background are lead, nickel, 

thallium, arsenic, beryllium, copper, vanadium, zinc, manganese, mercury, and chromium. 

Lead, nickel, beryllium, copper, vanadium, and zinc were detected at concentrations exceeding 

both interval-specific WLs. Detected concentrations of thallium, arsenic, mercury, manganese, 

and chromium exceeded only their upper-interval UTL. Iron was also present at concentrations 

which exceeded its upper-intervaI UTL. No RBSL was avaiiabie for iron. The northern and 

western sample locations contained the largest quantity of detections for elements with 

concentrations exceeding their respective RBSLs and UTLs of background, specifically in the 

vicinity of 121SB004,121S8006,121SB007, 121SB002, 121SB009, 121SB016, and 121SB014. 

Cyanide was detected in one of the five samples analyzed for cyanide. Analysis for cyanide in 

the upper sampling interval at location 12 lSB00001 indicated a concentration of 9.9 mg/kg , one 

order of magnitude less than its RBSL. 
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No hexavdent chromium was detected in the oxlle duplicate analysis. 

4.7.2 Deviations from Final Zone H RFI Work Plan 

Ten soil samples were proposed for collection in the Final Zone H RFl Work Plan. The actual 

number of soil samples collected at SWMU 121 was 18 (17 upper internal, one lower interval). 

All upper interval samples were collected at each proposed location. Due to shallow depth to 

groundwater, some of the second-internal samples were collected from the proposed locations. 

Based on analyticaI data for soil samples collected during the initial phase of sampling, 

additional sample locations were identified. Sampling was attempted at both intervals at each 

of these additional sample locations. As with the initial phase of sampling, some second-interval 

samples at the additional sample locations were not collected due to shallow depth to 

groundwater. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Table 4.7.1 
S W M U  121 

Orgdc Compounds in Soil (&kg) 

Range of 
Concentrations for Risk-Based 

NO. 01 mectiom 

Acetone 410 

2-Butanone (MEK) 1 10 

4-Methyl-2-Pentanone (MIBK) 110 

Toluene 310 

xyrm (total) 210 2.4-610 l , ~ , O O o  

Acenaphthene 

Acenaphth ylene 

Anthracene 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Bem(k)fluoranthene 

Benzo(g, h,i)perylene 

Benzo(a)pyrene 

BEHP 

D ibenzofuran 

Diethylphthalate 

Fluoranthene 

Fluorene 

Indeno( 1 ,2.3 -cd)py rene 

470,000 

Not Listed 

230,0000 

880 

880 

8,800 

3 10.000 

88 

46,000 
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Tnble 4.7.1 
SWMU I21 

Organic compounds in Soil 0 

Comwund Name 

Range of 
Concentrations for Risk-Based 

No. of Dctcdions Mcctions (upper 
(1st IntmaV2nd xatmal) in te~pa lnow~ ~ntmal)  

-g 
Levels 

Naphthalene 

Phenanthrenc 

Arrne 

gamma-Chlordane 

4,4'-DDE 

4'4'-DDT 

Endosulfan I1 

Endsin aldehyde 

470 
alpha + gamma 

1.900 

- - 

Pdychrhated B i p k  Cdlcded-16 Upper IM& SMcples, 1 Lover Internal 
I smut Duplicafed~ 

Total Petroleum Hydrocarbons 1 10 150,00010 not listed 

Herbicides (1 Duplicafe Adgsw-1 Upper I n f e d  Sumpie) 

No herbicides detected. 

~anophosphatc Pesticides (1 Duplicate Analyses-I Uppat In tend Sample) 

No ornano~hos~halcs detected. 
-- 

M0dlLS (6 -1t~ &kt- U m  h&fVd b k ~ ,  0 &?w- Inf~JVtd M P ~ ~ s )  

Total TEQ Values 610 12.891-194.23110 pglg 1,000 pglg 

Notes: 
(.) = Compound included in the Appendix IX analysis but not in the SW-846 analysis. 
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Nwnber of 
Nmber of Dctstiolr - (UPPU (UPPU RmgeofConcmtrrtiole Risk-- UppvTokrPIwc 

Inomudc McrrlUlower Mcrrdbwer for Detaihm - Lhntt of 

Iron(* 16/1 1611 2,23040.800127.600 Not Listed 30.910166,170 

Nickel 16/1 1611 4.6-9951142 160 33.38129.9 -- 

Ibmabw lU1 3/1 7394.136/1~ Not W NMicnlc9 

Silver 16/1 610 0.33-1 .DO 39 Not ValjfJ(a 

So&wN 1b)f 16/l 39-3 ,- Not I.&& Nu- 

Cadmium 

Cobalt 

Copper 

Vanndium 

zinc 

Sclcnium 

Mercury 

Magncsiuma 

M a n g M C r t W  

Calcium 

Chromium 

Ti@" 

2844.19012.590 Not Listed 

6.53Cb313,000115.700 Not tistcd 

Not Valid(@ 

Cyanide 510 110 9.910 160 Not Valid(* 

N o h :  
= Elements hat ur not included iu both SW-846 and Appcodir M methods. 

" = Included in duplicate sample lnrlyrcs only. 
"1 = !kc Appendix J for UTL dttcrminrtion. 
(6 = Number of nodeactions prevented detcdmtion of UTL. 
(-1 = Elemnts contidered to k ruu-knn; drerefore. UTL was rm d e t t m k d  
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4.8 SWMUX78 

SWMU 178 is the site of a transformer-oil leak from an Unaerground transformer vault 

approximately 50 feet south of Building X33-A. The leak was identified in 1994. Soil and 

groundwater were sampled to investigate any residual co-tion from the previous oil leak 

and other possible spills or leaks. 

4.8.1 Soil Sampling and Analysis 

Twelve soil samples were collected from two depth intervals (0- to 1-foot and 3- to 5-foot) at 

six locations near SWMU 178. The locations were sampled using hand augers as described in 

Section 2.2.2. Sampling locations generally conformed to those identified in the Final Zone H 

RFI Work Plan - one each outside the transformer vault's four corners, one north of the 

transformer vault near a UST, and one opposite the vault away from the fill pipe to detect 

possible residual contamhation from the oil spill. Figure 4.8.1 identifies each sampling 

location. 

All 12 samples were analyzed for VOCs, SVOCs, pesticidesiPCBs, cyanide, metals, and TPH. 

One was split to serve as a QC duplicate, and additionalIy analyzed for herbicides, hexavalent 

chromium, dioxins, and organophosphate pesticides. Analytical results are summarized in 

Tables 4.8.1 (organic) and 4.8.2 (inorganic). Appendix I contains the full analytical report for 

SWMU 178. 

4.8.1.1 Volatile Organic Compounds in Soil 

Six volatile organic compounds (acetone, acry lonitrile, chlorobenzene, Zbutanone, toluene, and 

xylene) were detected in the soil samples from SWMU 178. All VOCs were in concentrations 

ranging from two to six orders of magnitude below their RBSLs. Toluene, the most prevalent 

VOC, was detected in eight samples (six upper-interval and two lower-interval) at concentrations 

five to six orders of magnitude below RBSL. 
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4.8.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were detected in four of the 12 soil samples collected at SWMU 178 (two upper-interval 

samples and two lower-interval samples). Nine SVOCs were detected. Only two SVOCs, 

(benzo(a)pyr& (RBSL88 pgkg) and di-n-octylphthalate (RBSL160 pgfkg), were at 

concentrations above their RBSLs. A soil sample from the 0- to l-foot interval at sample 

location 178SB005 contained benzo(a)pyrene at a concentration of 140 pg/kg as well as seven 

other SVOCs below RBSLs. A soil sample from the 3- to 5-foot interval at sample location 

178SBOO2 conhind di-n-octylphthalate at a concentration of 226 pgkg. 

4.8.1.3 Pesticides and PCBs in Soil 

Pesticides were detected in samples Erom five of the six SWMU 178 sampling locations. In four 

locations, pesticides were in the upper and lower sample interval. At one location, six pesticides 

were detected in only the upper interval, at concentrations ranging from one to two orders of 

magnitude below their RBSLs. 

AIthough the site was a transformer vault with a documented leak, no PCBs were detected in 

the soil samples collected at SWMU 178. 

4.8.1.4 Other Organic Compounds in Soil 

TPH analysis identified petroIeum hydrocarbons at five of six sample locations. At three 

locations (178SB001, 178SB003, and 178SB005) petroleum hydrocarbons were detected in both 

the 0- to 1-foot and 3- to 5-foot sampling intervals. At the other two (178SB002 and 

178SB004), petroleum hydrocarbons were detected in only the upper sampling interval. TPH 

concentrations at SWMU 178 ranged from 140,000 to 37,000,000 pg/kg. The higher TPH 

concentrations occurred at sample locations 178SB001 and 178SB005 in the lower sampling 

interval. 
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No herbicides or organophosphate pesticides were detected in the soil samples collected at 

SWMU 178. 

Dioxins (screening level 1,000 p g f g )  were present in the sample collected for duplicate analysis 

from SWMU 178. A soil sample from the 0- to I-foot interval at location 178SB002 contained 

dioxin at a TEQ concentration of 0.299 pgig. 

4.8.1.5 Inorganic Elements in Soil 

Table 4.8.2 summarizes the results for the inorganic chemical element analysis for the soil 

samples collected at SWMU 178. One element, thallium, was detected at one location at a 

concentration exceeding its RBSL and lower-interval UTL. A soil sample collected from the 

3- to 5-foot interval at location 178SB002 contained thallium at a concentration of 2.2 pglkg. 

The RBSL for this element is 0.63 pgikg, and the lower-interval UTL is 1.3 mgfkg. 

No cyanide or hexavalent chromium were detected in the soil samples collected for SWMU 178. 

4.8.2 Groundwater Sampling and Analysis 

Two shallow monitoring wells were installed near SWMU 178 (Figure 4.8.1) for groundwater 

sampling, in accordance with Section 2.4 of this report. First-round samples were analyzed for 

VOCs, SVOCs, pesticides/PCBs , metals. cyanide, and TPH. Based on first-round sample 

results, second-round samples were analyzed only for SVOCs and metals. Both second-round 

samples were duplicated and analyzed for the same parameters as the primary samples, Results 

of the groundwater sample analyses are listed in Table 4.8.3 (organic compounds) and 4.8.4 

(inorganic chemicals). All analytical data for groundwater samples collected at SWMU 178 are 

presented in Appendix I. 

4.8.2.1 Volatile Organic Compounds in Groundwater 

No VOCs were detected in the groundwater samples collected at SWMU 178. 
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No SVOCs were detected in f i rs t-rod groundwater samples from wells at SWMU 178. 

BEHP was the only SVOC detected in second-round samples at SWMU 178. It was reported 

at a concentration of 530 pg/L in tbe sample from well NBCH178001, greatly exceeding its 

RBSL of 4.8 pg1L. 

4.8.2.3 Pesticides and PCBs in Groundwater 
No pesticides or PCBs were detected in the groundwater samples collected at SWMU 178. 

4.8.2.4 Other Organic Compounds in Groundwater 

No petroleum hydrocarbons were detected in the groundwater samples collected at SWMU 178. 

4.8.2.5 Inorganic Elements in Groundwater 
Only arsenic and manganese were reported at concentrations above their corresponding RBSLs 

at SWMU 178. Manganese (RBSG18 pg/L) was detected in a first-round groundwater sample 

from NBCH178001 at a concentration of 158.0 pglL, and in a second-round sample from 

NBCH178002 at a concentration of 19.75 pg/L. Arsenic (RBSL-0.038 pg/L) was found only in 

the second-round sample from well location NBCH178002, at a concentration of 4.9 pg/L. 

Reported concentrations of both elements were below their respective UTLs. 

No cyanide was detected in the groundwater samples collected at SWMU 178. 

4.8.3 Deviations from Final Zone H RFI Work Plan 

All soil samples proposed to be coliected in the Final Zone H RFI Work Plan were collected. 

Groundwater samples were collected from each of the sample lacations proposed in the Final 

Zone H RFI Work Plan. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Tabk 4.8.1 
SWMU 178 

Organic compouads in Soll @g/kg) 

Ramge of 
Concentrations for 
Detections (upper 

Acetone 011 0152 78,000 

Xylene (total) 01 1 Of5.1 l , ~ , o o O  

Benu>(a)py rene 1 /O 14010 88 

Pyrene 2/  1 120-2901270 230,000 

Colkcred - 6 Upper Intc 

alpha-Chlordane 3 I0 2-310 470 

gamma-Chlordane 310 3-810 (alpha + gamma) 
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Table 4.8.1 
SWMU 178 

Orgnnlc Compounds In Soil 0 
Range of 

C0~trati0ns for 
Detedions (upper 

No. of Detediom intcrrpU1owu R&k-Based 
Comwund Name S c h  Levels 

No PCBs detected. 

Total Petroleum Hydrocarbons 513 140,000- Not Listed 
900,0001280,000- 

No herbicides detected. 

~ a n o p h o s p b t e  Pesttcides (1 Duplicute Analysis - I h w e r  l n t c d  &mptc) 

No organophosphates detected. 

Dioxins (I Dupficate Analysis - I Lower I n t c d  Sampfe) 

Total TEQ 01 1 010.299 pg/g pi& 

Note: 
(r) - - Compound included in the Appendix IX analysis but not in the SW-846 analysis. 

Table 4.8.2 
SWMU 178 

inorganic Elements in Soil (mglkg) 

Number of Number of 
A n n l ~ a  Detections Range of Concentrations UPW 
(upper (upper for Detections Risk-Based Tolerance 

h o ~ a n i c  Intervdltower intervalflower (upper intendAower Screening Limit of 
Elements interval) interval) interval) Level Backround@ 

Nickel 6/6 012 011.3-20.8 160 33.38129.9 
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Table 4.8.4 
SWMU 178 

horgdc  CbemiCpLr in Gmundwnter @g/L)o 

Round 1: 2 Samples Collected, 0 Samples Duplicated 
Round 2: 2 Samples Collected, 2 Samples Duplicated 

upper 
m e  W-Based Tolerance Mnx. 

Srrmdinn Number d C o ~ t i o n s  Screening Limit of Contarn. - 
Chemical Name ~ o k d -  Ddedions for Detections Levd  background^ Ltvel 

Af-0 1 1 15.5 3700 Nor Valid Not Listed 
2 1 140.35 

Arsenic 1 0 - 0.038 27.99 50 
2 1 4.9 

Barium I 1 2.8 260 323 2000 
2 1 4.70 

Calcium(& 1 2 37,100-267,000 Not Listed Nutrient NotListed 
2 2 33,4M68,000 

Qlromium(c)  1 0 - 1 8@ Not Vdid lo0 
2 1 2.7 

Iron 

Magnesium 

1 2 30 1-365 Not Listed 45,760 Not Listed 
2 2 352-989 

Manganese 1 2 13.1-158 18 3,391 Not Listed 
2 2 12.60-19.75 

Nickel*) 

Potassium(Q 1 2 20.700-33,800 Not Listed Nutrient Not Listed 
2 2 18,950-64,550 

Vaaadiurnn 1 0 - 26 Not Valid Not Listed 
2 1 4.5 

Cyanidecc) 1 - - Not Dctsaed 
2 No Analysis 

Notes: 
(a) = Only elements with detections are Usted. Cyanide was a separate analysis. 
(14 = See Appendix J for UTL d e t e ~ o n s .  
(CI = High percentage of nondetects in background samples prevcmed determination of UTL. 
(dl = Element considered to be a nutrient; therefore, UTL was not demmhd. 
(c) = If trivalent chromium, RBSL3700 p g 5 .  
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Table 4.8.2 
SWMU 178 

Inorgrrnic Elements In Soil (mglkg) 

Number of Number of 
Detections Range of Concentrations UPW 

(uppet (UPW for Detediom Risk-Based Tolvoace 
I~O-c inmoyl~~~ etwpulowm (upper ~ imfto i  

Silver 616 010 010 39 Not Valid(& 

sodium@ 615 5i2 26.1-$77I643-1,190 Not L b d  NurrientN 

Thallium 616 0/2 010.52-2.2 0.63 0.6311.3 

Barium a6 3 1  1 1.34.3ff .8 550 4U33t43.80 

Beryllium 616 112 0.08/0.16-0.31 0.15 1.46611.62 

Cobalt 616 111 0.6811.1 470 5.863A4.88 

Vanadium 616 1 12 16.8113.6-25.4 55 77.381131.6 

Zinc 6i6 1/1 160B7.2 

Selenium 616 21 1 

Magnesium(d 616 616 209-3,8601373-5,970 Not Listed 9.532/9,179 

ManganesccJ 513 12.9-66.1129.546.8 39 636. 

Calcium 6/6 515 844-56.MW)/2.840-260,000 Not Listed Nutricnte) 

Chromium 616 2.D 7.0-I4.9fl.6-49.0 39 85.65183 -86 

Tiam 011 010 

Hexavalent OK) 
chromium@ 

Notes: 
1.1 = Elements that are not included in both SW-846 and Appendix IX methods. 
(b) = included in duplicate sample analyses only. 
(d - - See Appendix J for UTL determination. 
(a - - Number of nondetections prevented dettrmination of UTL. 
41 - - Elements considered to be nutrients, thmfore, UTL was not detnmincd. 
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Table 4.83 
S W M U  178 

OrgPnic Compounds in Groundwater (IrgIL) 

Round 1: 2 Samples Colleded, 0 Samples Duplicated 
Round 2: 2 Samples Collected, 2 Samples Duplicated 

Range of Risk-Based Max. 
!Sampling Number of Co~yntRtions k m d n j j  Con-. 

Compound Name Round Detectiom for Detections Level Level 

BEPH 

- .  

Pesticides (Collected in Round 1 Only) 

No pesticides detectad 

P d y e h r i a D t e a R o u n d  1 Only) 

No PCBs detected. 

T d  Petroleum Hydrocarbonrr (Colieded in Round I Only) 

No TPH detected. 
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4.9 AOCs 649, 650, and 651 

Because of their proximity, AOCs 649, 650, and 651, which are all east of Building 672, have 

been grouped. AOC 649, the former Braswell Storage Area, stored sandblast media, welding 

supplies, and other unknown suppIies used in ship repah. Material was stored for an unknown 

length of time during the 1970s. AOC 650, the former metal trades storage area, stored 

unknown supplies for ship repair. The exact dates of operation a .  unknown, but maps indicate 

that the area was in operation during the 1970s. AOC 651, the former sandblasters storage area, 

stored sandblast media presumably resulting from ship repair from the 1970s until 1991. 

Soil was sampled to assess the presence of residual contamination from the former storage area. 

Soil was sampled in accordance with Section 2.2. Potential groundwater contamination 

associated with these AOCs is addressed as SWMU 9. 

4.9.1 Soil Sampling and Analysis 

During primary soil sampling, nine soil samples were coliected and analyzed for VOCs, SVOCs, 

pesticidesIPCBs, metals, and cyanide. Two samples were duplicated and analyzed for 

herbicides, hexavalent chromium, organophosphate pesticides, dioxins, and TPH. Primary soil 

sampling locations were positioned based on the reported locations of two buildingistorage areas 

used by NAVBASE contractors. A second sampling round was conducted based on results of 

the fvst round. The 11 soil samples collected during the second round were analyzed for 

SVOCs, pesticides/PCBs, and metals. One of these samples was duplicated. Table 4.9.1 

(organic) and Table 4.9.2 (inorganic) summarize the analytical data for the soil samples collected 

near the three AOCs. Figure 4.9.1 identifies soil sampling iocations in the vicinity. Appendix I 

contains all analytical data for Zone H. Because AOCs 650 and 651 are close to each other, 

samples were identified with the prefix 650. 
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4.9.1.1 Volatile Organic Compounds in Soil 

Soil samples for VOC analysis we= collected from the 0- to I-foot depth interval at AOCs 649, 

650, and 651. VOCs were detected in soil samples coUected at five of the nine initial sample 

locations at these three AOCs. Seven different VOCs were detected at concentrations ranging 

from two to seven orders of magnitude below their respective RBSLs. 

4.9.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were detected in all nine primary sampling locations and four of tbe 11 secondary 

sampling locations. AH but one were collected from the 0- to 1-foot depth internat. 

Twenty SVOCs were detected in the soil sampks collected at AOCs 649, 650, and 651. Five 

were reported at concentrations exceeding the risk-based screening levels: benzo(a)anthracene, 

benzo(b)fluoranthene, benzo(a)pyrene, dibenzo(a, h)anthracene, and indeno(1,2,3cd)pyrene, 

Benzo(a)anthracene (RBSL-880 pgtkg), dibenzo(a,h)anthracene (FU3SL-88 pglkg), and 

indeno(lY2,3cd)pyrene (RBSL-880 pgikg) were detected above their respective RBSLs at only 

one location. A soil sample collected from location 650SB006 contained these three compounds 

at concentrations of 1,900 pg/kg, 390 pg/kg, and 910 pglkg, respectively. Benzo(b)flouranthene 

(RBSL-880 pglkg) was also detected above the RBSL at sample location 650SB006 as well as 

location 650SB004 at concentrations of 4,000 pglkg and 1,660 pglkg, respectively. 

4.9.1.3 Pesticides and PCBs in Soil 

Pesticides were detected in four of the nine primary sampling locations and five of the 

11 secondary sampling locations. Six pesticides were detected in the soil samples coIlected at 

AOC 649, 650, and 651. Alpha-chlordane and 4,4' DDE were the most commonly detected 

pesticides. All pesticide concentrations detected ranged from one to four orders of magnitude 

below their respective R33SL.s. 

PCBs were detected in one of the nine primary sampling locations, and four of the 11 

secondary sampling locations. Two PCB compounds were reported in the soil samples collected 
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at AOCs 649, 650, and 651. Aroclor-1254 exceeded its RBSL of 83 pg/kg at 650SBOM with 

a concentration of 407 pghcg. Other PCB compound concenttations were below their respective 

RBSLs. 

4.9.1.4 Other Organic Compounds in Soil 

Petroleum hydroarbom were detected in the two dupIicate samples from locations 649SBMl1 

and 650SB003 at concentrations of 160,000 pgkg and 980,000 pg/kg, respectively. No other 

samples were analyzed for T P W .  

No herbicides or organophosphate pesticides were detected in the three duplicate samples which 

were also analyzed for dioxin. TEQs for dioxin (screening level 1,000 pglg) ranged from 

0.967 pg/g to 8.382 pg/g for samples collected at AOC 649, 650, and 651. 

4.9.1.5 Inorganic Elements in Sod 

Inorganics that exceeded their RBSLs and UTLs for background at AOCs 649,650, and 651 are 

copper and mercury. Copper was detected in a sample collected at location 650SB006 at a 

concentration of 357 mglkg. The RBSL and upper-interval UTL for copper are 290 rngikg and 

27.6 mgfkg, respectively. Mercury was detected in a sample collected at location 650SB010 at 

a concentration of 6.9 mglkg. The RBSL and upper-interval UTL for mercury are 2.3 mgkg 

and 0.485 mgf kg, respectively. 

Cyanide was not detected in soil samples collected at any of the nine sample locations. 

No hexavalent chromium was not detected in the three duplicate samples. 

4.9.2 Deviations from Final Zone H RFI Work Plan 

Eighteen soil samples were proposed for collection in the Find Zone H RFI Work Plan. The 

actual number of soil samples collected at AOCS 649, 650, and 651 was 20 (19 upper interval, 
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one lower interval). AU proposed upper interval samples were collected. Due to sballow depth 

to groundwater, only some of the second interval samples were collected from the proposed 

locations. Based on analytical data for soil samples collected during the initial phase of 

sampling, additional sample locations were identified. Sampling was attempted for both intervals 

at each of these additional locations. As with the initial pbase of sampling, some of the second 

interval samples at the additional locations were not collected due to shallow depth to 

groundwater. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Tabk 4.9.1 
A 0 0  649,660, and 651 

Organic Compoundc in Soil 

Range 01 
Coonntrations 

No. of Detectionr (upper IntervaMower Risk-Bnwd 
Comwund Nome SmeninP Levels 

Acttone 

Carbon disulfidt 

Toluene 410 2.4-5.910 160,000 

Anthraccne 

Benzoic acid 

Benzo(a)mthracene 

Benzo(b)fl uoranthene 

BenzoQfluoranthene 

&nzo(a)pyrene 

Benzo(g ,h.i)pcrylene 

BEHP 

Burylbenzylphthalatc 

Chrywne 

Dibcnzo(a,b)anthraccne 
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Tnbk 4.9.1 
AOCs 649,650, and 651 

orgnnic compounds in Son 

Range of 
Concentrations 

No. of Detections (upper intervalllower Risk-Based 
ScrunInn Levels 

2-Methylnaphthalene 

Naphthalene 

Phenanthrcne 

Pyrenc 

alpha-Chlordane 

gamma-Chlordane 

4,4'-DDD 

4.4'-DDE 

4,4'-DDT 

Endosulfan sulfate 

1.8-1 1.6j2.0 470 alpha + gamma 

1.3610 

2.4-810 2,700 

6-10.213.0 1,900 

6-7/0 1,900 

710 47 ,000 

Polychlorinattd Biphenyls (20 Slpnpks Colbcted - 19 Upper lltlantal Samples, I Lower Inturval Sample, 
3 h p l e s  hrplicafed) 

Aroclor-1248 111 52/30 83 

Total Petroleum Hydrocarbon 2 I0 160,000-980 ,OoQIO nor listed 
ff R) 

No herbicides detected. 

No organopbospbates detected. 

Total TEQ Values 310 0.%7-8.38210 pglg lo00 pglg 

Note: 
(1) - - Compound included in the Appendix IX analysis but not in the SW-846 analysis. 
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Table 4.9.2 
AOC 649, 650, and 651 

Iwrga.de Elements in Soil (mg/lrg) 

Number of Number of 
MY= Detections Range of Concentratioits Risk- UPW 
(UPW (UPW for Detectio~fs BPsed Tolerance 

Inorganic intemnV1ower intervsV10wer (upper intmaylower Screening Limit of 
Elements kman interval) fnt- Lcvd r lachomd~ 

19/1 1911 1,640-16.200/2,860 Not Listed 30.910t66.170 

Nickel 19t1 0.93-39.2t5.7 160 33.38f29.9 

SodiumCd 1911 1811 33.1-308126.8 Not Listed Nutrieattc) 

Antimony 19tl 410 0.74-1.610 3.1 

0.08-f.lfQ.2 0.15 

Cadmium 1911 1110 0.134.3910 3.9 1.0511.10 

Cobalt 18/1 0.57-9.511.5 470 

Copper 1411 6.7-357124.4 290 27.6131.62 

Vanadium 19/1 5.3-35.418.4 55 

Zinc 1911 1910 6.0-50710 2,300 214.3i129.6 

Selenium 1911 5 /0  0.22-0.42/0 39 2.012.7 

M e r ~  19/1 13/0 0.026.910 2.3 0.4851.74 

Mqmsiumcl, 1911 

Manganese(4J 1911 1911 

Calcium 

Chromium 19/1 19/1 4.5-24.4112.3 39 85.65183.86 



Fincrl RCRA F0tlOtllity InVCmgmMon -If for Zone H 
N A W E  t%rhton * 

Seuion 4: Natun of Contarm'natt'on 
Juty 5, 1996 

Table 4.9.2 
AOC 649, 650, and 651 

Inorgnnic Elements in Soil 

Number of Number of 
Analyses Detections Range of Concentmiions Risk- upper 

(UPP (UPP for Detections Based Tolerance 
I ~ O ~ ~ S U I ~ C  iat -mow~ i n t ~ m o w ~  (upper ir t t~alnower screening ~ i m i t  of 
Ekmmts -dl law) m d )  Level Backgmundw 

Hexavalent 310 010 010 39 Not Valid(& 
Chromium@) 

Notes: 
(.) - - Elements that are not included in both SW-846 and Appendix IX methods. 
(b) - - Included in duplicate sample analysts only. 
(c) - - See Appendix J for UTL determination. 
(4 - - Number of nondetections prevented determination of UTLs. 
(c) - - Elements considered to be nutrients; therefore. UTL was not determined. 
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4.10 AOC 656 

AOC 656 is the site of a 1974 oil spill between Buildings 602 and NS-71. This spill resulted 

from a ruptured unQrground line connecting an 8,000-gdon aboveground storage tank (AST) 

in Building 602 to a boiler in Wilding NS-71. Of the 285 gallons r e 1 d  during the spill, 

275 gallons were reported to be recovered. 

Soil and groundwater were sampled at AOC 656 to determine the residual contamhation from 

the previous 02 spill and other possible spills which may have occurred at the AST. 

4.10.1 Soil Sampling and Analysis 

Soil sampling was conducted in two phases at AOC 656 along the previously ruptured pipeline 

and near the AST. Locations were selected to detect possible residual contamination from the 

reported spilI or contamination from other spills which may have o c c d  at the AST. During 

the primary soil sampling event, 14 soil samples were collected from nine locations. Nine soil 

samples were collected from the 0- to 1-foot depth interval and five samples were collected from 

the 3- to 5-foot depth interval with hand augers as described in Section 2.2.2. Samples were 

analyzed for VOCs, SVOCs, cyanide, metals, TPH, and pesticides/PCBs. Two samples selected 

for duplicate analysis were analyzed for hexavalent chromium, herbicides, organophosphate 

pesticides, and dioxins in addition to the standard suite of analyses. During the second sampling 

event, two soil samples were collected from each depth interval (0- to 1-foot and 3- to 5-feet) 

at two additional locations and analyzed for SVOCs only. One of these samples was submitted 

for duplicate analysis. Sample locations for both sampling events are shown on Figure 4.10.1. 

Tables 4.10.1 and 4.10.2 summarite the organic and inorganic data, respectively. A complete 

report of analytical data for soil samples collected in the vicinity of AOC 656 is included as 

Appendix I .  
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4.10.1.1 Volatile Organic Compounds in Soil 

Acetone, the only VOC detected in the AOC 656 soil samples, was detected in one of the 14 soil 

samples analyzed. Laboratory analysis of the sample collected at sample location 656SB002 

(from the 3- to 5-foot depth i n k ~ d )  indicated acetone at a concentration of 210 pg/kg, 

three orders of magnitude bwer than its RBSL. 

4.10.1.2 Semivolatile Organic Compounds in Soil 

Fifteen semivolatile organic compounds were detected at six of the nine primary sample 

locations, one of the two secondary sample locations, and in eight of d l  18 samples analyzed. 

Of the eight SVOCs detections, five were from the 0- to I-foot depth interval and three were 

from the 3- to 5-foot depth interval. One compound, benzo(a)pyrene, was detected at a 

concentration exceeding its RBSL. This compound was detected in the 0- to 1-foot sample 

interval at sample locations 656SB001, 656SB009, and 656SBOll. 

4.10.1.3 Pesticides and PCBs in Soil 

Six different pesticides were detected in soil samples from four of the 11 primary sampling 

locations and in five of the 14 samples analyzed. Pesticides were detected in four of the 

nine samples collected from the 0- to 1-foot depth interval and from one of the five samples 

collected from the 3- to 5-foot depth interval. Pesticide concentrations ranged from two to four 

orders of magnitude below RBSLs. 

No PCBs were detected in the soil samples collected at AOC 656. 

4.10.1.4 Other Organic Compounds in Soil 

TPH analysis identified petroleum hydrocarbons at six of the 11 primary sample locations in 

six of the 14 samples analyzed. Petroleum hydrocarbons were detected in the 0- to 1-foot depth 

interval at sample locations 656SB004 through 656SB009, at concentrations ranging from 

81,000 p g k g  to 1,900,000 pg/kg. Samples collected near the previously ruptured pipeline did 
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not contain petroleum hydrocarbons above detection limits. However, samples from near the 

AST had petroleum hydrocarbons above detection limits with the highest concentrations nearest 

the AST. 

One herbicide compound (2,4,5-TP [Silvex]) was detected in two duplicate soil samples from 

locations 656SBO(n and 656SBo9. Silvex concentrations were four orders of magnitude below 

the RBSL. 

No organophosphate compounds were detected in the soil samples collected at AOC 656. 

TEQs for dioxin ranged from 1.359 pg/g to 4.577 pgfg (screening level 1,000 pg/g) for 

duplicate samples coIlected at AOC 656. 
- 

4.10.1.5 Inorganic Elements in Soil 

Table 4.10.2 summarizes the inorganic results from AOC 656 soil samples. Tbe only element 

with a detected concentration exceeding its RBSL and interval-specific UTL was manganese in 

the upper interval of 656SB006. 

No cyanide or hexavalent chromium was detected in the soil samples collected at AOC 656. 

4.10.2 Groundwater Sampling and Analysis 

Three monitoring wells were installed to sample groundwater in tbe vicinity of AOC 656 

(see Figure 4.10.1). GroUIJdwater samples were analyzed for VOCs, SVOCs, pesticidesIPCBs, 

metals, cyanide, and TPH during fmt-round sampling. One groundwater sample was duplicated 

and analyzed for hexavalent chromium, herbicides, organophosphate pesticides, and dioxins, in 

addition to the standard suite of analyses. Second-round samples were analyzed for VOCs and 

metals, based on the fmt-round sample results. One sample from the second round was 

duplicated and analyzed for the same parameters as the primpry samples. Tables 4.10.3 
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and 4.10.4 fllmmarize the organic and inorganic results respectively, for groundwater. A 

complete report of analytical data for groundwater samples collected at AOC 656 is included in 

Appendix I. 

4.10.2.1 Volatile Organic Compounds in Groundwater 

No VOCs were detected in groundwater samples collected in the first or second sampling rounds 

from wells at AOC 656. 

4.10.2.2 Semivolatile Organic Compounds in Groundwater 

No SVOCs were detected in samples collected at AOC 656. 

4.10.2.3 Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in samples collected at AOC 656. 

4.10.2.4 Other Organic Compounds in Groundwater 

No herbicides, organophosphate pesticides, or petroleum hydrocarbons were detected in samples 

collected at AOC 656. 

Total TEQs were 1.747 pg/L for the dioxin analysis of the duplicate sample collected from 

NBCH656001 (dioxin RBSL-0.5 pg/L) . 

4.10.2.5 Inorganic Elements in Groundwater 

Table 4.10.4 s u m a r b s  the results for inorganic elements in groundwater samples collected 

at AOC 656. Elements exceeding their corresponding RBSLs are arsenic, manganese, and 

thallium. Two of 10 metals detected in first-round samples exceeded their RBSLs. Arsenic 

(RJ3SM.038 pg/L) was reported at a concentration of 18 pg/L from monitoring well 

NBCH65600 1. Manganese (RBSG 18pg/ L) was detected at concentrations of 153, 174, and 

454 pg/L in first-round samples from wells NBCH656001, NBCH656002, and NBCH656003, 
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respectively. Ln second-round samples 14 metals were detected, with thnee above RBSLs. 

Arsenic was found at 3.1 pg/L in the sample from well MCH656003. Manganese 

concentrations in second-round samples from NBCH65M)Ol through NBCH656003 were 128, 

262, and 835 pg/L, respectively. ThalIium (RBSM3.029 pglL) was detected in only one well, 

NBCH656003, in a second-round groundwater sample at a concentration of 4.1 pg/L. None of 

the detections for arsenic, manganese, or thallium exceeded their corresponding UTLs in either 

sampling round. 

No cyanide or hexavalent chromium was detected in the samples collected at AOC 656. 

4.10.3 Deviations from h a 1  Zone H RFI Work Pian 

Eighteen soil samples were proposed to be collected in the Final Zone H RFI Work Plan. The 

actual number of soil samples collected at AOC 656 was 17 (11 upper interval, six lower 

interval). All upper-interval samples were collected. Due to shallow depth to groundwater, only 

some of the lower-interval samples were collected from the proposed locations. Based on 

analytical data for soil samples collected during the initial phase of sampling, additional sample 

locations were identified. Samples were collected from both sampIing intervals at each of these 

additional sample locations. 

Groundwater samples were collected from each of the sample locations proposed in the Final 

Zone H RF1 Work Plan. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual sarnpies colIected. 
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Rangeof- Rbk-Based 
No. of Dasetknr for Dtteiom 

Compormd Name (li ~ o V 1 n d  merrdJ 

No PCBs &acted. 

Totd Petrolcum Hydrocarbons 610 8.1000-1.900.000/0 No1 L i  
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Tabk 4.10.1 
AOC 651 

~ - ~ h S o n ( b l r U / 4 )  

R . q l c o f ~ ~  Uk-Busd  
No. d Detcctbar fw Deta#m se redm 

2.4 J-TP (Silvex) 7.34410 
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Number of , Range of Concentrat.ions U P P ~  
hdysm (upper Numbtr of Dttectbm for Xktectbns Risk-Bnsed Tokrance 

I n o d  i u t e r v m r  (upper fntervaYlowtr (upper intervdbwtr Screening Limit ot - - -  ~ - -  - 
iutervmn Level Backerouud(* . 

915 915 1,550-27.H)013.330- Not Listed 30.910/66.170 
28,100 

Lead 915 3/31 n-129; 1-30.6 400 11 6/68-69 

Nickel 915 4m 0.88-12.8/0 1 60 33.38f29.9 

Sodium(d 915 915 48.6696t85.8-1700 Not Listed NumenW 

Arsenic 915 915 0.56-14.811.8-14.2 0.37 14.810552 

Barium 414 7.8-25.8114.1-20.7 550 40.33143.80 

Cadmium 915 010 010 7.8 1.0511.10 

Cobalt 9)s 31'2 0.34-5.5M.B-4.8 470 5,863114.88 

Vanadium 9H 915 2.9-56.1f8.5-51.8 55 77.381131.6 

Zinc 9/5 713 3.9-306.7123.8-58.9 2,300 214.31129.6 

Selenium 915 313 0.1 14.72/0.27-1.0 39 2.012.7 

Mercury 9M 511 0.044.26/0.14 2.3 0.4851.74 

Magnesiumo 915 913 141-34601474-3610 Mot Listed 9.592/9,179 

Manganese(&) 915 915 8.8-719140.7-579 39 636.411.412 

Calcium 915 915 3 1 W8800R380-55200 Not. Listed N u t r i e l  

Chrom~um 9/5 9/5 5.6541 An.7-33.7 39 85.65183.86 

Tiacd 2/0 1/0 5.8N 4.700 Not Valid(4 

Hexavalent 210 010 Om 39 Not Validc4 
Chrom~um@) 

915 OIO Not Vaf id@ 

Notes: 
(8) - - Elements that are not included in both SW-846 and Appendix IX methods. 
@) - - Included in duplicate sample analyses only. 
(C) - - See Appendix J for UTL determination. 
(a - - Number of nondctcctions prevented bcerrnination of UTL. 
(C) - - Elements considered to be nutrients; therefore, UTL was not determined. 
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Tnble 4.103 
AOC 656 

Organic Elements hi Gmmdwnter (pg/L) 

Round 1: 3 Samples C011ected. 0 Samples Duplicated 
Round 2: 3 Samples Collected, 1 Sample DupUcated 

Range of Risk-Bpped Max. 
Sampling Number of Concentmtions for Suecning Contam, 

Compound Name Round Detections Det#tim Level b e d  

No =ticides detected. 

No PCBs detected. 

No TPH detected. 

Herbicides (Collected in Round I Ody) 

No herbicides detected. 

Organophosphate PcsWdes (Collected in Round 1 Only) 

No ornanophos~hatc =ticides detected. 

Dioxins (Collected in Round I Only) 

~otal TEQS I 1 1.747 p a  o - s p g n  30pgn 
2 -- No Analysis 
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- of Risk-Bucd Upper Mu. 
 DUDE N l m k r d  -for sawe~im T o l u u r c U  Contnm. 

I 3 75.7W2n ,000 Not Lirted Nuuient Not ti(tbd 
2 3 68,550-298,000 

Imn 1 3 3.650-17.900 Not Listed 45.760 Not Luted 

1 3 153454 18 3.391 Not Listed 
2 3 127.5-835.0 

P O ~ P S S I ~ ( C '  1 3 35.700-172,000 Not btcd Nument Not Listed 
2 3 3 1 .25@222,000 

Sodiumc* 3 479,ooQ.S,330,000 Not lhrd Nutricot 
3 41830M J30.000 

4.6 26 Nor Valid Not Li#d 
2.7-11.6 

Z w o  1 0 - 1.100 No1 Vdld Not Listed 
2 1 18.5 

C y ~ i d H  - Not Daabd 
- No ADlJyab 

Hcuvllent 1 - Not Detcftcd 
Chromiumtfl 2 - No M y  sis 

Notes: 
14 = 
(r) - - 
(=I = 
(r) = 
(.I = 
(0 I 

w I 

Only elements witA dewdoas arc listed. Cylnide a d  hcxavdent chromium were sepamtc analyses. 
See Appendix J for UTL dctcrmbtions. 
Element considered to be a nutrient; therefore. UTL was not dctcrminod. 
High percentage of mndcttc~ in b a c k g d  ssmples prevented determination of UTL. 
If mvdcnt chromium. RBSL = 3700 ~ g n .  
Basal on treatment tdmqw adon level. 
Thllium cubonrtc uxd Is surrogate. 
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4.11 AOC 653 

AOC 653 is a hydraulic fluid storage tank at the west end of Building 1508 (one of the four 

buildings which make up the automotive hobby shop complex). The tank is no longer in use due 

to suspected leakage. In addition to fluids in the tank, various paints, solvents, thinners, and 

petroleum products used and stored at the site may have been released. 

Soil and groundwater were sampled at AOC 653 to determine if residual contamination resulted 

from the leaking tank and other possible spills which may have occurred in the vicinity of 

AOC 653. 

4.11.1 Soil Sampling and Analysis 

Soil was sampled in accordance with procedures detailed in Section 2.2. Six first-round soil 

samples were collected and analyzed for VOCs. SVOCs, pesticides/PCBs, metals, TPH, and 

cyanide, One sample was duplicated and analyzed for herbicides, hexavalent chromium, dioxins, 

and organophosphate pesticides. A second round of eight soil samples was analyzed for SVOCs, 

pesticides, and dioxins. Soil was sampled in the immediate vicinity of the hydraulic tank to 

identify any contamination. Figure 4.11.1 identifies soil and groundwater sampling locations 

near AOC 653. 

Analytical results for the soil samples are summarized in Table 4.1 1.1 (organic) and 

Table 4.11.2 (inorganic). A complete analytical report for AOC 653 soii samples is included 

in Appendix I. 

4.11.1.1 VolatiIe Organic Compounds in Soil 

VOCs were detected at all four sampling locations. and in all six samples analyzed. Of the 

six samples collected, four were from the 0- to 1-foot depth interval and two were 

from the 3- to 5-foot depth interval. Six VOCs (acetone, toluene, 2-butanone. acry ionitrile, 
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4-methyl-2-pentanone, and xylene) were detected in AOC 653 soil samples. VOC concentrations 

ranged from four to five orders of magnitude below respective FU3SLs. 

4.11.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were detected in seven of the 13 samples analyzed. Of the seven samples in which 

SVOCs were detected, five were collected from the 0- to 1-foot depth interval and two were 

collected from the 3- to 5-foot depth interval. Sixteen SVOCs were detected in the soil samples 

from AOC 653. Only one SVOC was detected above its RBSL at SWMU 653. Benzo(a)pyrene 

(RBSL-88 pgfkg) was detected in a soil sample collected from the 0- to 1-foot interval at 

location 653SB001 and in a sample from the 3- to 5-foot interval at location 653SB003. Except 

for benzo(a)anthracene and benzo(b)fluoranthene, the remaining compounds were detected 

between one and five orders of magnitude below respective RBSLs. Benzo(a)anthracene 

(RBSL-880 pglkg) was detected up to 150 pg/kg and benzo(b)fluoranthene (also RBSL of 

880-pglkg) was detected up to 140 kg/kg. 

4.1 1.1.3 Pesticides and PCBs in Soil 

Pesticides were detected in nine of the 13 samples analyzed. Of these samples, eight were from 

the 0- to 1-foot interval and one was from the 3- to 5-foot interval. Four different pesticides 

were detected in the soil samples from AOC 653. Concentrations detected for these pesticides 

ranged between one and three orders of magnitude below respective RBSLs. 

PCBs were detected in only one sample from all four locations. PCBs were detected in the soil 

sample from the 0- to 1-foot depth interval at sample location 653SB001. Aroclors-1248 and 

1260 (RBSL-83 pg/kg) were detected in this sample at concentrations of 88 pglkg and 71 pglkg, 

respectively. 
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4.11.1.4 Other Organic Compounds in Soil 

TPH analysis identified petroleum hydrocarbons at all four sample locations and in all 

six samples analyzed. Four were collected from the 0- to 1-foot interval and two were from the 

3- to 5-foot interval. TPH concentrations ranged from 400,000 pglkg to 42,000,000 pglkg, 

Herbicides and organophosphate pesticides analyses were conducted on a soil sample collected 

from the 0- to 1-foot depth at duplicate sample location 653SB003. One organophosphate 

pesticide, methyl parathion (RBSL-2,000 pglkg), was present in this sample at 33.2 ~ g l k g .  

Dioxins (screening level 1,000 pg/g) were reported in each of the nine samples submitted for 

dioxin analysis. TEQ concentrations for dioxin ranged from 1.489-43.41 1 pg/g in the upper 

interval and 0.54 1-8.068 pg/g in the lower interval. 

4.11.1.5 Inorganic Elements in Soil 

One element (lead) exceeded both its RBSL and interval-specific UTL in the soil at AOC 653. 

Lead was detected above both screening limits in samples collected from the 0- to 1 -foot interval 

at sample locations 653SB001 and 653SB003 at concentrations of 561 mg/kg and 638 mgtkg, 

respectively. The lead detection at 653SB003 (638 pg/kg) was complemented by a duplicate 

sample analysis which also detected lead (483 pg/kg), resulting in an average of 561 pg/kg 

which is reflected in Table 4.1 1 .2 .  

Cyanide was not detected in any of the six samples analyzed. 

Hexavalent chromium was not detected in the soil sample submitted for duplicate analysis. 

4. 11.2 Groundwater Sampling and Analysis 

Two monitoring wells were installed to sample shallow groundwater near AOC 653 (See 

Figure 4.11.1). Groundwater was sampled in accordance with procedures detailed in 
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Section 2.4, and was d y z e d  for VOCs, SVOCs, pesticidesIPCBs, metals, cyanide, and TPH 

in fmt-round samples. - Based on the resuits h m  first-round sampling, second-round samples 

were analyzed for SVOCs, pesticides, and metals. One second-round sample was duplicated 

and analyzed for the same parameters as the primary samples. Tables 4.1 1.3 and 4.11.4 

summarize organic and inorganic results, respectively, for groundwater. Appendix I contains 

a complete report of analytical data for groundwater samples collected at AOC 653. 

4.11.2.1 Volatile Organic Compounds in Groundwater 

No VOCs were detected in the groundwater samples collected at AOC 653 in the fmt or second 

sampling rounds. 

4.12.2.2 Semivolatile Organic Compounds in Groundwater 

No SVOCs were detected in the frrst-round or second-round groundwater samples collected at 

AOC 653. 

4.11.2.3 Pesticides and PCBs in Groundwater 

One pesticide compound was detected in a first-round groundwater sample from one of the two 

monitoring wells installed at AOC 653. ' h e  pesticide 4,4'-DDT (RBSL-0.2 pg/L) was detected 

in monitoring well NBCH653001 at a concentration of 0.06 pg/L. No PCBs were detected in 

any fmt-round groundwater samples from AOC 653. 

No pesticides were detected in second-round groundwater samples collected at AOC 653. PCB 

analysis was not performed on second-round samples. 

4.11.2.4 Other Organic Compounds in Groundwater 

No petroleum hydrocarbons were detected in groundwater samples collected at AOC 653. 
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4.11.2.5 Inorganic Elements in Groundwater 

Manganese (RBSL-18 pg/L), thallium (RBSL-0.029pg/L), and arsenic (RBSL-0.038 pg/L) were 

the only inorganic elements detected in AOC 653 groundwater samples that exceeded their 

RBSLs. Manganese was detected at concentrations of 672 and 90.6 pglL in first-round samples 

from wells NBCH653001 and NBCH653002, respectively. In second-round samples from 

NBCH653001 and NBCH653002, manganese appeared at concentrations of 680 and 128 pg/L, 

respectively. Thallium was detected in a first-round sample from well NBCH653001 at a 

concentration of 1.2 pg/L, but not in second-round samples from either well. Arsenic was not 

detected in either of the fxst-round samples, but was detected in the second-round sample from 

monitoring well NBCH653001 at a concentration of 36.55 pg/L. This arsenic value exceeded 

the UTL for arsenic as well as its RBSL. All values of manganese and thallium were below 

their corresponding UTLs. 

4.11.3 Deviations from Final Zone H RFI Work Plan 

Eight soil samples were proposed to k collected in the Final Zone H RFI Work Plan. The 

actual number of soil samples collected at AOC 653 was 14 (8 upper interval, 6 lower interval). 

The upper interval samples at each proposed location were collected. Due to shallow depth to 

groundwater, only two of the proposed second interval samples were collected. Based on 

analytical data for soil samples collected during the initial phase of sampling, additional sample 

locations were identified. Both sampling intervals were collected at each of these additional 

sample locations. 

Groundwater samples were collected from each of the sample locations proposed in the Final 

Zone H RFI Work Plan. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Comrmund Name 

Table 4.11.1 
AOC 653 

Organic Compounds in Soil (irglkg) 

Range of Concentrations for Risk-Based 
No. of Detections Detections Screening 

(1st Intervd/Znd Interval) (1st htervalnnd interval) Levels 

Acetone 412 25-13 1.5176-83 780,000 

2-Butanone (MEK) 112 23.4113-14 4,700,000 

Toluene 411 6-2017 1 , 6 0 0 , ~  

Xylene (total) 1 /O 2.210 16,000,000 

BEHP 41 1 110-6,6951110 46,000 

Fluorene 1 10 44 1 /O 310,000 



Final RCRA Facility Investigation Report for Zone H 
N A W E  Charleston 

Section 4: Nature of Contum'~ion 
Julv 5. 1996 

Table 4.11.1 
AOC 653 

Organic Compounds in Soil ( p g k g )  

Range of Concentrations for Risk-Based 
No. of Detections Detections Screening 

alpha-Chlordane 

gamma-chlordane 

2-2/0 470 
alpha + 

3 4 0  gamma 

Petroleum Hy-11s (6 Samples Collected - 4 Upper Interval Samples, 2 Lower Intend Samples, 

Total Petroleum Hydrocarbons 512 730,00042.000,000/400,000- Not Listed 
(IR) 440,000 

Herbicides (I Ikcp1uate Anatysis - I Upper Inrenal Sample) 

No herbicides detected. 

Organopbosphete Pesticides (1 D r r p W e  AnaIysis - 1 Upper Inlend Sample) 

Methvl oarathion 1 10 33.210 2000 . . 

Total TEQ Values 5 /4 1.489-43.4 1 tpglgl 

Note: 
ta) = Compound included in the Appendix IX analysis but not in the SW-846 analysis. 
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Tabk 4.113 
AOC 653 

Inorganic Elements m SOU (in mg/kg) 

Number of Rnngt of Concentrations Upper 
Analyses (upper Number of Detections for Detections Risk-Based Tolerance 

Inorganic intervpVIower (upper intervabwer (upper intervaUlower Screenhg Limit of - - . - 

interval) intervall Level 

Iron0 4t2 412 3.520-9.05011 6,700-19,900 Not Listed 30,910166,170 

Lead 4t-2 44? 38.2-561144.2-535 400 118168.69 

Nickel 412 4t2 5.5-12.718.1-8.3 160 33.38129.9 

Silver 4/31 010 010 39 Not Validcm 

11746UB65-f ,460 Nor Listed Nuuiede) 

Thallium 412 010 010 0.63 0.6311.3 

om 3.1 Nor Valid(@ 

Arsenic 412 4i2 4.7-9.3114.1-14.9 0.37 14.81135.52 

Bari 312 36.1-49.finO.6-24.2 550 40.33143.80 

Beryllium 412 412 0.264.39/0.724.75 0.15 1.96611.62 

Cadmium 412 3 f l  0.70-0.9410 3.9 1.05/1.10 

Cobalt 4t2 4t2 1.9-5.414.7-4.9 470 5.863114.88 

Copper 4Q 412 7.7-25.35117.2- I8 290 27.6f31.62 

Vanadium 412 412 12-18138.3-39.9 55 77.381131.6 

Zinc 4)2 412 55.3-165.5168.4-18.8 2.300 214.31129.6 

Selenium 412 010 0/0 39 2.012.7 

Magnesiurn(~) 4t2 430-2,470/2,920-3.000 Not Listed 9,59219,f 79 

Calcium 412 412 18,400-225.00019.020- Not Listed Nu&ient@) 
12,000 

Chromium 4l2 4t2 11.5-16.2121-23.5 39 85.65/83.86 

Tin(d 1/0 010 010 4,700 Not Valid(@ 

Hexavalent 1lD Om OK) 39 Not Valid(4 
cllromj . 

160 Not Valid(* 

Notes: 
(11 - - Elements that are not inciuded in both SW-846 and Appendix IX methods. 
@) = Inctuded in duplicate sample analyses only. 
(C) - - See Appendix J for UTL determination. 
(a) - - Number of nondetectiom prevented determination of UTL. 
(c) - - Elements considered to be nueicnts; therefore. UTL was not determined. 
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Table 4.11.3 
AOC 653 

Organic Compounds in Groundwater @lL) 

Round 1: 2 Samples Collected, 0 Samples Duplicated 
Round 2: 2 Samples Collected, 1 Sample Duplicated 

Range of Risk-Based Max. 
Sampling Number of Concentrations for S m d n g  Contrun. 

Comwund Name Round Detections Detections Level 

Volatile Organic Compounl (Colltcted in Round 1 Only) 

No VOCs detected. 

No SVOCs detected. 

No PCBs detected. 

No TPH detmed. 
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Table 4.11.4 
AOC 653 

Inorganic Elements in Groundwater @g/L) 

Round 1: 2 Samples Collected, 0 Samples Duplicated 
Round 2: 2 Samples Collected, 1 Sample Duplicated 

Range of Risk-Based UPP Max. 
Comwund S 9 m ~ h  Number of Concentrations for Screening Tolerance Limit Contam. 

Arsenic 1 0 - 0.038 27.99 50 
2 1 36.55 

300-108.000 Not Listed Nutrient Not Listed 

Iron 1 2 6,230-9,280 Not Listed 45,760 Not Listed 
2 2 9 510-10 550 

866,000 

Manganese 1 2 90.6672 18 3,391 Not Listed 
2 2 128-680 

PotassiumCa 1 2 52,300-58.200 Not Listed Nutrient Not Listed 
2 2 37,850-44,300 

Selenium 1 2 0.9-1.2 18 3.154 50 
2 0 -- 

Sodium@ 2 598,MXt-707,000 Not Listed Nutrient Not Listed 
2 476,5Ws-39*ooa 

Thallium 1 1 1.2 0.29u 7.660 2 
2 0 *- 

V d u m C )  I 4.6 26 Not Valid 
0 - 

Cyanide@) 1 - Not Detected 
2 -- No Analysis 

.-- 

Notes: 
(1) = Only elements with detections are listed. Cyanide was a separate analysis. 
m~ = See Appendix J for UTL determinations. 
(c) = High percentage of nondetects in background samples prevented determination of UTL. 
(4 = Element considered to be a nutrient; therefore, UTL was not determined. 
(c) = Thallium wbonate used as surrogate. 
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4.12 AOC 654 

AOC 654 is an abandoned septic tank and associated drain field connected to Building 661. It 

was used from 1968 until 1978 and was known to back up during high use, releasing raw 

sewage. 

Soil was sampled to determine if contamination was associated with materials possibly disposed 

of in the septic system. Possible groundwater contamination associated with AOC 654 will be 

investigated as SWMU 9. 

4.12.1 Soil Sampling and Analysis 

Soil was sampled in accordance with procedures detailed in Section 2.2. Eleven soil samples 

collected at AOC 654 during the primary sampling event were analyzed for VOCs, SVOCs, 

pesticides/PCBs, metals, and cyanide. One sample was duplicated and anaiyzed for herbicides, 

hexavalent chromium, dioxins, and organophosphate pesticides. The primary soil sampling 

locations were Rased on areas most likely to have been impacted if a release occurred. 

Figure 4.12.1 identifies AOC 654 soil sampling locations. Tables 4.12.1 (organic) and 4.12.2 

(inorganic) summarize analytical data for soil samples collected at AOC 654. A complete 

analytical report for soil samples collected at AOC 654 is presented in Appendix I. 

4.12.1.1 Volatile Organic Compounds in Soii 

VOCs were detected in all six sampling locations, and in TO of the 11  samples analyzed. Of the 

10 samples in which VOCs were detected, six were from the 0- to 1-foot depth interval and 

four were from the 3- to 5-foot depth interval. Six VOCs were detected in the soil samples 

collected at AOC 654. VOC concentrations ranged from three to five orders of magnitude 

below their respective RBSLs. 
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4.12.1.2 Semivolatile Organic Compounds h Soil 

SVOCs were detected at four of the six sampling locations, and four of all 11 samples analyzed. 

Of the four samples in which SVOCs were detected, three were from the 0- to I-foot depth 

interval and one was from the 3- to 5-foot depth interval. Four SVOCs were detected in the soil 

samples from AOC 654. Except for benzo(a)anthracene and benzo(b)fluoranthene, 

concentrations ranged from one to two orders of magnitude below their respective RBSLs. 

Benzo(a)anthracene and benzo(b)fluoranthene (RESL-880 pglkg) were detected at 140 pgfkg and 

1 10 pg/kg , respectively. 

4.12.1.3 Pesticides and PCBs in Soil 

Pesticides were detected at one of the six soil sample locations, and in one of all 11 samples 

analyzed. The pesticide detection was from the 0- to 1-foot depth interval at location 654SB001. 

Pesticides were detected in this sample at concentrations ranging from one to three orders of 

magnitude below their respective RBSLs. 

PCBs were not detected in any soil samples. 

4.12.1.4 Other Organic Compounds in Soil 

TPH analysis did not identify petroleum hydrocarbons in the duplicate sample. 

Herbicides, hexavalent chromium, and organophosphate pesticides were not detected in the one 

duplicate sample collected. 

One duplicate sample was analyzed for dioxins (screening level 1,000 pglkg). The TEQ for 

dioxin for this sample was 0.717 pg/g. 
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4.12.1.5 Inorganic Elements in Soil 

No elements were detected in the AOC 654 soil samples at concentrations that exceeded their 

RBSLs and interval-specific UTLs. However, magnesium was detected in one lower interval 

sample at a concentration (10,400 mglkg) over its interval-specific UTL (9,179 mglkg). No 

RBSL was available for magnesium. 

Cyanide was detected in two of the six soil sample locations, and in two of all 11 samples 

analyzed. Cyanide (RBSL-160 mg/kg) was detected in a soil sample collected from the 0- to 

1-foot interval at sample location 65458007 and from the 3- to 5-foot depth interval at 

location 654SB006. Cyanide concentrations in these samples were 2.0 mg/kg and 1.0 mglkg, 

respectively, which is two orders of magnitude below its RBSL. 

No hexavalent chromium was detected in the duplicate sample. 

4.12.2 Deviations from Final Zone H RFI Work PIan 

Twelve soil samples were proposed to be colIected in the Final Zone H RFI Work Plan. The 

actual number of soil samples collected at AOC 654 was 11 (six upper intervaI, five lower 

interval). All proposed upper interval samples were collected. Due to shallow depth to 

groundwater, only five of the second interval samples were collected from the proposed 

locations. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Table 4.12.1 
AOC 654 

Organic Compounds in Soil (Ccgkg) 

Range of Concentratioas Risk-Based 
No. of Detections (upper intervalnower Screening 

Acetone 414 524,000185-1,700 780,000 

Carbon disulfide 011 011 1 780,000 

Ethylbenzene 1 10 4 .90  780,000 

Methylene chloride 112 25/34-36 85,000 

Toluene 513 2.8-1018-17 160.000 

Xvlene (total) 110 44.710 16.000,OOO 

bis(2-Ethylhexy1)phthalate 
(BEHP) 

01 1 230,000 

Pe&&a (iI &mp&s CoWd - 6 Upper l n U d  ~ I C I ,  5 b w e r  I d e d  Samples, 1 scun~it 

alpha-Chlordane 110 69.110 alpha + gamma 

Heptachlor 110 1.110 140 

Heptachlor epoxide 1 10 4.110 70 
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Table 4.12.1 
AOC 654 

Organic Compounds in Soil @g/kg) 

Range of Concentrations Risk-Based 
No. of Detections (upper intervalnower Screening 

No PCBs detected. 

No TPH (IR) detected. 

Herbicides (I  Duplicale Analysis - I Upper Interval Sample) 

No herbicides detected. 
- - - - - - - - -  

Organophosphate Pesticides (I  Duplicate Analysis - I Upper Zntervd Sunrple) 

No organophosphates detected. 

Dioxins Q Duplicate Analysis - I Upper bkrval Sample) 

Total TEQ 1 /O 0.717/0 pglg 1 two ~ g / g  

Table 4.12.2 
AOC 654 

Lnorganic Elements in Soil (mg/kg) 

Number of 
Number of Detectlorn Range of Concentrations UPF 

Analyses (upper (UPF for Detections Risk-Based Tolerance 
Inorganic intervalnower intervalnower (upper intervalflower Screening Limit of 

Aiuminum~ 615 615 2,830-6,890/3,5 104,530 7,900 25,310/46,180 

Iron0 6/5 615 3,050-6,05013,740-8,960 Not Listed 30,910166,170 

Lead 615 1/0 32. 1 18168.69 

Nickel 6 15 6 15 2.4-17.9113-30 160 33.38129.9 

FotajaiumC., 6 6  6f5 189- 1,140/830-1,520 Not Listad Nuhient(cr 

Silver 615 010 O/O 39 Not Validtm 

Sodiumca) 6/5 6f5 129-3,570/f ,230-4,O 10 Not Listed Nutrient@) 

Thallium 615 0 10 010 0.63 0.6311 -3 

Anthony 615 Off3 010 3.1 Not Valid(& 
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Table 4.12.2 
AOC 654 

h o r g d c  Elements in Soil (mglkg) 

Number of 
Number of Detections Range of Concentrations Upper 

Analyses (UPW (UPP for Detections Risk-Based Tolerance 
Inorganic inter~al/lower intervalflower (upper intervalflower Screening Limit of 
Elements i n t d )  Interval) interval) M e 1  Backgroundw 

Arsenic 615 615 2.2-7.714.4-18.4 0.37 14,81135.52 

Barium 615 4H) 1 1.8-38.710 550 40.33143.88 

Cobalt 615 615 0.48-3.110.54-4.3 470 5.863114.88 

Vanadium 615 615 7.4-29.4118.2-37.1 55 77.381131.6 

Selenium 615 212 1.2-2.612.4-3.0 39 2.012.7 

Mercury 

Magnesium(*) 615 615 496-7,72014,760-10,400 Not Listed 9,59219,179 

Manganese(*) 615 615 19.1 -57.2j22.6-50.9 39 636.4/1,412 

Calcium 6/5 6/5 15.000-219,0001175,000- Not Listed Nutrient(.) 
265,000 

Chromium 6fS 6fS 11-53.3/36.1-M,? 39 85.65/83.86 

~ i ~ c . 1  110 010 O/O 4,700 Not Valid(& 

Hexavalent 110 010 0/0 39 Not ValidW 
Chromiumm 

Notes: 
(I) - - Elements that are not included in both SW-846 and Appendix IX methods. 
(b) - - Included in duplicate sample analyses only. 
(c) - - See Appendix J for UTL determimion. 
(a) - - Number of nondetections prevented determination of UTL. 
(C) - - Elements considered to be nutrients; therefore, UTL was not determined. 
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4.13 AOC 655 

AOC 655 is the site where approximately 300 gallons of No. 2 fuel oil spilled in 1985 when a 

fuel line in the Building 656 boiler room ruptured. The line supplied fuel oil to the boiler from 

a nearby 5,800-gallon UST, which is also within the subject AOC. Approximately 150 gallons 

of the spilled fuel was reported to have escaped through a seam in the building's concrete floor 

to underlying soil. 

A previous soil-gas investigation (Appendix L) near Building 656 identified responses for 

acetone, benzene, toluene, ethylbenzene, and oil compounds. Air sampling within Building 656 

detected anthropogenic compounds, but did not identify the source. 

Soil and groundwater were sampled at AOC 655 to assess any residual contamination from the 

previous oil spill and other releases which may have occurred in the vicinity. Sample locations 

are shown on Figure 4.13.1 . Tables 4.13.1 and 4.13.2 summarize the organic and inorganic 

results, respectively, for soil. A complete analytical report for the soil samples collected at 

AOC 655 is in Appendix I. 

4.13.1 Soil Sampling and Analysis 

Soil sampling was conducted in two phases at AOC 655. During the primary soil sampling 

event, 12 soil samples were collected from eight locations. Eight soil samples were collected 

from the 0- to 1-foot depth interval, and four samples were collected from the 3- to 5-foot depth 

interval. Primary soil sample locations were based on the reported fuel oil spill, the UST and 

its associated piping, and the results of the previous soil-gas investigation conducted at the site. 

The locations were sampled using hand augers as described in Section 2.2.2. Two proposed soil 

sample locations in the boiler room were not sampled due to concrete overlying soil and the 

unknown location of utilities that were built into the concrete. Soil samples were analyzed for 

VOCs, SVOCs, metals, cyanide, pesticides/PCBs, and TPH. Eight samples were collected from 

five additional locations during the secondary sampling event. Five from the upper interval and 
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three from the lower interval were analyzed for TPH and pesticides/PCBs. These additional 

sample locations were based on primary soil sample analytical results. Two samples selected 

for duplicate analysis as a QA measure were analyzed for hexavalent chromium, herbicides, 

organophosphate pesticides, and dioxins in addition to the standard suite of analyses. 

Results of a soil-gas c o n f i t i o n  sample (SGCSB009), next to Building 656, are included in 

the AOC 655 tables. 

4.13.1.1 Volatile Organic Compounds in Soil 

Five VOCs (acetone, 2-butanone, methylene chloride, tetrachloroethene, and toluene) were 

detected in one or more of the soil samples collected at AOC 655. Acetone and methylene 

chloride were detected in d l  samples analyzed for these compounds. Detected concentrations 

were two to four orders of magnitude less than each compound's RBSL. Toluene was detected 

in five upper interval and one lower interval samples at concentrations five orders of magnitude 

less than its RBSL. Tetrachloroethene and 2-butanone were each detected in one sample at a 

concentration of three and five orders of magnitude less than their respective FU3SLs. 

4.13.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were detected in three of the 13 samples analyzed for these compounds at AOC 655. 

Sixteen SVOCs were detected in the soil-gas confirnation sample (SGCSB009). Eight SVOCs 

were detected in a soil sample collected from the 0- to 1-foot interval at location 655SB005. 

One SVOC was detected in a soil sample from the 0- to 1-foot interval at location 655SB006. 

The following were present in soil samples collected at AOC 655 (including the soil-gas 

c o f l i t i o n  sample) at concentrations exceeding their respective RBSLs: benzo(a)anthracene, 

benzo(b)fluoranthene, benzo(a)pyrene, dibenzo(a, h)anthracene, and indeno(l,2, 3-cd)pyrene. All 

above-RBSL detections were in the soil-gas confirmation sample. 
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4.13.1,3 Pesticides and PCBs in Soil 

Pesticide compounds were present in soil samples from seven of the eight primary locations and 

in all five secondary sampling locations. Pesticides were detected in 12 of the 13 samples 

collected from the 0- to 1-foot interval and in four of seven samples collected from the 3- to 

5-foot depth interval. Ten pesticide compounds were detected in the soil samples collected at 

AOC 655. Two of the compounds (aldrin and dieldrin) were detected at concentrations 

exceeding their RBSLs. Dieldrin (RBSL-40 pglkg) was detected in a soil sample coIlected from 

the 0- to 1-foot interval at location 655SB007 (360 pg/kg) and in a sample collected from the 

3- to 5-foot interval at location 655SB005 (61.8 pg/kg [average of original and duplicate sample 

result.]). Aldrin (RBSL-38 pglkg) was detected in the soil sample collected from the 3- to 

5-foot interval at the same location (105 pglkg [average of original and duplicate sample 

results]). 

PCBs were detected at six of the eight primary sampling locations and at all five secondary 

locations. PCBs were detected in 13 of the 20 soil samples collected (11 of 13 samples in the 

upper interval and two of seven in the lower interval). Two PCB compounds (Aroclors-1254 

and 1260) were detected in the soil sarnpIes collected at AOC 655. Detected concentrations of 

Aroclor-1260 exceeded the RBSL at sample locations 01, 02, 09, 011, and 012. The highest 

concentrations (610 and 750 pglkg) were in the samples from the upper and lower intervals at 

location 655SB001. Detected concentrations of Aroclor-1254 also exceed its RBSL of 83 pglkg 

at sample locations 655SB004 and 655SB005. The highest concentrations of Aroclor-1254 were 

detected in soil samples collected from the 0- to 1-foot and 3- to 5-foot intervals at location 

655SB004 110 pglkg and 180 pglkg, respectively. 

4.13.1.4 Other Organic Compounds in Soil 

Petroleum hydrocrabons were detected at 10 of the 12 sample locations and in 12 of the 

19 samples analyzed. Concentrations ranged from 1 1,000 pg/kg to 120,000 pg/kg. 

Indeterminate lubricating oil was the primary petroleum hydrocarbon detected at AOC 655. 
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Herbicides and organophosphate pesticides were not detected in the two duplicate samples 

collected. 

Dioxin analysis was conducted on two duplicate samples collected at AOC 655. Total TEQs for 

dioxin (screening level 1,000 pglg) were 0.818 pglg and 1.299 pg/g for these two samples. 

4.13.1.5 Inorganic Elements in Soil 

Table 4.13.2 summarizes inorganic results from the AOC 655 soil samples. No inorganic 

elements were detected at concentrations exceeding both their respective RBSLs and UTLs for 

background . 

Cyanide (RBSL-160 pglkg) was detected in one soil sample from AOC 655; it was from the 

0- to 1-foot interval at location 655SB001 at a concentration of 1.5 pglkg, which is two orders 

of magnitude below the RBSL. 

4.13.2 Groundwater Sampling and Analysis 

Three shallow monitoring wells were installed to sample groundwater near AOC 655 

(see Figure 4.13.1). Groundwater sampling was conducted in accordance with procedures 

detailed in Section 2.4. First-round groundwater samples were analyzed for VOCs, SVOCs, 

pesticidesIPCBs, metals, cyanide, and TPH. Based on results from these samples, second-round 

samples were analyzed for SVOCs, metals, and pesticides. One second-round sample was 

duplicated and analyzed for the same parameters as the primary samples. Tables 4.13.3 

and 4.13.4 summarize organics and inorganics results respectively for groundwater. A complete 

report of analytical data for groundwater samples collected at AOC 655 is included in 

Appendix I. 
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4.13.2.1 Volatile Organic Compounds in Groundwater 

No VOCs were reported for groundwater samples collected during the first sampling round from 

AOC 655. VOCs were not analyzed in second-round samples because they were not detected 

in first-round samples. 

4.13.2.2 Semivolatile Organic Compounds in Groundwater 

No SVOCs were detected in the first-round or second-round groundwater samples from 

AOC 655. 

4.13.2.3 Pesticides and PCBs in Groundwater 

Two pesticide compounds were detected in the first and second round samples at AOC 655. 

Alpha-Chlordane and gamma-Chlordane were detected in well NBCH655002 at concentrations 

of 0.04 pg/L and 0.06 pg/L, respectively, during first-round sampling. . These concentrations, 

when combined, exceed the RBSL of 0.052 pg/L for Chlordane. During second-round 

sampling, the sample from well NBCH655002 reported alpha-Chlordane and gamma-Chlordane 

concentrations of 0.03 pg/L and 0.04 pg/L, respectively. These concentrations, when combined, 

are also above its RBSL. 

No PCBs were detected in the groundwater samples collected at AOC 655. 

4.13.2.4 Other Organic Compounds in Groundwater 

No petroleum hydrocarbons were detected in the groundwater samples collected at AOC 655. 

4.13.2.5 Inorganic Elements in Groundwater 

Table 4.13.4 summarizes analytical results for inorganic chemicals from AOC 655 groundwater 

samples. Ten metals were detected at least once in samples from round one, while 12 metals 

were reported from second-round samples. Elements detected at concentrations above their 

corresponding RBSLs in first and second-round samples are arsenic (RBSL-0.038 pg/L) and 
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manganese (RBSL-18 pg/L). One arsenic value from a frrst-round sample exceeded its UTL of 

27.99 pg/L as well as its RBSL. All other detections were below UTLs. 

First-round samples from wells NBCH655002 and NBCH655003 had arsenic concentrations of 

22.9 pg/L and 42.3 pg/L, respectively. Manganese was detected in groundwater samples from 

wells NBCH655001, NBCH655002, and NBCH655003 at concentrations of 578 pglL, 298 kg/L, 

and 437 pg/L, respectively. 

Second-round groundwater samples from wells NBCH655002 and NBCH655003 reported arsenic 

concentrations of 10.6 pg/L and 27.9 pg/L, respectively. Manganese was detected at 

concentrations of 689 pg/L, 346 pg/L, and 416 pg/L for NBCH655001 through NBCH655003, 

respectively. 

No cyanide was detected in the groundwater samples collected at AOC 655. 

4.13.3 Deviations from Final Zone H IUFI Work Plan 

Eighteen soil samples were proposed for collection in the Final Zone H RFI Work Plan. The 

actual number of soil samples collected at AOC 655 was 21 (14 upper interval, seven lower 

interval). Ali proposed upper interval samples were collected. Due to shallow depth to 

groundwater, only some second-interval samples were collected from the proposed locations. 

Based on analytical data for soil samples collected during the initial phase of sampling, 

additional sample locations were identified. Both sampling intervals were attempted at each of 

these additional sample locations. As with the initid phase of sampling, a portion of the second 

interval samples at the additional sample locations were not collected due to shallow depth to 

groundwater. 

Groundwater samples were collected from each of the sample locations proposed in the Final 

Zone H RFI Work Plan. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Table 4.13.1 
AOC 655 

Organic Compounds in Soil (pg/kg) 

No. of Detections Range of Concentrations Risk-Based 
(1st IntervallZnd (upper intervalllower Screening 

Comlwrund Name interval) Levels 

Acetone 

2-Butanone (MEK) 

Methylene chloride 

Tetrachloroethene 

Toluene 61 1 2.9-815 1 , 6 0 0 , ~  

SemivoWe Organi (I2 Snmplu CoIlectd - 8 Upper I-al Samples9 4 Lo w e t  

Benzo(k)fluoranthene 

Benzo(g,h,i)pery lene 

Benzo(a)pyrene 110 2,400/0 88 

BEHP 210 150- 1,80010 46,000 

Butylbenzylphthdate 1 10 9810 1 , 6 0 0 , ~  

Chrysene 210 100-2,70010 8,000 

Dibeazo(a.h)anthmene 1 10 52010 88 

Dibenzofuran 1 I0 2 1010 31,000 

Fluoranthene 210 170-4,200/0 310,000 

Fluorene 1 10 66010 3 10,000 

Indeno(l,2,3-cd)pyrene I 10 1,100 880 

Phenanthrene 210 98.0-4,20010 310,000 

Pyrene 210 160-5,30010 230,000 
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Tabie 4.13.1 
AOC 655 

Organic Compounds in Soil &$kg) 

No. of Detections Range of Concentrations Risk-Based 
(1st IntervaUZnd (upper intervdllower Screening 

Dieldrin 4/1 2.4-360152.9 40 

Endrin aldehyde 211 8-16/29 2,300 

5 10 2-2410 70 

Polychlorinated Biphenyls (20 Srrmples Collected - 13 Upper I n t e d  Simples, 7 tower Infernal SMIples, 

Ardor-1254 311 81-1101180 83 

Aroclor- 1260 8/1 25.8-6 101750 83 

Total PetmIemi Eydmahm (I9 SMlples CoUccred - 12 Upper Inkrral SMlpIes, 7 7 w e r  Intend 

TPH 14,000-120.0001 Not Listed 
15.000-12O.W 

No herbicides detected. 

No organophosphates detected. 
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N m k r  of M y s m  Number of  UP^ 
( U P P ~  Detcetiot~ (upper Range of Concentrations R i s k - B d  Tolerance Limit 

h e  MervaVlower ~ a l / l o w c r  far Dekctbm scrarniop of 
EGeab 

- 
fide~val) Interval) k c l  BscLgrodw (upper intcrvaVlower interval) 

914 2.060-21.20011.540-5,650 Not Liskd 30.910166.170 

Nickel 914 914 1.2-12.7/1.1-2.0 33.38D9.9 

Arsenic 914 914 1.4-12.710.84-2.8 0.37 

Buium 9i4 814 3.623.214.0-19.9 

Beryllium 914 914 

Cadmium 914 MI 

Cobalt 914 914 0.6-5.210.74- 1 .O 

copper 914 9/4 1.441.6/0.37-1.1 290 

Magnesium", 914 814 . 276-5.7101177-520 Not Listed 9,59219,179 

Cplcium 9N 814 1.560-1 52.MW)C!.550-5.930 Not Listed 

rii 111 010 om 4.700  NO^ vdida 

Cyaaide 8/4 

Nolrr: 
(* = Elemcnts that arc not included in both SW-846 and Appendix IX mchods. " = [ncludcd in duplicate sample pnalyses only. 
''1 = See Appendix I for UTL dctcrmhtion. 
'q = Number of wndctcctions prrventd determination of UTL. " = Elements consldercd to bt nuuients; therefom, UTL was not d e t e d .  
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Tabk 4.13.3 
AOC 655 

Organic Compounds in Groundwater hg&) 

Round 1: 3 Samples Collected, 0 Ssmples Duplicated 
Round 2: 3 SPmples Collected, 1 Sample Duplicated 

Rnoge of Risk-Based Maximum 
Sampling Number of Coutmtmtions Screening Contaminant 

Compound Name Round Detections for Detections Level Level 

No SVOCs detected. 

1 1 0.04 0.052 2 
2 1 0.03 (alpha +gamma) (alpha + gamma) 

gamma-Chlordane 1 1 0.06 0.052 2 
2 1 0.04 (alpha + gamma) (alpha + gamma) 

No PCBs detected. 

No TPH detected. 
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Table 4.13.4 
AOC 655 

Inorgenic Chemicals in Groundwater (pglL) 

Round 1: 3 Samples Collected, 0 Samples Duplicated 
Round 2: 3 Samples Collected, 1 Sample Duplicated 

upper 
Range of Risk-Based Tolerance Max. 

Chemical Sampling Number of Concentrations for Screening Limit of Contam. 
Name Round Detections Detections Level Backeround~~ Lev4 

Arsenic I 2 22.942.3 0.038 27.99 50 
2 2 10.6-27.9 

1 3 153,000-196,000 Not Listed Nutrient Not 
2 3 16 1,500-27 1.000 Listed 

ChromiumI4 1 0 - 18@ Not 100 
2 2 3.54.0 Vdid 

Iron 1 3 17,60045,400 Not Listed 45,760 Not 
2 3 16,750-39,300 Listed 

Magnesium 1 3 175,000-541,000 Not Listed 3,866,000 Not 
2 3 122,000-649,000 Listed 

Manganese 1 3 298-578 18 3,391 Not 
2 3 346-689 Listed 

3 52,200-161,000 Not fisted Nuvient 
3 16,900-90,350 

1 3 1,780.000-3,940,000 Not Listed Nutrient Not 
2 3 1,240,000-4,570.000 Listed 

1 Not Not 
3 Valid ListEd 

Zinc -- 1.100 Not Not 
7.7 Val id Listed 

Notes: 
(J) = Only elements with detections are listed. Cyanide was a separate analysis. 

= See Appendix J for UTF, determinations, 
(c) = Element considered to be a nutrient; therefore, UTL was not determined. 
(a = High pertentage of nondetects in background samples prevented determination of UTL. 
(e) = If trivalent chromium, RBSL-3700 p g l t .  
(0 = Based on treatment technique AL. 
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4.14 AOC 659 

AOC 659 is the site of a 30,000-gallon steel AST, that stored diesel fuel from 1958 to 1990. 

The tank, between Hobson and Dyess Avenues, is surrounded by a 5-foot-high earthen berm. 

Soil was sampled at AOC 659 to evaluate whether contamination is associated with the AST. 

As per the Final Zone H RFI Work Plan, the scope did not include groundwater sampling. 

4.14.1 Soil Sampling and Analysis 

Soil was sampled in a single phase from locations shown on Figure 4.14.1 in accordance with 

Section 2.2. Tables 4.14.1 and 4.14.2 summarize organic and inorganic results, respectively, 

for soil. Appendix I presents a complete analytical report for the sampies collected at AOC 659. 

Eight soil samples were collected from four locations - four from the 0- to 1-foot depth interval 

and four from the 3- to 5-foot depth interval. Sampling locations were selected inside the four 

corners of the containment berm, in areas most likely to have been impacted if a release 

occurred. Samples were analyzed for VOCs, SVOCs, cyanide, metals, TPH, and 

pesticides/PCBs. One sample selected for duplicate analysis was analyzed for hexavalent 

chromium, herbicides, organophosphate pesticides, and dioxins in addition to the standard suite 

of analyses listed above. 

4.14.1.1 Volatile Organic Compounds in Soii 

VOCs were detected at each of the four sample locations and in five of the eight samples 

analyzed, Of the five samples in which VOCs were detected, one was from the 0- to 1-foot 

depth interval and four were from the 3- to 5-foot depth interval. Four VOCs (acetone, 

methylene chloride, ethylbenzene, and toluene) were detected in the soil samples collected at 

AOC 659. VOC concentrations ranged from two to four orders of magnitude less than their 

respective RBSLs. 
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4.14.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were detected at each of the four sampling locations and in six of the eight samples 

analyzed. Of the six samples in which SVOCs were detected, four samples were from the 

0- to 1-foot depth interval and two were from the 3- to 5-foot depth interval. Twelve different 

SVOCs were detected in the AOC 659 soil samples. None of the SVOCs were detected at 

concentrations exceeding their respective RBSL. The detected SVOC concentrations ranged 

from one to four orders of magnitude below respective RBSLs. 

4.14.1.3 Pesticides and PCBs in Soil 

Seven pesticides were detected in three of the four sampling locations and in four of the seven 

samples analyzed. Of the four detections, two were from the 0- to 1-foot depth interval and two 

were from the 3- to 5-foot depth interval. Pesticide concentrations ranged from one to four 

orders of rnagaitude below respective RBSLs. 

PCBs were not detected in the soil samples collected at AOC 659. 

4.14.1.4 Other Organic Compounds in Soil 

TPH analysis identified petroleum hydrocarbons at all four sample locations and in six of the 

eight samples analyzed. Of the six TPH detections, three were from the 0- to 1-foot depth 

interval and three samples were collected from the 3- to 5-foot interval. TPH concentrations 

ranged from 77,000 to 15,000,000 pg lkg .  

Organophosphate pesticides were not detected in the duplicate soil sample collected at AOC 659. 

Herbicides were detected in the duplicate sample (659CB001). Two herbicide compounds 

(2,4,5-TP [Silvex], and 2,4,5-T) were detected in the 0- to 1-foot interval at concentrations 

approximately four orders of magnitude below respective RBSLs. 
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Dioxins were detected in the sample submitted for duplicate analysis. Totat TEQ for the sample 

were 0.738 pg/g (screening level 1,000 pg/g). 

4.14.1.5 Inorganic Elements in Soil 

Table 4.14.2 summarizes inorganic element results from the soil samples collected at AOC 659. 

No elements have detections exceeding both their respective RBSLs and interval-specific UTLs 

for background. 

Cyanide and hexavalent chromium were not detected in soil samples collected from AOC 659. 

4.14.3 Deviations from Final Zone H RFI Work Plan 

All soil samples that were proposed in the Final Zone H RFI Work Plan were collected. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Table 4.14.1 
AOC 659 

Organic Compounds in Soil @%ks) 

Range of 
Concentrations for 

No. of Detections Detections (1st Risk-Based 
Compound Name (1st IntervPVZnd Interval) ht€?rval/kd Interval) Screenhe Lcveis 

--  

Volntnt orpPnk Compwndr (B Sompks Cdbdcd - 4 Clpprt intend S a q b s ,  4 &we? htervd Sampks, I Sample 
DUB-a, 

Acetone 1 I2 8.75i45.6-71.1 780.000 

Ethylbenzene 

Methylene chloride 

Toluene 1 .Sf395 1.600.000 

Scmiv~latile Organic Compoand, (8 Sizqbs CNkdccd -- 4 U p r  I n # d  Saqdes, 4 Lower lnterwal Samples, 

Acenaphthene 

Dibenzofuran 

Chrysene 

Fluoranthene 

2-Methy lnaphthalene 

Naphthalene 

alpha-Chlordane 110 1.310 470 alpha + gamma 

gammaChlordane 

Dieldrin 

Endosulfnn sulfate 110 2.41'0 47,000 
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Table 4.14.1 
AOC 659 

Organk Compounds in Soil (2cgJkg) 

Rnnge of 
Concentrations for 

No. of Detections Detec!ions (1st Risk-Bnsed 

PoIychlorhatd Biphtnyls (8 Sam@$ C d l r d d  - 4 Upper btcrvf SMtpk6,d i w e r  f n t s d  Samp&s, I S q &  

Total Petrokum Hydrocarkw (8 Sclmpks Collected - 4 Upper IA#& SumpIcs, 4 Lowar JAknnl S M p k s ,  
I 1 
Total Petroleum Hydrocarbons 313 77.000-190.0001 Not Listed 

2.200.000-15.000.000 

2,4,5-T 1 10 9.010 78.000 

Wophosphate  Pesticides fl ~~c Analysis - 1 Upper Interval S a m p W  

Dimxhu (2 Duplicate An&& - I Upper Znterval h p f e )  

Total TEQs 110 0.73810 pglg 1.000 pglg 
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Tabk 4.143 
AOC 659 

ImwgdC Etanmtr in Soil (m 
Numkr of 

N m k r  of Dtkdions 
A d g # s  (WPU (upper Range of Coaccnlr~tiom Risk-Based Upper Tolernnce 
iakrvnvlower IntrmPlflower for Detdimm srrcninp Limit of 

414 414 Not Listcd 30.910166.170 

Nickel 414 0.7710 160 33.38129.9 

Silver 414 010 010 39 

Beryllium 414 214 0.16-0.21/0.054.2 0.15 1.46611 -62 

Cadmium 0.22/0 3.9 1.05/1.10 

Cobalt 414 213 1.0-1.0/0.64-1.3 470 5.863114.88 

Copper 414 OK'I OCD 240 27.6(3 1.62 

Vanad~um 4 N  

zinc 414 

Memry a 4  110 O . W ~  2.3 0.*85/0.74 

M.gncsiW 414 414 36.9-1.8201128-582 Not Listed 9.59219,179 

Cdcium 414 414 550-58,600/1.130-2,750 Not Listed Nutxienre 

Chromium 414 314 4.2-18.414.36.6 39 85.65183.86 

T i u  110 110 1.510 4,700 Not Valid(0 

OH) 39 N 

Cyuude 414 010 010 160 Not Vnlidca 

Notes: 
(4 = Elements dut ut not included in boih SW-846 and Appendix M methods. 

= Included in dupliflu sample d y s e s  only. 
1') = See Appcdix I for UTL dercrmimdon. 
1s = Number of aondettctions prevented delemimion of UTL. 
* = Elements considcrtd to be nutrients; &ercfore. UTL was not dctermincd. 
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4.15 AOC 660 

In the 1950s, AOC 660 was used to mix and rinse pesticides associated with mosquito control. 

This area is currently an asphalt parking lot immediately west of Building NS-53. 

Soil and groundwater were sampled at AOC 660 to determine if contamination resulted from 

pesticide handling or other releases onsite. 

4.15.1 Soil Sampling and Analysis 

Soil was sampled in a single phase at AOC 660 at the eight locations shown on Figure 4.15.1 

and in accordance with Section 2.2. Tables 4.15.1 and 4.15.2 summarize organic and inorganic 

results, respectively, for soil. Appendix I presents a complete analytical report for samples 

collected at AOC 660. 

During sampling, 10 soil samples were collected from eight sampling locations. Eight samples 

were collected from the 0- to 1-foot depth interval and two from the 3- to 5-foot depth interval 

where the former building was identified on historic maps. Samples were analyzed for VOCs, 

SVOCs, cyanide, metals, TPH, and pesticides/PCBs. One sample selected for duplicate analysis 

was also analyzed for hexavalent chromium, herbicides, organophosphate pesticide, and dioxins 

in addition to the standard suite of analyses. 

4.15.1.1 Volatile Organic Compounds in Soil 

VOCs were detected in six of the eight sampling locations, and in six of all 10 samples 

analyzed. Of the six samples in which VOCs were detected, five samples were from the 0- to 

1-foot depth interval and one sample was collected from the 3- to 5-foot depth interval. Three 

VOCs (acetone, toluene, and 2-butanone) were detected in the soil samples from AOC 660. 

VOC concentrations ranged from four to six orders of magnitude below their respective RBSLs. 
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4.15.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were not detected in the soil samples collected from AOC 660. 

4.15.1.3 Pesticides and PCBs in Soil 

Eight pesticides were detected in all eight sampling locations, and nine of all 10 samples 

analyzed. Of the nine pesticide detections, eight were from the 0- to l-foot depth interval and 

one sample was from the 3-to 5-foot interval. Except for toxaphene, all pesticide detections 

ranged from two to three orders of magnitude below their respective RBSLs. Toxaphene 

(RBSL-800 pglkg) was detected at a concentration of 100 pg/kg in the frrst interval of 

660SB002. 

PCBs were not detected in the soil samples collected from AOC 660. 

4.15.1.4 Other Organic Compounds in Soil 

No petroleum hydrocarbons or organophosphate pesticides were detected in the one duplicate 

soil sample collected from AOC 660. 

A herbicide was detected in the duplicate sample (660CB005) collected from the 0- to l-foot 

interval. Silvex (RBSL63000 pglkg) was detected in the sample at a concentration four orders 

of magnitude below its RBSL. No other herbicides were detected in the duplicate sample 

analysis. 

Dioxins were detected in the sample submitted for duplicate analysis (660CB005). Total TEQ 

for the sample were 2.61 1 pglg (screening level 1,000 pglg). 
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4.15.1.5 Inorganic Elements in Soil 

Table 4.15.2 summarizes the inorganic elements result from the soil samples collected at 

AOC 660. No elements were detected at concentrations exceeding both their respective RBSLs 

and interval-specific UTLs for background. 

Cyanide and hexavalent chromium were not detected in the soil samples collected at AOC 660. 

4.15.2 Groundwater Samphg and Analysis 

Two monitoring wells were installed to sample shallow groundwater near AOC 660 (see 

Figure 4.15.1) in accordance with the procedures outlined in Section 2.4. First-round samples 

were analyzed for VOCs, SVOCs, pesticides/PCBs, metals, cyanide, and TPH. Based on results 

from the first round, second-round samples were analyzed for metals and pesticides. 

One second-round sample was duplicated and analyzed for the same parameters as the primary 

samples. Tables 4.15.3 and 4.15.4 summarize organic and inorganic results, respectively, for 

groundwater. Appendix I contains a complete report of the analytical data for groundwater 

samples collected from AOC 660. 

4.15.2.1 Volatile Organic Compounds in Groundwater 

No VOCs were detected in the groundwater samples collected at AOC 660. 

4.15.2.2 SemivoIatile Organic Compounds in Groundwater 

No SVOCs were detected in the groundwater samples collected at AOC 660. 

4.15.2.3 Pesticides and PCBs in Groundwater 

Pesticides and PCBs were not detected in the groundwater samples collected at AOC 660. 

4.15.2.4 Other Organic Compounds in Groundwater 

Petroleum hydrocarbons were not detected in the groundwater samples collected at AOC 660. 
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4.15.2.5 Inorganic Elements in Groundwater 

Table 4.15.4 flunmarizes inorganic results from the AOC 660 groundwater samples. Of the 

13 metals detected, only manganese and arsenic were found at concentrations exceeding their 

corresponding RBSLs. None of the metals concentrations in groundwater samples was above 

its corresponding UTL. 

First-round samples from wells Nl3CH660001 and NBCH660002 reported manganese 

(RBSL-18 pg/L) concentrations of 49.6 pg/L and 73.6 pglL, respectively. Second-round 

samples from wells NBCH660001 and NBCH660002 had concentrations of 62.1 fig/L and 

108.5 pg/L, respectively. Arsenic (RBSL-0.038 pg/L) was detected only in a second-round 

sample from well NBCH660002 at a concentration of 12.8 pgIL. 

Cyanide was not detected in the groundwater samples collected at AOC 660. 

4.15.3 Deviations from Final Zone H RFI Work Plan 

Sixteen soil samples were proposed for collection in the Final Zone H RFI Work Plan. The 

actual number of soil samples collected at AOC 660 was 10 (eight upper interval, two lower 

interval). All proposed upper interval samples were collected. Due to shallow depth to 

groundwater, only two of the lower interval samples were collected from the proposed locations. 

Groundwater samples were collected from each of the sample locations proposed in the Final 

Zone H RFI Work Plan. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Table 4.15.1 
AOC 660 

Organic Compounds in Soil (in pglkg) 

Range of 
Concentrations for 

Detections (1st 
No. of Detections IntervaU2nd Risk-Based Screening 

Compound Name (1st IntervdDnd Interval) Levels 

v u e  ~ p o u ~ d s  0 0  CdkW -- 8 @per Inirtsrvol Stunpk~, 2 lpwer I n t d  Smpko, 
I Sample hpiica&dj 

Acetone 210 23-73.7 780,000 

Toluene 311 3.5-916 160,000 

Scmivolaiik Organic Cimponnda (10 SOmple~ Collected - 4 Upper I .wwd SmpIcr, 2 Lawer lnarvai SampIrs, 
r a p 1 ~  ~uplicartd~ 

No SVOCs detected. 

4 470 

4 4  
(alpha + gamma) 

Endrin aldehyde 1 10 7 2,300 

Toxaphenc 110 lo0 800 
d 

No PCBs detected. 

No TPH detected. 

2,4,5-TP (Silvex) 110 

No organophosphates detected. 

Total TEQ 1 I0 
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Number of 
N d r  of Ddcaiam 

hdYm (upper (UPP~ Raogt of Concentrations Risk-Bnred Uppr Tolvana 
tntnrdower ~ ~ w e r  tor Ikie~iorm saeening Limit d 

8R Not Listed 30.910166.170 

Nickel 8R 310 0.861.410 160 33.38129.9 

Poassiumw 8B WO 010 Not Lhrd Nuaim* 
Silver 8R om 0/0 39  NO^ vllid(r) 

SodiumW 8t2 4A) 108-2WO Not Listed N~A~~cxu@ - W2 010 Om 3.1 Not V . t i  

Beryllium 8R 4/0 0.00-0.45/0 0.15 1.46611.62 

Cadmium 812 OtO t.  

Cobalt Sf2 410 0.424.910 470 5.863114.88 

Vaniulium 8ff 4/0 3.7-1 1.4/0 55 77.381131.6 

Zim Sl2 Ont 010 2.m 

Selenium 812 1 /O 0.410 39 

Memry 812 # 0.Q2-0.1UO 2.3 

Magncsmrd@ 8f2 4R lOJa631W-837 Not Listed 

Msnglllee) 812 410 %.443/0 39 

Calc~um 81'2 7/2 3.450-1 18 00013.160-6.830 Not Listed Nuuicnrca) 

Clnomktm BIZ 4K-4 8 

Tim 110 2.9/0 4.700 Not Vrlid(9 

Notes: 
(4 = Elements that uc not included in both SW-846 aad Appendix M methods. 
0) = lmluded in duplicate sample Pnnlyses only. 
to = See Appendix J for UTL determination. 
(* = Number of nodetections prevented d c t c ~ t i o n  of UTL. 
(=I = Elements coosidcred to be numeno; therefon, UTL was not determined. 
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Tabk 4.15.3 
AOC 660 

Organic Compolmdr Jn Grotmiwater bgL) 

R o d  1: 2 SMI@U C o k ~ t d ,  0 Sam* Dupllcoted 
R o d  2: 2 Snmpkes C o h e d ,  1 Sam* Duplicated 

Range of Wk-Based Max. 
Nmber of C o m t i o m  for screen@ ContPm. 
~ c i c c ~ l o o r  D G ~ ~ O I U  ~cva ~ c ~ e t  

No SVOCs detected. 

P d d d a  ( C W d  h R o d  I d  2) 

No pesticides deteclrd 

No PCBs detected. 

No TPH detected. 
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Table 4.15.4 
AOC 660 

Inorganic Cknknh in Grodwatt r  bg/L)w 

Range of Risk-Bnrod U W ~  Max. 
SPmdba Nwnbtrol ~ t i o ~  &medug T o l e r ~ ~ ~ e  Lima Contnm. 

Chedcal Name e Ddcctkm for Dcccdiom h e 1  of  background^ h v e l  

t 2 113 35.8 3;700 Not Valid Not Linsd 
2 1 1w 

- 

Barium 1 2 1.P-8.3 260 323 2,m 
2 2 4.70.17.9 

60.900-122.000 Not Listed Nument Not listed 
55,700-133,000 

Iron 1 2 625-1.800 Not L i s a  45.760 Not L i s d  
2 2 556-5695 

1 2 49.673.6 18 3.391 Not Listed 
2 2 62.1-108.5 

Potassium@ 1 2 21,200-22.600 Not Lirtad Nutricat Not L W  
2 2 18.W)-19.300 

3.5 18 Not Valid Not Lirhsd 
- 

sodium9 Z 51,300-91.500 Not b e d  Nutrient 
2 44,950.66,m 

vmndiumc., 0 - 26 Not Valid 
2 2 2.6-7.6 

1 Not Detccd 

Notes: 
= Only clcm~nts with detections arc hhsd. C y d c  was a mtc d y s k .  

o = See Appendix I for UTL determinabas. 
= High peramage of wndettcts in backgrod samples prcvcntcd determination of UTL. 

(a = Elemnt considered a, be a nuuicnc; thcnforc. UTL was mr dcterminsd. 
I*) = If triValcnt chromium, RBSL3700 p g L .  
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4.16 AOC 662 

AOC 662 is a former gasoline service station and possibly a billeting office. The site was used 

as a service station for an unknown duration beginning in 1958. The site was subsequently 

converted and is currently a nonhazardous material storage area. Two unregistered steel USTs 

may remain onsite. 

Soil and groundwater were sampled at AOC 662 to determine if contamination resulted from 

gasoline storage and dispensing from the USTs or other releases onsite. 

4.16.1 Soil Sampling and Analysis 

Soil was sampled in a single phase at locations shown on Figure 4.16.1 in accordance with the 

procedures outlined in Section 2.2. Tables 4.16.1 and 4.16.2 summarize organic and inorganic 

results, respectively, for soil. Appendix I presents a complete analytical report for AOC 662 

samples. 

Eight soil samples were collected from four sampling locations; four samples were collected 

from the 0- to 1-foot depth interval and four from the 3- to 5-foot depth interval. SarnpIes were 

collected from each comer of the tank pad to detect possible contamination from any unreported 

releases associated with the service station. Samples were analyzed for VOCs, SVOCs, cyanide, 

metals, TPH, and pesticides1PCBs. One sample selected as a duplicate was analyzed for 

hexavalent chromium, herbicides, organophosphate pesticide, and dioxins in addition to the 

standard suite of analyses. 

4.16.1.1 Volatile Organic Compounds in Soil 

Acetone was detected in all four sampling locations, and in five of the eight samples analyzed. 

Of the five VOC detections, two were from the 0- to I-foot depth interval and three samples 

were from the 3- to 5-foot interval. Acetone concentrations were five orders of magnitude 

below its RBSL. 
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4.16.1.2 Semivolatile Organic Compounds in Soil 

Two SVOCs were detected in one of the eight samples analyzed. SVOCs were detected in the 

0- to 1-foot interval of sample location 662SB002 at four orders of magnitude below their 

respective RBSLs. 

4.16.1.3 Pesticides and PCBs in Soil 

Two pesticides (4,4'-DDE and 4'4'-DDT) were detected in all four sampiing locations, and in 

five of the eight samples analyzed. Of the five pesticide detections, two were from the 0- to 

1-foot depth interval and three samples were from the 3- to 5-foot depth interval. Pesticide 

concentrations ranged from two to three orders of magnitude below their respective RBSLs. 

PCBs were not detected in the soil samples collected from AUC 662. 

4.16.1.4 Other Organic Compounds in Soil 

Petroleum hydrocarbons were not detected in any of the soil samples collected from AOC 662. 

Organophosphate pesticides, and herbicides were not detected in the duplicate sample collected 

from AOC 662. 

Dioxin was detected in the sample submitted for duplicate analysis (662CB002). The TEQ for 

the sample was 0.662 pglg (screening level 1.000 pglg). 

4.16.1.5 Inorganic Elements in Soil 

Table 4.16.2 summarizes the inorganic element results from the soil samples collected at 

AOC 662. No elements were detected at concentrations exceeding both their respective RBSLs 

and interval-specific UTLs for background. 

Cyanide or hexavalent chromium were not detected in the soil samples collected at AOC 662. 

4-256 
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4.16.2 Groundwater Sampling and Analysis 

Two monitoring wells were installed to sample groundwater at AOC 662 (Figure 4.16.1). 

Groundwater was sampled in accordance with the procedures outlined in Section 2.4 and 

analyzed for VOCs, SVOCs, pesticidesIPCBs, metals, cyanide, and TPH during first-round 

groundwater sampiing. Based on the analytical results from the f i s t  round, second-round 

samples were analyzed for VOCs, SVOCs, and metals. Tables 4.16.3 and 4.16.4 summarize 

organic and inorganic results, respectively, for groundwater. Appendix I presents a complete 

report of the analytical data for groundwater samples colfected at AOC 662. 

4.16.2.1 VoIatile Organic Compounds in Groundwater 

No VOCs were detected in the groundwater samples collected at AOC 662 during the first or 

second sampling rounds. 

4.16.2.2 SemivoIatile Organic Compounds in Groundwater 

No SVOCs were detected in the groundwater samples collected at AOC 662. 

4.16.2.3 Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in the groundwater samples collected at AOC 662. 

4.16.2.4 Other Organic Compounds in Groundwater 

No petroleum hydrocarbons were detected in the groundwater samples collected at AOC 662. 

4.16.2.5 Inorganic Elements in Groundwater 

Table 4.16.4 summarizes the inorganic results from A X  662 groundwater samples. Only 

manganese exceeded its RBSL (18 pg1L). First-round samples from monitoring weUs 

NBCH662001 and NBCH662002 reported manganese concentrations of 434 pg/L and 402 pgIL, 

respsrively; second-round concentxaticm were 629 pglL and 379 pg/L, respectively. A11 

manganese values were below the WTL of 3,391 pg/L. 
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Cyanide was not detected in the groundwater samples collected at AOC 662. 

4.16.3 Deviations from Final Zone H RFI Work Plan 

All soil and groundwater samples were collected. 

Table 4.0.3 lists the quantities of proposed samples and actual samples collected. 
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Table 4.16.1 
AOC 642 

Organic Compounds in Soil (Crgikg) 

Range of 
Concentrations for 
Detections (upper 

No. of Detections intervalflower Risk-Based 

VolaWe Organic Cinupoun& (8 SMtpIcs CoIIected - 4 Uppcr intend Samples, 4 d w e r  Interval ~ f e s ,  
I Sampfe DupIiEatcd) 

Acetone 213 27-33125-79 780.000 

Semhohtik f h g d c  Campounds (8 hmpIes CoIkcdai - d upper ~ n t m d  Sumplts, 4 b w e r  Inttrvd 

M d e s  Samples COllecisd - 4 Upper Interval Samples, 4 I w e r  I M e d  Sampln, I Sompb 
Duplicated) 

- - - - -- - - 

folycblorinated Biphenyls (8 Samples Collected - 4 Upper lntervd Samples, 4 Lower Interval Samples, 

No PCBs detected. 

Total Petroleum Rydmaubm (8 S4nTplcs CoUecld - 4 Upper Interval Samples, 4 Lower Interval 

No TPH detected. 

No herbicides detected. 

No organophosphates detected. 

Total --- TEQ 1 I0 0.66210 pgtg 
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Tnbk 4.16.2 
AOC 662 

Inorganic Elements in Soil (rn%kg) 

Number of 
Number of Detections b g e  of Concentrations Upper 

Analyses (upper (upper for Detccdons Risk-Based Tolerance 
Inorganic intervaUlower intervdlower (upper intervnYlower Screening Limit of 

414 414 3.M.240/3.780-5.490 Not Listed 30,910166,170 

Lead 414 413 3.9-4.314262 400 11 8168.69 

Nickel 

Silver 414 010 010 39 Not Valid(@ 

Thallium 414 010 010 0.63 0.63f1.3 

2.210 3-1 Not VdidW~ 

Arsenic 

Beryllium 414 4R 0.58-0.7410.6-0.68 0.15 1.46611.62 

Cadmium 414 412 OM.33/0.274.39 3 -9 

Cobalt 414 413 2.0-12.912.4-22.1 470 5.863114.88 

Selenium 414 314 0.314.96/0.67-1.5 39 2.012.7 

Mercury 414 1AI O.M/O 2.3 

Magnesium(&) 414 414 533-7291474-5.810 Not Listed 9,59219,179 

Manganestc*) 414 414 38.8-58.6143.6-88.9 39 636.4/1,412 

Calcium 414 414 49.800-56.300/47,000-168.000 Not Listed Nutrient(*) 

Chromirnn 4/4 
T&a) 010 0/0 4,700 Not Valid(@ 

Not Validca 

Notcs: 
(a = Elements that are not included in both SW-846 and Appendix IX methods. 
*) = Included in duplicate sample analyses only. 
(c) = See Section Appendix J for UTL determination. 

= Number of nondetections prevented determination of UL. 
= Elements considered to be nutrients: therefore. UTL was not dctennined. 
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Table 4.16.3 
AOC 662 

Organic Compounds in Groundwater ()cg/L) 

Round 1: 2 Samples Collected, 0 Samples Duplicated 
Round 2: 2 Samples Collected, 0 Ssmples Duplicated 

Number Range of Risk-Based Max. 
SamplilQ of Concentrations for Screening Contam. - - - 

Compound Name Round Detections Detections Level Level 

No VOCs detected. 

No SVOCs detected. 

No mticides detected. 

No PCBs detected. 

No TPH detected. 
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Table 4.16.4 
AOC 662 

Inorganic Elements in Groundwater (kg/L) 

Round 1: 2 Samples Collected, 0 Samples Duplicated 
Round 2: 2 Samples Collected, 0 SPmples Duplicated 

Upper 
Range of Risk-Based Tolerance Max. 

Compound Sampling Number of Concentrations for Screening Limit of Coatam. 

1 2 137,000-160,000 Not Listed Nutrient Not 
2 2 110,000-123,000 Listed 

iron 1 2 798-2,770 Net Listed 45.760 Not 
2 2 1,540-1,980 Uted 

Lead 

Magnesium 

Manganese 1 2 402434 18 3,391 Not 
2 2 379-629 Listed 

Potassiumcc) 1 2 21,800-30,700 Not Listed Nutrient Not 
2 2 17,300-41,100 Listed 

Sodium(.) 1 2 301,000-374.000 Not Listed Nutrient Not 
2 2 237.000-686.000 Listed 

- 26 Not Valid 
3.2 

1 -- Not Detected 

Notes: 
= Only elements with detections are listed. Cyanide was a separate analysis. 

o = See Appendix J for UTL determinations. 
(el = Element considered to be a nutrient; therefore, UTL was not determined. 
(fl = High percentage of nondetects in background samples prevented determination of UTL. 
u = Based on treatment technique AL. 
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4.17 AOC 663 and SWMU 136 

AOC 663 is a diesel pumping station at Building 851 with two 500-gallon USTs and 

five flammable-storage lockers. It has been active since 1983. The lockers along the west side 

of the station store hazardous materid from adjacent buildings. SWMU 136 is an S M  that 

receives hazardous waste from Buildings 851 and NS-53. 

Soil and groundwater were sampled at AOC 663 and SWMU 136 to determine if contamination 

resulted from diesel fuel storage and dispensing from the USTs or other releases at the sites. 

4.17.1 Soil Sampling and Analysis 

Soil was sampled in three phases at AOC 663 and SWMU 136 at the locations shown on 

Figure 4.17.1 in accordance with the procedures outlined in Section 2.2. Table 4.17.1 and 

4.17.2 summarize organic and inorganic results, respectively, for soil. Appendix I presents a 

complete analytical report for samples collected at AOC 663 and SWMU 136.. 

During the fust soil sampling event, seven soil samples were collected from five locations. Of 

the seven collected, five were from the 0- to 1-foot depth interval and two were from the 3- to 

5-foot depth interval. Sampling locations were selected to combine sampling efforts related to 

both the SAA and active pumping station in areas most likely to have been impacted if a release 

occurred. Samples were analyzed for VOCs, SVOCs, cyanide, metals, TPH and 

pesticides1 PCBs. One sample was duplicated and analyzed for hexavalent chromium, herbicides, 

organophosphate pesticides, and dioxins in addition to the standard suite of analyses. 

During the second round of sampling, five soil samples were collected from four locations. 

Four samples were collected from the 0- to 1-foot depth interval and one was from the 3- to 

5-foot depth interval. The additional sample locations were based on the analytical results from 

the primary round of soil samples. These samples were analyzed for SVOCs, metals. pesticides 

and PCBs. 
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One upper-interval sample collected d w  the third round of sampling was analyzed for 

As at numerous locations within Zone H, a coring machine was employed to penetrate the 

asphalt cover to provide access to the fmt sampling internal. 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 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. 

4.17.1.1 Volatile Organic Compounds in Soil 

VOCs were detected in two of the five primary sampling locations and in three of the seven 

samples analyzed. Of the three samples in which VOCs were detected, one sample was 

collected from the 0- to 1-foot depth interval and two samples were collected from the 3- to 

5-foot depth interval. VOC concentrations (acetone and methylene chloride) ranged from 

three to four orders of magnitude below their respective RBSLs. 

4.17.1.2 Semivolatile Organic Compounds in Soil 

Of the nine samples with SVOC detections, seven were from the 0- to 1-foot depth interval and 

two were from the 3- to 5-foot depth interval. Fifteen SVOCs were detected in the soil samples 

from AOC 663 and S WMU 136. Benzo(a)anthracene, benzo(b)fluoranthene, benzo [alpyrene, 

dibenzo(a , h)mthracene, and indeno(l,2,3)pyrene were detected at concentrations ranging from 

two orders of magnitude above their RBSLs (benzo(a)pyrene) to just greater than their RBSLs 

(indenu[l,2,3-cdlpyrene). Refer to Table 4.17.1 for details. The sample locations with the most 
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detections exceeding the RBSLs were at 663SB007 and 136SB002. Concentrations decrease 

toward sample locations 663SB005 and 663SB002. The remaining compounds were detected 

at concentrations ranging from one to five orders of magnitude below respective RBSLs. 

4.17.1.3 Pesticides and PCBs in Soil 

Pesticides were detected in five of the seven primary soil sample locations, in three of the four 

secondary soil sample locations, and in eight of all 12 samples analyzed. Nine pesticides were 

detected. 4,4'-DDE and alpha- and gamma-chlordane were detected at concentrations above 

their respective RBSLs. 4,4'-DDE (FU3SL=1,900 pglkg) was detected at a concentration of 

4,480 ~ g / k g  in the frrst interval of 663SB004. The combined total of alpha- and 

gamma-chlordane (RBSL=470 pglkg) was detected at a concentration of 812 pg/kg in the first 

interval of 663SB005. 

PCBs were detected in one of the seven primary sample locations, and in none of the secondary 

soil samples. The PCB detection was in the 0- to I-foot depth interval at sample 

location 136SBOO2. Amlor-1254 (RBSL =83 pg/kg) was detected at 695 pglkg in this sample. 

No other PCBs were detected in the soil samples at AOC 663 and SWMU 136. 

4.17.1.4 Other Organic Compounds in Soil 

TPH analysis identified petroleum hydrocarbons at all four sample locations and in four of the 

seven samples analyzed. TPH detections ranging from 73,000 to 190,000 pg/kg were in the 

0- to 1-foot interval at sample locations 136SB002, 663SB002, 663SB004, and 663SB005. 

Herbicides were detected in the duplicate sample (663CBO(E2) collected from the 0- to I-foot 

interval, Silvex (RBSL= 63,000 pglkg) was detected at a concentration of 7.3 @kg. No other 

herbicides were detected in the duplicate sample analysis. 

Organophosphate pesticides were not detected in the duplicate sample analysis. 
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Dioxins were detected in the sample submitted for duplicate analysis (663CB00201). Total 

TEQs for the sample were 4.93 pg/g (screening level 1,000 pglg). 

4.17.1.5 Inorganic Elements in Soil 

Table 4.17.2 summarizes the inorganic element analytical results from the soil samples collected 

at AOC 663 and SWMU 136. Elements exceeding their respective RBSLs and interval-specific 

UTLs for background are aluminum, cadmium, manganese, vanadium, and arsenic. Aluminum 

(RBSL= 7,900 mg/kg; upper-interval UTL= 25,3 10 mglkg) was detected at a concentration of 

31,900 mglkg in the fvst interval of sample location 136SBOOQ. Cadmium (RBSL-3.9 mglkg; 

upper-interval UTL= 1.05 mglkg) was detected at 7.4 mglkg in the fxst interval at soil sample 

location 136SB002. Manganese (RBSL39 mglkg; upper-interval UTL= 636.4 mglkg) was 

detected at 826 mglkg in the first interval at soil sample location 136SB004. Vanadium 

(RBSL-55 mglkg; upper-interval UTL= 77.38 mglkg) was detected at a concentration of 

84.5 mglkg in the fmt interval of sample location 136SB004. Arsenic (RBSL=0.37 mglkg; 

upper-btewal UTL= 14.81 mglkg) was detected at a concentration of 16.2 and 23.9 mglkg in 

the first interval of sample locations 663SB007 and 136SB004, respectively. 

Cyanide was not detected in any of tRe soil samples at AOC 663 and SWMU 136. 

Hexavalent chromium was not detected in the duplicate sample analysis. 

4.17.2 Groundwater Sampling and Analysis 

Three monitoring wells were installed to sample the groundwater near AOC 663 and SWMU 136 

(See Figure 4.1 7.1). Groundwater samples were analyzed in accordance with Section 2.4 of this 

report. First-round samples were analyzed for VOCs, SVOCs, pesticidesIPCBs, metals, 

cyanide, and TPH . One duplicate sample was analyzed for hexavalent chromium, herbicides, 

organophosphate pesticides, and dioxins in addition to the standard suite of analyses. Based on 

first-round sample results, second-round samples were analyzed for VOCs, SVOCs, and metals. 



Final RCRA Facility lnvcstigaion Report for Z ~ n e  H 
N A W E  Charleston 

Sech'on 4: Nature of Conramination 
July 5, 1996 

Two of the second-round samples (from the AOC 663 wells) were also analyzed for herbicides. 

One of the samples was duplicated and submitted for analysis of the same parameters as the 

primary samples. Tables 4.17.3 and 4.17.4 summarize the organic and inorganic results, 

respectively, for groundwater. Appendix I presents a complete report of the analytical data for 

groundwater samples collected from AOC 663 and SWMU 136. 

4.17.2.1 Volatile Organic Compounds in Groundwater 

No VOCs were detected in fmt-row3 groundwater samples from AOC 663 and SWMU 136. 

Four VOCs were detected during the second sampling round, all in the sample from well 

NBCH663002. The reported value of one of the four compounds exceeded its corresponding 

RBSL. Benzene (RBSG0.346 pg/L) was detected at a concentration of 160 pg/L. Ethylbenzene 

(RBSL-130 pg/L), toluene (RBSL= 75 pg/L), and xylene (total) (RBSL= 1,200 pg/L)  were 

detected at concentrations of 19, 37, and 26 pg/L, respectively. 

4.17.2.2 Semivolatile Organic Compounds in Groundwater 

No SVOCs were detected in first-round groundwater samples from AOC 663 and SWMU 136. 

Phenol (RBSL=2,200 kg/L) was the only SVOC detected in second-round samples. Its reported 

concentration of 7.2 pg/L in the sample from well NBCH663002 was far below its RBSL of 

2,200 jLg/L. 

4.17.2.3 Pesticides and PCBs in Groundwater 

Pesticides and PCBs were not detected in the groundwater samples collected at AOC 663 and 

SWMU 136. 
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4.17.2.4 Other Organic Compounds in Groundwater 

Petroleum hydrocarbons. and organophosphate pesticides were not detected in the groundwater 

samples collected at AOC 663 and SWMU 136. 

The herbicide 2,4dichloropheaoxybutyric acid (2,4-DB) was detected in the first-round duplicate 

sample from monitoring well NBCH663001 at a concentration of more than one order of 

magnitude below its RBSL of 29 pg/L for tap water. No other herbicides were detected in the 

duplicate sample, or in the two second-round samples analyzed for herbicides. 

Dioxins were detected in the first-round sample submitted for duplicate analysis (NBCH663001). 

Total TEQs for the sample were 1.329 pg/L, which exceeds the RBSL of 0.5 pg/L for dioxins. 

4.17.2.5 Inorganic Elements in Groundwater 

Table 4.17.4 summarizes the analytical results for inorganics from the groundwater samples 

coIlected at AOC 663 and SWMU 136. Elements exceeding corresponding RBSLs are 

manganese and arsenic. Manganese (RBSL= 18 ~g1L) was detected at concentrations of 

548, 29.2, and 149 lg/L in first-round samples from NBCH663001, NBCH663002, and 

NBCH 13600 1,  respectively. In second-round samples, manganese was detected at 

concentrations of 539, 41.5, and 167 pg/L from wells NBCH663001, NBCH663002, and 

NBCH136001. Arsenic (RBSL= 0.038 fig/L) was detected in one first-round sample from 

NBCH663001 at 7.1 pg/L, and in one second-round sample from NBCH136001 at 12.2 pglL. 

None of the manganese or arsenic concentrations exceeded its corresponding UTL. 

Cyanide and hexavalent chromium were not detected in the groundwater samples collected at 

AOC 663 and SWMU 136. 
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4.17.3 Deviations from Final Zone H RFI Work Plan 

Twenty soil samples were proposed for collection in the Final Zone H RFI Work Plan. The 

actual number of soil samples collected at AOC 663 and SWMU 136 was 14 (10 upper interval, 

four lower interval). Due to shallow depth to groundwater and underlying concrete, samples 

were not collected from a portion of the original proposed locations during the fust round of 

sampling. Based on analytical data for soil samples that were collected during the initial phase 

of sampling and failure to sample some of the locations due to concrete, a second attempt was 

made to sample the locations previously attempted. By making repeated attempts within the area 

of each sample location, five (four upper and one lower) additional samples were collected. 

Based on the results of these samples, two third-round sample locations were attempted. At one 

of these locations (663SBOO8) no sample was collected due to thick sections of concrete and 

asphalt. Both intervals were sampled at the other third-round sample location (663SB009). 

Depth to groundwater and underlying concrete prevented collection of the majority of the 

proposed lower-interval samples. 

Groundwater samples were collected from each sample location proposed in the Final Zone H 

RFI Work Plan. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Commund Name 

Table 4.17.1 
AOC 663 and SWMU 136 

Orgnnlc Compounds in Soil &%kg) 

Rnnge of 
Concentrations for 

Detections 
No. of Detections (upper intewPYlower Risk-Based 

Screeninn Levels 

Acetone 

Methvlene Chloride 

Benzo(a)pyrene 

bis(2-Ethylhexyl)phtbalate 
(BEHP) 
Di-n-butylphthalate 

Chrysene 

Dibenzo(a,h)anthracene 

Fluoranthene 

Fluorene 

Indeno(l,2,3-cd)pyrene 

Phenanthrene 

Pt8tidacS (12 Snrrrples Cl;dg#kd - 9 m r  M e n d  SaAlptSd, 3 h w e r  Interval Sam*, 1 Sampk Dtrplic8fcd) 
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Table 4.17.1 
AOC 663 and SWMU 136 

Organic Compounds in Soil (rcglkg) 

Range of 
Concentrations for ~ - 

Detections 
(upper intewoVlower 

gamma-Chlordane 510 642310 (alpha + gamma) 

Endosulfan I 110 1010 47,000 

Endr in 1 10 7.9510 2.300 

Heptachlor epoxide 310 3-3 1.110 70 1 J stlmalcarpbicnisd) 

Aroclor-1254 110 69510 83 

TOM P t t r o k l r m ~ ~  " h p k f  &&&d - f (AWm ? l r C s d  Smnpks, 2 h w e r  IntcNai SontpIcs, I &pli'~#ed} 

Total Petroleum Hydrocarbons 410 73,000-190,00010 Not Listed 
OR) 
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N m b w  of upper 
N m k r  of Dttedknr Toler~ncc L M  * (upper (uppr Range of Conctntmtiom Risk-hsfd of 

&trvnVlawer intuvlll)ower for Dcledions s a v d n g  Backgrod(c) 

hod.) 913 913 4.030-37.70016.520-11.uIo Not Listed 30,910166.170 

Nickel 913 61 1 6.4-17.114.2 160 33.38129.9 

PoIasshH 91 3 311 3092,100/~.tWO Not Lhul N!micntc., 

Silver 913 010 010 39 Not Validm 

Arsenic 9/3 9/3 3.3-23.913-67.1 0.37 14.81135.52 

Barium 923 $1 9.5-29.9112.6 550 40.33/43.80 

Vanadium 913 4.4-84.511 5.2-17.7 55 77,381131.6 --- -.. 

Zinc W3 7 i l  18.4-8tM2840.8 2,300 214.31129.6 

Selenium 913 21 1 0.34-0.5110.41 39 2.012.7 

913 913 358-3.7101186-1,950 Not Listed 9.592l9.179 

Cdclum 913 913 3.200-41 1,000/804-629.000 Not Lisrcd Nutrient(*) 

Chromium 9 3  9 /3  8.1-54.319.1-10.3 39 85.65183,86 

Ti@ 110 110 2.010 4.700 Not Vdd{fl 

010 160 

Notrr: 
(4 = Eleman that ue not included in both SW-846 and Appcndix M me&&. 

= h M c d  in duplicate rrmple analysts only. 
(c) = See Appendix J for UTL dttemhtion. 
to = Number of nondetections prrvuucd determination of UTL. 
(6) = Elements considered to be nutrients; therefore. UTL was not determid. 
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Table 4.17.3 
AOC 663 a d  SWMU 136 

OrOPnlr CmpoMds i Gromdwam (jlg/L) 

R o d  1: 3 Sampler Collected, 1 h p k  Dupkkated 
~ ~ ~ r n a  2: 3 k p k s  colleaed, 1 k p l c  ~uplicated 

Benzene 

Ethyibcmnt 

Toluene 

Xylene (Total) 

- 2.200 Not Listed 
7.2 

No pesticides detected 

No PCBs detected. 

29 Not Listed 

- -- 
Total TEQs 1 1 1.329 pgiL 

2 - 
0.5 pglL 

No Analysis 
30pgn 



Final RCM Fociliry Invcstigatim Rqon for Zonr H 
ChorleSt0~ 

Section 4: Nature of ContmMUnata'on 
July 5, 1996 

Table 4.17.4 
AM: 663 and SWMU 136 

Inorganic Ch- in Groundwater w) 
Round 1: 3 Sampks Collected, t Sample Duplicated 
Round 2: 3 Sampks Collected, 1 Sampk Duplicated 

Upper 
Range of Risk-Based Tolerance Max. 

Sampling Number of Concentrations for Screening Limit of Contam. 
Chcmlcnl Name@) Round Detdons Detedms Levcl Backoround*) Level - - - - - -- . - 

A h u n m  1 1 984 3,700 Not Valid Not L i  
2 2 17.9-1700 

Arsenic 

Barium 1 2 4.3-21,s 250 323 2,000 
2 3 2.5-19.3 

Calcium(* 1 3 51,700-131,000 NotLited Nutrient Not Listed 
2 3 42,800-109.000 

Iron 1 3 1.530-8,500 NotLisPed 45,760 Not Listed 
2 3 2,970-1.1 30 

Magnesium 1 3 9,27043,100 Not Listed 3,866,000 Not Listed 
2 3 11,400-61,550 

Mafig- 1 3 29.2448 18 3.391 Not Listed 
2 3 413-539 

Potassium(* 1 3 1 1,600-41.400 Not Listed Nutrient Not Listed 
2 3 11,700-37.750 

26 Not Valid Not Listed 

1 - Not Detected 
2 - No Analysis 

Noks: 
= Only elements with detections are listed. Hexavalent chromium and cyanide were separate analyses. 

(b) = See Appendix J for UTL determinations. 
(c) = High percentage of nodetects in background samples prevented determination of UTL. 
(a = Element considered to be a nutrient; therefore, UTL was not determined. 
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4.18 AOC 665 

AOC 665 stored unknown pyrotechnics from 1943 until the shed was demolished at an unknown 

date. Currently, Buildings 1889 and NS-46 are on the site where the pyrotechnic shed was 

located. 

Soil was sampled at AOC 665 to determine if residual contamination was associated with the 

former storage facility. 

4.18.1 Soil Sampling and Analysis 

Soil was sampled in a single phase at AOC 665 at lacations shown on Figure 4.18.1 in 

accordance with the procedures outlined in Section 2.2. Tables 4.1 8.1 and 4.18.2 summarize 

organic and inorganic results, respectively, for soil. Appendix I presents a complete analytical 

report for the samples collected at AOC 665. 

Four soil samples each were collected from the 0- to 1-foot interval and the 3- to 5-foot interval 

at four locations. These locations were on each side of Building 1889 in areas most likely to 

have been impacted if a release had occurred. Samples were analyzed for VOCs, SVOCs, 

cyanide, metals, TPH, and pesticidesjPCBs. One sample selected as a duplicate was also 

analyzed for hexavalent chromium, herbicides, organophosphate pesticides, and dioxins in 

addition to the standard suite of analyses. 

4.18.1.1 Volatile Organic Compounds in Soil 

VOCs (acetone and toluene) were detec t .  in all four sampling locations at AOC 665 and in six 

of the eight samples analyzed. Of the six VOC detections, three were from the 0-to 1-foot depth 

interval and three were from the 3- to 5-foot depth interval. VOC concentrations of acetone and 

toluene ranged from three to five orders of magnitude below their respective RBSLs. 



Final RCRA FacracrIity Znvqtigmanon RqoH for Zone H 
N A W S E  Charleston 
Sem'on 4: Nature of Contaminarion 
July 5, 1996 

4.18.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were detected at three of the four sampling locations at AOC 665 and in four of the 

eight samples analyzed. Ten SVOCs were detected. Of the four SVOC detections, three 

samples were from the 0-to 1-foot depth interval and one sample was from the 3- to 5-foot depth 

interval. Benzo(a)pyrene (RIBSL= 88 pglkg) was detected at 120 pg/kg in the first interval of 

sample location 665SB002. Except for benzo(a)anthracene and benzo(b)flouranthene which had 

detections of 170 and 120 pglkg compared to RBSLs of 880 pglkg, the remaining detections 

were one to thtee orders of magnitude below their respective RBSLs. 

4.18.1.3 Pesticides and PCBs in Sod 

Pesticides were detected in all four sampling locations at AOC 665 and in five of the eight 

samples analyzed. Six pesticides were detected. Of the five pesticide detections, three were 

from the 0-to 1-foot depth interval and two samples were from the 3- to 5-foot depth interval. 

The combined total of alpha- and gamma-chlordane (RBSL= 470 pglkg) was detected at 

1,320 kg/kg in the second interval of sample location 665SB003. The remaining detections 

ranged from one to three orders of magnitude below their respective RBSLs. 

No PCBs were detected in the soil samples collected at AOC 665. 

4.18.1.4 Other Organic Compounds in Soil 

TPH analysis identified petroleum hydrocarbons at two of the four sample locations and in two 

of the eight samples analyzed. Petroleum hydracarbons were detected in the 0 -to 1-foot depth 

interval at sample locations 665SB002 and 665SB003, at concentrations ranging from 94,000 to 

200,000 ~g lkg .  

Herbicides or organophosphate pesticides were not detected in the duplicate soil sample collected 

at AOC 665. 



LEGEND 

f IGURE 4.1 8.1 

INVESTIGATION REPORT AOC 665 
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Dioxin was detected in the sample submitted for duplicate analysis (665CB002). The TEQ for 

the sample was 0.57 1 pglg (screening level 1,000 pglg). 

4.18.1.5 Inorganic Elements in Soil 

Table 4.18.2 summarizes the inorganic element analysis results from the soil samples collected 

at AOC 665. No elements were detected at concentrations exceeding their respective RBSLs and 

interval-specific UTLs for background, 

Cyanide or hexavalent chromium were not detected in the soil samples collected at AOC 665. 

4.18.2 Deviations from Final Zone H RFI Work Plan 

All soil samples that were proposed to be collected in the Final Zone H RFI Work Plan were 

collected. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Table 4.18.1 
AOC 665 

Orgadc Compounds in Soil (in &kg) 

Range of 
Concentrations for 

No. of Detections Detections (upper 
(1st IntervaY2nd intervalllower Risk-Based 

Comwund Name Interval) 

Veldt Orgnnic Compounds (8 Sculrpl# Collected - 4 Upper interval Samples, 4 Lower lnteval SMIpksI 
1 W e d )  k - 
Acetone 213 34-2 10140-96 780,000 

bis(2-Ethythexy1)phthalate 
(BEHP) 

Pesticides (8 Sontplcs a c t e d  - 4 Upper blend Sanyrles, 4 Lower fntend m k ,  2 Sample 

4,4'-DDT 

alpha-chlordane 

gamma-Chlordane 

Endosulfan I1 

Hmtachlor ewxide 
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Table 4.18.1 
AOC 665 

Organic Compounds in Soil (in rcg/kg) 

Comwund Name 

Range of 
Concentrations for 

No. of Detections IMectlom (upper 
(1st IntervaV2nd htervalnower Risk-Based 

interval) 

No PCBs detected. 

Total Petroleum Hydrocarbons 
(IRS 

210 94,000-200,000 Not Listed 

No herbicides detected. 

No organophosphates detected. 

Total TEQ 011 010.571 pg/g lmo ~ g l g  
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Nmber of 
Number of Detections 

A=bw (UPW (upper Range of Concdmtiom for Risk-Based Upper Tole- 
I n o m  tatvrrnlllowcr fatvnVlower - (upper - Limil of 

Ira* 414 414 2,430-8,510/2,0606.25 Not Listcd 30,910/66,170 

U4 M) OlIl Not i&td Nu- 

Silver 414 OH, om 39 Not Vllidtr) 

Beryllium 414 414 0.04-0.2410.16-0.31 0.15 1 .46611.62 

Cobalt 4/4 414 1.1-1.610.38-1.0 470 5.863114.88 

414 414 161-908/201-2,110 Not Liftcd 9.592/9.179 

Cdc~um 414 414 1.200-23.400f8.790-126.000 Not Listed 

€bob 85.65183.85 

Cyanide 414 0/0 010 1 60 Not Valid0 

Not ex: 
(8)  = Elements that are not included in both SW-846 and Appendix [X methods. 
o = Included in duplicate sample analyses only. 

= Scc Appendix J for UTL dctcnnination. 
(0 = Number of aondctcctions prevented determination of UTL. 

= Elements consided to be nutrients, themfore UTL w u  not determined. 
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4.19 AOC 667 and SWMU 138 

AOC 667 and SWMU 138, because of their proximity, have been investigated together. 

AOC 667, the vehicle maintenance area, was a two-story brick structure (Building 1776) with an 

oil-water separator. The site was used for the routine maintenance of automobiles and heavy 

equipment, including oil changes and repairing hydraulic parts from the equipment. A 550-gallon 

portable storage tank held waste oil. Numerous oil stains have been noted around the building. 

SWMU 138, the SAA related to Building-l7%, accumulated hazardous waste in 55-gallon drums 

which were immediately transferred to a permitted hazardous waste storage facility when they 

became full. 

Soil and groundwater were sampled at AOC 667 and SWMU 138 to determine if contamination 

resulted from petroleum product storage and dispensing at the storage tank or other releases at the 

sites. 

Recent assessment of Naval mapsldrawings identified the oillwater separator, mentioned above, 

to be a stormwater sewer inlet that has been modified to receive stormwater runoff from the 

immediate area and prevent entry of oil and grease from vehicle washing and repair into the sewer 

system. The structure had a PVC tube, approximately 4 inches in diameter that penetrated the side 

and then inverted to direct water only to the stormwater sewer during periods of high rainfall. The 

PVC pipe from the tank joined a line that served as a vent and connection to the stormwater sewer 

system. The system was not physically connected to the adjacent buildings nor is there evidence 

that it ever was. The piping would have allowed small amounts of light nonaqueous phase liquids 

(LNAPL) to be discharged to the stormsewer system when water levels fell below the inlet of the 

pipe. 
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4.19.1 Soil Sampling and Analysis 

Soil was sampled in a single phase at AOC 667 and SWMU 138 from locations shown on 

Figure 4.19.1 in accordance with the procedures outlined in Section 2.2. Tables 4.19.1 

and 4.19.2 summarize organic and inorganic results, respectively, for soil. Appendix I of the RFI 

report presents a complete analytical report for the samples collected at AOC 667 and SWMU 138. 

Concentrations of compounds, as they contribute to risk and hazard for each surface soil sample 

at AOC 667lSWMU 138, are presented in Appendix Q to the RFI document. 

Fourteen soil samples were collected from seven locations. Of the 14 soil samples collected, seven 

were collected from the 0- to 1-foot interval and seven samples were from the 3- to 5-foot interval. 

Sampling locations were selected relative to the storage tank and the SAA in areas most likely to 

have been impacted if a release occurred. Samples were analyzed for VOCs, SVOCs, 

pesticides/PCBs, metals, cyanide, and TPH. Two samples selected as duplicates were analyzed 

for herbicides, hexavalent chromium, organophosphate pesticides, and dioxins, in addition to the 

standard suite of analyses. 

4.19.1.1 Volatile Organic Compounds in Soil 

VOCs were detected at seven different sampling locations, and in all 14 samples analyzed. Of the 

14 detections, seven were collected from the 0- to 1-foot interval and seven were from the 3- to 

5-foot interval. Seven VOCs were detected and concentrations ranged from two to eight orders 

of magnitude below their respective RBSLs. 

4.19.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were detected at six of the seven sampling locations, and seven of the 14 total samples 

analyzed. Of the seven detections, five samples were from the 0- to 1-foot interval and two were 

from the 3- to 5-foot interval. Benzo(a)pyrene was the only one exceeding its RBSL. This 

compound was detected at 153 pglkg (RBSL==88 pglkg) in the first interval sample collected at 
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sample location 138SB003. The remaining 10 SVOCs were at least four orders of magnitude 

below their respective RBSLs. 

4.19.1.3 Pesticides and PCBs in Soil 

Five pesticides were detected in five of the seven soil sample locations and in six of the 14 samples 

analyzed. Of the six detections, five samples were from the 0- to 1-foot depth interval and one 

from the 3- to 5-foot depth interval. All were from one to three orders of magnitude below their 

respective RBSLs, except 4,4'-DDT, which had a detection of 1,140 pglkg and an RBSL of 

1,900 pglkg. 

No PCBs were detected in the soil samples collected at AOC 667 and SWMU 138. 

4.19.1.4 Other Organic Compounds in Soil 

TPH analysis identified petroleum hydrocarbons in the duplicate sample locations (138CB002 and 

667CB002). The petroleum hydrocarbons were detected in the 0- to 1-foot depth interval at 

concentrations ranging from 200,000 to 1,800,000 pglkg . 

Herbicides were detected in both duplicate samples (138CB002 and 667CB002) from the 0- to 

1-foot interval. Silvex (RBSL=63,000 pgfkg )  was detected in one sample (138CB002) at a 

concentration of 7.9 pg/kg. 2,4,5-T (RBSL=78,000 pglkg) was detected in one sample 

(667CB002) at a concentration of 8.5 pglkg. 

No organophosphate pesticides were detected in soil samples duplicated at AOC 667 and 

SWMU 138. 
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Dioxins were detected in both of the samples submitted for duplicate analysis (138CB00201 and 

667CB00202). The TEQs were 1.038 and 6.689 pglg, respectively (US EPA-derived preliminary 

remediation goal - 1,000 pglg) . 

4.19.1.5 Inorganic Elements in Soil 

Table 4.19.2 summarizes the inorganic element analytical results from the soil samples collected 

at AOC 667 and SWMU 138. Beryllium was the only element detected at a concentration 

exceeding its RBSL and interval-specific UTL. 

Cyanide was detected at one of the seven sampling locations, and in one of the 14 samples 

analyzed. The detection was two orders of magnitude below the RBSL. 

Hexavalent chromium was not detected in the duplicate soil samples collected at AOC 667 and 

SWMU 138. 

4.19.2 Groundwater Sampling and Analysis 

As part of the initial RFI sampling effort, two monitoring wells were installed to sample 

groundwater at AOC 667 and SWMU 138 (Figure 4.19.1). One of these wells was installed in 

the vicinity of the oillwater separator and the other in the area of the SAA. These wells were 

installed in accordance with the procedures outlined in Section 2.4 of this report. First-round 

samples from these wells were analyzed for VOCs, SVOCs, pesticideslPCBs, metals, and cyanide. 

Based on the analytical results of the first round, samples for the following rounds were analyzed 

for VOCs ancl metals. One second-round sample was duplicated and analyzed for the same 

parameters as the primary samples. Tables 4.19.3 and 4.19.4 summarize organic and inorganic 

results, respectively, for groundwater samples collected from these wells. Appendix I contains 

a complete report of the analytical data for groundwater samples collected from AOC 667 and 

SWMU 138. 
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Based on analytical results for groundwater samples collected from the wells installed during the 

initial AOC 667fSWMU 138 RFI and analytical results for groundwater samples collected from 

a Zone I shallow grid well installed downgradient from AOC 667iSWMU 138, additional 

groundwater sampling was considered necessary. The additional sampling was conducted during 

June 1997, at the same time groundwater screening samples were being collected in the 

SWMU 138iAOC 667 area for the Zone L RFI (sanitary sewer system). Data from the 

AOC 667/SWMU 138 groundwater screening samples and the Zone L groundwater screening 

samples are presented in the following section. Three Zone L groundwater screening samples 

were collected in the vicinity of AOC 667ISWMU 138 along the sanitary sewer pipe draining the 

building. Figure 4.19.2 illustrates the groundwater sampling locations and associated VOC 

detections. 

The original AOC 667fSWMU 138 RFI, submitted in July 1996, has been updated to include 

results from more recent sampling efforts. This document (revised and submitted in June 1998) 

represents "Revision 1 " of the original July 1996 RFI. 

No changes to extent of contamination definition were identified through the additional 

groundwater screening sample collection and analysis; therefore, no changes to the July 1996, 

version of the AOC 667/SWMU 138 RFI Report Fate and Transport, Human Health Risk 

Assessment, and Conclusions sections or the Zone H Ecological Risk Assessment section were 

made. 

Groundwater screening numbers presented in data tables have been updated to reflect more recent 

published data. 
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4.19.2.1 Volatile Organic Compounds in Groundwater 

Groundwater samples from NBCH667001 contained 1 , 1-dichloroethane, carbon disulfide, and 

1,2dichloroethene. 1,l-Dichloroethane was detected in the first and third round samples. Carbon 

disulfide was only detected in the third round sample. 1,2-Dichloroethene was only detected in 

the fourth round sample. Groundwater samples from NBCH667002 contained 1, l  dichloroethane 

and its breakdown product, chloroethane, for all quarters of sampling (see Table 4.19.3). A11 

detections of chloroethane exceeded the compound's RBSL. 

Groundwater in NBCIGDIO11, which is approximately 850 feet downgradient of NBCH667002, 

contained the following VOCs: tetrachloroethene, 1,2-dichloroethene, carbon disulfide, 

1 , l  -dichloroethane, trichloroethene, and toluene (Table 4.19.4). Carbon disulfide was only 

detected in the first and third sampling rounds. 1,l-Dichloroethane was only detected in the first 

and second sampling rounds. Tetrachloroethene was detected in all but the third sampling round. 

Toluene was detected in only the second sampling round. Concentrations for tetrachloroethene 

and trichloroethene exceeded their respective RBSLs. 

The only detected compound common to AOC 667lSWMU 138 and NBCIGDIOll was 

1 ,I  -dichloroethane. 

In order to determine the extent of contamination in the vicinity of NBCH667002, eight 

groundwater screening samples were collected through the use of direct push technology (DPT) 

(Figure 4.19.111. These samples were collected from approximately 15 feet below ground surface 

at each sample location. Analytical data for these samples along are summarized in Table 4.19.5. 

No VOCs were detected in the three groundwater screening samples collected in the vicinity of 

AOC 667iSWMU 138 during the Zone L RFI. 
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Carbon disulfide and 2-butanone were the only VOCs detected in the groundwater screening 

samples. Carbon disulfide was detected at four of the eight locations. A11 of the detections were 

estimated and below 4pglL. 2-Butanone was only detected at one location and its concentration 

was also an estimated value (2pglL).  Neither of the compounds were detected at concentrations 

exceeding their respective RBSL. 

Based on the groundwater screening sample results, VOC contamination in groundwater in the 

vicinity of AOC 667lSWMU 138 appears to be isolated, and groundwater contamination in the 

vicinity of NBCIGDIOll does not appear to be related to that at AOC 667/SWMU 138. The 

distribution of VOC contamination in groundwater in the vicinity of NBCKGDIOll will be 

discussed in the Zone I RFI report which is currently being revised. 

4.19.2.2 Semivolatile Organic Compounds in Groundwater 

No SVOCs were detected in the groundwater sample results for wells at AOC 667 and 

SWMU 138. 

4.19.2.3 Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in groundwater sample results for wells at AOC 667 and 

SWMU 138. 

4.19.2.4 Other Organic Compounds in Groundwater 

No petroleum hydrocarbons were detected in the groundwater sample results for wells at AOC 667 

and SWMU 138. 

4.19.2.5 Inorganic Elements in Groundwater 

Table 4.19.6 summarizes the analytical results for inorganics in the groundwater samples collected 

at AOC 667 and SWMU 138. Manganese (RBSL - 18 fig/L) and beryllium were the only 
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inorganic elements exceeding their respective lU3Sh. No manganese detection exceeded its UTL. 

No UTL was calculated for beryllium since there were few background detections. 

No cyanide was detected in the groundwater samples collected at AOC 667 and SWMU 138. 

4.19.3 Deviations from Final Zone H RFI Work Plan 

Eight groundwater screening samples were collected to aid in extent of contamination definition. 

These samples were not proposed in the Final Zone H RFI Work Plan. 

Table 4.19.1 
AOC 667 and SWMU 138 

Organic Compounds in Soil (mglkg) 

Range of Concentrations 
No. of Detections for Detections (upper Risk-Based Screening 

Compound Name (1st Intewal12nd Interval) inte~alllower interval) I ~ v e l s  

Volatile Organic Compounds (14 Samples Collected - 7 Upper Interval Samples, 7 Lawer Interval Samples, 2 Samples 
d! 

Acetone 617 34-120121.1-780 780,000 

Carbon disulfide 110 4.610 780,000 

Methylene chloride 

2-Buranone (MEK) 

Toluene 513 2.3-13.1315-6 1,600,000 

Xylene (total) 110 2.410 16,000,000 

SemivolatiIe Organic Compounds (Id Sunples Collected - 7 Upper Interval Samples, 7 Lower Intend Samples, 2 

Fluorene 01 1 01720 3 10,000 

Phenanthrene 21 1 50.8-55.811,oOO 310,000 

Fluoranthene 

Pyrene 

Naphthalene 

4-Chloro-3-methylphenol 

3 ~0,oOo 

230,000 

3 10,000 

Not Listed 
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Table 4.19.1 
AOC 667 and SWMU 138 

Organic Compounds in Soil (mglkg) 

Range of Concentrations 
No. of Detections for Detections (upper Risk-Based Screening 

Com~ound Name (1st IntervallZnd Interval) intervaI/lower interval) Levels 

BEHP 211 3 10-48011 11 46,000 

Bento(a)py rene 110 15310 88 

Pesticides (I4 Samples Collected - 7 U.per Interval Sam~les. 7 Lower Intntaf Samples. 2 Samples Du~Ncated] 

4.4'-DDE 410 2-63210 1.900 

Pesticides ,114 Barnales CotEected - 7 Upper hteryal Samntes. 7 Lawer Intend Samvle8,2 Samples Duditated) 

25.7-1,140/8.99 1,900 

310 470 alpha + gamma 

2-4.810 -. - - - - -- - - - - - - - - 

Polychtorinated Biphenyb (14 Samples Cotlected - 7 Upper I n l e d  Samples, 7 Lower Interval Samples, 2 Samples 
Duvlicated) 

No PCBs detected - - - - - - - - - - - - - 

Total Petroleum Hvdrocarbons @ Duplicate Andvses - 2 Upper Interval Samules) 

Total Petroleum Hydrocarbons 210 200,000-1,800,00010 not llsted 

, Herbicides 0 Lhplicate A d v s e s  - 2 CIDPer Intend Scurules) 

2,4,5-TP (Silvex) 210 7.9-7.910 63.000 

2,4,5-T 110 8.510 78,000 

Organophos~hate Pesticides (2 Duplicate Analvses -2  Upper Interval Samples 

No organophosphates detected. 

_Dioxins 12 DuvIi~&e.Ad~ses  - 2 Umcr Interval Smmlesl 

Total TEQ 210 1.038-6.48910 ~g/.g 1000 pn/a 
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Table 4.19.2 
AOC 667 and SWMU 138 

Inorganic Elements in Soil (mg/kg) 

Number of Analyses Number of Upper 
(upper Detections Range of Concentrations Risk-Based Tolerance 

Inorganic intervdlower (upper intervdlower for Detections Screening Lit of - 
Elements interval) interval) (upper intervaIAower interval) Level Backeround"' 

Aluminum'"' 7/7 7ff 1.820-3,35CV3,6404,870 7,900 25,3101 
46.580 

Iron"' 717 717 1,850-7,46014,580-7,710 Not Listed 30,910146,180 

Lead 7/7 711 2.8-56.7114.4 A00 118188.69 

Silver 717 010 010 39 Not Validid' 

Sodiumfa' 717 717 17.1-331/567-2,120 Not Listed Nutriente 

Thallium 717 010 010 0.63 0.6311.3 

Antimony 717 211 I. 1-1.4110.4 3.1 Not 

Arsenic 717 717 0.92-8.516.6-10.0 0.37 14.81135.52 

Barium 7/7 6/3 6.4-17511-8.7 550 4.33143.80 

Beryllium 717 717 0.03-1.510.31-1.21 0.15 1.46611.62 

Cadmium 717 215 0.35-0.36/0.33-0.46 3.9 1.0515.10 

Cobalt 717 716 0.28-3.410.9-2.5 470 5.863114.8 

Copper 7/7 715 1.6-34.8514.3-8.1 290 27.6131.62 

Vanad~um 717 717 6.0-15.5111.4-42.9 55 77.381131.6 

Zinc 717 717 3.9-212.75/1$.2-54,4 2,300 214,31129.6 

Selemum 717 013 011 1-2.3 39 2.012.7 

Mercury 717 610 0.02-0.03/0 2 3 0.485m.74 

Magnes~um'~' 717 6/7 83.5-3,15012,450-9,700 Not Llsted 9,59219,179 

Manganese[') 717 717 7.9-I52f51-123 39 636.4/1,412 

Calcium 7/7 7/7 1,300-202,0001118,000-205.000 Not L~sted Nutrient"' 

Chromium 717 717 3. t -56.7115.4-59.9 39 85.65183.86 

Tinia) 210 010 010 4,700 Not v a l ~ d ' ~ '  

Hexavalent 2/0 010 010 39 Not Vatld'*' 
Chromiump) 

Notes: '*' = Elements that are not included in both SW-846 and Appendix IX methods. 
( h ~  = lncludzd in duplicate sample analyses only. 

"' = See Appendix J for UTL determination. 
(6) = Numbsr of nondetections prevented determination of UTL. 
"' = Elements considered to be nutrients; therefore, UTL was not determined. 
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Table 4.19.3 
AOC 667 and SWMU 138 

Organic Compounds in Groundwater @g/L) 

Round 1: 2 Samples Collected, 0 Samples Duplicated 
Round 2: 2 Samples Collected, 1 Sample Duplicated 
Round 3: 2 Samples Collected, 1 Sample Duplicated 
Round 4: 2 Samples Collected, 1 Sample Duplicated 

Range of Risk-Based Max. 
Sampling Number of Concentrations for Screening Contam. 

P n ~ t ~ r t i a o c  ~ P W ~ P  1 PVPI T PVPI 

Volatile Organic C o m ~ u n d s  @our S a m l i n ~  Wounds) 

Carbon Disulfide 

Chloroethane 

1,l-Dichloroethane 

1,2-Dichloroethene (total) 

N A 100 Not Listed 
NA 
79 

N A 

150 3.6 Not Listed 
74 
650 
260 

3.4-17 81 Not Listed 
9 

3-18 
8 

N A 5.5 70 * 
N A 
NA 

4 1 5 

Semivolatile Organic Compounds {Collected in Round 1 Only) 

No SVOCs detected - - -. 

Pesticides (Collected in Round 1 Onlv) 

Nn nesticides detected. 

Polychlorinated Bi~henyls (Collected in Round I Only) 

- . - - - - - - - - - - - - . 
Total Petroleum Hydrocarbons (Collected in Round 1 Only) 

Notes: 
* - MCL for cis- 1.2-dichloroethene 
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Table 4.19.4 
NBCIGDIOI 1 

VolatiIe Organic Compounds in Groundwater (pg/L) 

Round 1: 1 Sample Collected, 0 Samples Duplicated 
Round 2: 1 Sample Collected, 0 Samples Duplicated 
Round 3: 1 Sample Collected, 0 Samples Duplicated 
Round 4: 1 Sample Collected, 0 Sample Duplicated 

Range of Risk-Based Max. 
Sampling Number of Concentrations Screening Contam. - - 

Compound Name Round Detections for Detections Level Level 

Volatile Oaanic Compounds (Four Sampling Rounds) 

Carbon Disulfide 1 1 9 100 Not Listed 
2 ND NA 
3 1 2 
4 ND NA 

l , 1-Dichloroetharie 

1,2-Dichloroethetie 

Tetrachloroethene 

Toluene 

Trichloroethene 

8 1 Not Listed 

5 .5  70* 

1 . 1  5 
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Table 4.19.5 
AOC 667 and SWMU 138 Groundwater Screening Samples 

Volatile Organic Compounds in Groundwater &g/L) 

Number of Range of Concentrations Risk-Based Max. Contam. 
Compound Name Detections for Detections Screening Level Level 

Valatile. Organic Compmnds 

Carbon Disulfide 418 2.0 - 3.0 100 Not Listed 

2-Butanone 118 2.0 190 Not Listed 

Table 4.19.6 
AOC 667 and SWMU 138 

Inorganic Elements in Groundwater (pg/L) 

Round 1: 2 Samples Collected, 0 Samples Duplicated 
Round 2: 2 Samples Collected, 1 Sample Duplicated 
Round 3: 2 Samples Collected, 1 Sample Duplicated 
Round 4: 2 Samples Collected, 1 Sample Duplicated 

Upper 
Range of Risk-Based Tolerance Max. 

Compound Sampling Number of Concentrations for Screening Limit of Contam. 
N ~ ~ ~ ( ~ I  Round Detections Detections Level Background"' Level 

Barium 1 2 12.9-61.4 260 323 2,000 
2 2 18.2-47.9 
3 ND NA 
4 ND NA 

Beryllium 1 ND NA 0.016 Not Valid 4 
2 ND NA 
3 ND NA 
4 2 0.35-0.38 

Calcium(') 1 2 113,000-154,000 Not Nutrient Not 
2 2 81,900-114,000 Listed Listed 
3 2 85,200-130,000 
4 2 82,450-127,000 

Iron 1 2 86.2-361 1 100 Nutrient Not 
2 2 38.6-853 Listed 
3 2 89.9-943 
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Table 4.19.6 
AOC 667 and SWMU 138 

Inorganic Elements in Groundwater (pg/L) 

Round 1: 2 Samples Collected, 0 Samples Duplicated 
Round 2: 2 Samples Collected, 1 Sample Duplicated 
Round 3: 2 Samples Collected, 1 Sample Duplicated 
Round 4: 2 Samples Collected, 1 Sample Duplicated 

Upper 
Range of Risk-Based Tolerance Max. 

Compound Sampling Number of Concentrations for Screening Limit of Contam. 
Name'" Round Detections Detections Level Back~round'~' Level 

Magnesium 1 2 90,600-144,000 Not Nutrient Not 
2 2 121,000-232,000 Listed Listed 
3 2 50,650-108,000 
4 2 90,650-185,000 

Manganese 1 2 36.7-58.2 84 2,440 Not 
2 2 68.9-155 Listed 
3 2 17.4-73.4 
4 2 43-8-69.6 

~otassium(~' 1 2 41,600-66,100 Not Nutrient Not 
2 2 50,600-91,800 Listed Listed 
3 2 25,850-56,700 
4 2 43,550-99,900 

 odium'"' I 2 584,000-1,500,000 Not Nutrient Not 
2 2 1,220,000-2,580,000 Listed Listed 
3 2 234,500-1,180,000 
4 2 747,000-2,150,000 

vanadium'*' 1 0 - 26 Not Valid Not 

2 2 3.4-5.3 Listed 
3 0 - 
4 2 1.3-2.4 

cyanidetd' 1 - Not Detected 73 Not Valid 200 
2 - No Analysis 
3 - No Analysis 
4 - No Analysis 

Notes: 
'"I = Only elements with detections are listed. Cyanide was a separate analysis. 
'" = See Appendix J for UTL determinations. 

= Element considered to be a nutrient; therefore UTL was not determined. 
'd' = High percentage of nondetects in background samples prevented UTL determination. 



LEGEND. S
liW

O
rr YO

H
TO

R
N

G
 W

U
 

'' 
4

0
0

5
 @

 
W

/ 
ID N

U
m

R
 

0
 1 4

0
5

D
 @

 
m

P
 M

m
W

G
 WELL 

W
f 

ID W
B

E
R

 
6
6
7
5
0
0
0
1
 

W
k

 BO
RlNQ

 W
/ 

10 
N

U
M

W
 

OPT W
IO

U
H

IIM
TE

R
 M

P
L

E
 

INVESTIG
ATIO

N REPO
RT 

6
6

7
G

P
0

0
8

 @
 w/ 

D
 NUM

BER 
C

P
W

- 
1

2
 $

 
H

a
m

u
 W/ 

CPW
 

I0 PIW
EER

 



Final RCRA Facility Investigation Report for Zone H 
N A W E  Charlaton 

Seaion 4: N m r e  of Contamination 
July 5, 1996 

4.20 AOC 666 

AOC 666 is a UST (NS-45) which supplies fuel oil to the adjacent heating plant (NS-44). The 

exact capacity of the UST is unlmown. The site was constructed in 1958; the surrounding area 

was an airstrip before then. AOC 666 is currently an area approximately 10 feet by 30 feet 

which is surrounded by railroad ties. 

Soil and groundwater were sampled at AOC 666 to determine if contamination resulted from fuel 

oil storage and dispensing from the UST or other releases at the site. 

4.20.1 Soil Sampling and Analysis 

Soil was sampled in a single phase at AOC 666 at locations shown on Figure 4.20.1 in 

accordance with the procedures outlined in Section 2.2. Tables 4.20.1 and 4.20.2 summarize 

organic and inorganic results, respectively, for soil. Appendix I presents a complete analytical 

report for the samples collected at AOC 666. 

Thirteen soil samples were collected from seven locations. Of the 13 soil samples collected, 

seven were from the 0- to 1-foot interval and six were from the 3- to 5-foot interval. Sampling 

locations were selected just off the sides of the UST in areas most likely to have been impacted 

if a release had occurred. Samples were analyzed for VOCs, SVOCs, pesticidesIPCBs, metals, 

cyanide, and TPH. One sample selected as a duplicate was analyzed for herbicides, hexavalent 

chromium, organophosphate pesticides, and dioxin in addition to the standard suite of analyses, 

4.20.1.1 Volatile Organic Compounds in Soid 

VOCs were detected in four of fhe seven sampling locations, and in five of a11 13 samples 

analyzed. Of the six VOC detections, one was from the 0- to 1-foot interval and four were from 

the 3- to 5-foot interval. The VOC concentrations detected ranged from four to five orders of 

magnitude below their respective RBSLs. 
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4.20.1.2 Semivolatile Organic Compounds in Soil 

Twenty-four SVOCs were detected throughout the seven sampling locations, and in 10 of all 

13 samples analyzed. Of the 10 samples in which SVOCs were detected, five were from the 

0- to 1-foot interval and five samples were from the 3- to 5-foot interval. Benzo(b)fluoranthene, 

benzo(a)pyrene, and N-nitrosodi-n-propylamb were a11 detected above respective RBSLs, 

Benzo(b)flouranthene was detected at 2,400 pglkg (RBSL=880 pglkg) in the first interval 

sample collected at sample location 666SB002. Benzo(a)pyrene (RBSL= 88 pglkg) was detected 

at 196 and 1,180 pglkg, respectively, in the first interval of sample locations 666SB001 

and 666SB002 and at 1,750 pglkg in the second interval of sample location 666SB002. 

N-Nitrosodi-n-propylamine (RBSL=91 pg/kg) was detected at 380 pglkg in the fmt interval 

of sample location 666SB007. Except for benzo(a)anthracene, the remaining compounds were 

detected between one and five orders of magnitude below their RBSLs. knzo(a)anthracene was 

detected at 481 ~gfkg,  compared to its RBSL of 880 pglkg. 
I 

4.20.1.3 Pesticides and PCBs in Soil 

Gamma-chlordane was detected in one of the 13 samples analyzed. The one soil sample was 

collected from the 0- to 1-foot depth interval at sample location 666SB004. Gamma-chlordane 

was detected at a concentration two orders of magnitude below its RBSL. No other pesticides 

were detected in the soil samples collected at AOC 666. 

Aroclor-1260 was detected in one of the 13 samples analyzed. The one soil sample was 

collected from the 0- to 1-foot depth interval at sample location 666SB005. Aroclor-1260 was 

detected in this sample at a concentration of 88.4 pglkg, slightly above its RBSL of 83 pglkg. 

No other PCBs were detected in the soil sampling at AOC 666. 
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4.20.1.4 Other Organic Compounds h Soil 

TPH analysis identified petroleum hydrocarbons at all seven sample locations and in 12 of the 

13 samples analyzed. Of the 12 TPH detections, seven were from the 0- to 1-foot interval 

and five were from the 3- to 5-foot interval. TPH concentrations ranged from 91,000 to 

30,000,000 kg/kg in the upper interval and 150,000 to 16,000,000 pgtkg in the lower interval. 

No herbicides or organophosphate pesticides were detected at AOC 666. 

Dioxin was detected in the sample submitted for duplicate analysis (66603). The TEQ for 

the sample was 5.42 pglg (screening level 1,000 pglg). 

4.20.1.5 Inorganic Elements in Soil 

Table 4.20.2 summarizes the inorganic element results from the soil samples collected at 

AOC 666. Elements exceeding both their respective RBSLs and interval-specific UTLs for 

background are arsenic and vanadium. Arsenic (RBSL=0.37 mg/kg; upper interval 

TL= 14.81 mglkg) was detected at 16.5 and 30.5 mglkg in the first intervds of sample locations 

666SB002 and 666533004, respectively. Vanadium (RBSL = 55 mg/kg ; upper interval 

UTL =77.38 mg/kg , lower interval UTL= 131 -6 mglkg) was detected at five sample locations 

and ranged from slightly greater than the interval-specific UTL and RBSL to one order of 

magnitude greater than the UTL and RBSL. Four were detected in the first interval of sample 

locations 666SB002, 666SB004, 666SB005, and 666SB007 and one was in the second interval 

of sample location 666SB007. 

Cyanide was detected at one of the seven soil sample locations, and in one of the 13 samples 

analyzed. Cyanide was detected at 1.0 mglkg, which is well below the RBSL of 160 mglkg. 

Hexavalent chromium was not detected in the duplicate sample analysis. 
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4.20.2 Groundwater Sampling and Analysis 

Two monitoring wells were installed to sample the groundwater at AOC 666 (Figure 4.20.1) in 

accordance with the procedures outlined in Section 2.4. First-round samples were analyzed for 

VOCs, SVOCs, pesticides/PCBs, metals, cyanide, and TPH. Based on results from the frrst 

sampling round, second-round samples were analyzed for VOCs, SVOCs, and metals only. One 

second-round sample was duplicated and analyzed for the same parameters as the primary 

samples. Tables 4.20.3 and 4.20.4 summarize organic and inorganic results, respectively, for 

groundwater. Appendix I presents a complete report of the analytical data for groundwater 

samples collected from AOC 666. 

4.20.2.1 Volatile Organic Compounds in Groundwater 

Two VOCs (chloromethane and vinyl chloride) were reported in the first-round groundwater 

samples at well location NBCH666001. The detections for each of these compounds, 

chloromethane at 6 pgIL and vinyl chloride at 2.1 pg/L, exceeded the corresponding RBSLs for 

tap water (1.4 pg/L and 0.019 pgIL, respectively). No VOCs were detected in second-round 

samples. 

4.20.2.2 Semivolatile Organic Compounds in Groundwater 

One SVOC (acenaphthene) was reported in a first-round groundwater sample collected from 

NBCH666001. The detection for this compound (14 pg/L) did not exceed the RBSL for tap 

water (220 pg/L). Acenaphthene also appeared in the second-round sample from NBCH666001 

at a concentration of 8.85 pg/L. 

4.20.2.3 Pesticides and PCBs in Groundwater 

No pesticides or PCBs were reported in the groundwater samples collected at AOC 666 during 

the first sampling round. PesticidesIPCBs were not analyzed in the second-round samples. 
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4.20.2.4 Other Compounds in Groundwater 

No petroleum hydrocarbons were detected in the fmt-round groundwater samples collected at 

AOC 666. second-round samples were not analyzed for TPH. 

4.20.2.5 Inorganic Elements in Groundwater 

Table 4.20.4 summarizes the inorganic elements/compound resuits from the groundwater 

samples collected at AOC 666. The only element exceeding its RBSL in either sampling round 

was manganese (RBSL= 18 pg/L). Samples from both wells in both rounds reported manganese 

concentrations above the RBSL but below the UTL. In the first round, manganese was detected 

at 43.4 pglL in well NBCH66602 and at 102 pg/L in NBCH66601. In second-round samples, 

at 30.3 pgiL from NBCH666002 and manganese was detected at 78.4 pg/L from NBCH66601. 

No cyanide was detected in fmt-round samples from AOC 666. Cyanide analysis was not 

performed on second-round samples. 

4.20.3 Deviations from Final Zone H RF'I Work Plan 

Twelve soil samples were proposed to be collected in the F M  Zone H RFI Work Plan. The 

actual number of soil samples collected at AOC 666 was 13 (seven upper interval, six lower 

interval). All proposed upper interval-samples were collected. Due to shallow depth to 

groundwater, only two of the second interval samples were collected from the proposed 

locations. Based on analytical data for soil samples collected dwring the initial phase, additional 

locations were identified. Both intervals were sampled at each of these additional sample 

locations. 

Groundwater samples were collected from each of the sample locations proposed in the Final 

Zone H RFI Work Plan. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 
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Tabk 4.20.1 
AOC 666 

C o m p o ~  tn Son (ill pgkg) 

Rmge of Cotwenbatlorn for 
No, of Iktdiom DetoEtlona Wk-BPPtd 

(1st lntewnlllnd htemal) (Id Zdur.112ad Interval) 

470,000 

880 

880 

310.000 

88 

46.000 

1,600.000 

Not Listed 

39.000 

88.000 

6.300.000 

780.000 

27.000 

160.000 

16,000 

310,000 

9 1 

480.000 

5.300 

310,000 

4.700.000 
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Range of C o ~ t i o n s  for 
No. of Detections Dckctkm W-BPrcd 

715 91,000-30,ooO,000/ Not Listed 
150,000-16,000.000 

No herbicides detected 

Total TEQ 110 5.42010 pglg .I_ 
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Tabk 4.20.2 
AOC 666 

Inorganic Elements in Soil (in m%kg) 

Number of 
Number of Dttectbm Range of Concentrations Upper 

A n a m  (upper (upper for MIIS Risk-Based Tolerance 
horganic . intervaUlower mterval/lower (upper intervPVlower Scmnmg Limit of 
Ek&ts intcml) intenan interpan Level Backnround[@ 

Iron(@ 716 716 603-6.2A0/1,0706,060 Not Listed 30.91 0166,170 

Nickel 716 514 3.8-39.3I2.2-9.0 160 33.38I29.9 

Silver 716 010 0/0 39 Not Valid(& 

Thallium 716 010 OEO 0.63 0.6311.3 

Arsenic 716 513 0.76-30.511.64.7 0.37 14.81l35.52 

Cobalt 716 514 0.52-2.210.42-1.3 470 5.863114.88 

Copper 716 5W 3.7-13814.6-1 15 290 27.6131.62 

Vanadium 716 7 /6 12.0-14716.8-136 55 77.381131.6 

Selenium 7/6 314 0.3-0.6210.37-1 .O 39 2.012.7 

M e ~ ~ t q  ?f6 St2 0.03-2.3~.04-0.05 2.3 0.48510.74 

Magnesium@) 716 616 145-1,910142.6-2,020 Not Listed 9,59219,179 

515 3.3-7831.4-39.0 37 6 

Calcium 716 716 939-56,900110t-80,500 Not Listed NutrienP) 

110 0/0 OKJ 4,700 Not Valid(@ 

Hexavalent l/O 010 OIO 39 Not Vatif@ 
Chromilwcru 

Cyanide 716 011 011 .O 160 Not Valid(@ 

Notes: 
(3 = Elements that are not included in both SW-846 and Appendix IX methods. 
@I = Included in duplicate sample analyses only. 
(GI = See Appendix J for UTL determination. 

= Number of nondetections prevented determination of UTL. 
t C  = Elements considered to be nuaitnts, therefore UTL was not determined. 
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Table 4.20.3 
AOC 666 

Organic Compounds h Groundwater (rcgL) 

Round 1: 2 Samples Collected, 0 Samples DupIicated 
Round 2: 2 Samples CoIIected, 1 Sample Duplicated 

Risk- 
Range of Based Max. 

Sampling Numberof C o ~ t r a t i o m f o r  Screeming Contam. 

Chloromethaue 

Vinyl chloride 

6 1.4 
Not 

-- Listed 

1 I 14 220 Not 
2 1 8.85 Listed 

Peatlddes ~Cdlcded in R o d  1 Only) 

No ~esticides detected. 

Pdychloriaated Blpfrcnyb (Cdleded i Round 1 Onlg;) 
- -  - 

No PCBs detected. 

- -  

No TPH detected. 



Final RCRA Faciliry Investig&'on Repon for Zone H 
NAVBASE Charlesfon 
Section 4: Nature of Contamination 
Juiy 5, 1996 

Tabk 420.4 
AOC 666 

Inorganic Ch- in Groundwater (IrglL) 

Round 1: 2 Sampks Collected, 0 Samples Duplicated 
Round 2: 2 Samples Collected, 1 Sample Duplicated 

upper 
Range of W-Based Tolernnce Max. 

Sampling Number of Concentrph for Screening Limit of Conta~n. 

87,900-111.000 Not Listed 
67 100-83200 Nutrient Not Listed 

Iron 1 2 2.59-1,600 Not L h d  45,760 Not L i d  
2 2 122.35-1 LOO 

33,700-95,700 Not Listed 3,866,000 Not Listed 
33650-91900 

Nickel0 1 0 - 
73 Not Valid 21.8 100 2 1 

Potassiumt~) '1 2 17,600.47,MO Not Listed Nutrient Not L=& 
2 2 15.550-42.800 

88,900-1,010,000 Not Listed 
87.400-1,120.000 

Nutrient Not Listed 

- 
1,100 Not Valid Not Listed 9.6 

C y anidecd, 1 Not Detecw 
2 No A d p i g  

Notes: 
1)  = Only elements with detections are listed. Cyanide was a separate analysis. 

= See Appendix J for UTL determinations. 
(c) = Element considered to be a nutrient; therefore. UTL was not determined. 

= High percentage of nondetects in background samples prevented determination of UTL. 
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4.21 SWMU 159 

SWMU 159 is near Building 665 in the southcentral portion of Zone H. The unit is a former 

SAA which temporarily accumulated and stored hazardous materials. Materials stored at the site 

included batteries, aerosol cans, and paint waste. An AST containing diesel fuel, a can crusher, 

and small debris piles are also at the SWMU. 

Soil, sediment, and surface water were sampled to assess any residual contamination from the 

former storage area. Soil was sampled in accordance with Section 2.2. Sediment and surface 

water were sampled in accordance with Section 2.5. 

4.21.1 Soil Sampling and Analysis 

Nineteen soil samples were collected and analyzed for VOCs, SVOCs, pesticidesIPCBs, metals, 

cyanide, and TPH. Two of these samples were duplicated and analyzed for herbicides, 

hexavalent chromium, organophosphate pesticides, and dioxin. Sampling locations were selected 

to address the areas listed above. Four soil borings were advanced around the fence surrounding 

SWMU 159. One sample was collected at both the can crusher location and at a location where 

a pallet of batteries reportedly was to have been stored. Two soil samples were collected near 

the debris piles, and five soil borings were advanced throughout the site to provide spatial 

coverage. The remaining three soil borings were outside of the SWMU in areas which appeared 

to be unimpacted from site operations. 

Table 4.21.1 (organic) and Table 4.2 1.2 (inorganic) summarize the analytical data for the soil 

samples collected near SWMU 159. Figure 4.21.1 identifies sampling locations at the SWMU. 

Appendix I contains all analytical data for SWMU 159. 

4.21.1.1 Volatile Organic Compounds in Soil 

Nineteen soil samples for VOC analysis were collected from the 0- to 1-foot depth interval. 

Three soil samples were collected from the 3- to 5-foot depth interval at SWMU 159, VOCs 
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were detected in 14 of the upper soil samples and in three of the lower samples. Two VOCs 

(acetone and trichloroethene) were detected at concentrations ranging from three to four orders 

of magnitude below their respective RBSLs. Trichloroethene was the most commonly detected 

VOC . 

4.21.1.2 Semivolatile Organic Compounds in Soil 

SVOCs were detected in seven of the upper sampling locations and two of the lower sampling 

locations. Twelve SVOCs were detected in the soil samples collected at SWMU 159. Only one 

compound, benzo(a)pyrene (RBSL 88 pg/kg), exceeded the RBSL with a concentration of 

100 pg/kg. This sample was from the upper interval at location 159SB011. 

4.21.1.3 Pesticides and PCBs in Soil 

Pesticides were detected in 15 of the upper-interval samples and three of the lower-interval 

samples. Seven pesticides were detected in soil samples collected at SWMU 159. 

Alpha-chlordane, gamma-chlordane, and 4,4' DDE were the most commonly detected pesticides. 

The concentrations of all of the pesticides detected ranged from less than one to four orders of 

magnitude below their respective RBSLs. 

PCBs were not detected in any of the 19 samples collected. 

4.21.1.4 Other Organic Compounds in Soil 

No GRO were detected in any of the 19 samples. No organophosphate pesticides were detected 

in the two duplicate samples. However, indeterminate lubricating oils were detected in all 

19 samples collected. Concentrations of indeterminate lubricating oils ranged from 29,000 pg/kg 

to 179,000 pg/kg. Herbicides were detected in both duplicate samples and were all at least three 

orders of magnitude below their lU3SLs. Dioxins were detected in the two samples submitted 

for duplicate analyses. The dioxin total TEQs for the two samples were 3.540 and 8.905 pg/g, 

three orders of magnitude below the screening level of 1,000 pg/g. 
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4.21.1.5 Inorganic Elements in Soil 

Inorganic elements were detected in all 19 samples collected. Aluminum was detected at a 

concentration exceeding its RBSL (7,800 mglkg) and the UTL (25,310 mg/kg) for the upper 

interval, Cyanide was not detected in any of the 19 samples analyzed. 

No hexavalent chromium was detected in the two duplicate sample analyses. 

4.21.2 Sediment Sampling and Analysis 

Sediment samples were collected from nearby water bodies to measure the potential impact from 

SWMU 159. Two sediment samples were collected, each from a depth of 0-to 1-foot beIow the 

sediment surface. Tables 4.21.3 and 4.21.4 summarize organic and inorganic results, 

respectively, for sediment. Appendix I contains a complete report of analytical data for Zone H. 

Sediment sampling locations are shown on Figure 4.1.1. 

Concentrations of contaminants detected in the sediment were compared to USEPA Region IV 

SSVs. These values are shown on the accompanying tables and are intended to be only 

screening level comparisons to determine the need for further study. How they relate to 

ecological risk will be discussed further in Section 7 of this report. 

The two sediment samples collected were analyzed for VOCs, SVOCs, pesticides/PCBs, metals, 

organotin, cyanide, and TOC. The positions of ail sediment sampling locations were based on 

areas most likely to have been impacted by a potential release from SWMU 159 or any other 

nearby SWMU. 

4.21.2.1 Volatile Organic Compounds in Sediment 

VOCs were detected in both of the sediment samples. Three different VOCs were detected in 

the sediment. None of the VOCs detected has a corresponding SSV. 
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4.21.2.2 Semivolatile Organic Compounds in Sediment 

SVOCs were detected in both of the sediment samples. Twelve compounds were detected in the 

sediment samples. Pyrene, benzo(a)anthracene, phenanthrene, chrysene, and benzo(a)pyrene 

were detected at concentrations above their SSVs. Benzo(g, h, i)perylene and 

butylbenzylphthalate were detected at concentrations below their SSV. Fluoranthene, 

bis(2-ethylhexyI)pthalate, indeno(l,2,3-cd)pyrene , benzo(b)fluoranthene, and 

benzo(k)fluoranthene were detected but do not have SSVs currently listed. 

Pyrene (SSV 380 pglkg) and chrysene (SSV 220 pglkg) were detected in both samples at 

concentrations of 260 and 720 pglkg and 190 and 510 pglkg, respectively. Benzo(a)anthracene 

(SSV 160 pglkg), phenanthrene (SSV 140 pglkg), and benzo(a)pyrene (SSV 88 pglkg) were 

each detected in the sediment sample collected at location 159M0002 at concentrations of 

540 pg/kg, 310 pglkg, and 470 pglkg, respectively, 

4.21.2.3 Pesticides and PCBs in Sediment 

Four pesticides were detected in each of the samples. Three pesticides were detected at 

concentrations greater than their SSVs. The maximum concentrations of alpha-chlordane, 

gamma-chlordane, and heptachlor epoxide were 560 pglkg, 760 pg/kg, and 72 pglkg, 

respectively. 

No PCBs were detected in the sediment sample locations. 

4.21.2.4 Other Organic Compounds in Sediment 

No petroleum hydrocarbons (TPH) were detected in either of the two samples collected. 

Analysis of the samples for oils showed indeterminate lubricating oil (no SSV) to be present at 

values between 52,000 pg/kg and 2,000,000 pglkg. 
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4.21.2.5 Inorganic Elements in Sediment 

Both sediment samples contained metals above their SSVs. A total of twenty-two metals were 

detected in the samples at concentrations above their screening levels. These included copper 

(SSV 28 mglkg), lead (SSV 21 mg/kg), antimony (SSV 2 mglkg), arsenic (SSV 8 mg/kg), 

zinc (SSV 68 mglkg), mercury (SSV 0.1 mglkg), and chromium (SSV 33 mglkg) . 

Cyanide was not detected in either sample 

4.21.3 Surface Water Sampling and Analysis 

One surface water sample was collected at SWMU 159. The sample was collected near the 

storm drain outfall to measure the potential impact from adjacent SWMUs. The sample was 

collected from 0 to 1 foot below the water surface. Tables 4.21.5 and 4.2  1.6 summarize the 

organic and inorganic results, respectively, for surface water. Appendix 1 contains a complete 

report of analytical data for Zone H. Surface water sampling locations are shown on 

Figure 4.21.1. 

Concentrations of contaminants detected in the surface water were compared to USEPA chronic 

marine surface water quality criteria. These values are shown on Tables 4.21.5 and 4.21 -6 and 

are intended to be only a screening level comparison to determine the need for further study, 

Water quality criteria and how they relate to ecological risk will be discussed further in the 

Zone J RFI report. 

The surface water sample was collected and analyzed for VOCs, SVOCs, pesticideslPCBs, 

metals, and cyanide. The position of the surface water sampling location was based on the area 

most likely to have been impacted by a potential release from SWMU 159 or any other nearby 

SWMU. 
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4.21.3.1 Volatile Organic Compounds in Surface Water 

VOCs were not detected in the sample. 

4.21.3.2 Semivolatile Organic Compounds in Surface Water 

SVOCs were not detected in the sample. 

4.21.3.3 Pesticides and PCBs in Surface Water 

Pesticides and PCBs were not detected in the sample. 

4.21.3.4 Other Organic Compounds in Surface Water 

No other organic compounds were detected in the surface water sample. 

4.21.3.5 Inorganic Elements in Surface Water 

Eleven metals were detected in the surface water sample. No metals with SSVs were detected 

at concentrations above the chronic marine quality criteria. However, only two (arsenic and 

zinc) of the 11 metals detected in the surface water sample had chronic marine quality criteria 

values. Cyanide was not detected in any of the surface water sample locations. 

4.21.4 Deviations from Final Zone H RFI Work Plan 

Thirty-two soil samples were proposed for collection in the Final Zone H RFI Work Plan. The 

actual number of soil samples collected at AOC 656 was 19 (16 upper interval, three lower 

interval). All proposed upper-interval samples were collected. Due to shallow depth to 

groundwater, only some of the second interval samples were collected from the proposed 

locations. 

All proposed sediment and surface water samples were collected. 

Table 4.0.3 lists the quantities of proposed samples and quantities of actual samples collected. 

4-318 
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Com~ound Name 

Table 4.21.1 
SWMU 159 

Organic Compounds in Soil (&kg) 

Range of Concentrations 
No. of Detections (upper intewaUlower Risk-Based Screening 

(1st IntewaU2nd Interval) interval) Level 
- 

Volatile Organic Compounds (19 Samples Collected - 16 Upper Interval Samples, 3 b w e r  Interval Samples, 
2 Sanyrtcs Duplicated) 

Acetone 113 4 1 /67- 180 780.000 

Trichloroethene 1412 3 -3-2 1/9-20 47,000 

Semivolatile Organic Compounds (19 Samples Collected-16 Upper Intend Samples, 3 Lower Intervat Smplss, 
2 SampIes DupliEated) 

Acenaphthene 012 430 470.000 

Anthracene 012 3 80-480 2,300,000 

Benzo(b)fl uoranthene 1 I0 100 880 

Benzo(a)py rene 212 

bis(2-Ethylhexy1)phthalate (BEHP) 410 

Chrysene 212 150-1 801220-240 88,000 

Fluoranthene 3/2 14.6-13011200 310,000 

Fluorene 01 1 230 3 10,000 

Phenanthrene l 11 3 101200 310,000 

Py rene 3 12 1 1.8-961930-960 230.000 

Pesticides 119 Samples Collected - I6 Upper Interval Samples, 3 Lower Intervcrl SutnpIe, 2 Samples DapUcrrlcd) 

4.1-12013.1 470 

1.9-13015.3 alpha + gamma 

Endrin 1 I0 2.5 2,300 

Heptachlor 110 2.3 140 

Heptachlor epoxide ZM) 2.7-3.6 70 
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Table 4.21.1 
SWMU 159 

Organic Compounds in Soil kg&) 

Range of Concentrations 
No. of Detections (upper intervaUlower Risk-Based Screening 

Compound Name (1st IntervaUZnd Interval) interval) Level 

Polychlorinated Biphenyls (19 Samples Collected - Id Upper In@mal Samples, 3 3 w e r  Jnterval Samples, 2 S a w s  
Dupkatedl 

No PCBs Detected. - -  - 

Total Petroleum Hydrocarbons-Gasoline Range Organics ('19 Sampies CoUerted - I6 Upper Interval Samples, 
3 Lower Interval Samples, 2 Samples Duplicated) 

No Total Petroleum Hydrocarbons- 
Gasoline Range Detected. 

Herbicides (2 Duplicate Analyses - 2 Upper Interval Samples) 

- 7  ,- - 

Organophosphate Pesticides (2 Duplicate Analyses - 2 Upper Interval Samples) 

No ornanonhosohates detected. - . .  r~ - - 

Indeterminate Lubricating Oils, Light Petroleum Hydrocarbons (19 Samples Collected - 16 Upper Interval Samples, 
3 Lower Intervd Samples, 2 Samples Duplicated) 

Indeterminate Lubricating Oil 16/3 29.000-1 70,000/68,000- Not Listed 
11o.ooo 
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Table 4.21.2 
SWMU 159 

Inorganic EIements in Soil (mgkg) 

Number of 
Number of Detections Range of Concentrations Upper 

Analyses (upper (upper for Detections Risk-Based Tolerance Limit 
Inorganic intervaUlower intervaYlower (upper intervaVlower Screening of 
Elements interval) interval) interval) Level Background(<) 

1r0n~~~ 1613 1613 2.750-32,800112,800-31,300 Not Listed 30,910166,170 

Lead 1613 1613 4.3-92D8.2-41 400 118168.49 

N~ckel 

Putassiurn~fi 

Silver 

Sodium(B) 

Thallium 

Antimony 

Arsen~c 

Barium 

Beryllium 

160 

Not Listed 

3 9 

Not Listed 

0.63 

3-1 

0.37 

550 

0.15 

33.38129.90 

Nutr ien@ 

Not Valid@) 

0.6311.3 

Not Valid(*) 

14.81135.52 

Cadmium 

Cobalt 

Copper 

Vanadlum 

Zinc 

Selenium 

Mercury 

0.44-2.312.3-3.6 39 2.012.7 

0.034.15/0.08-0.13 2.3 0.49f0.74 

1684,86015,480-10,800 Not Listed 9,59219.179 

11.7-307B8.3-247 39 636.4/1,412 

863-26,700188,600-140,000 Not Listed NutrienW 

Manganese(.) 

Calcium 
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Table 4.21.2 
SWMU 159 

Inorganic Elements in Soil (mgkg) 

Number of 
Number of Detections Range of Concentrations Upper 

Analyses (upper (upper for Detections Risk-Based Tolerance Limit 
Inorganic intervaVlower intervalllower {upper intervaVlower Screening of 
~le&ents interval) interval) interval) Level Background(c) 

Chromium 1613 1613 4.5-72.3/30.2-68.1 39 85.65183.86 

Tincar 1613 010 010 4.700 Not Validcd) 

Hexavalent 210 010 
Chromium(b) 

010 39 Not Valid(*) 

Cvanide 1613 010 010 160 Not Validu 

Notes: 
(a) = Eiements that are not included in both SW-846 and Appendix IX methods. 
(hi = Included in duplicate sample analyses only. 
(c) = See Appendix J for UTL determination. 
Id) = Number of  nondetections prevented determination of UTLs. 
(c) = Elements considered to be nutrients: therefore. UTL was not determined. 
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Compound Name 

Table 4.21.3 
SWMU 159 

Organic Compounds Detected in Sediment 

Range of Sediment 
Concentrations Screening Value 

No. of Detections (!%/kg) bglkg) 

Volatile Organic Compounds (2 Samples Collected, 0 Sumples Duplicated) 

Acetone 1 210 - 

Trichloroethene 1 17 - 

Semivolatile Organic Compounds (2 Samples Collected, 0 Samples Duplicated) 

Fluoranthene 2 230-920 - 

Pyrene 2 260-720 3 80 

SemivolatiIe Organic Compounds (2 Samples Collected, O Samples Duplicated) 

bis(2-Ethy1hexyl)phthalate 2 280-2400 - 

Phenanthrene 1 310 140 

Chry sene 2 190-510 220 

Butylbenzylphthalate 1 2 10 

Pesticide Compounds (2 Samples Collected, 0 Samples Duplicated) 

alpha-chlordane 2 99-560 

gamma-chlordane 2 84-760 

Heptachlor 1 62 

Heptachlor epoxide 1 72 
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Table 4.21.3 
SWMU 159 

Organic Compounds Detected in Sediment 

Range of Sediment 
Concentrations Screening Value 

Comwund Name No. of Detections (~g/kg)  (~g/kg) - - 

PCB Compounds (2 Samples Collected, 0 Samples Duplicated) 

No PCBs detected. 

TPH (2 Samples Collected, 0 Samples Duplicated) 

No TPH detected 

Indeterminate Lubricating Oils, Light Petroleum Hydrocarbons (2 Samples Collected, 2 Samples 
Duplicaled) 

Indetednate Lubricating Oil 2 52,000-2,000,000 - 

Note: 
- - - No reported sediment screening value. 
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Table 4.21.4 
SWMU 159 

Inorganic Elements Detected in Sediment 
(2 Samples Collected, 0 Samples Duplicated) 

Sediment Screenine - 
Range of Concentrations Value 

Element No. of Detections (mgkg) (mglkg) 

Aluminum 2 4640-32,900 

Copper 

hon 

Lead 

Politssium 

Sodium 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Cobalt 

Nickel 2 11.9-14.3 - 20.9 

Vanadium 2 22.6-66.2 - 

Zinc 2 92.4-279 68 

Selen~um 

Mercury 

Magnesium 

Manganese 

Catc~um 

Chromium 

Silver 

Cyanide 0 0 - 
Thallium 0 0 - 

Notes: 
- = No reported sediment screening value. 
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Table 4.21.5 
SWMU 159 

Organic Compounds Detected in Surface Water 

Range of Chronic Marine 
Concentrations Water Quality 

Compound Name No. of Detections (pgfL)  Criteria (PEL) 

Volatile Organic Compounds (1 Sample Collected, 0 Samples Duplicated) 

No VOCs detected. 

Semivolatile Organic Compounds (I Sample Collected, 0 Samples Duplicated) 

No SVOCs detected. 

Pesticides (I Sample Collected, O Samples Duplicated) 

No pesticides detected. 

PCBs (I Sample Collected, 0 Samples Duplicated) 

No PCBs detected. 

Total Petroleum Hydrocarbons-Gasoline Range Organics (1 Sample Collected, O Samples Duplicated) 

No TPH-GRO detected. 
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Table 4.21.6 
SWMU 159 

Inorganic Compounds Detected in Surface Water 
(1 Sample Collected, 0 Samples Duplicated) 

Chronic Marine 
Range of Quality Criteria 

Compound Name No. of Detections Concentrations (gg/L) (c~g/L) 

Aluminum 1 257 - 
Iron 

Potassium 

Sodium 

Arsenic 

Barium 1 30.4 

Vanadium 1 6.5 - 

Zinc 

Magnesium 

Manganese I 3 12 - 
Calcium 

Cy anideca) 

Notes: 
- = No reported water quality criteria value. 
(a) = Cyanide was a separate analysis. 
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4.22 Zone H Grid-Based Sampling 

To obtain data to be used to determine upper tolerance limits of background concentrations for 

select compounds and elements, soil and groundwater samples were collected at grid-based 

sampling locations across Zone H. The grid-based sampling strategy is discussed in Section 3 

(Systematic [Grid-Based] Sampling Plan) of the Final Zone H RFI Work Plan (E/A&H, 1995). 

4.22.1 Soil Sampling and Analysis 

One hundred and fifty-four soil samples were collected from locations based on the grid-based 

sampling network. Ninety-six were upper-interval samples and 58 were lower-interval samples. 

Each sample was analyzed for the standard suite of analyses: VOCs, SVOCs, pesticides/PCBs, 

metals, and cyanide. Additional volume was submitted for duplicate analysis for ten samples 

(nine upper-and one lower-interval samples). The duplicate samples were analyzed for the 

standard suite of analyses as well as for herbicides, hexavalent chromium, organophosphate 

pesticides, total petroleum hydrocarbons, and dioxins. Tables 4.22.1 and 4.22.2 summarize the 

organic and inorganic results, respectively, for soil. Appendix N contains the complete report 

of grid-based analytical data. 

4.22.1.1 Volatile Organic Compounds in Soil 

Twelve VOCs were detected in the grid-based soil samples. The most commonly detected VOCs 

were acetone. toluene, and methylene chloride. No VOCs were detected in the grid-based soil 

samples at concentrations exceeding their RBSLs. Detected concentrations of VOCs were one 

to seven orders of magnitude below their respective RBSLs. 

4.22.1.2 Semivolatile Organic Compounds in Soil 

Twenty-five SVOCs were detected in the grid-based soil samples. The most commonly detected 

SVOCs were bis(2-ethylhexyl)phthalate, pyrene, and fluoranthene. Benzo(a)anthracene, 

benzo(b)fluoranthene, benzo(a)pyrene, dibenzota, h)anthracene, indeno( l,2,3-cd)pyrene were 
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detected at concentrations exceeding their respective RBSLs. All other SVOCs were one to four 

orders of magnitude lower than their respective RBSLs. 

4.22.1.3 Pesticides and PCBs in Soil 

Fifteen pesticide compounds were detected in the grid-based soil samples. The most commonly 

detected pesticide compounds were alpha-chlordane, gamma-chlordane, 4,4'-DDE, and 

4,4'-DDT. Dieldrin, Chlordane (alpha + gamma), and kepone were the only pesticides detected 

at concentrations exceeding their respective RBSLs. Other pesticide compounds were detected 

at less than one to three orders of magnitude lower than their respective RBSLs. 

Two PCB compounds (Aroclors-1254 and 1260) were detected in the grid-based soil samples. 

Both were detected at concentrations exceeding their RBSLs. 

4.22.1.4 Other Organic Compounds in Soil 

Petroleum hydrocarbons were detected in two of the 10 samples duplicated. Herbicides were 

detected in six of the 10 duplicate samples. Two herbicides were detected 2,4,5-TP [Silvex], 

and 2,4,5-T. Neither was detected at a concentration that exceeded its RBSL. No 

organophosphate pesticides were detected in the duplicated grid-based soil samples. Dioxin was 

detected in all 10 of the duplicate sample analyses. The TEQ concentration of the dioxin 

detections did not exceed the dioxin screening level. 

4.22.1.5 Inorganic Elements in Soil 

Five elements were detected at concentrations exceeding their respective WSLs and 

interval-specific UTLs. Thallium. arsenic, and chromium were in both sampling intervals at 

concentrations exceeding RBSLs and UTLs. Mercury and manganese were detected at 

concentrations in the upper interval which exceeded their RBSLs and interval-specific UTLs. 



Final RCRA Facility Investigation Reporr for Zone H 
NAVBASE Charleston 

Section 4: Nature of Contamination 
July 5, 19% 

4.22.2 Groundwater Sampling and Analysis 

Eleven pairs of monitoring wells were installed at grid locations to provide groundwater samples 

from unimpacted areas of Zone H. Each pair consists of deep and shallow monitoring wells. 

In the first sampling round. groundwater samples were analyzed for VOCs, SVOCs, 

pesticides/PCBs, metals, and cyanide. One shallow and one deep first-round sample were also 

tested for TPH. In the second round, analytes were chosen for each grid well based on 

analytical results from the first round. Second-round groundwater samples were analyzed for 

metals (1 I shallow samples, 11 deep samples), SVOCs (seven shallow, seven deep), VOCs 

(three shallow, two deep), pesticides (two shallow, one deep), and herbicides (one shallow). 

In the first sampling round, three of the 11 shallow samples and one of the 11 deep samples 

were duplicated and submitted for analysis of herbicides, hexavalent chromium, organophosphate 

pesticides, and dioxins in addition to the standard suite of analyses. In the second round, one 

shallow sample and two deep samples were duplicated and analyzed for the same parameters as 

the primary samples for those wells. Groundwater was sampled in accordance with procedures 

detailed in Section 2.4. Table 4.22.3 (organic data for shallow monitoring wells), Table 4.22.4 

(organic data for deep wells), Table 4.22.5 (inorganic data for shallow wells), and Table 4.22.6 

(inorganic data for deep wells) summarize analytical data for groundwater samples collected 

from wells at grid locations. Appendix I presents a complete report of groundwater analytical 

data. Groundwater sampling locations are shown on Figure 4.0. 

4.22.2.1 Volatile Organic Compounds in Groundwater 

Three VOCs were detected in first-round groundwater samples from shallow grid wells in 

Zone H, with each compound appearing in only one of the 11 wells. Carbon disulfide was 

detected at 7 pg/L in the sample from well NBCHGDHO11. Acetone and toluene were also 

reported, both at low concentrations. 
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In the second sampling round, carbon disulfide was detected at 84 pg/L in the sample from 

well NBCHGDH004. 

Two VOCs occurred in first-round groundwater samples collected from deep grid wells in 

Zone H. Benzene was detected at 2.8 pg/L in the sample from deep well NBCHGDH04D. 

Methylene chloride was reported at concentrations of 5 and 6 pglL in samples from wells 

NBCHGDH 1 l D  and NBCHGDHOlD , respectively. 

Second-round samples from deep grid wells contained three VOCs. Benzene was at a 

concentration of 4.45 pg/L in the sample from monitoring well NBCHGDH04D. Acetone and 

toluene each were detected in single samples at low concentrations. 

4.22.2.2 Semivolatile Organic Compounds in Groundwater 

In groundwater samples collected from shallow grid wells during the first sampling round, 

acenaphthene and naphthalene were the only SVOCs detected. Both were reported at low 

concentrations. 

Acenaphthene was the only SVOC found in second-round samples from shallow grid wells. It 

was detected in a single sample at a concentration of 3.6 pg/L. 

Five SVOCs were detected in deep samples collected during the first round. 

Di-n-butylphthalate, 2,4-dimethylphenol, 2-methylphenol (0-cresol), and naphthalene all appeared 

in the sample from well NBCHGDHMD, while BEHP was reported in the sample from 

NBCHGDH06D. 

Six SVOCs appeared in second-round samples from deep grid wells. The sample from deep 

well NBCHGDHO6D reported a concentration of 230 pg/L of BEHP. Di-n-octylphthalate, 

2,4-dimethylphenol, 2-methylphenoI (0-cresol), and naphthalene were detected in the sample 
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from NBCHGDH04D. Di-n-butylphthalate was reported at concentrations of 2.4 pg/L and 

2.7 @g/L in samples from NBCHGDH09D and NBCHGDH 1OD. 

4.22.2.3 Pesticides and PCBs in Groundwater 

No pesticides were detected in any shallow groundwater samples collected from Zone H 

grid-based wells in either the first or second sampling rounds. 

In the first sampling round, the pesticide 4,4'-DDT was detected in one sample from deep 

monitoring well NBCHGDH02D at a concentration of 0.06 pg/L. No pesticides were detected 

in second-round samples from deep wells. 

PCBs were not detected in any first-round samples from grid wells, shallow or deep. 

Consequently, PCBs were not analyzed in samples collected in the second round. 

4.22.2.4 Other Organic Compounds in Groundwater 

Three duplicate first-round samples from shallow grid wells were analyzed for herbicides, 

organophosphate pesticides, and dioxins in addition to the standard suite of analyses. One 

shallow first-round sample was analyzed for herbicides. Analysis for herbicides was performed 

on one second-round sample from a shallow monitoring well. 

Herbicides were not detected in first-round samples from shallow welIs. The herbicide DCAA 

was reported from well NBCHGDH009 at a concentration of 86 pg/L in a sample from the 

second round. 

Neither organophosphate pesticides nor dioxins were detected in the duplicate first-round samples 

from shallow grid wells. Petroleum hydrocarbons were not detected in the single shallow 

sample (from well NBCHGDH003) analyzed for TPH. 
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No herbicides, organophosphate pesticides. or dioxins were found in the deep groundwater 

sample from well NBCHGDHlOD that was duplicated in the first sampling round, nor were 

petroleum hydrocarbons detected during the TPH analysis of the sample from well 

NBCHGDH03D. For deep wells during the second sampling round, no duplicate samples were 

analyzed for Appendix IX parameters, nor were any TPH samples collected. 

4.22.2.5 Inorganic Chernids in Groundwater 

In first-round groundwater samples from shallow grid wells in Zone H, arsenic, manganese, and 

thallium were among the 15 metals detected (Table 4.22.5): Arsenic from 0.8 to 13.9 pg/L in 

seven of I1 samples, manganese from 19.2 to 4,570 ~ g l L  in 10 samples, and thallium from 

1.9 to 105 pg/L in three samples. 

Cyanide was reported from one of 11 shallow first-round samples, at a concentration of 10 pg/L 

in monitoring well NBCHGDH006. Hexavalent chromium was not detected in any of the three 

first-round duplicate samples from shallow wells. 

Arsenic and manganese were detected in second-round groundwater samples from shallow wells, 

along with nine other metals. Arsenic was detected in samples from two shallow wells at 

concentrations of 7 .3  and 24.8 pg/L, with the higher value from well NBCHGDH003. 

Manganese appeared in 11 shallow samples, with concentrations ranging from 16.6 to 

3,190 g/L. Cyanide and hexavalent chromium were not analyzed in shallow second-round 

samples. 

Nineteen metals were detected in at least one first-round sample from deep grid wells 

(Table 4.22.6), including arsenic, cadmium, manganese, and thallium. Arsenic was detected 

in three samples at concentrations of 2.2-8.2 pg/L, cadmium in one sample at 2.6 pg/L, 

manganese in 10 samples, and thallium in one sample from well NBCHGDH08D at 5.6 pg/L. 
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Neither cyanide nor hexavalent chromium was detected in the single deep sample that was 

duplicated in the first round. No analysis was performed for either chemical in the second 

sampling round. 

Analysis of second-round samples from deep grid wells in Zone H yielded detections of 

14 metals, including antimony, barium, cadmium, manganese, and zinc. Antimony was found 

in samples from wells NBCHGDHlOD and NBCWGDH1 ID, both at 11.5 pg/L. Barium 

appeared in seven deep second-round samples, with its highest reported concentration in the 

sample from well NBCHGDHllD at 871 pg/L. Cadmium's three highest detections were 

2.0 pg/L from NBCHGDHOSD, 2.4 pg/L from NBCHGDH08D, and 2.3 gg/L from 

NBCHGDHl ID. 

Manganese was detected in all 11 deep samples, ranging to 821 pg/L in well NBCHGDHl ID. 

The single deep zinc detection was 1,180 pg/L in the sample from well NBCHGDHl 1D. The 

highest values for barium and manganese were 871 pg/L and 821 pg/L, respectively, in samples 

from well NBCHGDH 1 ID. 
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Table 4.22.1 
Zone H Grid-Based Soil Samples 

Organic Compounds in Soil (in pglkg) 

Range of Concentrations 
Number of Detections for Detections Risk-Based 
(Upper Interval/Lower (Upper Interval/Lower Screening 

Compound Name Interval) Interval) Levels 

Volatile Organic Compounds (154 Samples Collected - 96 Upper Interval Samples, 58 Lower Interval 
Samples, 10 Samples Duplicated) 

Acetone 44/39 8-12,000 I 11-2,300 780,000 

Bromomethane 112 5 / 3-4.3 1 1,000 

Carbon disulfide 111 1.3 1 15 780,000 

Methylene chloride 20114 3.8-11 / 3.7-18 85,000 

Tetrachloroethene 4/4 7-22 / 7-25 12,000 

Tetrahydro furan 111 31 / 87 Not Listed 

Toluene 45/28 2.1-67.5 / 3.3-26.0 1,600.000 

Trichloroethene 5 12 2-3.5 12.5-6 47,000 

Trichlorofluoromethane 110 7.3 / 0 2,300,000 

Xylene (total) 110 1.6 1 0  16,000,000 

Semivolatile Organic Compounds (154 Samples Collected - 96 Upper Zntervat Samples, 58 Lower Interval 
Samples, 10   amp lei ~ u ~ l i c a t e d )  

Acenaphthene 912 88-6,600 / 100-170 470,000 

Acenaphthylene 

Anthracene 

BEHP 2611 39-680 / 400 46,000 

4-Chloro-3-methylphenol 1 /O 170 / 0 Not Listed 
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Table 4.22.1 
Zone H Grid-Based Soil Samples 

Organic Compounds in Soil (in pglkg) 

Range of Concentrations 
Number of Detections for Detections Risk-Based 
(Upper IntervalILower (Wpper Intewai/Lower Screening 

Compound Name Interval) Interval) Leveh 

Semivolatiie Organic Compounds (I54 Santples Collected - 96 Upper Interval Samples, 58 Lower lnterwrI 
Samples, 10 Samples Duplicated) 

2-Chlorophenol 110 160 10 39,000 

Chrysene 1813 50-1.700 / 140-580 88,000 

Fluoranthene 2515 ' 50.7-3.245 1 130-1,400 310,000 

Fluorene 7 I2 100-4,500 1 120-190 3 10,000 

Naphthalene 410 110-7,500 / 0 310,000 

Phenanthrene 1713 86-2,900 I 350-1,200 310,000 

Phenol I I 0  160 1 0 4,700,000 

Pyrene 2514 45.8-2,940 1 120-1,100 230,000 

Pesticides (154 Samples Collected - 96 Upper Inlerval Samples, 54 Lower Interval Samples, I 0  Samples 
Duplicated) 

Chlorobenzilate 110 124 / 0 2,400 

(alpha 4- 

gamma) 

Dieldrin 5/1 4-300 1 8 40 
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Table 4.22.1 
Zone H Grid-Based Soil Samples 

Organic Compounds in Soil (in pglkg) 

Range of Concentrations 
Number of Detections for Detections Risk-Based 
(Upper Intervalnower (Upper IntervaiILower Screening 

Compound Name Interval) Interval) Levels 

Pesticides (IS4 Samples Collected - 96 Upper I n t e n d  Samples, 54 Lower Interval Samples, f 0 Santptes 
Duplicated) - 
Endosulfan I 210 4-31 1 0  47.000 

Endosulfan sulfate 110 9 1 0  47,000 

Endrin 3 I0 2.2 I 84.8 2,300 

Endrin aldehyde 31 1 5-100 1 7  2,300 

Reptachlor 21 1 1.3-2 / 11 140 

Heptachlor epoxide 61 1 2-9 1 5 70 

Kepone 110 151 / 0 35 

Polychlorinated Biphenyls (154 Samples Collected - 96 Upper Interval Samples, 58 Lower Interval 
Samples, 10 Samples Duplicated) 

Aroclor- 1254 3 I0 35-240 I 0 83 

Petroleum Hydrocarbons (10 Samples Duplicated - 9 Upper Interval Samples, 1 Lower Interval Samples) 

Total Petroleum Hydrocarbons 210 72-220 / 0 Not Listed 

Herbicides (10 Duplicate Analyses - 9 Upper interval Samples, 1 Lower Interval Samples) 

Organophosphate Pesticides (10 Duplicafe Analyses - 9 Upper lnterval Samples, I Lower b t e w a l  
Samples) 

No organophosphate pesticides detected. 

Dioxins (LO Duplicate Analyses - 9 Upper lnterval Samples, I Lower Interval Samples) 

Total TEQ Values 91 1 0.79-14.25 pglg (upper) 1 ,O00 ~ g f g  
0.76-0.76 pgfg (lower) 
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Table 4.22.2 
Zone H Grid-Based Soil Samples 

Inorganic Elements in Soil (in rnglkg) 

Number of Analyses Number of Detections Range of Concentrations Risk-Based U P P ~  
Inorganic (upper intervaUlower (upper intervaUlower for Detections Screening Tolerance Limit 
Elements interval) interval) (upper intervalllower interval) Level of Background(c3 

Aluminum(* 96/58 96/58 1,090-32,700 798-45.300 7,900 25,310/46,180 

Iron(=) 96/58 96/58 695-38.800 1.210-54,300 Not Listed 30,910/66.170 

Lead 96/58 82/45 f 3-172 2.1-39.4 400 118168.69 

Nickel 

Potassium~*) 

86/49 0.63-91.8 0.74-78.3 160 33.38129.90 

79/49 65-2.960 60. I-2,800 Not Listed Nutria*) 

Silver 96/58 211 0.55-0.74 1.7 39 Not Valido 

ScdiunW 96/58 

Thallium 96/58 

Antimony 

Arsemc 

Barium 

Beryllium 9615 8 

Cadmium 96/58 

Cobalt 96/58 

94156 10.2-1,660 11,3-2,110 Not Listed Nutnentto~ 

1019 0.07-1 . I  0.36-1.9 0.63 0.6311.3 

614 1.1-2.2 1.5-19.4 3.1 Not Valid(@) 

85/54 0.64-18.4 0.78-136 0.37 14.81135.52 

85142 3-6-72.8 2.4-59.9 550 40.33i43.80 

C O P W  96/58 81/46 0.94-126 0.53-34.5 290 27.613 1.62 

Vanad~um 96/58 95/58 4.1-74 8 2.7-103 55 77.381131.6 

Zinc %I58 88/51 5-431 1.8-233 2,300 214.3/12%6 

Selemum 96/58 27/22 0.14-2.6 0.36-3.9 39 2.012.7 

Mercury 96/58 69/33 0.02-3.8 0.02-1.3 2.3 0.485/,74 

Magnes~umc=l 96/58 96/58 13 1-7,850 79.6-12.700 Not L~sted 9,59219,179 

Manganese@) 96/58 96/58 5.3-1.200 5.6-966 39 636.411,412 

Calc~um 96/58 96158 169-333,000 346-320.000 Not Listed Numenfie) 

%/5B 95/58 Chromium 3.4-1 14 2.9-95.2 39 85.65183.86 

Notes: 
= Elements hat  are not mcluded in both SW-846 and Appendix IX methods. 

(h) = Included in duplicate sample analyses only. 
lcl = See Appendix J for UTL determination. 
id) = Number of nondetections prevented deanninatlon of UTLs. 
re)  = Elements considered to be numenu: therefore, UTL was not determined. 
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Table 4.22.3 
Grid (GDH) Locations 

Organic Compounds in Shallow Groundwater bg/L) 

Round 1: 11 Samples Colleeted,3 Samples Duplicated 
Round 2: 11 Samples Collected, 1 Sample Duplicated 

Range of Risk-Based Max. 
Sampling Number of  Concentrations for Screening Contam. 

Compound Name(.) Round Detections Detections Level Level 

Volatile Organic Compounds (Round 1: 11 Samples Collected, 3 Samples Duplicated) 
(Round 2: 3 Samples Collected, 1 Sample Duplicated) 

Acetone 1 1 23 370 Not Listed 
2 0 -* 

Carbon disulfide 

Toluene 

2.1 Not Listed 

Semivolatile Organic Compounds (Round 1: 11 Samples Collected, 3 Samples Duplicated) 
(Round 2: 7 Samples Collected, 1 Samph Duplicated) 

Acenaphthene 

Naphthalene 

1 1 3.8 220 Not Listed 
2 1 3.6 

150 Not Listed 

- - 

Herbicides (Round 1: 3 Samples Duplicated) 
Wound 2: 1 Sample ColIected) 

1 -- No Analysis Not Listed Not Listed 

2 1 86 

Pesticides (Round I: I1 Sampfes Collected, 3 Samples Duplicated) 
(Round 2: 2 Samples Collected) 

No pesticides detected. 

Palyrhlorinated Biphenyls (Round 1: 11 Samples Collected, 3 Samples Duplicated) 

No PCBs detected. 

Organophosphate Pesticides (Round 1: 3 Samples Duplicated) 

No organophosphate pesticides detected. 

No TPH detected. 

Dioxin (Round 1: 3 Samples DupUcated) 

No dioxins detected. 

Note: 
car = Only compounds with detections are iisted. 
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Table 4.22.4 
Grid (GDH) Locations 

Organic Compounds in Deep Groundwater @g/L) 

Round 1: 11 Samples Collected, 1 Sample Duplicated 
Round 2: 11 Samples Collected, 2 Samples Duplcated 

Range of Risk-Based Max. 
Sampling Number of Concentrations for Screening Contam. 

Compound Name(.) Round Detections Detections Levels Levels 

Volatile Organic Compounds (Round 1: 11 Samples Collected, 1 Sampke Dupticated) 
(Round 2: 2 Samples Collected, 1 Sample Duplicated) 

Acetone 370 Not Listed 

Benzene 

Methylene chloride 

Toluene 

Semivolatile Organic Compounds (Round I: 11 Samples C o k t e d ,  1 Sample Duplicated) 
(Round 2: 7 Samples Collected, 2 Samples Duplicated) 

1 1 2.6 370 Not Listed 
2 2 2.4-2.7 

73 Not Listed 

73 Not Listed 

BEHP 

1 80 Not Listed 

Naphthalene 1 1 17 150 Not Listed 
2 1 24 

Pesficides (Round 1: 11 Samples Collected, 1 Sample Duplicated) 
(Round 2: 1 Sample Collected, 0 Samples Duplicated) 

4,4-DDT 1 1 0.06 0.2 Not Listed 
2 0 -. 
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Table 4.22.4 
Grid (GDH) Locations 

Organic Compounds in Deep Groundwater (tcglL) 

Round 1: 11 Samples Collected, 1 Sample Duplicated 
Round 2: 11 Samples Collected, 2 Samples Duplicated 

Range of Risk-Based Max. 
Sampling Number of Concentrations for Screening Contam. 

Compound Name(" Round Detections Detections Levels Levels 
-- 

Herbicides (Round 1: i ~ e r n ~ l e  Duplicated) 

No herbicides detected. 

Total Petroleum Hydrocarbons (Round I: 1 Sample Collected) 

No TPH detected. 

Note: 
(21 = Only compounds with detections are listed. 
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Table 4.22.5 
Grid (GDH) Locations 

Inorganic Chemicals in Shallow Groundwater hglL) 

Round I: 11 Samples CoUected, 3 Samples Duplicated 
Round 2: 11 Samples Collected, 1 Sample Duplicated 

Upper 
Range of Risk-Based Tolerance Limit Max. 

Chemical Sampling Number of Concentrations Screening of Contam. 
Narne(a) Round Detections for Detections Level Backgroundo Level 

Aluminurn(c) 1 1 125 3,700 Not Valid Not Listed 
2 2 162.2-49 1 

Arsenic 

Barium 

Iron 

Lead 

Magnesium 1 
2 

Manganese I 
2 

Selenium 

I 1  55,500-720,000 Not Listed Nutrient Not Listed 
10 59.000-659.000 

1 2.4 220 Not Valid Not Listed 
0 -- 
9 490-28.000 Not Listed 45,760 Not Listed 
11 432.5-28.700 

6 1.1-3.2 15(eJ 4.7 I SW 
0 

11 10,000- Not Listed 3,866,000 Not Listed 
11 1,090,000 

12.950-978.000 

10 19.2-4,570 18 3,991 Not Listed 
11 16.6-3,190 

1 20.7 73 Not Valid 100 
0 -- 

11 5,010-297,000 Not Listed Nutrient Not Listed 
1 1  5,905-239,000 

11 18,700- Not Listed Nutrient Not Listed 
10 8,590,000 

26.800- 
7,330,000 

Thallium 1 3 1.9-105 0.29(0 7.66 2 
2 0 -- 
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Table 4.22.5 
Grid (GDH) hcations 

Inorganic Chemicals in Shallow Groundwater @glL) 

Round 1: 11 Samples Collected, 3 Samples Duplicated 
Round 2: 11 Samples Collected, 1 Sample Duplicated 

Upper 
Range of Risk-Based Tolerance Limit Max. 

Chemical Sampling Number of Concentrations Screening of Contam. 
Name(" Round Detections for Detections Level Background@) Level 

Vanadium@) 1 I 7.6 26 Not Valid Not Listad 
2 0 .- 

Zinc(~) 1 0 -- 1.100 Not Valid Not Listed 
2 I 6.6 

Hexavalent 1 -- Not Detected 
Chrom~um 2 -- No Analysis 

Cyanide 
2 -- No Analysis 

Notes: 
1.) = Only elements with detections are listed. Hexavalent chromium and cyanide are separate analyses. 
Ih) = See Appendix J for UTL determinations. 
[L) = High percentage of nondetects prevented determination of UTL. 
id) = Element considered to be a nutrient; therefore, UTL was not determined. 
re) = Based on treatment technique AL. 

= Thallium carbonate used as surrogate. 
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Tabk 4.22.6 
Grid (GDH) Locations 

Inorganic Chemicals in Deep Groundwater bg/L) 

Round 1: 11 Samples Collected, 1 Sample Duplicated 
Round 2: 11 Samples Collected, 2 Samples Duplicated 

Upper 
Range of Risk-Based Tolerance Max. 

Chemical Sampling Number of Concentrations Screening Limit of Contam. 
Namerd Round Detections for Detections Level Background(" Level 

Aluminum I 3 16.1-207 3,700 723 Not Listed 
2 1 745 

Antimony") I 0 -- 1.5 Not Valid 6 
2 2 1 1  5-1 1.5 

Arsenic 

Bar~um 

Cadrniumm I 1 2.6 1.8 Not Valid 5 
2 4 1.5-2.4 

Cal~iurn(~~ 1 I 1  92,900-2 13.000 Not Listed Nutrient Not L~sted 
2 1 I 7,650-228.000 

Cobalt 

Lead 

Magnesium 

Manganese 

18 Not Vafid 100 

2 2.6-3.0 220 3.17 Not Listed 
0 -* 

9 528-6,470 Not Listed 8,787 Not Listed 
9 3564,280 

11 629,000- Not Listed 1 .I 14,000 Not Listed 
11 943,000 

1,290-1,130,000 

10 12.2-555 18 776.2 Not L~sted 
1 1  3.2-821 

1 12.8 73 Not Valid 100 
0 -- 



Final RCRA Facility Investigation Report for Zone H 
NA VBASE Charleston 
Section 4: Nature of Contamination 
July 5, I996 

Table 4.22.6 
Grid (GDH) Locations 

Inorganic Chemicals in Deep Groundwater @g/L) 

Round 1: 11 Samples Collected, 1 Sample Duplicated 
Round 2: 11 Samples Collected, 2 Samples Duplicated 

Upper 
Range of Risk-Based Tolerance Max. 

Chemical Sampling Number of Concentrations Screening Limit of Contam. 
Name(*) Round Detections for Detections Level Background(b) Level 

Potassium(~' 1 1 1 143,009- Not Listed Nutrient Not Listed 

Selenium 1 4 0.9-1.4 18 2.1 50 
2 0 -- 

Vanadium 

1 11 5,040,000- Not Listed Nutrient Not Listed 
2 11 6,810,000 

1,360,000- 
7,640,000 

Hexavalent 1 
Chromium 2 

Cyanide 1 

Not Detected 
No Analysis 

Not Detected 
No Analysis 

0.29(0 Not Valid 2 

26 9.29 Not Listed 

1,100 Not Valid Not Listed 

Notes: 
a )  = Only elements with detections are listed. Hexavalent chromium and cyanide are separate analyses. 
(h) = See Appendix J for UTL determinations. 
(c) = High percentage of nondetects prevented determination of UTL. 
(d) = Element considered to be a nutrient; therefore, UTL was not determined. 
lc )  = Based on treatment technique AL. 
tn = Thallium carbonate used as surrogate. 
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4.23 Other Impacted Areas 

Other Impacted Areas (OZAs) represent two areas where the grid-based soil samples contained 

significantly high concentrations of various compounds. One of these areas was the area where 

GDHSBOO7 and GDHSB038 samples were collected. This area is referred to as OIA GO7 and 

G38, based on the identifications of the grid-based soil samples. The second area was in the 

vicinity of sample location GDHSB080. This area is referred to as OIA G80. 

Two of the upper-interval grid-based soil samples contained concentrations of Aroclor-1260 that 

were significantly higher than the RBSL of 83 pg/kg for that PCB compound (Figure 4.23.1). 

Soil samples GDHSB00701 and GDHSB03801 contained 2600 and 4000 pglkg of Aroclor-1260, 

respectively. The GDWSB038 sample from the second interval also contained Aroclor-1260 at 

290 pglkg. Analytical results for supplemental samples collected near these grid-based sample 

locations identified Aroclor-1260 in the lower-interval sample at location G38SB001(160 pglkg), 

the upper-interval sample at location G38SE3003 (1,100 pg/kg), and the upper interval sample 

at location G07SB001 (970 pglkg). Table 4.23.1 summarizes the PCB data for the two grid 

locations and the supplemental sample locations. Appendix N contains a complete report of 

analytical data for soil samples collected in the vicinity of sample locations GDHSB007 and 

GDHSB038. 

During the construction of monitoring well NBCHGDH04D (Figure 4.23.2), a piece of treated 

timber (possibly old piling) was removed from the borehole at approximately 7 feet below 

ground surface. Due to the apparent contamination of the soil and other accompanying matter, 

a soil sample (GDHSWMDO7) was collected and submitted for the standard suite of analyses. 

The results of this soil sample analysis reflected significant quantities of SVOCs. Two 

grid-based soil samples (one upper-interval and one lower-interval) were collected from the 

GDHSBOSO sample location (at the monitoring well location) after the grid-based wells were 

installed and before the analytical results for the soil sample collected during well construction 

were received. Upon receipt of the analytical results for the soil sample from the monitoring 
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well, eight supplemental soil samples (four upper-interval and four lower-interval) were collected 

from locations G80SB001, G80SB002, G80SB003, and G80SB004. The analytical results for 

the grid-based soil samples collected at GDHSB080 and the supplemental soil sample locations 

did not reflect the degree of contamination detected in the monitoring well soil sample. 

Analytical results for the groundwater samples collected from the two grid-based monitoring 

wells also did not reflect the degree of contamination detected in the monitoring well soil 

sample. Table 4.23.2 lists the results of sample analysis for samples collected near monitoring 

well NBCHGDH04D. Appendix N contains a complete report of analytical data for soil samples 

collected in the vicinity of monitoring well NBCHGDW04D. 
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Table 4.23.1 
Area of GDHSB007 and GDHSB038 Soil Sample Locations 

PCBs in Soil (in pg/kg)(.) 

Number of Samples Number of Range of 
Analyzed Detections Concentrations (1st 

(1st intewall2nd (1st intewal/Znd interval/Znd Risk-Based 

Aroclor- 1260 7 17 412 970/4,000/ 83 
160-290 

Note: 
(a) = Includes data for samples collected at locations GDHSB007 and GDWSB038. 

Table 4.23.2 
Area of NBCHGDH04D 

SVOCs in Soil (pglkg) and Groundwater (pglL) 

Risk- 
No. of Analyses No. of Detections Based 
(1st intervall2nd (1st intervall2nd Range of Screening 

Concentrations Levels 

The following are SVOC data from soil samples collected in the immediate vicinity of the monitoring 
well where the contaminated timber sample was collected. 

Phenanthrene 5/5 311 140-4301460 310,000 

Anthracene 5 I5 21 1 90-94174 2,300,000 

Fluoranthene 5/5 3/1 210-5 101490 3 10,000 

Chrysene 5 / 5  3/1 85-2301200 88,000 

Benzo(k) fluoranthene 5/5 2/ 110-140/0 8,800 
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Table 4.23.2 
Area of NBCI~GUHO~D 

SVOCs in Soil (pg lkg)  and Groundwater (pglL) 

Risk- 
No. of Analyses No. of Det*ions Based 
(1st intewall2nd (1st intmalnsp 

0?. 

R a q C  of Screening 
Corn-0 - interval) i-al) .: Dct$rations =.. , Levels 

, + +  'V>iT%-"Jh4-=.%. -: .q - - ' .  ' - ,  
F ,  

 he following i&wt svocs present in the shs~low W&I;aiPtg S ~ ~ ~ M ~ ~ . ~ ~ @ W H G D H O O ~ .  
% " ,  - 3' 

2.4-Dimethylphenol 1 1 15, 73 
CI - . -.' 

The ' f o l ~ ~ ~ i &  ieflect SVQCs detected in the soil sampfq~~&e&~'fr& 4 7 'f& (;el&:*# s;&k - 
whiledrilling NBCHGDHMD. , , - -  . , 'T  

i - 7 

Acenaphthene 1 I 500,000 4 7 0 ~ 4 ~ 1  

Dibenzofuran 

Fluorene 

Phenanthrene 1 1 630,000 310,000 

Anthracene 1 1 190.QWl 2,300,000 

Fluoranthene 1 1 620,OQO 310,000 

Pyrene 1 1 430,006 230;OOO 

Naphthalene 
7 ;  , b  
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