UCRL-AR-113860

@ Lawrence Livermore National Laboratory Department of Energy @
University of California Oakland Operations Office
Livermore, California 94551 Oakland, California 94612

Final Feasibility Study for the
General Services Area Operable Unit
Lawrence Livermore National

Laboratory Site 300

L. Rueth*
T. Berry*

Authors

E. Brogna* R. Landgraf
T. Carlsen M. Maley*
G. Caviness* B. McDowell
R. Devany* P. McNeel*
L. Green-Horner* D, Scott*

L. Hall

Technical Contributors

C. Atwood* D. MacQueen
S. Chamberlain V. Madrid*
E. Espeland** J. Martin*

R. Ferry* S. Martins

J. Gardner* E. Nichols*

S. Gregory P. Ottesen

B. Jakub* P. Webster-Scholten

A. Lamarre J. Wolf*
October 1995

*Weiss Associates, Emeryville, California
*#¥ Jobs Plus, Livermore, California

Environmental Restoration Division

@ Environmental Protection Department



Work performed under the auspices of the U. S. Department of Energy by Lawrence Livermore National Laboratory
under Contract W-7405-Eng-48.



UCRL-AR-113860

Final Feasibility Study for the
General Services Area Operable Unit
Lawrence Livermore National

Laboratory Site 300

L. Rueth*
T. Berry*
Authors
E. Brogna* R. Landgraf
T. Carlsen M. Maley*
G. Caviness* B. McDowell
R. Devany* P. McNeel*
L. Green-Horner* D. Scott*
L. Hall
Technical Contributors

C. Atwood* D. MacQueen
S. Chamberlain V. Madrid*
E. Espeland** J. Martin*
R. Ferry* S. Martins
J. Gardner¥* E. Nichols*
S. Gregory P. Ottesen
B. Jakub* P. Webster-Scholten
A. Lamarre J. Wolf*

October 1995

*Weiss Associates, Emeryville, California
#% Jobs Plus, Livermore, California

Environmental Protection Department
Environmental Restoration Division




UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

Acknowledgments

A number of dedicated individuals have contributed to the Feasibility Study for the General Services
Area (GSA) Operable Unit. The Environmental Restoration Division would like to thank the following
individuals for the dedication, expertise, and hard work that made the project successful.

G. Cannon S. Markow
J. Cunningham M. Meamber
L. daRosa J. Orloff

R. Depue G. Santucci
J. Doggett J. Sprinkle
L. Dravidzius R. Stanley
B. Edwards R. Strawser
T. Finnigan J. Tanaka

J. Greci K. Ulatowski
S. Haera K. Walter

C. Justin



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300

Certification

I certify that the work presented in this report was performed under my
supervision. To the best of my knowledge, the data contained herein are true and
accurate, and the work was performed in accordance with professional standards.

Ll - 2 L amane 10/))/95

Albert L. Lamarre Date
California Registered Geologist

No. 4133

License expires: June 30, 1998

1995



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

EXECUtiVe SUMMATY w..voeeeeeeeeeeeeeessseeseeseeeeeeee e iiiesens I IR N EX-1
1. Introduction..........coeeveneuene.. rebunssstesieamassesssens s denibieine s T e seeees 1-1
1.1. Purpose......cccccocuenaerenrnennn SR UTRURUUDTOURIPRY. - U EC Vel ol o CTURRIE = O SO O 1-1
.1.2. Background......... Ceid i RETO R ERIRIRN (SRR LS00 2 R 1L KOO TR E Lt o PSR S 1-2
1.2.1. Description of Site 300 ........cccceceereerrnenne. s iidiiseenriieasane 1-3

1.2.2. Site 300 HiStOTY ....ceeeereenrecreceeraeenrerreneereenees B El it eesanatdeshidaessenorsaese 1-4

1.2.3. Corrective Actions and Facility Upgrades ............cccoeeeeeveviineicienceeeeeeeeeeeeenn. 1-4

1.2.4. Site 300 Geology ................ eoilusisivvensis VRIS B0 123 O YOROR U 1-6

1.2.5. Site 300 Hydrogeology .......c.cccevververvennen. cesdiviaeete e b L T e e ese e .1-8

1.3. GSA Background............ ceencer et eseeaesnaenne RRRRRRO cessntsantssistetebitisssesasisnsiitanssenres .1-10
1.3.1. DESCHPHON Of the GSA wevvereerreseeee e eoees oo 1-10

1.3.2. GSA History.......... cresitnasesseesasanesaensssbtbunsus it e sbesinstansiitbabs st sbbr b aasiseteasnnannenasn 1-10

1.3.3. GSA GEOIOZY ...eeieuieeniiieniinieieeiesesesasseneesessesesesessssesess st ensnsseseseseoseseneneenn 1-11

1.3.4. GSA HydrOZEOIOZY .....ccevrteueuerirrnreinenintereestese et etesesessesesesseses et seseeseeeeeneens 1-12

1.3.5. Beneficial Uses Of Ground Water ............cccueveueeerieiienitinieneeeecreseeeeseenesesenes 1-17

1.4. Nature and Extent of Contamination ...................... SR AR S e ceiisieseiesisidseaenin 1-19
1.4.1. Chemical Use .......ccccceerereerererrnrennnen. ARG Sriedinilt RPN IR A0 SOOI KO 1-19

1.4.2. Chemical Releases ................... bttt bttt et ee s es et ea et et en s e et eseaeaenene 1-19

1.4.3. Nature and Extent of Contamination in Soil Vapor............ccccoeeeueeeeenenc.. . 1-20

1.4.4. Nature and Extent of Contamination in Air............coeceeeeeviveneireieeeeeeeeenenene. 1-21

1.4.5. Nature and Extent of Contamination in Surface Water ...........c.oocoeeevereeuenene.. 1-22

1.4.6. Nature and Extent of Contamination in Soil and Rock ...............ooovvvoeoooooon. 1-22

1.4.7. Nature and Extent of Contamination in Ground Water ..............ccoeooevuernn..... 1-23

1.4.8. Ongoing Remedial Actions................ ettt et et eate e e besbae e s 1-26

1.5. Contaminant Fate and TranSport .................. e et e e saaes et reas 1-27
1.5.1. Atmospheric Fate and Transport.................. creeeeneenaeens et 1-28

1.5.2. Contaminant Fate and Transport in Ground Water............ccc.o.ovvievemeeceennnen. 1-29

1.5.3. Estimation of Ecological Exposure-Point Concentrations..................ccooo....... 1-32

1.6. Risk Assessment ..........cccceereuenee. ettt ettt s cerereeteseeneneesesaseenenenesees 1733
1.6.1. Baseline Human Health ASSESSMENL.........cceeiievereriiereeeeieeceie et eseaenees 1-33

Table of Contents



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

Air ....... ettt et s snesaassanesanesnans ettt et e et e s e e snte e sean st besnsaannnee ..1-34

1.6.3. Summary of Human Health Risk ASSESSMENT ......c.ccvovivivieeeeeneereeeeeeeeceneenns 1-35

1.6.4. Ecological ASSESSINENL......c.cceerereeerererererereseseseseesese e sesesssssscssaescseseseseses 1-36

2. Remedial Action Objectives ....... sessenseassssnsnssnssasesasnrensseseas tnsresebassnsesasassliis Hinnssasannasnsnrans 2-1
2.1. Identification of Applicable or Relevant and Appropriate Requirements ......... - w.2-1
2.2. Chemical-Specific ARARS ............cccrmruncmnnce. Soniodintesaadonesias cerrnsns s 27 1
2.2.1. Risk-Based REQUITEMENLS .......cc.oveveveeruererinirnriiere oo ee e eteseseseseses e 2-1
2.2.2. Federal and State ARARSs ......... eresitinassaseneiitbusesanassesasessasistsosaranenantesnressesnesnres 2-2
2.2.3. Preliminary Remediation Levels..........c.ccccveveieriuivecnen. reseideiesansisnsssanasnsnasaanes 2-3

2.3. Location-Specific ARARs ................. eassassesesianindiiine Sivddnieiisasee i snitiislonsnniessnnianassasarense 2-4
2.3.1. Faults.......... ceeeens cteeeresstnsnessussureraesssissssantasstsesssansnsanaaeesiis b Wibasesadinsenneessensssnses 2-4
2.3.2. Wildem;ss Areas, Wildlife Refuges, and Scenic Rivers ..........oceveeeevueevennne.. 2-4
2.3.3. Floodplains and Wetlands..........c.c.coooveveeveirnenenneneennene. sevesEesbissnasesasonnsenassnaasnenn 2-4
2.3.4. Historical Sites and Archaeological Findings ..............ccocoeveveieeeeereeeeeeeeeennn. 2-5
2.3.5. Rare, Threatened, or Endangered SPECi€s .........c.oouiicveieeeieeeeeeeeeeeeeeeeeneenns 2-5

2.4. Action-Specific ARARS.........cueeeereeervreinncnne Gh s bt seiasesiess sansanannibitivacennesnte ceeeeeeaeens 2-5
2.5. Remedial Action ODJECHVES .........eeneeemmeeeereeesrsrerereenne eobediasonidens Sheddvise i idi Jossessassasssrons 2-6

3. Evaluation and Screening of General Response Actions and Remedial Action
Technologies .........ccccoenne. reeetereerennens et reereereneteaes veeeerenne vt creeeteens wer3-1
3.1. Overview and Evaluation of SCreening PrOCESS .........cccvevevueuereeeeeeeereeeeeeeeerereseseresees 3-1
3.2. General RESPONSE ACHONS ......cveueuereuerererereeeereiseseeesesesesesesesseseseseseeeneesessssesssssesesens 3-1
B2 NOACHON oo eees e oo seese s e 3.2
3.2.2. AdminiStrative CONMTOLS .......cueeoreierereriieieeieeerce et ee st ee e se e e eses 3-2
3.2.3. Containment ........ccoceevereevereererieenennn. ettt e e et e e st e e eb e e e e abessaeae et 3-2
3.2.4. Extraction/Excavation with Treatment and Disposal.............c.ccccoeevererereennnee. 3-2
3.3. Evaluation and Screening of Remedial Technologies and Process |

Options.......... CetesesteeritieenanenstessrstesaessateRaser bt s b s e b e e s S aa st as Rr e s ae e sbasebettasanssrbasessanessaensnn 3-3
3.3.1. NO ACHOMN ..ttt ettt er ettt ee st seseaes .33
3.3.2. Administrative Controls................... ettt 3-4
3.3.3. Containment.............. e bt st sa e e s e tesb et e s bassaens et aes 3-4

1.6.2. Adult On-Site Exposures in the GSA—Estimates of Risk and
Hazard Based on Direct Measurements of VOC Flux from Soil to

3.3.4. Extraction/Excavation.............. teteeeereaeeeeeeiebtreaeoe e ———aeee e e nneaeaeeeaatataeaaanrreaes 3-4

ii



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

3.3.5. Treatment ......ccceceeveecrecenenane eresaseeis beiassiEiiestnesansiraisnnesnisbisdanterasansessaisssaseananene 3-5
3.3.6. Disposal................ ceenees ceeeete bttt et sa et e ettt e e et e e e e e e e st assaansesnnaanes .37
3.4. Innovative Technologies .................... ceiiesissisastastsentesatnansasianarerssnes ceeereeeteeteeaeeraentaenrans 3-8
3.5. Summary of Retained TEChNOIOZIES .......cceeueeeerreeerrerntenienrieneeeeeeeseeeeerseeeeaeesee e ennenns 3-8
4. Description of Remedial Alternatives........... eeeeteet et et et et et e e e aeteen s e enseerseentessaeanaans !
4.1. Alternative 1—No Action............... eevaer bbb sttt s a sttt et eae 4-2
4.1.1. Ground Water Monitoring ....... ettt sa e eaaene coneerrenssse s 43
4.1.2. AQMENISIAVE CONMOLS ..vvvvrrrceereeereseeeeenssssnesessesssnssoese oo seeeeseee s 43
4.1.3. Ecological RESOUICE SUIVEYS......coceceruerenrerieierenrerereniereseeesesseresesesessenessenssenes 4-4
4.2. Alternative 2—Exposure Control ............. reete et erteenteenaesraene et 4-4
4.2.1. Connolly Property Water Supply Replacement................ ettt 4-5
4.2.2. Contingency Point-of-Use Treatment at Well SR-1 ........ccoceeieveiiniceienrennene. 4-5
4.2.3. Ground Water Monitoring .......... veeereneenaas ettt st sa e e se e sa e sr et e e e seannas 4-6
4.3. Alternative 3—Ground Water and Vadose Zone Remediation ............ccccocvevereenennene. 4-6
4.3.1. Alternative 3a—Remediation and Protection of the Tnbs1
Regional Aquifer........cccoceecveneennnne ettt et sttt ea et et ee e et et eu bt este s e eaennen 4-6
4.3.2. Alternative 3b—Ground Water Plume Remediation ..................... oo eeae e 4-13
5. Detailed Evaluation of Remedial Alternatives.................... ceerenneaens et er et 5-1
5.1. Criteria and Evaluation Process ......... RSO e i el el e st s anssnnassanrasene 5-1
5.1.1. Overall Protection of Human Health and the Environment.................cc.cc........ 5-1
5.1.2. Compliance with ARARS.......cccccerervenienrencenrienrenenieinenens ceeeertesreeteereeseeaenanas 5-1
5.1.3. Long-Term Effectiveness and Permanence ............ccoceeeeeveveeeecieceneneeieneeenennas 5-1
5.1.4. Reduction of Toxicity, Mobility, or VOIUME ..........ccocevreerevienrireeerireecreeneenns 5-2
5.1.5. Short-Term EffECHVENESS ......ccoceevirieieiiniiienieieeeteeeetetesteeteecete e eseebeeereeeenens 52
5.1.6. IMPlEmMEntability ......ooovvvveeeeeeeeeesesssseseseeeeeeee oo RS T e 5-2
5.1.7. Cost ccvreereerennnnnen. ettt ettt ettt e a e st ea e et ea e et e et e beeb e et e sessa st ensesaentans 5-2
5.1.8. State ACCEPLANCE .....ccvevueieuierenteieerientestetetestetentaraessasaeseeseesessessassasasssessns e d-2
5.1.9. Community ACCEPLANCE .........eveveverrererenererennesesseraeeseesesenas ettt 5-2
5.2. Detailed Analysis of Remedial AItErNativVes ........ccceeeeeeevueerieieeienrieeeieereee e eveenes 5-2
5.2.1. Evaluation of Alternative 1—NO ACHON .....ccecevueeeniirierieiececrieecreie e 5-3
5.2.2. Evaluation of Alternative 2—ExXposure COntrol...........cccccueeveeeevenreereereenvennens. 5-5

5.2.3. Evaluation of Alternative 3—Ground Water and Vadose Zone
Remediation ........ccccceeeveennne Gikiesefieds coresusoneess cosisiisisnesiins pisonseessassrtesiieidesseesssese 5-6

iii



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

Regional Aquifer........cccccceeunue. ettt ettt st sa et e aesnte st e se st ae s ansaenaennans 5-7
5.2.5. Alternative 3b—Ground Water Plume Remediation ...............o.oceeueeeeereerenenn.. 5-9
5.3. Comparative Evaluation of Remedial AIernatives ...........c.coeueeeeiieniereeiereneeeeeeenenenns 5-11
5.3.1. Overall Protection of Human Health and the Environment............................ 5-11
5.3.2. Compliance with ARARS.......cccceververrrenene reereeeeteetae e e errensan e enaantas SR 5-12
5.3.3. Long-Term Effectiveness and Permanence .......... ceresasesstessssentisstssassnsenaeanarns 5-13
5.3.4. Reduction of Toxicity, Mobility, or Volume ............ stassorasensessesensissanes reerens 5-13
5.3.5. Short-Term EffECVENESS ......cccccceerrrereereiereneneereinieeeeeeeesi e esescs e 5-13
5.3.6. Implementability .........c.cocererurureererenreneneniiieieie e ee ettt et s s 5-14
5.3.7. Cost .eeeeeeirreiraenanns sestsstssatesatsnatsanesstosssestassraesiesnsasasaditsasarennasanss reeereenaeeaeeaenaaes 5-14
6. Environmental CONSIAETations ..........cceceeeerereereserresassessesessesensesessesessssssences ceenrene Siastsensssnnrss 6-1
6.1. Introduction...................... teerraaeeeesesssneeeesennaeeeeesnnataeans penesusseogiesssaanasesssnsasesessnssresessenaas 6-1
6.2. Relationship of the Proposed Remedial Alternatives to Other Activities
At LLNL. ..ottt OSSO RORRRR OO 6-1
6.3. Environmental Setting and Potentially Affected BAVITONMENL ........eveeeeeereresssesssesress, 6-2
6.3.1. Land Use and Socioeconomics ............ vssersavicesssenstsonssentas sopesnrssessasinsiassseassentann 6-2
6.3.2. Vegetation, Wildlife, and Sensitive Species ......... vesssinaenmnsnmpenasians idpessesansanasnnses 6-3
6.3.3. Air Quality .....cccceovevereerenrerrerenennens Cheerestetenasenae e e tastaataaneraentansans ssssersasensneions 6-6
6.3.4. Noise and Traffic .................... fuosssnessassasinbasessetsesesasaritnisassstssaizeseniiansstennsasteasans 6-6
6.3.5. Aesthetics............ e et e 6-7
6.3.6. Floodplains and Wetlands ...........cccecueeeeeeenieiienieeeeceiee et evesee 6-7
6.3.7. Cultural Resources............... ceeeenenes raseasaniensesasiss fsnsesnsrapenssinassisssassesiansessaeannanes 6-8
6.4. Potential Environmental Impacts of the Remedial Alternatives.............ccoceeveevueenee. 6-9
6.4.1. Alternative 1........ccceeueenennee. seeesasesessansnassaeessessttssensaseareasrisentestassnissunarsresessnase 6-9
6.4.2. Alternative 2........ccceeeerrennenne. erereestesesssistsentsnseneaasaras s ensaspratensaesnessassassrenrons 6-11
6.4.3. ANEINALIVE 3...cooiiiiiiiiiiicciee ettt et et seae e e sa et es s e es et ssase et s s 6-12
6.5. Potential Accidents ............. ettt e et ettt s sttt e s e sh e e aste st ae st e teerbentanaeessansan 6-18
6.5.1. Accidental Pipeline RUPLUTE SCENATIO -.rvvvvveroessseseecoeeeeeeeosooe oo 6-19
6.5.2. Potential Impacts of the Scenario.......... sapssssesnissntenasestesensosassetosessestsitsssasanaeane 6-19
6.6. Cumulative Impacts .............. ettt ae et et sa e st et enees 6-20
6.6.1. Cumulative Impacts to Human Health.............ccccccueccvcninnnncnncninccniennnnns 6-20
6.6.2. Cumulative Impacts to Land Use.........cccceuveeererereereeennnne. reeeeeeeee e e e aaaens 6-21

5.2.4. Alternative 3a—Remediation and Protection of the Tnbs

iv



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995
6.6.3. Cumulative Impacts t0 Air QUAlity .........ccecerererrerererrererereerererererereeserereaennes 6-21
6.6.4. Cumulative Impacts Resulting from Hazardous Waste

GENETALION ...e.eveueeeeneneneceuenieneestenesneestesassensasasassassesessssessesensesesessasenessessnsensans 6-21

6.6.5. Cumulative Impacts t0 Surface Water .........ccccceeuruereeereerenrereneiereesneseresennenes 6-21

REFETENCES ..ottt sese st srenctetesese st st eba e st se s ssessbas s s sess s st assabesenssesesensnsesesenns R-1

List of Figures

Figure 1-1. Loéations of LLNL Main Site and Site 300

Figure 1-2.  Operable units and SWRI study areas at LLNL Site 300

Figure 1-3.  Land use in the vicinity of Site 300

Figure 1-4.  Corrective actions and facility upgrades at LLNL Site 300

Figure 1-5.  Schematic stratigraphy of Site 300

Figure 1-6.  Geologic map of Site 300 area =

Figure 1-7. Map showing principal folds and faults, Site 300

Figure 1-8.  Surface water drainage basins at Site 300

Figure 1-9.  Surface water at Site 300

Figure 1-10. Stratigraphic and hydrologic units within the study areas at Site 300

Figure 1-11.  Site wide hydrogeologic cross sections A-A' and B-B'

Figure 1-12. Potentiometric surface elevation map of major water-bearing units at Site 300

Figure 1-13. Potentiometric surface map of ground water for the Tnbs; regional aquifer in

southeastern Site 300 (December 1991 data)

Figure 1-14.  Ground water supply wells at and within 0.5 mi of Site 300

Figure 1-15. Site map of the GSA and vicinity

Figure 1-16. Geologic map of the GSA and vicinity

Figure 1-17.  Structural contour map of the Tnbs, claystone marker bed in the GSA

Figure 1-18. Hydrogeologic cross section A-A' in the Building 875 dry well area

Figure 1-19. Hydrogeologic cross section B-B' in the central GSA

Figure 1-20. Hydrogeologic cross section C-C' in the GSA

Figure 1-21. Hydrogeologic cross section D-D' in the GSA

Figure 1-22. Surface drainage map of the GSA

Figure 1-23. Topography and spring location map of the GSA and vicinity

Figure 1-24. Central GSA monitor well locations

Figure 1-25. Eastern GSA monitor well locations



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

Figure 1-26. Well completion chart for the central GSA

Figure 1-27. Well completion chart for the eastern GSA

Figure 1-28. Hydrogeologic cross section E-E' in the eastern GSA

Figure 1-29. Lines of hydrogeologic cross sections in the central and eastern GSA

Figure 1-30. Potentiometric surface map of the Qt-Tnsc; hydrologic unit in the central GSA
(3rd quarter 1994 data)

Figure 1-31. Potentiometric surface map of the Tnbs; hydrologic unit below the claystone
marker bed, central and eastern GSA (3rd quarter 1994 data)

Figure 1-32. Potentiometric surface map of the alluvium (Qal) and shallow bedrock (Tnbs;) in
the eastern GSA (3rd quarter 1994 data)

Figure 1-33. Locations of active water-supply wells .

Figure 1-34. Possible chemical release sites in the central GSA

Figure 1-35. Possible chemical release sites in the eastern GSA

Figure 1-36. TCE concentrations in AVI soil vapor point locations north of well W-25N-06,
downstream of Corral Hollow Creek, measured in either October 1988,
June 1989, or July 1989

Figure 1-37. TCE concentrations in AVI soil vapor point locations in the central GSA ,
measured in either October 1988, June 1989, or July 1989

Figure 1-38. TCE concentrations in AVI soil vapor point locations in the eastern GSA,
including portions of the Connolly Ranch, measured in either October 1988,
June 1989, or July 1989 ‘

Figure 1-39. TCE concentrations in AVI soil vapor point locations near Building 875 of the
central GSA, measured in either October 1988, June 1989, or July 1989

Figure 1-40. TCE concentrations in AVI soil vapor point locations near Building 879 in the
central GSA, measured in either October 1988, June 1989, or July 1989

- Figure 1-41. TCE concentrations in A VI soil vapor point locations at the eastern Gallo Ranch
: and the southwestern Connolly Ranch section adjacent to the GSA, measured in

either October 1988, June 1989, or July 1989

Figure 1-42. Passive diffusion TCE soil vapor point location map of the central and
eastern GSA

Figure 1-43. TCE concentrations in passive soil vapor point locations at Gallo Ranch south of
the central GSA

Figure 1-44. 'TCE concentrations in passive soil vapor point locations in the central GSA

Figure 1-45. Soil flux sampling point locations in the eastern and central GSA and the
Building 875 dry well area

Figure 1-46. Maximum TCE concentrations in borehole soil samples collected from the upper

12 ft in the central GSA

vi



UCRL-AR-113860

Figure 1-47.
Figure 1-48.
Figure 1-49.

Figure 1-50.
Figure 1-51.

Figure 1-52.
Figure 1-53.

Figure 1-54.

Figure 1-55.
Figure 1-56.
Figure 1-57.

Figure 1-58.
Figure 1-59.

Figure 1-60.
Figure 1-61.

Figure 1-62.
. Figure 1-63.
| Figure 1-64.
Figure 1-65.

Figure 1-66.
Figure 1-67.
Figure 1-68.

Figure 1-69.

Final Feasibility Study for GSA, Site 300 1995
Maximum TCE concentrations in borehole soil samples in the central GSA
Maximum PCE concentrations in borehole soil samples in the central GSA

Maximum PCE concentrations in borehole soil samples collected from the upper
12 ft in the central GSA

Maximum 1,2-DCE concentrations in borehole soil samples in the central GSA

Maximum 1,2-DCE concentrations in borehole soil samples collected from the
upper 12 ft in the central GSA

TCE concentrations in borehole soil samples vs depth in the central GSA

TCE isoconcentration contour map in the vadose zone with locations of soil vapor
extraction wells and treatment system

Maximum TCE concentrations in borehole soil samples collected from the upper
12 ft in the eastern GSA

Maximum TCE concentrations in borehole soil samples in the eastern GSA
Maximum PCE concentrations in borehole soil samples in the eastern GSA —

Maximum PCE concentrations in borehole soil samples collected from the upper
12 ft in the eastern GSA

Maximum 1,2-DCE concentrations in borehole soil samples in the eastern GSA

Maximum 1,2-DCE concentrations in borehole soil samples collected from the
upper 12 ft in the eastern GSA

TCE concentrations in borehole soil samples vs depth in the eastern GSA

TCE concentrations in ground water from the Qt—Tnscl hydrologic unit in the
central GSA (3rd quarter 1994 data)

PCE concentrations in ground water from the Qt-Tnsc; hydrologic unit in the
central GSA (3rd quarter 1994 data)

Total 1,2-DCE concentrations in ground water from the QT-Tnsc; hydrologic unit
in the central GSA (3rd quarter 1994 data)

Freon 11 concentrations in ground water from the Qt-Tnsc; hydrologic unit in the
central GSA (3rd quarter 1994 data)

TCE concentrations in ground water from the Tnbs; hydrologic unit in the central
GSA (3rd quarter 1994 data)

“Window” into the Tnbs,; regional aquifer in the central and eastern GSA
Conceptual hydrogeologic cross section of the GSA showing the Tnbs; “window”

Total VOC concentration in ground water in the alluvium (Qal) and shallow
bedrock (Tnbs;) in the eastern GSA (3rd quarter 1994 data)

TCE concentrations in ground water from the deeper Tnbs; hydrologic un1t in the
eastern GSA (3rd quarter 1994 data)

vii



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

Figure 2-1.

Figure 4-1.
Figure 4-2.
Figure 4-3.
Figure 4-4.

Figure 5-1.

Table EX-1
Table 1-1.
Table 1-2.

Table 1-3.
Table 1-4.
Table 1-5.

Table 1-6.
Table 1-7.
Table 1-8.
Table 1-9.
Table 1-10.

Table 1-11.
Table 1-12.

Table 1-13.
Table 1-14.

Approximate locations of treatment facilities and discharge points relative to the
100-year floodplain and the California Department of Fish and Game Ecological
Preserve

Proposed central GSA soil vapor extraction and treatment system——Alternatlves
3a and 3b

Proposed locations of ground water extraction and reinjection wells, treatment
systems, and modeled capture zones

Proposed central and eastern GSA ground water treatment systems—aAlternatives
3a and 3b

Conceptual cross scction of proposed ground water extraction and reinjection
wells in the Tnbs; regional aquifer

Cost summary for GSA operable unit remedial alternatives

List of Tables
GSA operable unit remedial alternatives ............coceeueeeeeeveeveereereererenesseseenens EX-5
Stratigraphic characteristics of geologic units, LLNL Site 300............c.couc......... T-1

Principal active and potentially active faults in the San Francisco
Bay Region and in the Altamont Hills and Central Valley margin

ATCAS cvveenreeriieiiiieite et esstt e sat et et b e s st s bt saas e e ae e s be s s asas st ae b be et baaesbaeenseaensaeensrans T-3
Buildings in the GSA within Site 300.........ccceovererererrereereierenreeee e ereaenes T-4
CDF buildings in the GSA (Off SIt€) ....covevievereirineieeeeeeeeceeeseeeeseeeseersessessessasans T-4
Summary of hydraulic test results from wells in the GSA and

VICIMILY ©ovieiiiietiieeeteninteestesenteestesastesassesassesessesasessesessesesessnsensonsasensasessasessosensones T-5
Central GSA well completion table ...........cccccoeeieieririereneerieeececeece e T-9
Eastern GSA well completion table ...........cocceuivicriieineneneienreieeeeee s T-11
Description of the hydrologic units in the central GSA ..........ccocvvveveevveenennne. T-13
Description of hydrologic units in the eastern GSA ............ooeeveeveeereneesrerens T-16
Water level elevations for selected wells in the eastern and central

GSA ettt ettt e st sttt b b s bttt sn et ne s T-18
Inferred recharge and discharge mechanisms of the central and

eastern GSA hydrologic UNLs ..........cccceeieerenerieieneeeee et T-19
Inferred recharge and discharge mechamsms of the central GSA

BYATOIOZIC UMIL .....cviuiiiiieiieisinicieere sttt st et et ese s s st et ea e eseneas T-20
GSA off-site water-supply Well data..........ccceveveereeeerereereeecieee e eeeerenens T-20
Potential release sites identified in the central and eastern GSA ....................... T-21

viii



UCRL-AR-113860

Table 1-15.

Table 1-16.
Table 1-17.
Table 1-18.

Table 1-19.
Table 1-20.
Table 1-21.

Table 1-22.

Table 1-23.

Table 1-24.

Table 1-25.

Table 1-26.

Table 1-27.
Table 1-28.

Table 1-29.

Final Feasibility Study for GSA, Site 300 1995

Contaminants of potential concern in surface soil (<0.5 ft) in the

GSA i ciiiiiesioioiitnssnssiosetioninivarsasti sesesisnisssnansonbdinebssebss S i3 i b berenaesesssnnonses T-22
Contaminants of potential concern in VOC soil flux in the GSA....................... T-23
Contaminants of potential concern in ground water in the GSA ....................... T-25
Ecological contaminants of potential concern in subsurface soil

(0.5-12.0 ft) in the eastern GSA .............. rerreeeeeereeeeetaeeeeenaeeeesaeeeenseeesnaneesntaeenens T-26
Ecological contaminants of potential concern in surface water in the .
GSA (spring GEOCRK).....cceceuvenecintrenenininineerererenasnnsivesesssesesessasssssssssssssssssssns T-26
Compounds analyzed for using U.S. EPA Method TO-14 and number

of locations with positive detections in SUMMA™ canister samples................ T-27

Summary of estimated exposure-point concentrations in the GSA
operable unit as presented in the SWRITEPOTIT ......c.cooeviuvereeeeriieiiieieee e T-29

The 95% UCL of contaminant soil vapor flux and the corresponding
estimated potential exposure-point concentration of the contaminant
1N OULAOOE AIT ...ttt ettt et s st es s s et seeaenene T-32

Estimated incremental lifetime cancer risk and hazard index

attributable to inhalation of VOCs that volatilize from subsurface

soil into the indoor air of Building 875 in the GSA (adult on-site

exposure) as presented in the SWRI 1€POTt.......c.cceeierrevereererieeeeirieee e, T-34

Estimated incremental lifetime cancer risk and hazard index

attributable to inhalation of VOCs that volatilize from subsurface

soil in the vicinity of the debris trenches in the GSA (adult on-site

exposure) as presented in the SWRITEPOTLt........ccccuvevererveneerenienienececeieeereenae T-34

Estimated incremental lifetime cancer risk and noncancer hazard
index associated with potential AOS exposure to contaminated in
surface soil in the GSA as presented in the SWRI report ......cccoeeeevivieiinennnene. T-35

Estimated incremental lifetime cancer risk and noncancer hazard
index associated with potential residential exposure to contaminated
ground water that originates in the GSA as presented in the SWRI

Cancer potency factors, related data, and reference doses for
chemicals detected in isolation flux chamber measurements in the

Calculation of excess individual lifetime cancer risk attributable to
inhalation of VOC:s that flux from soil to outdoor air in the vicinity
of the Building 875 dry well area in the GSA (AOS exposure) ........................ T-41

Calculation of excess individual lifetime cancer risk attributable to
inhalation of VOCs that flux from soil to outdoor air in the vicinity
of the central GSA (AOS EXPOSUIE) .....c.ccveeieriereereereeeretesiensesseseesessessessesessenses T-42

ix



UCRL-AR-113860

Table 1-30.

Table 1-31.

Table 1-32.

Table 1-33.

Table 1-34.

Table 1-35.

Table 1-36.

Table 1-37.
Table 1-38.
Table 1-39.

Table 1-40.

Table 1-41.

Table 2-1.
Table 2-2.

Table 2-3.
Table 2-4.

Table 3-1.
Table 3-2.

Final Feasibility Study for GSA, Site 300 " 1995

Calculation of excess individual lifetime cancer risk attributable to
inhalation of VOCs that flux from soil to outdoor air in the vicinity
of the eastern GSA (AOS EXPOSUIE) .....cuecrerreereererrereerisresrersessessessensenceeessesessenns T-43

Calculation of noncancer hazard index attributable to inhalation of
VOC:s that flux from soil to outdoor air in the vicinity of Building
875 dry well area in the GSA (AOS EXPOSUTE)......c.cevvivuereeterieneeeeeerereeeeeeeeens T-44

Calculation of noncancer hazard index attributable to inhalation of
VOC:s that flux from soil to outdoor air in the vicinity of the central

GSA (AOS EXPOSUTIE)....ecorruerrerrreierrerererisrereetescsesessesesessssseessesessensssessssessssssens T-45

Calculation of noncancer hazard index attributable to inhalation of
VOC:s that flux from soil to outdoor air in the vicinity of the eastern
GSA (AOS EXPOSUIE).....ccucmememcmrurerrnisisesaansssnssssesesssssssassssssssssssesssssesssssssssensnnen T-46

Predicted incremental lifetime cancer risk and hazard index

attributable to inhalation of VOCs that flux from soil to outdoor air

in the vicinity of the Building 875 dry well area in the GSA operable

UNLE (AOS EXPOSUTE) ....cvrveucmrenereeentrrereanteseensesesesessesesssessesesssesssesesesenesesenenes T-47

Predicted incremental lifetime cancer risk and hazard index
attributable to inhalation of VOCs that flux from soil to outdoor air
in the vicinity of the central GSA (AOS €XPOSUTE) ........cccceveveveviveereceeerenerennas T-47

Predicted incremental lifetime cancer risk and hazard index
attributable to inhalation of VOCs that flux from soil to outdoor air

in the vicinity of the eastern GSA (AOS €XPOSUTE) ........ccvereerererineereeeeneneennns T-48
Additive risk and hazard index for AOS in the GSA operable unit................... T-48
Summary of hazard indices (HI) for kit fox potentially residing in the

GSA OPETAbIE UNIL.....c.cveceueuicncerierinieinietetse st ses e ssessas st e eecneseesenas T-49
Summary of hazard indices (HI) for ground squirrel residing in the

GSA OPETADIE UNIL.......cuciiiiirieieieiete ettt eeeaes st e eseen T-50
Summary of hazard indices (HI) for dcer potentlally residing in the

GSA OPEIabIE UNL......ccceveierereriiinieretereeesie et esesesessssesesesseseasne e e seeeens T-51
Toxicity quotients (TQ) for metals in GSA operable unit, spring

GEOCRK ...ttt et ss s ss s ss st ssesessssssnsssssssessnmsnenenns T-52
Potential federal, state, and local ARARs for the GSA operable unit ............... T-53
Summary comparison of alternatives and corresponding ARARs and

other factors to be considered for the GSA operable unit..................coeuuene...... T-61
Remedial action objectives and risk by media.........cceeereveviverereeeerireiieneceeen T-64
Chemical-specific ARARs for potential chemicals of concern in

ground water at the GSA Operable UNit.........ccevereuieeeeienieecnneeeeeieneeee e T-65
Description of general response ACHOMS . ceuventeneicnneenessensessensassasessesseesssesesennes T-66

Preliminary ground water response action screening and evaluation................ T-67



Table 3-3.
Table 3-4.
Table 4-1.
Table 5-1.

Table 5-2.

Table 5-3.

Appendix A
Appendix B
Appendix C

Appendix D
Appendix E
Appendix F

Appendix G
Appendix H

UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995
Preliminary vadose zone response action screening and evaluation.................. T-75
Retained general response actions and remedial technologies .......................... T-79
Summary of GSA operable unit remedial alternatives ...........ccoeueueenenenencncnee.. T-81
Detailed evaluation of remedial alternatives for the GSA operable
UILE (oot eeccscscuesesstetecee e s sesesatucuesesesesstasssssssssesesesesssnsessssssssssesososssnsacnn T-83
Summary of present-worth costs for the GSA operable unit remedial :
alternatives (in millions of 1995 dOIIATS) .........ceveeeeeereeereeereeereeereereeeesresseeenns T-86
Comparative evaluation of remedial alternatives for the GSA
OPETADIE UMIL......ccuiuiirinieintrenieentereieeenteee e e etesse e es st et esesseneeseneeneseeseneenenes T-87

Appendices
Supporting Characterization DAta ...........ccceeveueueviereniineerenesieseseeeeeeeeeeseeeeesessenes A-1
Air Sampling and Modeling Protocol .............c.eueuiueuieeeceieivenereneeeeseeesesesseeseeens B-1
Evaluation of Cumulative Data on Ground Water Contamination in
The GSA ...ttt ettt s s ss s e e e e e e st ee e C-1
Remedial Technologies and Process Options ...............c.eeeeiveeereerieeeeneereneneseneenns D-1
Soil and Ground Water Modeling Analysis.................... et sr et e ae e E-1
Cost Estimates and Design Assumptions for the GSA Remedial
AEINALIVES .....ovveiiiiscscressaseesseeaesasasssesesesssssasetessssssssssssesesesesesessssssassosssessas F-1
Estimates of Area, Volume, and Mass of Contamination .............ocuveeveeeveeeneenn. G-1
Evaluation of Remediation to Background VOC Concentration in
Ground WALET ........cuoueeccuerceerntninineesin e issnesesteseseteseses s se e seeseseneneseene H-1

xi



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

Executive Summary

This Feasibility Study (FS) was prepared at the request of the U.S. Department of Energy
(U.S. DOE) by Lawrence Livermore National Laboratory (LLNL) for the General Services Area
(GSA) operable unit (OU) of the LLNL Site 300 Experimental Test Site near Tracy, California.
It is prepared in accordance with the terms outlined in the Site 300 Federal Facility Agreement
(FFA) negotiated between U.S. DOE, U.S. Environmental Protection Agency (U.S. EPA),
California Department of Toxic Substances Control (DTSC), and California Regional Water
Quality Control Board (RWQCB). This FS is prepared in compliance with the requirements of
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA), as amended by the Superfund Amendments and Reauthorization Act of 1986
(SARA). This FS also complies with DOE Order 5400.4 by including an assessment of general
environmental considerations/impacts posed by future remedial action as required by the
National Environmental Policy Act (NEPA). Together with the Final Site-Wide Remedial
Investigation (SWRI) report (Webster-Scholten, 1994), which characterized Site 300, the FS
forms the basis for developing, evaluating, and selecting remedies for the GSA OU.

The GSA OU is located in the southeast corner of Site 300. This OU addresses soil and
ground water contamination at the GSA on LLNL property and on adjacent private property to
the south and northeast along Corral Hollow Creek to property owned by Physics International.
For the purposes of this report, the GSA OU has been divided into two subareas: the central GSA
and eastern GSA, based on differences in hydrogeology, contaminant source areas, and the
location of ground water contaminant plumes.

Historical and analytical data obtained as part of the SWRI indicate that volatile organic
compounds (VOCs) were released to the subsurface from past operations in the central GSA and
eastern GSA. The release points identified as the source of VOC contamination in soil/rock, soil
vapor, and ground water in the central GSA include a former drum storage rack, a steam
cleaning/sink area, and several dry wells that were used for disposal of solvents and other
chemicals. In the eastern GSA, data indicate that several debris burial trenches contribute to a
plume of VOCs in ground water.

Since 1982, ground water monitoring, surface and subsurface soil sampling, soil vapor
surveys, and soil vapor flux sampling have been conducted at the GSA OU. Trichloroethylene
(TCE) has been the most frequently detected VOC in soil/rock and soil vapor as well as in
ground water. TCE has been identified as the primary chemical of concern, typically comprising
85 t0 95% or more of the total VOCs detected. Other chemicals associated with the TCE
releases in the OU include tetrachloroethylene (PCE), 1,1-dichloroethylene (DCE), 1,2-DCE, and
freon compounds. These data also indicate that no significant concentrations of metals, high-
explosive compounds, radionuclides, PCBs, or other contaminants have been released to the
environment in the GSA OU.

The highest TCE concentration detected in ground water in the central GSA was
240,000 pg/L in a sample bailed from an open borehole in the vicinity of the former
Building 875 dry wells. VOCs have also been detected at significantly lower concentrations (up
to 180 pg/L TCE) in ground water from monitor wells in the vicinity of the other four confirmed
release sites in the central GSA. As a result of the chemical releases at the central GSA dry
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wells, a TCE ground water plume extends 200 ft east-southeast into the Corral Hollow Creek
alluvium.

In the eastern GSA, TCE has been detected in ground water in the vicinity of and
downgradient from the debris burial trench release site at concentrations of up to 74 ug/l.. A
TCE ground water plume extends eastward from the debris burial trench area and turns
northward as it enters the alluvium of the Corral Hollow paleostream channel. The plume
currently extends approximately 2,300 ft downgradient from the debris burial trench release site.

To address the VOC contamination, LLNL implemented CERCLA Removal Actions to
remediate VOC:s in soil and ground water in the central GSA and in ground water in the eastern
GSA. Since April 1993, a ground water treatment system (GWTS) has been in operation in the
central GSA at the former Building 875 dry well pad area. To date, over 270,000 gal of ground
water have been extracted and treated. Following dewatering of the dry well pad area through
ground water extraction, soil vapor extraction and treatment was initiated in July 1994. The total
mass of VOCs extracted through ground water and soil vapor remediation activities to date is
9,080 g. In the vicinity of the eastern GSA debris burial trench area, ground water extraction and
treatment has been conducted since June 1991. To date, over 50 million gal of ground water
have been extracted and treated in the eastern GSA GWTS with 2,357 g of VOCs removed from
ground water. Analytic data indicate that VOC concentrations in ground water collected from
monitor wells in the vicinity of the remediation systems have decreased significantly since the
initiation of the removal actions.

A baseline risk assessment was performed as part of the SWRI to evaluate the potential risk
and hazard to adults and ecological receptors that may be exposed to contaminants detected in
soil and ground water. The assessment evaluated exposure and risk from predicted and measured
concentrations of VOCs and other contaminants:

* In surface soil throughout the QU
 Inambient air inside Building 875,
* In ambient outdoor air throughout the OU,

* Inalluvial ground water from hypothetical wells at the central GSA and eastern GSA site
boundaries, in ground water pumped from off-site well CDF-1, and in off-site alluvial
ground water at the sheep ranch well SR-1, and

* Inecologically significant media throughout the OU.

The National Contingency Plan (NCP) states that, for known or suspected carcinogens,
acceptable exposure levels are generally concentration levels that represent an excess, upper
bound, lifetime cancer risk to an individual of between 104 and 10-6, using information between
dose and response. The 10-9 risk level shall be used as the point of departure for determining
remediation goals for alternatives when ARARs are not available or are not sufficiently
protective because of the presence of multiple contaminants at the site or multiple pathways of
exposure. The 104 to 10-6 risk range is generally acceptable when used for risk-management
decisions. The U.S. EPA (1989) indicates that a noncancer hazard index (HI) greater than 1.0
may be associated with noncarcinogenic adverse health effects.

- The risk and HI estimates for use of shallow ground water from a hypothetical well at the site
boundary near the Building 875 dry well area yielded a risk of 7 x 10~2 and an HI of 560. These

EX-2



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

values indicate that if well water from this area were used on a regular basis, it would present an
unacceptable risk of cancer as well as a potential for noncancer adverse health effects. However,
water in this area is not currently used for domestic purposes; and remediation activities are
underway to remove ground water contaminants and central plume migration. The calculated
risks and HIs for potential residential use of ground water at the eastern GSA site boundary, and
at the off-site wells CDF-1 and SR-1, range from 5 x 10-5 to 1 x 10-5; the HIs range from
1.4 % 10-1 t0 5.0 x 10-1.

Our estimates of excess cancer risk (2 x 10-10 to 2 x 10-7) or HI (5.6 x 10-5 t0 8.5 x 10-3)
indicate that potential excess cancer risk and noncancer hazard are well within acceptable levels.
These estimates are based on adult on-site (AOS) exposure to surface soil contaminants through
inhalation of resuspended particulates, ingestion, and dermal adsorption from surface soils in the
GSA. Also within acceptable levels are the estimates of excess cancer risk (7x10-7 t0 2 x 10-7)
and HI (6.2 x 10-3 to 2.4 x 10-2) for AOS exposure through inhalation of VOC vapors that flux
from soil to outdoor air. For the debris burial trenches and vicinity, these risk and hazard values
are used in conjunction with those values presented in the SWRI report to provide a range of
potential risks associated with the outdoor air in this area.

Adults on site who work in Building 875 may be exposed to VOCs that flux from soil to
~ indoor air. For this exposure scenario, our calculations yielded an estimate of potential risk of
1 x 10-3 and an HI of 3.0 x 10-1. '

As part of the FS process, we identified the federal, state, and local chemical-, location-, and
action-specific Applicable or Relevant and Appropriate Requirements (ARARs), as well as other
criteria to be considered (TBC). The identification of ARARs and TBCs, combined with site
conditions, potential exposure routes and receptors, and potential impacts to human health and
the environment, resulted in the development of the following remedial action objectives (RAOs)
for the GSA OU. ‘

RAOs consist of media-specific goals for protecting human health and the environment.
Three RAOs have been developed for the GSA OU based on potential impacts to human health
and the environment. Two RAOs (ground water and indoor air) are based on potential adverse
impacts to human health modeled in the SWRI report baseline risk assessment. One RAO
(ground water) is based on potential adverse impacts to the environment. Although no specific
environmental risks were identified in the SWRI report ecological risk assessment, this RAO
addresses protection of beneficial uses of ground water. These three RAOs are as follows:

For Human Health Protection:

* Prevent human ingestion of the ground water containing VOC concentrations (single
carcinogen) above the State and Federal drinking water maximum contaminant levels
(MCLs), a cumulative excess cancer risk (all carcinogens) greater than 10-6, and a
cumulative HI (all noncarcinogens) greater than 1.

* Prevent human inhalation of VOCs in vapor in concentrations above those that pose an
excess cancer risk greater than 10-6.

For Environmental Protection:

* Restore water quality, at a minimum, to water quality objectives which are protective of
beneficial uses (MCLs in this case).
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* Restore water quality, at a minimum, to water quality objectives which are protective of
beneficial uses (MCLs in this case). '

General Response Actions capable of achieving these RAOs at the GSA OU include
administrative controls, contaminant containment/mobility restriction, extraction, treatment, and
disposal. Based on these General Response Actions, technology and process options were
explored and assembled into three alternatives. Although specific innovative technologies are
not discussed as integral components of the presented alternatives, they will continue to be
considered for application to the site throughout the process of remediation. Appropriate
innovative technologies may be introduced into the remedial process if site conditions change or
technology development and testing indicate a potential for cost-effective and expedited
remediation. '

The key features of the alternatives and present-worth costs are summarized in Table EX-1.
Alternative 1, the required no-action baseline alternative, includes administrative controls,
continued ecological surveys, and ground water monitoring. Alternative 2 includes all elements
of Alternative 1, but provides human health exposure control by sealing and abandoning two
threatened off-site water-supply wells, replacing them with one new well away from the potential
plume migration path, and providing contingency point-of-use treatment for another
water-supply well. Both scenarios of Alternative 3 (3a and 3b) include all elements of
Alternative 2 and add active remediation of the soil and ground water through soil vapor and
ground water extraction and treatment.

These alternatives were compared using the first seven of the following nine U.S. EPA
evaluation criteria:

1. Overall protection of human health and the environment.

State acceptance.

2. Compliance with ARARs.

3. Long-term effectiveness and permanence.
4. Reduction of toxicity, mobility, and volume.
5. Short-term effectiveness.

6. Implementability.

7. Cost.

8.

9.

Community acceptance.

The results of the comparative analysis of the remedial alternatives are presented in
Table EX-2. State and community acceptance will be addressed in the Record of Decision
(ROD) report following comments on the FS report and the Proposed Plan.

As part of DOE NEPA/CERCLA integration requirements, we also evaluated the potential
impacts that implementation of the remedial alternatives could have on the environment on site
and off site. As part of this evaluation, the environmental human health risk from a worst-case
accident scenario was also assessed.
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1. Introduction

This Feasibility Study (FS) was prepared by Lawrence Livermore National Laboratory
(LLNL) for the General Services Area (GSA) operable unit (OU) of the LLNL Site 300
experimental test facility near Tracy, California, in accordance with the terms outlined in the
Federal Facility Agreement (FFA). The FFA was negotiated between the U.S. Department of
Energy (DOE), U.S. Environmental Protection Agency (EPA), California Department of Toxic -
Substances Control (DTSC), and California Regional Water Quality Control Board (RWQCB).
The FFA provides the framework for the conduct of the site cleanup and preparation of necessary
regulatory documents. This FS is prepared in compliance with the requirements of the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)
as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA). The FS,
along with the previously conducted Site-Wide Remedial Investigation (SWRI) (Webster-
Scholten, 1994), forms the basis for evaluating and selecting alternative technologies for
remediation of contaminants beneath the GSA OU. The FS process involves:

* Identifying remedial action objectives based on Applicable or Relevant and Appropriate
Requirements (ARARsS).

 Identifying general response actions.

¢ Identifying potential treatment and containment technologies and the associated process
options.

* Screening various technologies and process options based on their effectiveness,
implementability, and cost.

 Assembling the selected technologies into alternatives for remediation of contaminants
beneath the GSA OU.

1.1. Purpose

The purpose of this FS is to develop and evaluate alternatives for remedial action at the GSA
in accordance with CERCLA/SARA and the National Environmental Policy Act (NEPA). The
ES process will also result in the selection and subsequent implementation of cost-effective
remedial alternatives to provide adequate protection of human health and the environment.

The FS is based on the remedial investigation of the GSA study area presented in Chapter 14
of the SWRI report (Webster-Scholten, 1994) and additional data obtained as part of the GSA
Characterization Plan field work conducted in early- to mid-1994. This chapter provides a
summary of the information presented in the SWRI report and presents the findings of the
Characterization Plan field work. Chapters 2 through 5 present the determination of ARARs,
evaluation of technologies, description of alternatives, analysis of alternatives, and recommended
alternatives. Chapter 6 presents environmental considerations based on implementation of the
alternatives.

During the characterization phase of the remedial investigation, the GSA was divided into
two subareas: the eastern and central GSA. This division helps simplify discussions of
differences in local hydrogeology, contaminant source areas, and location and migration of the
contaminant plumes. However, as part of the FS process discussed in Chapter 2, we identified
federal and state ARARs which, combined with the site conditions, potential exposure routes and
receptors, and potential adverse impacts to human health and the environment, resulted in the
development of remedial action objectives (RAOs) for the GSA OU:
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For Human Health Protection:

* Prevent human ingestion of the ground water containing VOC concentrations (single
carcinogen) above the State and Federal drinking water maximum contaminant levels
(MCLs), a cumulative excess cancer risk (all carcinogens) greater than 10-6, and a
cumulative hazard index (HI) (all noncarcinogens) greater than 1.

¢ Prevent human inhalation of VOCs in vapor in concentrations above those that pose an
excess cancer risk greater than 10-5.

For Environmental Protection:

* Restore water quality, at a minimum, to water quality objectives which are protective of
beneficial uses (MCLs in this case).

Based on these common RAOs, the remedial alternatives for the eastern and central GSA are
discussed together in Chapter 4 and evaluated against the National Contingency Plan (NCP)
evaluation criteria in Chapter 5. Each alternative was developed taking into consideration the
unique properties of and differences between the eastern and central GSA. The alternative costs
were based on modeling conducted to evaluate the length of time necessary to meet the RAOs for
ground water in these areas. However, there are different remedial designs and project lives
estimated for these two areas based on differences in contaminant concentrations, ground water
flow, and plume configurations.

1.2 Background

LLNL Site 300 is a DOE experimental test facility operated by the University of California.
The facility is located in the eastern Altamont Hills about 13 miles southeast of the main
Laboratory in Livermore and 8.5 miles southwest of Tracy (Fig. 1-1). Site 300 is primarily a
high-explosives (HE) test facility that supports the LLNL weapons program in research,
development, and testing associated with weapon components. This work includes explosives
processing; preparation of new explosives; and pressing, machining, and assembly of explosives
components. Site 300 activities also include hydrodynamic testing for verifying computer
simulation results, obtaining equation-of-state data for weapons materials, evaluating material
behavior at assembly joints and welds, evaluating the quality and uniformity of implosion, and
evaluating the performance of post-nuclear test design modifications (LLNL, 1991).
Occasionally, experiments performed at Site 300 do not involve high explosives. These
experiments may require more space or isolation or may have other requirements that cannot be
met at the Livermore Main Site (U.S. DOE, 1982). Access to Site 300 is restricted.

Prior to August 1990, investigations of potential chemical contamination at Site 300 were
conducted under the oversight of the California RWQCB-Central Valley Region. In
August 1990, Site 300 was placed on the National Priorities List (NPL). Since then, all
investigations, including the preparation of the SWRI report, have been conducted in accordance
with CERCLA under the oversight of the three supervising regulatory agencies: EPA, RWQCB,
and DTSC.

The GSA encompasses the area designated as OU 1 in the FFA and is located on the
southeast edge of Site 300 (Fig. 1-2). Included in this OU are off-site areas to the south, east,
and northeast of the GSA property. The GSA provides administrative and support services for
Site 300, including motor pool and vehicle repair, painting, maintenance, and chemical storage.
The GSA has been informally divided into two areas for the SWRI and this FS: central and
eastern. Volatile organic compounds (VOCs) and other compounds were released to the
subsurface from past operations in the central and eastern GSA. Analytical data presented in the
SWRI report indicate that VOCs are present in soil/rock, soil vapor, and ground water. These
data also indicate that no significant concentrations of metals, HE compounds, radionuclides,
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polychlorinated biphenyls (PCBs), or other chemical compounds have been released to the
environment at the GSA OU.

Trichloroethylene (TCE) has been the most frequently detected VOC in soil/rock and soil
vapor as well as in ground water within the GSA OU. TCE has been identified as the primary
chemical of concern; other chemicals associated with the TCE releases in the QU include
tetrachloroethylene (PCE), 1,1-dichloroethylene (DCE), 1,2-DCE, and freon compounds.

The release points that are identified sources in the central GSA are a former drum storage
rack, a steam cleaning/sink area, and several dry wells that were used for disposal of solvents and
other chemicals. In the eastern GSA, data indicate that several debris burial trenches contribute
to the plume of VOCs in ground water. :

1.2.1. Description of Site 300

Site 300 is located in the southeastern Altamont Hills of the Diablo Ran ge, about 30 miles

east of San Francisco Bay. The site covers 10.4 mi2, most of which is in San Joaquin County
(Fig. 1-1). The western one-sixth of the site is located in Alameda County.

The topography of Site 300 consists of a series of steep hills and canyons generally oriented
northwest to southeast. Elevation ranges from about 500 ft in the southeast corner to about
1,750 ft in the northwestern area. Grassland cover grows seasonally. The climate of Site 300 is
semiarid and windy. The average annual rainfall for the 27-year period from 1965 through 1991
was 10.03 in. The wind is predominantly from the west-southwest; the temperature extremes in
1991 ranged from 102°F in July to 27°F in December. The estimated potential evaporation
(defined by the U.S. Department of Agriculture as the amount of moisture a plant could use if it
had all the moisture it needed) at Site 300 is about 30.6 in. (USDA, 1966).

The seven major plant habitats occurring at Site 300—four upland habitats and three less
extensive wetland habitats—consist of 14 plant communities containing 343 plant taxa. The
upland habitats are introduced grassland, native grassland, coastal sage scrub, and oak woodland.
The rare wetland habitats consist of northern riparian woodland, vernal pool, and, the most
frequently encountered, herbaceous wetlands. Fauna observed at Site 300 include 20 species of
reptiles and amphibians, 70 species of birds, and 25 species of mammals. Mammals include
mice, hares, squirrels, skunks, foxes, and black-tailed deer. Detailed ecological information,
including an assessment of endangered species at Site 300, is included in the SWRI TEpOIt.

Site 300 has been divided into seven OUs based on the nature and extent of contamination
identified in the site-wide remedial investigation of Site 300 (Webster-Scholten, 1994). The
GSA OU (OU 1) is located in the southeastern portion of the site. The remaining six OUs
(Fig. 1-2) include: '

* Building 834 to the north—OQU 2.

»  Pit 6 to the west—OU 3.

« HE Process Area Building 815 to the immediate west—QU 4.

* Building 850/Pits 3 and 5 to the northwest—OQU 5.

* Building 832 Canyon to the northwest—QU 6.

+ Sitewide Monitoring—OQU 7.

Off-site land use in close proximity to the Site 300 boundary (Fig. 1-3) includes:

 Gallo ranch to the south, and Connolly ranch to the south and east—primarily used for
cattle grazing.

= California Department of Fish and Game ecologicalpreserve to the east.
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» Camnegie State Vehicular Recreation Area (SVRA) to the southwest—an outdoor
recreational facility for private and commercial off-road motorcycle riding, testing, and
racing.

*  Physics International, Inc., to the northeast—a privately owned HE testing facility.

'1.2.2. Site 300 History

LLNL, operated by the University of California for U.S. DOE, began weapons research
operations at the Livermore Main Site in 1952. At that time, LLNL was a part of what was then
the University of California Radiation Laboratory (UCRL). In July 1953, UCRL proposed the
location for an HE test site along Corral Hollow between Livermore and Tracy. Experiments
with HE began at the site in 1955. The size of the original site was approximately 3 mi2. In
1957, the site was enlarged to 10.4 mi2 (U.S. DOE, 1982). In 1971, the Livermore portion of
UCRL became LLNL. Prior to acquisition by UCRL, land use in the area of Site 300 was
limited to sheep and cattle grazing.

In 1977, the U.S. Navy transferred ownership of a 7.44-acre parcel on the eastern edge of
Site 300 to LLNL to be used as a pistol range, subsequent to its use by the U.S. Navy as a fire-
fighting experimentation area. Currently, this parcel is unused (Graham, 1990). In February
1991, LLNL acquired 11.6 acres of the adjoining Connolly Ranch at the southeastern edge of
Site 300. The parcel had been in the Connolly family since the 1890s and had been used for
- seasonal cattle grazing. LLNL plans to use the property to facilitate eastern GSA remediation

(Graham, 1991). :

1.2.3. Corrective Actions and Facility Upgrades

Concurrent with the remedial investigation of Site 300, we conducted several corrective
actions and facility upgrades. The locations of these activities are shown in Figure 1-4. Each
project is briefly described below.

1.2.3.1. Pit 6 Protection Measures

After pit 6 was closed in February 1973, a 1- to 3-ft-thick native soil cap was placed over the
area. In 1981-82, a drainage ditch was constructed north of pit 6 to divert sheet flow away from
the landfill area (Taffet, 1990).

1.2.3.2. HE Rinsewater Lagoon Closures

In 1985, we removed nine HE rinsewater lagoons from service and replaced them with two
double-lined surface impoundments. Soils beneath the lagoons were investigated, and the
lagoons were capped under RWQCB guidance in 1989 (Carpenter et al., 1988).

1.2.3.3. HE Open Burn Treatment Facility Closure

In July 1993, we submitted a closure plan for the Building 829 High-Explosives Open Burn
Treatment Facility (HE-OBTF), located in the northwestern part of the HE Process Area
(Fig. 1-2). The HE-OBTF is used to thermally treat explosives-process waste generated by
operations at Site 300 and explosives research at LLNL. DTSC currently is reviewing the
closure plan report (Lamarre et al., 1993).

1.2.3.4. Well Sealing and Abandonment

From 1988 to 1991, we sealed and abandoned eight inactive water-supply wells at Site 300.
Four of these wells were located in the East Firing Area and West Firing Area (EFA/WFA), two
in the HE Process Area, and two in the GSA. The wells were sealed to prevent contaminants
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from migrating into other aquifers beneath the site. This topic is discussed in Lamarre et al.
(1988), Taffet et al. (1989), Crow and Toney (1991), Mcllvride et al. (1990), and Webster-
Scholten (1994). ‘

1.2.3.5. Removal/Replacement of Firing Table Gravels

In 1988, we removed gravel containing low activities of tritium and low concentrations of
metals and uranium beneath six HE firing tables in the EFA/WFA. At the three active firing
tables, the gravels were replaced by fresh materials. This topic is described in Lamarre and
Taffet (1989), Taffet et al. (1990), and Webster-Scholten (1994).

1.2.3.6. EFA/WFA Tritium Evaporator

We have pilot-tested a treatment system involving a 20-ft-high atomizing tower that was
shown to evaporate tritium-bearing ground water from the well 8 spring at a maximum rate of
40 gph (Taffet and Oberdorfer, 1991). The evaporator was permitted for operation; however,
treatment was discontinued to avoid transferring tritium to the atmosphere.

1.2.3.7. Underground Fuel Storage Tank Removal

Three underground storage tanks (UST) located near Buildings 801 and 850 in the
EFA/WFA and Building 874 in the GSA were determined to have caused releases of diesel
and/or kerosene to the surrounding soil. The contaminated soil was excavated and treated using
enhanced soil bioremediation (ESB), and the sites were closed in accordance with environmental
regulations.

1.2.3.8. Enhanced Soil Bioremediation

We are using ESB to reduce concentrations of diesel fuel in soil excavated during UST
closure activities in the GSA. During the summer of 1990, we conducted an ESB pilot study

with about 1 yd3 of soil that was contaminated with diesel fuel. During the summer and fall of
1991, we used the findings of the 1990 ESB pilot study to design and operate a full-scale ESB
for 100 yd3 of soil with average concentrations of 83 mg/kg total-extractable-petroleum-
hydrocarbons (TEPH) diesel. The contaminated soil was spread out on a gravel pad, tilled,
watered, and fertilized on a regular schedule. After four months, the average TEPH-diesel
concentrations had declined to 40 mg/kg. This full-scale ESB program is still in operation.

1.2.3.9. Building 834 Complex Remediation

We have remediated some of the VOCs in the subsurface beneath the Building Complex 834
by soil excavation and aeration, soil venting, and ground water extraction and treatment (Bryn
et al., 1990; Landgraf et al., 1994). In addition, this facility has been used as a test bed for
several innovative technology projects, including an EPA Superfund Innovative Technology
Evaluation (SITE) test of a PURUS-pulsed, ultraviolet soil-vapor treatment system; an electrical
soil-heating pilot test; and a demonstration of an electron accelerator to treat soil vapor
(Matthews, 1992). In May 1994, ground water extraction and treatment were restarted at the
core of the Building 834 Complex as part of a CERCLA Removal Action. Ground water
treatment involves batch air sparging and granular activated carbon (GAC) vapor treatment.

1.2.3.10. Central GSA CERCLA Removal Action

A ground water and soil vapor extraction and treatment system was installed and is currently
operating to remove VOCs released from two dry wells (sumps) in the central GSA as part of a
CERCLA Removal Action. Ground water is being extracted from seven extraction wells and
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treated by air sparging, and the VOCs released as a result are processed through GAC canisters.
Soil vapor is being extracted and treated using GAC. An EPA SITE test of a Peroxidation
Systems, Inc., UV/H207 ground water treatment system was performed in 1992. As of
September 30, 1994, over 100,000 gal of ground water have been treated (Rueth, 1994).

1.2.3.11. Eastern GSA CERCLA Removal Action

In June 1991, we installed a CERCLA Removal Action ground water treatment system
(GWTS) to remediate VOCs, primarily PCE and TCE, emanating from one or more debris burial
trenches in the eastern GSA. Ground water is extracted from three extraction wells, treated with
an air sparger, and discharged to the Corral Hollow creekbed. As of September 30, 1994, a total
of over 50 million gal of ground water have been treated (Rueth, 1994).

1.2.3.12. RCRA Capping of Landyfill Pits 1 and 7

We installed 8-ft-thick Resource Conservation and Recovery Act (RCRA) caps consisting of
several engineered layers of natural earth materials, including 2 ft of low-permeability clay, on
pits 1 and 7, two inactive landfills in the EFA/WFA study area. The RCRA caps are designed to
prevent infiltration of precipitation that might cause the landfill contents to leach into ground
water. We are currently monitoring the effectiveness of these landfill caps.

1.2.3.13. Endangered Species Reintroduction

In 1992, we reintroduced a rare, endangered plant species, the large-flowered fiddleneck
(Amsinckia grandiflora), into the Site 300 ecosystem. Site 300 contains two of the three known
natural extant populations of this plant. We hope to create a third sustainable population of
Amsinckia grandiflora at Site 300.

1.2.4. Site 300 Geology

Regional geologic maps and stratigraphic columns for Site 300 based on studies prior to 1981
have been modified by recent investigations conducted by LLNL during the preparation of RI/FS
documents. Detailed geologic logs have been prepared for most boreholes and monitor wells at
Site 300. A more detailed discussion of Site 300 geology is presented in Chapter 3 of Webster-
Scholten (1994).

1.2.4.1. Stratigraphy

Bedrock strata exposed within Site 300 have been correlated with five mappable geologic
units (Webster-Scholten, 1994). These units are the late Cretaceous Great Valley sequence
(Kgv), the late Paleocene to mid-Eocene Tesla Formation (Tts), the mid-Miocene Cierbo
Formation (Tmss), the late Miocene Neroly Formation (Tn), and the Pliocene nonmarine unit
(Tps) of Dibblee (1980). These bedrock units are locally overlain by mid- to late-Pleistocene
terrace deposits and late Pleistocene to Holocene floodplain, ravine fill, landslide, and colluvial
deposits (Carpenter et al., 1991; Dibblee, 1980) (Table 1-1). A schematic stratigraphic column
for Site 300 is presented in Figure 1-5. Summary lithologic descriptions of these geologic units
are provided in Table 1-1. Distributions of the various units are shown on the Site 300 geologic

map (Fig. 1-6).

1.2.4.2. Structure

Site 300 is located in an area of historical seismicity and Quaternary folding (Eaton, 1986;
Namson and Davis, 1988; Wentworth and Zoback, 1989). Structural features within Site 300 are _
shown on Figure 1-7. -

1-6



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

1.2.4.2.1. Folds. The bedrock sequence within Site 300 has been slightly deformed into
several gentle, low-amplitude folds (Fig. 1-7). These folds include:

* Patterson anticline—controls bedding attitudes throughout much of Site 300; the southern
limb of the structure strikes nearly east-west and dips toward the south at 5 to 25 degrees;
the northern limb strikes toward the northwest and dips northeast, typically at
5 to 15 degrees.

* East Firing Area (EFA) syncline—informally named the EFA syncline, is a very broad,
open, gently northeast-plunging fold with a wide, nearly flat axial trough (Taffet et al., -
90).

 HE Process Area syncline—a southeast-plunging syncline, underlies the HE Process Area
in the southerly portion of Site 300 (Fig. 1-7).

1.2.4.2.2. Faults. Three general types of faults have been identified within Site 300:
* West-northwest trending, high-angle, presumably strike-slip faults.

+ Discontinuous, north-northeast-trending, normal faults mapped chiefly in the east-central
portion of Site 300 (Webster-Scholten, 1994).

*  West-northwest-trending, high-angle reverse and thrust faults that are mainly present on
the south flank of the Patterson anticline (Webster-Scholten, 1994).

Locations of principal faults within Site 300 are listed below and shown on Figure 1-7.

¢ Corral Hollow—Carnegie Fault Zone—interpreted as a right lateral strike-slip fault that
crosses the southwestern portion of Site 300 and extends southeast and west beyond the
limits of the site (Raymond, 1973; Dibblee, 1980). This fault system is regarded as active
and is judged capable of generating an earthquake in the range of Mg = 6.3 to 7.1
(Carpenter et al., 1992).

* Elk Ravine Fault—a complex structure composed of pre-Holocene strike-slip faults,
reverse faults, normal faults, and local folds. . Two branches of the Elk Ravine Fault have
been mapped as extending across Site 300 from northwest to southeast (Dibblee, 1980)
(Fig. 1-7). :

¢ Possible Midway Fault extension (Dibblee, 1980)—a possible southeasterly extension of
the Midway Fault mapped north of Site 300 across the northeastern corner of Site 300
(Fig. 1-7). The fault is classified as potentially active based on geomorphic criteria and
possible associated microseismicity (CDWR, 1979).

 Terrace Fault (informal name)—a high-angle reverse fault or fault zone within the
southern portion of Site 300 (Fig. 1-7). Farther east, the projection of the Terrace Fault
enters the southern HE Process Area.

 Unnamed Fault (informal name)—a well-defined, north-south trending fault.
Approximately 50 ft of pre-Holocene normal offset occurs along this near vertical fault.

1.2.4.2.3. Joint and Fracture Systems. Joint sets are observed most often in the
well-indurated rocks within Site 300. These rocks include the Great Valley Sequence, Tesla
Formation, and Neroly Formation. Joint sets are observed locally in more indurated portions of
the Tps unit, but well-defined joints are uncommon in these sediments and in the
poorly-indurated Cierbo Formation strata.

Rock outcrops at Site 300 are pervasively fractured. Frequently, thin-bedded claystones are
intensely fractured. At various locations throughout Site 300, persistent zones of high-angle
(often vertical), closely-spaced, healed, and well-cemented fractures form resistant outcrops.
These cemented fracture zones are generally 1 to 4 ft wide, cut across regional bedding, strike
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dominantly north to northeast with a vertical or near vertical dip, and may extend over 1 mi in
length. .

As presented in Chapter 3 of the SWRI report (Webster-Scholten, 1994), cores from monitor
wells and exploratory boreholes often contain fractures. Fracture intensity has been
characterized using the rock quality designation (RQD) system of Deere et al. (1969), locally
supplemented by downhole video studies. In drill cores, iron and manganese oxide and other
weathering products are visible on some fracture and bedding plane surfaces to average depths of
about 100 ft. The presence of these minerals suggests circulation of oxygen-bearing ground
water to these depths through the fracture network. Fractures below 100 ft are generally closed
and may be filled with carbonates, sulfides, opaline silica, and clay minerals (Webster-Scholten,
1994).

1.2.4.3. Seismic Setting

Site 300 is located near the eastern margin of the seismically active San Francisco Bay region
and is also within about 4 mi of the seismically active Coast Ranges-Central Valley boundary
(Eaton, 1986; Namson and Davis, 1988). Seismic monitoring by LLNL (Hauk, 1990) confirms
microseismic activity within the Altamont Hills in the region surrounding Site 300. Table 1-2
lists principal active and potentially active faults in the San Francisco Bay region, and in the
Altamont Hills and Central Valley margin areas.

Facilities at Site 300 may experience earthquake shaking from three seismic sources. These
sources are:

* A major earthquake on a principal Bay Region fault.
A strong earthquake generated by a local fault within the Altamont Hills.

* A major earthquake on a regional fault along the Coast Ranges-Central Valley boundary
or possibly beneath the western portion of the San Joaquin Valley.

1.2.5. Site 300 Hydrogeology

This section describes the general framework of the hydrogeologic model of Site 300,
including the occurrence of surface water and ground water, and natural ground water chemistry.
Details specific to the GSA are presented below in section 1.3.4.

1.2.5.1 Surface Water

There are no perennial streams at Site 300. Surface water at the site consists of intermittent
runoff, springs, and natural and man-made ponds.. Surface water drainage basins are shown on
Figure 1-8. Surface water sometimes occurs locally as a result of discharge from cooling towers.

1.2.5.1.1. Springs. There are 24 springs at Site 300 (Fig. 1-9). Most of the springs have
very low flow rates and are recognized only by small marshy areas, pools of water, or vegetation.
Vegetation surrounding the springs includes cattails, nettles, willows, and grass. Only three of
the springs have flow rates greater than 1 gal/min.

1.2.5.1.2. Other Surface Water. Site 300 contains three man-made surface water bodies
(Fig. 1-9). A sewage treatment pond is located in the southeast corner of the site in the GSA, and
two lined, HE rinse-water impoundments are located in the HE Process Area study area. The
Carnegie SVRA residence pond is located off site just east of pit 6 at the mouth of Middle
Canyon. In addition, there are four small, off-site stock watering ponds in the area north of
Site 300. As mentioned above, other surface water at Site 300 results from blowdown water
from cooling towers.
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There is a natural pool in the northwest corner of Site 300 within the EFA/WFA. It is a
perennial pool created by ponding of water in a natural depression.

1.2.5.1.3. Drainage. The major drainages at Site 300 are Elk Ravine in the EFA/WFA study
area; Draney Canyon, Davis Canyon, Drop Tower Canyon, Firing Range Canyon, Middle
Canyon, and Paper Canyon in the Pit 6 Area study area; Long Canyon in the HE Process Area
study area; and 832 Canyon, which extends along the western edges of the Building 834 and
Building 833 study areas to the central GSA (Fig. 1-8). Water flows in these drainages only after
heavy storms. The occasional runoff from these drainages eventually flows into Corral Hollow
Creek. This creek is an intermittent stream that flows eastward along the southern boundary of
Site 300 toward the San Joaquin Valley. :

1.2.5.2. Ground Water

Site 300 is a large and hydrogeologically diverse site. Due to topographic relief, stratigraphic
heterogeneity, and structural complexity, the stratigraphic units described in section 1.2.4 and
Table 1-1 are discontinuous across the site. Consequently, unique hydrogeologic conditions
govern the occurrence and flow of ground water and the fate and transport of contaminants
beneath each OU. We have defined individual hydrologic units consisting of one or more
stratigraphic intervals that comprise a single hydraulic system within each study area. These
hydrologic units and their stratigraphic components are shown in Figure 1-10 and are described
in detail in Webster-Scholten (1994). Site-wide stratigraphic relationships are depicted in cross-
sections A-A' and B-B' (Fig. 1-11). The hydraulic relationships between the northwest and
southeast portion of the site, however, have not been well established due to sparse well control
in the center of the site. Separate potentiometric surface contour maps for the six major
hydrologic units at Site 300 are shown in Figure 1-12. The discontinuous potentiometric surface
contours between the northwestern and southeastern parts of the site are also due to a lack of well
control.

In the northeast part of Site 300, ground water occurs under unconfined to confined
conditions primarily within the Tnbs; and Tmss. stratigraphic units, which are part of the
Qal-Tmss hydrologic unit. As shown by the potentiometric surface contours, the general ground
water flow direction in the EFA/WFA is to the east (Fig. 1-12), which is controlled primarily by
the dip of the bedding planes. Perched water-bearing zones also occur within Quaternary alluvial
sands and gravels, and fractured siltstones and claystones of the Tnbs; and Tmss stratigraphic
units. These perched zones are highly discontinuous and variable.

Throughout most of the southeastern part of Site 300, the Tnbs; hydrologic unit is a
continuous, regional water-bearing zone (Fig. 1-12). Ground water in the Tnbs; hydrologic unit
occurs within sandstones of the Tnbs; stratigraphic unit under confined to flowing artesian
conditions. As shown by the potentiometric surface contours, ground water generally flows to
the south and southeast (i.e., in the direction of dip) in the southeastern and southern parts of
Site 300 (Fig. 1-13). In the eastern GSA, the Tnbs; stratigraphic unit occurs as a subcrop
beneath Corral Hollow alluvium as part of the Qal-Tmss hydrologic unit, and ground water
occurs under semiconfined to unconfined conditions. The ground water flow direction in this
unit is controlled primarily by the orientation of the permeable alluvial sediments beneath the
Corral Hollow Creek floodplain.

Other water-bearing zones that exist in the southeastern part of the site include the Tnbsy and
Tps hydrologic units. Ground water occurs under unconfined to artesian conditions in the Tnbsy
hydrologic unit beneath the HE Process Area study area. The ground water flow direction in this
unit is also dip-controlled and sub-parallels the flow direction in the underlying Tnbsj. Perched
ground water occurs primarily in gravel channels within the Tps hydrologic unit beneath the
Building 834 and the HE Process Area study areas. The ground water flow direction within
these shallow, perched zones is controlled by the channel geometry of the water-bearing unit and -
the dip direction.
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Ground water supply wells within Site 300 and within 0.5 mi of the site are shown in
Figure 1-14. Site 300 ground water level concentrations of total dissolved solids (TDS)
generally range from 300 to 2,000 mg/L, specific conductivity ranges from 770 to
2,400 mhos/cm, and pH generally ranges from 7 t0 9. The ground water in this area commonly
contains naturally occurring selenium and arsenic above drinking water Maximum Contaminant
Levels (MCLs).

1.3. GSA Background

The GSA is located in the southeast corner of Site 300 and covers approximately 83 acres of
LLNL property. The GSA is composed of a cluster of buildings, including administration offices
and equipment fabrication and repair shops, that were constructed primarily for support of
Site 300 activities. As part of the site-wide remedial investigation of Site 300, six remedial
investigation study areas were defined, one being the GSA study area. As a result of the nature
and extent of contamination identified in the GSA, the GSA and downgradient plumes were
designated as the GSA OU for the purpose of this feasibility study.

1.3.1. Description of the GSA

The GSA OU encompasses the administrative and service areas in the southeast corner of
- Site 300, the sewage treatment pond area, and downgradient ground water plumes located on
adjacent private property to the south and northeast along Corral Hollow Creek to property
owned by Physics International. Following completion of the SWRI, as part of the GSA
Characterization Plan work, we conducted further investigations at this off-site private property
immediately adjacent to and hydraulically downgradient of the GSA (Fig. 1-15).

For the purposes of this report, the GSA OU has been divided into two subareas: the central
GSA and the eastern GSA (Fig. 1-15). The subarea division is based on differences in
hydrogeology, contaminant source areas, and the location of ground water contaminant plumes.
The eastern GSA is defined as the on- and off-site areas east of the sewage treatment pond while
the central GSA is defined as the on- and off-site areas west of the sewage treatment pond. Due
to recent ground water plume definition, what was referred to as the western GSA in previous
documents is now included in the HE Process Area. ’

Privately owned properties adjacent to the GSA include:
» Gallo Ranch to the south.

* Connolly Ranch to the south and east.

» Etchelet property to the northeast.

Each of these three parcels is sparsely populated and used primarily for livestock grazing.
East of Site 300 is an ecological preserve operated by the State of California Department of Fish
and Game. Environmental impacts on the ecological preserve associated with the selection of
remedial alternatives are considered in Chapter 6 of this FS. North of the ecological preserve
and northeast of Site 300 is land owned and operated by Physics International. This firm
operates an explosives test facility on their property.

1.3.2. GSA History

The first buildings in the GSA were constructed between 1957 and 1958. The newest
structure, Building 883, was constructed in 1983. Eleven permanent buildings are located in the
central GSA. As indicated in Table 1-3, a number of buildings in the GSA are used as painting,
welding, and repair facilities. Past activities at these facilities contributed to the release of
solvents and other VOCs to the subsurface. The central GSA also contains parking lots and
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storage areas. The eastern GSA has a sewage treatment pond and overflow pond that treat
sewage generated within the GSA. The sewage treatment pond and overflow pond are operated
under CRWQCB Waste Discharge Requirement permit no. 85-188. Other facilities within
Site 300 have their own waste disposal systems (LLNL, 1988).

Five permanent buildings owned by the California Department of Forestry (CDF) are located
off-site on the Connolly Ranch property within 150 ft of the Site 300 boundary at the GSA
(Table 1-4). They are used for housing and equipment storage. No other off-site buildings are
being considered in this FS.

The Department of Fish and Game ecological preserve to the east of Site 300 was formerly
part of Site 300. In 1973, 99.15 acres were transferred to the State of California for the preserve,
and 7.44 acres were transferred to the Navy for continued use for fire-fighting experimentation
(Graham, 1990). In 1977, the Navy program was terminated, and the 7.44 acres were transferred
back to LLNL. Currently, this land is not used by Site 300 personnel.

The three properties adjacent to the GSA are currently and have been historically used for
livestock grazing. In 1952, the CDF leased a small parcel of the Connolly ranch and constructed
the Castle Rock Fire Station (Erwin and Balesteri, 1991). The fire station is currently in use.

1.3.3. GSA Geology

The geology of the-GSA is summarized below. The local geology and hydrogeology
strongly influence the extent of subsurface contaminant plume migration and subsequently the
selection of alternative remedial technologies. A geologic map of the OU is shown in
Figure 1-16. GSA hydrogeology is discussed in section 1.3.4. Hydrogeologic cross sections of
the GSA are referenced in section 1.3.4. Depths of stratigraphic contacts used to construct these
cross sections are presented in Chapter 14 of the SWRI report (Webster-Scholten, 1994) and in
Appendix A of this FS.

1.3.3.1. Stratigraphy

The GSA is underlain by unconsolidated Quaternary alluvial (Qal) and terrace deposits
(Qt and Qoa) associated with ancestral and present-day stream channels of Corral Hollow Creek.
These deposits consist of brown clay, silt, sand, and gravel lenses. Most of the central GSA is
blanketed by Quaternary terrace deposits (Qt and Qoa) composed of Franciscan Assemblage
gravels and cobbles in a silty sand matrix. Quaternary alluvial deposits predominate in the
eastern GSA. According to Carpenter et al. (1988), the Quaternary terrace remnants represent
deposits of ancestral Corral Hollow drainage systems. The Qt, Qoa, and Qal units are essentially
flat-lying in the GSA and unconformably overlie the late Miocene Neroly and Cierbo
Formations. In general, the Neroly Formation in the GSA and vicinity is composed of poorly
consolidated, blue-weathering volcaniclastic sandstone and siltstone with interbedded claystone
and rare conglomerate. Neroly Formation beds dip generally from 8° to 18° south-southwesterly.

Three regional Neroly Formation stratigraphic members have been encountered in wells
drilled in the GSA: Tnbs; (upper blue sandstone member), Tnscj (middle siltstone and claystone
member), and Tnbs; (lower blue sandstone). The Tnbs, sandstone has been encountered only in
the central GSA wells and is unconformably overlain by terrace and older alluvial deposits. The
claystones and siltstones of the Tnscy unit are found in wells drilled in the central GSA, but
geologic mapping and borehole data indicate that this unit is discontinuous in the eastern GSA.
The blue-gray sandstone of the Tnbs; is present at depth below the central GSA and subcrops
below the alluvium or outcrops in the eastern GSA.

The Miocene Cierbo Formation conformably underlies the Neroly Formation and has been
encountered in well W-873-01 and former well 19 in the central GSA, and in well W-25N-04 in
the eastern GSA. However, information regarding this unit obtained from these wells is limited.
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The Cierbo Formation has also been encountered in monitor wells and boreholes drilled on the
California Department of Fish and Game property along Corral Hollow Creek; here the
formation is unconformably overlain by Qal and Qoa.

1.3.3.2. Structure

The Quaternary alluvial and terrace deposits blanketing the GSA are essentially flat-lying.
These units unconformably overlie Neroly bedrock units that dip 8° to 18° south-southwest as
shown in the structural contour map of the Tnbs; claystone marker bed (CMB) (Fig. 1-17). The
Tnbs; CMB is a horizon that is easily correlated on GSA borehole geophysical logs and is
recognized throughout the GSA as well as the entire southeastern part of Site 300. Interpretation
of the bedrock structure is based on structural mapping of the Tnbs; CMB in the subsurface
integrated with surface outcrops, and is consistent with the interpretation of seismic data in the
GSA. Bedrock dips steepen to the east as each Neroly stratigraphic unit subcrops beneath
alluvial deposits.

Principal faults mapped in the vicinity of the GSA include the Corral Hollow—Carnegie Fault
system, the Terrace Fault, and the Callahan Fault (Fig. 1-6). The Carnegie Fault trends
northwest-southeast in the southwest part of Site 300 and merges with the Corral Hollow Fault
southwest of the GSA. This fault system is considered to be active (Carpenter et al., 1991). The
Terrace Fault, a high-angle reverse fault, is located in the southern part of Site 300 and extends
northeast-southwest. The Callahan Fault, located just east of the eastern GSA, trends
north-south.

Within the GSA, a reverse fault with approximately 8 ft of apparent slip is exposed in the cut
slope north of Building 874. The presence of two other subsurface faults in the GSA is
suggested by geologic, geophysical, and hydrologic data.

A fault has been identified south of Corral Hollow Road generally trending in an east-west
direction. The information regarding this fault is based on seismic reflection data and correlation
with well borehole lithologic logs and geophysical logs. These logs indicate the presence of a
normal fault with approximately 30 ft of offset in the area south of Building 875, with the down
side to the south as shown in cross sections A-A' and B-B' (Figs. 1-18 and 1-19). Seismic
reflection data indicate that the fault dips about 70° to the south.

A second fault has been identified toward the east end of the sewage treatment pond which
trends in a northwest-southeast direction subparallel to the Callahan Fault. The presence of this
fault is indicated by stratigraphic offset based on borehole lithologic and geophysical log
correlation. The logs indicate a vertical fault with approximately 20 ft of offset, with the down
side to the east as shown in cross sections C-C' and D-D' (Figs. 1-20 and 1-21).

Both faults are present at depth in the Neroly Formation but do not extend into the alluvium,
indicating that there has been no recent movement along either fault.

Abundant joints and fractures are present in the Neroly Formation in the GSA and vicinity.
Mineral coatings of manganese and iron oxides have been found on fractures in drill cores,
indicating that these are natural fractures, not drilling-induced fractures. Most fractures observed
in drill cores are subparallel to bedding planes in brittle claystone and siltstone and near vertical
joints in resistant, locally-cemented sandstone beds (McIlvride et al., 1990).

1.3.4. GSA Hydrogeology

This section summarizes the general hydrogeology of the GSA, including the occurrence of
surface water, ground water, and natural ground water chemistry. Ground water is the primary
contaminated media in the GSA. The local hydrogeology controls the fate and transport of
contaminants in ground water beneath the downgradient portion of the OU. A more detailed
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description of the GSA hydrogeology is presented in Chapter 14 of the SWRI report (Webster-
Scholten, 1994).

1.3.4.1. Surface Water

There are no perennial streams or standing bodies of water within the GSA except for an
asphalt-lined sewage treatment pond located in the eastern GSA and operated under RWQCB
WDR No. 85-188. This pond treats domestic waste generated within the GSA. Corral Hollow
Creek, located south and east of the GSA, is the closest surface-water body. The creek is.
intermittent and it is dry for most of its length almost year-round. The creek typically flows only
for a few days or weeks each winter in response to periods of heavy rainfall (Mcllvride et al.,
1990).

Natural surface water in the GSA generally exists only as surface runoff during severe
(>0.3 in./h) or prolonged (>2 h) storm events (Bryn et al., 1990). Surface water runoff, when
present, generally drains south or southeast toward Corral Hollow Creek, as shown in
Figure 1-22. Natural surface runoff in the area is rare because of the semiarid climatological
conditions that prevail at Site 300. However, surface runoff may be augmented by concentrated
runoff from local asphalt or concrete parking lots.

Surface water in the central GSA is directed into a network of storm drains and ditches that
flow collectively into culverts, which discharge on the side of the hill adjacent to Corral Hollow
 Road. Surface water in the eastern GSA drains along steep ravines and flows into a series of
culverts that extend beneath Corral Hollow Road and discharge onto the floodplain of Corral
Hollow Creek. Surface water runoff from the eastern GSA infiltrates rapidly upon reaching the
permeable alluvium of the Corral Hollow Creek floodplain. Because of the highly permeable
nature of some of the Corral Hollow alluvium, treated ground water from the eastern GSA
GWTS is discharged to a selected off-site location in Corral Hollow under an NPDES permit.

Ground water has been observed to daylight at the surface at three springs in the vicinity of
the GSA: spring 1, spring 2, and spring GEOCRK (Fig. 1-23). Spring 1 is approximately
5,000 ft downstream from the CDF station, upslope on the west side of Corral Hollow Road.
Spring 1 has perennial flow at an estimated rate of 1 gpm. Spring 2 is about 4,800 ft downstream
from the CDF station on the west side of Corral Hollow Road. Spring 2 has also been classified
as perennial; however, the flow rate of this spring is too low to measure. Both springs 1 and 2
are located on the California Department of Fish and Game ecological preserve.

Spring GEOCRK is in the Corral Hollow Creek streambed about 4,500 ft downstream from
the CDF station. The flow rate of spring GEOCRK has not been measured: however, the flow
from this spring appears to exceed 5 gpm (Gregory, 1993). Inorganic ground water chemistry
data indicate that the water emanating from this spring contains a significant component derived
from the underlying Cierbo Formation bedrock rather than the alluvium (McIlvride et al., 1990).

1.3.4.2. Ground Water

Ninety-eight ground water monitor wells have been installed in the GSA to define,
characterize, and monitor the extent and movement of contaminants in ground water.
Fifty-seven monitor wells have been installed in the central GSA and 41 in the eastern GSA
and vicinity. Well depths range from 22 ft (well W-35A-06) to 498 ft (well W-873-01). Well
locations are shown on Figures 1-24 and 1-25. Appendix F of the SWRI report contains the
ground water elevation data through December 1991. Appendix A of this FS contains the
ground water elevation data through 1994.

Hydraulic tests have been performed on selected wells in the central and eastern GSA to
determine the hydraulic characteristics of the hydrologic units and to define hydrostratigraphic
relationships. The results of these tests are summarized in Table 1-5. Well completion data are
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provided in Tables 1-6 and 1-7 and shown on Figures 1-26 and 1-27. Hydrogeologic cross
sections of the central and eastern GSA are presented in Figures 1-18, 1-19, 1-20, 1-21, and 1-28.
The location map for these cross sections is presented in Figure 1-29.

Ground water geochemical data from GSA wells were also utilized to.characterize the
hydrologic units in the GSA. The geochemical data helped to verify interpretation of the flow
paths, aquifer interconnections, and communication between hydrologic units. General mineral
analysis from GSA wells included major cations and anions, PH, specific conductance, TDS, and
natural background metalloids. A detailed discussion of the geochemical characteristics of the
hydrologic units is included in SWRI, Chapter 14.

Three primary hydrologic units have been identified in the GSA based on their hydraulic,
physical, and geochemical characteristics. Two hydrologic units are present only in the central
GSA and one is present only in the eastern GSA. These hydrologic units are comprised of the
stratigraphic units described above (Section 1.3.3.1). They are listed below by area and in order
of increasing stratigraphic age and depth. A more detailed description of the hydrologic units in
the central and eastern GSA is provided in Tables 1-8 and 1-9.

Central GSA

— Quaternary terrace deposits-Neroly middle siltstone/claystone (Qt-Tnsc) hydrologic unit,
which includes stratigraphic units Qt, Qoa, Qal, Tnbsy, and Tnscj.

— Neroly lower blug sandstone (Tnbsj) hydrologic unit.
Eastern GSA

— Quaternary alluvium-Miocene Cierbo Formation (Qal-Tmss) hydrologic unit, which
includes stratigraphic units Qal, Tnscy, Tnbsy, and Tmss.

Although stratigraphic unit Tmss has been identified in wells drilled in the central GSA,
penetration into this unit has not been sufficient to establish the hydraulic characteristics of the
unit and its relationship to overlying units.

1.3.4.2.1. Central GSA: Quaternary Terrace Deposits—Neroly Middle Siltstone/
Claystone (Qt-Tnsc1) Hydrologic Unit. The Qt-Tnsc hydrologic unit is composed of
stratigraphic units Qt, Qoa, Qal, Tnbsy, and Tnscy; and it underlies most of the central GSA.
Ground water elevations in this unit range from 491 ft above MSL in well W-35A-06 to 515 ft
above MSL in well W-876-01. Ground water is generally encountered 10 to 20 ft below ground
surface, with localized saturated fractures and lenses. Figure 1-30 shows the potentiometric
surface elevations of the first water-bearing zone within the Qt-Tnsc hydrologic unit. A cone of
depression in the potentiometric surface is present in the vicinity of the Building 875 dry well
pad as a result of ground water extraction from wells in that area. Unconfined ground water
flows southward in the Qt-Tnscy hydrologic unit. Where ground water in the Qt-Tnscy
hydrologic unit discharges to the stream channel alluvium in the Corral Hollow streambed, the
ground water flow direction follows the streambed toward the east. The Tnsc stratigraphic unit
serves as a confining layer between the Qt-Tnsc) hydrologic unit and the underlying Tnbs;
hydrologic unit, as indicated by water chemistry and hydraulic head differences between the two
units. As shown in Table 1-10, water level elevations in the Qt-Tnscg hydrologic unit are higher
than in the underlying Tnbs; hydrologic unit. Although the Tnsc; stratigraphic unit has low
porosity and primary permeability, our observations of mineral coatings on fractures in cores
indicate that it has moderate fracture (secondary) permeability.

TDS values in the Qt-Tnscy hydrologic unit range from 770 to 1,420 mg/L, and specific
conductivity ranges from 1,080 to 2,100 umhos/cm (averaging 1,536 umhos/cm). TDS values in
the Qt-Tnsc) hydrologic unit are higher than TDS values in the Tnbs hydrologic unit. The pH
values range from 6.5 t0 9.3, with an average value of 8.1. Arsenic and selenium concentrations
in all ground water samples were below the MCLs of 0.05 and 0.01 mg/L, respectively, for these
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natural metalloids. GSA ground water samples were not analyzed for total organic carbon
(TOC).

1.3.4.2.2. Central GSA: Neroly Lower Sandstone (Tnbsj) Hydrologic Unit. Hydrologic
unit Tnbs; underlies the Qt-Tnsc; hydrologic unit throughout the central GSA. Data from wells
completed in the Tnbs; unit in the central GSA indicate that saturated conditions exist beneath
most of the GSA. Ground water elevations within this unit range from 493 ft above MSL in
well W-7M to 514.7 ft above MSL in well W-843-02. Depth to ground water is approximately
160 ft below ground surface. The potentiometric surface elevation contour map of the Tnbs;
hydrologic unit is shown in Figure 1-31. Within the Tnbs; hydrologic unit, ground water i$
confined and flows in a generally southerly direction, oriented subparallel to the bedding planes
of the bedrock. In the vicinity of the sewage treatment pond, ground water in the Tnbs; becomes
unconfined, and flow within this hydrologic unit is in a more easterly direction. The change in
flow direction within the Tnbs; hydrologic unit in this area may be attributable to the fact that
confining conditions of the Tnbs; aquifer change from confined to unconfined due to the
erosional pinch-out of the Tnscy confining layer. The change in pressure conditions is believed
to cause ground water in the confined state to flow toward the area where unconfined conditions
exist. In addition, periodic pumping from wells CON-1 and CDF-1 located to the east, which are
completed in the Tnbs) regional aquifer, may also affect the ground water flow direction in this
area.

Mineral data from ground water collected from ten wells completed exclusively in the Tnbs
hydrologic unit were used to characterize this unit. Ground water in the Tnbs; water-bearing
zone is dominated by the sodium cation and contains no dominant anions. In general, ground
water from the Tnbsq hydrologic unit is higher in sodium than water from the Qt-Tnsc
hydrologic unit.

Although, the pH in samples ranges from 5.8 to 8.9, the average pH of Tnbs; ground water is
neutral. The average TDS concentration is 812 mg/L. A relatively low specific conductivity of
1,246 umhos/cm was observed in the Tnbs; unit compared to the Qt-Tnsc; hydrologic unit.
Samples from six wells completed in the Tnbs; hydrologic unit were analyzed for arsenic and
selenium. Arsenic concentrations in these ground water samples ranged from 0.002 to
0.009 mg/L, well below the MCL. Selenium was not detected in any sample.

1.3.4.2.3. Eastern GSA: Quaternary Alluvium-Miocene Cierbo (Qal-Tmss) Hydrologic
Unit. In the eastern GSA, ground water in the Qal-Tmss hydrologic unit is unconfined to
semiconfined. Ground water elevations range from 445 ft above MSL in well W-25D-02 to
491 ft above MSL in well CON-2. Depth to ground water is approximately 18 ft below ground
surface. Where the Tnscq confining layer is absent (north of Corral Hollow Road), the
potentiometric head elevations measured in December 1991 in wells W-7D (completed in the
Tnbs1) and W-7DS (completed in the Qal) are 488.87 ft and 488.93 ft, respectively (Table 1-10).
These wells are located within 25 ft of each other. In this area of the eastern GSA, the Tnbs;
bedrock subcrops beneath the Qal, and the lack of significant head differences between the Qal
and Tnbs) indicates that the bedrock is in hydraulic communication with the alluvium.

As shown in Figure 1-18, the Tnscy is present in the vicinity of the cluster wells W-25N-07,
W-25N-10, W-25N-11, W-25N-12, and W-25N-13. Differences in the potentiometric head
measured in alluvial (Qal) well W-25N-07 and the four Tnbs; wells range from 0.2 to 0.8 ft
(Table 1-10). In this area, the Tnscy acts as a local confining layer and the Tnbsj bedrock is not
in direct hydraulic communication with the overlying alluvium. However, directly north of these
wells, the Tnscy is absent, and the Tnbs; subcrops beneath the alluvium in the updip direction.
The head differences (0.2 to 0.8 ft) between the eastern GSA Qal and Tnbsj cluster wells are
relatively small compared to head differences (up to 7 ft) observed between the Qal and Tnbs; in
the central GSA wells.

- A potentiometric surface elevation contour map of the first water-bearing zone (Qal) within
the Qal-Tmss hydrologic unit is shown in Figure 1-32. As shown in this map, ground water in
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the Qal flows eastward before turning northward to follow the Corral Hollow Creek streambed.
Ground water flow within this stratigraphic unit occurs primarily within the sand and gravel
lenses and stringers of high hydraulic conductivity oriented parallel to the axis to the valley.
While data indicate that alluvium and underlying Tnbs; sandstone are in hydraulic
communication, the ground water flow direction in the two units may differ. Due to the much
higher hydraulic conductivity of the Qal, ground water in this stratigraphic unit tends to follow a
preferential flow path through the saturated alluvial deposits of Corral Hollow. Ground water in
the deeper water-bearing zones of the Tnbs; generally follows regional Tnbs; ground water flow
direction toward the south, oriented parallel to the bedding planes of the bedrock. The shallow-
Tnbs; functions as a transition zone between the alluvium and deeper Tnbs; sandstone
(Fig. 1-13). An easterly component of flow exists immediately west of wells CON-1 and CDF-1,
possibly as a result of pumping from these Tnbs; wells (Fig. 1-31).

Hydraulic communication between Qal and Neroly bedrock units is also supported by data
obtained from hydraulic tests conducted on water-supply wells CDF-1 and CON-1 and 20 nearby
water level observation wells. The drawdown observed in the alluvial wells induced by pumping
in CDF-1 and CON-1 is the result of (1) the fact that well CDF-1 is screened across the alluvium
and the Tnbs; sandstone, and (2) hydraulic communication between two stratigraphic units
where the Tnbs; subcrops beneath the Qal, north of CDF-1 and CON-1.

Analyses for ground water chemistry were performed on water samples collected from
25 monitor wells completed in the Qal-Tmss hydrologic unit in the eastern GSA. Generally, the
- ground water chemistry data support conclusions drawn from hydraulic test data about hydraulic
communication between adjacent units. Concentrations of TDS in' ground water samples
collected in the Qal-Tmss hydrologic unit range from 300 to 2,360 mg/L, with an arithmetic
average of 972 mg/L. The pH values range from 7.4 to 8.7, with an arithmetic average of 7.9.
Sodium is the dominant cation in wells in the eastern GSA, whereas potassium is present only in
minor amounts. The dominance of the sodium cation is pronounced in ground water from wells
screened in the lower Neroly bedrock portions of the hydrologic unit. Ground water samples
from wells completed in the shallow alluvium exhibit more balanced cation ratios. For example,
the cation balance in ground water samples from wells W-25N-10, W-25N-12, W-25N-13,
CDF-1, CON-1, and CON-2 is more heavily dominated by sodium than in other ground water
samples in the overlying alluvium, which exhibit more balanced cation ratios. These wells are
completed in the Tnbsy stratigraphic unit and are located south of Corral Hollow Road where
stratigraphic unit Tnsc separates Tnbs| from the alluvium.

Ground water samples from seven monitor wells in the eastern GSA were analyzed for the
natural metalloids, arsenic and selenium. Arsenic concentrations ranged from trace amounts to
below detection limits. Selenium was detected in a sample from well W-25N-15 at the federal
MCL of 0.01 mg/L. Arsenic and selenium are commonly present as trace constituents within
ground water in the Neroly Formation.

1.3.4.2.4. Recharge and Discharge. Recharge and discharge in the central GSA and the
eastern GSA are affected by:

* Low precipitation.
» High evapotranspiration.

* Infiltration of precipitation into, and ground water flow through, Corral Hollow Creek
floodplain alluvium immediately south of the OU.

*  Surface runoff from northwest-southeast-trending drainage basins.

The recharge and discharge characteristics of the Qt-Tnscy and Tnbs hydrologic units in the
central GSA and the Qal-Tmss hydrologic unit in the eastern GSA are summarized in
Tables 1-11 and 1-12. :
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1.3.5. Beneficial Uses of Ground Water

1.3.5.1. Description of Water-Supply Wells

There are no active on- or off-site water-supply wells in the central GSA. Former water-
supply wells 7 and 19 are located on site approximately 150 ft east of Building 875. Because
ground water samples from both wells have shown occurrences of VOCs, these wells have been
sealed and abandoned to prevent any potential vertical migration of VOCs between hydrologic
units along screened intervals or gravel packs.

Although there are no on-site water-supply wells in the eastern GSA, there are two active off-
site water-supply wells, CDF-1 and CON-1, located on private property to the south. This
property is owned by the Connolly Ranch and leased to the CDF Castle Rock Fire Station, as
shown in Figure 1-33. The production rate of well CDF-1 is about 40 gal per minute (gpm), and
about 21 gpm for well CON-1. A third active, off-site water-supply well, Sheep Ranch-1 (SR-1)
is located approximately 3 mi north of the eastern GSA. There are also two inactive water-
supply wells, GALLO-2 and CON-2, in the area. Details of these five wells can be found in
Table 1-13.

Active off-site water-supply well CDF-1 operates intermittently to fill a pressure tank that
supplies water to the CDF Castle Rock Fire Station. The station is occupied only during the
summer fire season. The well diameter is 6 in., and the depth to water is about 15 ft below the
ground surface. Well CON-1, the other active off-site water-supply well, provides water for the
Connolly Ranch, mainly for stock watering. The well casing diameter is 8 in., and the static
water level is about 18 ft below the ground surface. This well pumps intermittently to fill a water
tank located on a nearby hill to the south. Neither well is used as a primary drinking water
source.

LLNL is currently discussing the logistics of providing the Connolly Ranch with alternative
water sources, which would ultimately allow the sealing and abandonment of wells CON-1 and
CDF-1.

The third active off-site water-supply well, SR-1, is located about three miles downstream of
the eastern GSA along Corral Hollow Creek (Fig. 1-33). Little information is available for well
SR-1. A well driller’s log gives the total depth drilled and the year of drilling (Table 1-15). An
approximate production rate for the well is about 80 gpm. The well is used intermittently to fill
the ranch water-supply storage tank. The Physics International well, PHYS-1 (Fig. 1-14), is on a
hillside above Corral Hollow Creek. The well is not believed to be in use. No other information
for the well is available.

The two inactive wells, GALLO-2 and CON-2, could almost be considered abandoned
because they apparently have been used very little, if at all, over the last seven or more years, and
they are not in good repair (Carlsen, 1993). For the purposes of this FS, an inactive water-supply
well is defined as a well that has not been used in the recent past and for which there are no plans
for use as a water-supply well in the future. Well CON-2 is a 3-ft-diameter, hand-dug well from
the 1930s used in support of construction activity for the Hetch Hetchy water system. We have
installed a casing in this well to allow collection of monitoring samples, but there are no plans
for this well to be used as a water-supply well in the future. Depth to water is about 18 ft below
the ground surface. Well GALLO-2 has no pump. The well casing diameter is 8 in. The historic
static depth to water has been about 22 ft below the ground surface.

Additional information on water-supply wells in the GSA and vicinity is presented in SWRI,
Chapter 14 (Webster-Scholten, 1994).
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1.3.5.2. Inorganic Water Quality

We evaluated the inorganic quality of ground water in the GSA relative to potential
beneficial domestic, agricultural, and industrial use. Details of water quality studies are
presented in Chapters 3 and 14 of the SWRI report. Water quality chemical data is in
Appendix H of that report.

Water quality and general mineral data indicate that three ground water types appear to be
present in the GSA.

-+ Streambed recharge water that has a higher-than-usual concentration of calcium,
magnesium, and bicarbonate. This water is associated with the Corral Hollow older
terrace deposits (Qt) and the Corral Hollow alluvial/stream gravels (Qal). Four wells
(W-35A-02, W-35A-03, W-35A-05, and W-7ES) located near the center of the Corral
Hollow Creek channel display a fairly well-defined water quality subgroup. Piper
trilinear diagrams presented in Chapter 14 of the SWRI report indicate that these wells
have higher relative concentrations of Ca++, Mg**, and bicarbonate (HCO3-) ions than
other wells in the vicinity. The TDS values for these wells and others in this unit are
almost always above 700 mg/L, higher than the secondary MCL of 500 mg/L.

* Neroly Formation ground water with higher concentrations of sodium and sulfate. These
aquifers are informal members of the Neroly Formation members: Tnbsy, Tnscy, and
Tnbs;. Analytical data for ground water samples from the Neroly Formation display
several water quality patterns. For example, former water-supply well 19, which was
completed only in the lower Tnbsy, is high in sodium and sulfate relative to other ground
water. For other wells completed in the Neroly Formation, such as off-site water-supply
wells CDF-1 and CON-1, ground water samples appear to be a mixture of water
components from several units (i.e., Tnbsy, Tnscy, and Tnbs;)

 Cierbo Formation (Tmss) ground water with higher concentrations of sodium and
chloride. This water is in the Cierbo sandstone. Ground water from monitor well
W-25N-04, completed in the Tmss unit, is high in sodium and chloride relative to other
wells in the vicinity, and the TDS is high (1,500 mg/L).

These three ground water types are mixed locally as the result of hydraulic communication
between the Neroly and Cierbo Formations and the overlying alluvium; this communication
occurs in a pattern made complex by the variable subcrop bedrock geology in the GSA. In
general, the water quality of GSA ground water is fair to poor. Many wells exhibit elevated
chloride concentrations, and most wells show sulfate concentrations and TDS higher than
secondary MCLs (Marshack, 1991). The secondary MCL for chloride is 250 mg/L. For sulfate,
the proposed primary EPA MCL is 400 mg/L, while the secondary state and federal MCLs are
250 mg/L. The TDS secondary MCL is 500 mg/L. Sodium concentrations in ground water are
also high, mostly above 200 mg/L. Although there is no MCL for sodium, the EPA Health
Advisory for human health and welfare is 2 mg/L sodium.

High levels of TDS, sodium, and chloride make water brackish and nonpotable for humans.
High sulfate concentrations render drinking water unpalatable. For example, Site 300
water-supply wells 18 and 20 (Fig. 1-14) have sulfate concentrations above the secondary MCL
of 250 mg/L, and TDS concentrations of approximately 700 mg/L, which is in excess of the
secondary MCL of 500 mg/L. Because of this, most buildings at Site 300 provide bottled
drinking water. As mentioned above, off-site water-supply wells CDF-1 and CON-1 are
typically used for stock watering and domestic purposes other than drinking. Bottled water is the
primary source of drinking water at the California Department of Forestry facility and the
Connolly Ranch.

High TDS in ground water is also unfavorable for industrial and agricultural uses. The -
agricultural water quality goal for TDS is 450 mg/L, and for chloride 106 mg/L. (Marshack,
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1991). Water with TDS over 1,000 mg/L is not suitable for agriculture except for salt-tolerant
plants (Romijin, 1986).

To obtain a reliable source of quality drinking water for the LLNL Site 300 explosives test
facility, DOE entered a contractual agreement (Contract Nos. AT[04-3]-269 and DE-AC-03-76-
SF16820) with the City and County of San Francisco (CCSF) in 1960 for water services from
CCSF’s Hetch Hetchy water-supply system (U.S. DOE, 1960; Moran, 1990). As a result of
these contracts, funding was made available to Site 300 in 1992, and the pipeline to connect the
Hetch Hetchy Thomas Shaft access (approximately 5 miles south of the GSA) to Site 300 was
completed in 1994. Tie-in to the Site 300 water-supply system is scheduled for fiscal year 1995.

1.4. Nature and Extent of Contamination

Several investigations in the GSA were conducted to determine the nature and extent of
contamination. Source characterization involved collecting data to identify contaminant source
locations, types of contaminants, and the physical and chemical characteristics of the
contaminants present as discussed in Chapter 14 of the SWRI. This section of the FS
summarizes the nature and extent of contamination (primarily TCE) in air, soil vapor, soil, and
ground water in the central and eastern GSA.

- 1.4.1. Chemical Use

14.1.1. Central GSA

Solvents and other VOCs have been used in the central GSA craft shops and facilities.
Undetermined quantities of these chemicals were released to the subsurface as a result of past
activities in the central GSA. Prior to 1982, dry wells in the central GSA were used to dispose of
rinsewater, and process- and wash-water. Some of these dry wells have been identified as
release sites for the chemicals found in the soil, rock, and ground water. Between 1983 and
1984, the dry wells were investigated and closed (Lamarre et al., 1989).

Since 1983 hazardous wastes have been temporarily stored at Building 883, a permitted
hazardous waste storage facility. Containerized waste from Site 300 is collected at Building 883
prior to transportation for subsequent recycling, treatment, or disposal. Waste handlin g has been
documented for this facility since it was constructed, and no spills have been recorded
(Greci, 1992).

1.4.1.2. Eastern GSA

Undetermined quantities and types of debris and chemicals were disposed of in debris burial
trenches located in the eastern GSA during the 1960s and 1970s. Trenching of the debris burial
area, interviews with former and present employees, and examination of aerial photographs
indicate that primarily metal, ceramic, and glass debris from the craft shops were disposed of
there (Wade et al., 1991).

1.4.2. Chemical Releases

In the initial source screening of the GSA OU, 37 potential release sites were identified, as
listed in Table 1-14 and shown in Figures 1-34 and 1-35. Detailed information on release sites in
the GSA is presented in Chapter 14 of the SWRI report (Webster-Scholten, 1994).
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Of the 37 potential release sites in the GSA identified by source screening, seven have been
confirmed as chemical release sites. Six of the confirmed release sites are located in the central
GSA and one is in the eastern GSA. They are:

* The Building 879 steam-cleaning/sink facility.

* Two former adjacent dry wells (875-S1 and 875-S2) approximately 50 ft south of
Building 875.

* A decommissioned solvent drum rack and underground solvent retention tank north of
Building 875.

* A former dry well (872-S) south of Building 872.
* A former dry well (873-S) south of Building 873. '
*  Adebris burial trench east of the sewage treatment overflow pond in the eastern GSA.

During the GSA characterization work, an additional potential release site was identified: a
debris burial trench located northwest of the sewage treatment pond. Existing data are
insufficient to determine whether this debris burial trench continues to act as a source of
contamination to soil and/or ground water.

TCE is the primary chemical released to the surface and subsurface as a result of past storage,
disposal, or use in the GSA. Other contaminants identified in the GSA include PCE, 1,1-DCE,
and cis-1,2-DCE. TCE typically comprises 85 to 95% or more of the total VOCs detected, and
PCE accounts for most of the remaining 5 to 15%. Tables 1-15 through 1-19 summarize the
chemicals of potential concern in the GSA. The database on which these tables are derived is
presented in Appendices G and H of the SWRI report and Appendix A of this FS.

1.4.3. Nature and Extent of Contamination in Soil Vapor

Extensive soil vapor surveys (SVSs) were conducted in the central and eastern GSA to
identify sources of contamination. Chapter 2 of the SWRI report contains descriptions of SVS
methods. The results of passive and active vacuum induced (AVI) SVSs conducted in the central
and eastern GSA are summarized in the following sequence of figures:

+ Figures 1-36 through 1-41 show TCE concentrations in soil vapor measured in the AVI
SVSs conducted October 1988 through July 1989.

* Figure 1-42 shows TCE flux as measured by total ion counts (tics) in soil vapor samples
collected in the passive SVSs conducted in April and May 1990 and in additional samples
collected in January and October 1991.

The database from which these figures were prepared is presented in Appendix I of the SWRI
report.

In general, the TCE distribution patterns obtained using both the passive and AVI SVS
techniques are in agreement. SVS data are correlated with source areas such as former dry wells,
drum storage areas, and debris piles. However, the results from each method or each different
sampling period are not quantitatively compared because numerous variables influence the
amount of soil vapor detected by either method (Vonder Haar et al., 1991).

Additional passive SVSs were conducted in January and February 1994 in the central GSA
and on Gallo Ranch property in order to optimize the placement of the GSA Characterization
Plan wells. Thirty-seven passive soil vapor points were deployed on Gallo Ranch property south
of Buildings 873 and 875 in a grid pattern with approximately 50- to 100-ft spacings. After
18 days of exposure, the passive soil vapor collectors were retrieved and sent for analysis to
Northeast Research Institute’s (NERI) Lakewood, Colorado, laboratory. No VOCs were
detected in any of the 37 collectors analyzed as measured in total ion counts (Fig. 1-43).
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Eighteen passive soil vapor collectors were deployed on site in the central GSA in the area
west of the sewage treatment pond. The collectors were deployed in two transects: one from the
Building 875 dry well pad area running generally eastward to the eastern GSA debris burial
trench area and a second transect running north-south through the debris burial trench area
located northwest of the sewage treatment pond. The collectors were retrieved after 15 days of
exposure and sent for analysis to NERI’s Lakewood, Colorado, laboratory. TCE was detected in
14 of the 18 collectors at levels of up to 2,027,090 tics in the Building 875 dry well pad area
(Fig. 1-44). The recent soil vapor data for surveys conducted in the GSA and on Gallo Ranch
property are presented in Appendix A. T K

1.4.4. Nature and Extent of Contamin‘atioh in Air

In September 1994, we obtained direct measurements of VOC soil flux in the GSA OU using
the emission isolation flux chamber methodology (U.S. EPA, 1986) with samples collected in
SUMMA™ canisters. The continued industrial use of VOC solvents and fuels in the area makes
it difficult to determine if VOC vapors present in ambient air are the result of volatilization from
the subsurface or from industrial use. Consequently, VOC concentrations in ambient outdoor
and indoor air could not be measured directly. Detailed descriptions of the emission isolation
flux chamber methodology and our sampling protocol are presented in Appendix B. The
objectives of this sampling effort were to:

* Identify chemicals of potential concern that may be emitted to ambient air.

¢ Collect sufficient data to calculate a statistically significant 95% upper confidence limit
of the soil flux emission rates.

¢ Obtain adequate data for purposes of conducting a risk assessment.

Site characterization data and passive SVS data collected in January and February 1994
(Figs. 1-43 and 1-44) were used to identify and delineate the boundaries of three discrete
sampling zones:

* Building 875 dry well area (unpaved area approximately 50 ft south of Building 875).
* Central GSA (area west of sewage treatment pond).
* Eastern GSA (area east of sewage treatment pond).

Figure 1-45 shows these VOC soil flux sampling zones and the emission isolation flux
chamber sample locations. The central and eastern GSA were divided into grids following the
methodology presented in Air/Superfund Technical Guidance Series, Volume II (U.S. EPA,
1990). Central and eastern GSA grid cells used for sample locations were selected randomly,
with the number of samples based upon the area of each sampling zone. The Building 875 dry
well area sampling zone is defined as the unpaved strip between the parking lot south of
Building 875 and Corral Hollow Road in the vicinity of the former dry wells. A random
sampling approach for selecting sample locations could not be reasonably applied to this
sampling zone. The Building 875 dry well area has many obstacles (such as trees and the soil
vapor extraction platform) that make location of random samples difficult. Flux chamber sample
locations were, therefore, chosen in the field to best characterize expected VOC soil flux in the
Building 875 dry well area. The number of locations to be sampled in the Building 875 dry well
area was based upon the approximate area of the sampling zone. In each sampling zone, an
additional sample was collected at the location expected to have the highest soil vapor flux,
based on review of available data. This “control point” sample was collected at two different
times during the diurnal cycle to represent variations in soil flux between the maximum and
minimum diurnal temperatures. A detailed discussion of the methodology used to establish
sampling zones and locations is presented in Appendix B. |
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In the central GSA, a total of 21 locations were sampled for soil flux; in the eastern GSA, a
total of 18 locations were sampled; and in the Building 875 dry well area a total of 13 locations
were sampled for soil flux. At each sample location, air samples were collected in SUMMA™
canisters using the emission isolation flux chamber methodology. The SUMMA™ canisters
were analyzed using EPA method TO-14, which measures the concentration of 39 analytes.
Table 1-20 presents a list of the analytes measured by the TO-14 method and their respective
detection limits. In addition to the soil flux samples, method blank samples were collected for
each isolation chamber. The results of the method blank analyses were used to qualify the VOC
soil flux measurements. A discussion of the method blank collection, QA/QC and data -
evaluation used to identify the chemicals of potential concern is presented in Appendix B.
Table 1-20 lists those analytes determined to be present in the soil flux measurements after the
method blank evaluation.

The results of the TO-14 analysis (ppmyy) used to calculate measured soil flux are presented
in Appendix A. Values for soil flux measured at individual sample locations, calculation
methods, and pertinent field data are presented in Appendix B. Chemicals of potential concern
identified in VOC flux analyses and their corresponding 95% UCLs are presented in Table 1-16.
A total of 15 different analytes were detected in the soil flux samples. TCE was detected in
samples collected from six locations. Four of these locations occurred at the Building 875 dry
well area, where the maximum measured soil flux was 1.68 X 10-5 mg/m2 « s. Samples collected
from one location in each of the central and eastern GSA areas detected TCE with a maximum
- measured soil flux of 3.73 x 106 and 1.77 x 10-6 mg/m2 « s, respectively. PCE was detected at
only one location in the Building 875 dry well area with a maximum measured soil flux of
220 x 106 mg/m2 - 5.

1.4.5. Nature and Extent of Contamination in Surface Water

Surface water sampling has been limited in the GSA. Corral Hollow Creek is the closest
surface water body to the GSA; however, creek flow is intermittent, and the creek is dry for most
of its length almost year round. No VOCs or BTEX have been detected in the surface water
samples collected from Corral Hollow Creek or in springs 1, 2, and GEOCRK located
downstream from the CDF fire station (Fig. 1-23). Appendix H of the SWRI report and
Appendix A of this FS contain the chemical database for surface water (Webster-Scholten,
1994).

1.4.6. Nature and Extent of Contamination in Soil and Rock

Rock and soil samples were collected from 75 boreholes in the GSA and analyzed for VOCs,
BTEX, and metals. Appendix G of the SWRI report contains the chemical database for soil/rock
samples. Appendix A of this FS contains the chemical database for soil/rock samples collected
as part of the GSA Characterization Plan work.

1.4.6.1 Central GSA

VOCs, including TCE, PCE, and cis-1,2-DCE, were the primary contaminants detected in
soil and rock samples collected in the central GSA. Maximum TCE concentrations in borehole
soil/rock samples are shown in Figures 1-46 and 1-47. Maximum PCE concentrations in
borehole soil/rock samples are shown in Figures 1-48 and 1-49. Maximum 1,2-DCE
concentrations in soil/rock samples are shown in Figures 1-50 and 1-51. As shown in
Figure 1-52, TCE is mainly confined to soil and rock within the Qt, Qal, Tnbsy, and Tnscy
stratigraphic units within the central GSA. Maximum TCE concentrations in vadose zone
soil/rock borehole samples are shown in Figure 1-53.

The highest concentrations of TCE; PCE, and 1,2-DCE in soil/rock samples in the central
GSA occur in the vicinity of the Building 875 former dry wells 875-S1 and 875-S2, as shown in
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Figures 1-46 through 1-49 and 1-51. VOCs were detected at all depths in boreholes in this area;
however, maximum concentrations of TCE (360 mg/kg), PCE (390 mg/kg), and 1,2-DCE
(0.07 mg/kg) were detected at depths of 20 to 35 ft. Detailed descriptions of borehole sample
results are provided in Chapter 14 of the SWRI report. The high VOC concentrations in
borehole soil samples from this area indicate that dry wells 875-S1 and 875-S2 were the most
significant release sites in the central GSA.

VOCs were also detected in soil/rock samples collected from boreholes in the vicinity of the
other four confirmed release sites in the central GSA: the decommissioned solvent drum rack,
dry wells 872-S and 873-S, and the Building 879 steam-cleaning facility. TCE, PCE, and
1,2-DCE were detected in soil and rock samples at concentrations ranging from 0.0002 to
0.9 mg/kg at 15 ft in well W-875-02. This well is located north of Building 875 in the vicinity of
the former solvent drum rack. Unsaturated soil samples collected from well W-872-02 drilled
adjacent to dry well 873-S contained TCE at concentrations up to 0.014 mg/kg. Low
concentrations of TCE (0.0013 mg/kg), Freon 113 (0.0039 mg/kg), and 1,2-DCE (0.008 mg/kg)
were detected in soil samples collected from the borehole for monitor well W-872-02
immediately adjacent to former dry well 872-S. TCE and cis-1,2-DCE were detected in soil
samples collected to a depth of 20.5 ft in the borehole drilled for well W-889-01, located
approximately 50 ft east of the Building 879 steam cleaning/sink area.

As part of the GSA Characterization Plan work conducted from March through August 1994,
13 additional boreholes were drilled in the GSA and adjacent Gallo and Connolly properties. No
VOCs were detected in soil or rock samples collected from 7 of the 10 boreholes drilled in the
central GSA and vicinity. TCE was detected in soil samples collected from pilot boreholes for
wells W-35A-10, W-7P, and W-7PS in the central GSA in concentrations ranging from
0.003 mg/kg in well W-7PS t0 0.015 mg/kg in well W-35A-10 (Fig. 1-47). The TCE detected in
saturated soil samples from well W-35A-10 and W-7PS pilot boreholes are thought to result
from adsorption of TCE to soil particles as the TCE ground water plume moves through the areas
in which these wells are located. Well W-7P is located in an area that has been identified asa
debris burial trench (Fig. 1-35)

1.4.6.2. Eastern GSA

TCE, PCE, and 1,2-DCE have been detected in borehole soil samples collected in the eastern
GSA in the vicinity of the debris burial trench. Maximum TCE concentrations in borehole soil
samples are shown in Figures 1-54 and 1-55. Maximum PCE concentrations in borehole soil
samples are shown in Figures 1-56 and 1-57. Maximum 1,2-DCE concentrations in soil samples
are shown in Figures 1-58 and 1-59. In the eastern GSA, TCE has been detected in the Qal,
Tnscy, and Tnbs; stratigraphic units; however, the TCE appears to be concentrated in the Qal
(Fig. 1-60). : '

In the eastern GSA, maximum TCE and PCE soil concentrations (0.19 mg/kg TCE at 38.5 ft
in W-25N-07 and 0.009 mg/kg PCE at 5.5 ft in W-26R-07) were detected in the vicinity of the
debris burial trench, as shown in Figures 1-55 and 1-56.

No VOCs were detected in soil or rock samples collected from two of the three boreholes
drilled for wells W-25N-25 and W-25N-26 in the eastern GSA and vicinity as part of the GSA
Characterization Plan work (Figs. 1-55, 1-56, and 1-58). TCE was detected in one soil sample
collected from the pilot borehole for well W-25N-28 at a concentration of 0.0006 mg/kg.

1.4.7. N ature and Extent of Contamination in Ground Water

A total of 98 ground water monitor wells have been installed in the GSA. Ground water
samples from these wells have been analyzed for VOCs, aromatic and fuel hydrocarbons, and
metals. Appendix H of the SWRI report contains the chemical database for ground water
samples collected through December 1991. Appendix A of this FS contains the chemical
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database for ground water samples collected through September 31, 1994, including samples
from wells drilled as part of the GSA Characterization Plan work.

1.4.7.1. Central GSA |

1.4.7.1.1. VOC Contamination in the Qt-Tnsc; Aquifer. Fifty-seven monitor wells were
installed in the central GSA (Fig. 1-24). The highest concentrations of TCE (240,000 pg/L),
PCE (25,000 pg/L), and 1,2-DCE (1,000 pg/L) in ground water samples (bailed from an open
borehole) in the central GSA occur south of Building 875 in the vicinity of the former dry wells
875-51 and 875-S2. As shown in Figures 1-61 through 1-64, a plume of TCE, as well as
co-contaminants PCE, 1,2-DCE, and Freon 11, extend east-southeast from the 875 dry well pad
into the Corral Hollow Creek alluvium. The contaminant plume appears to be confined to the
- Qt-Tnsc hydrologic unit in this area, where the Tnsc) confining layer prevents the downward
migration of contaminants.

During the drilling of well W-875-07 at the Building 875 dry well pad, a ground water
sample was bailed from the open borehole prior to installation of the well. Dense
nonaqueous-phase liquid (DNAPL) was observed in the sample. Laboratory analysis of this
sample measured TCE at 240,000 pg/L, PCE at 25,000 ug/L, 1,1-DCE at 4,000 pg/L,
cis-1,2-DCE at 1,000 pg/L, and 59,000 pg/L of other VOCs (including fuel hydrocarbons). TCE
concentrations in ground water samples from other wells installed at this location
(wells W-875-08, -09, -10, -11, -15, and W-7I) ranged from 800 pg/L to 69,000 pug/L. Ground
water samples from these wells have historically contained TCE at concentrations indicative of
the presence of DNAPLs (> 11,000 ug/L); however, analytic data from recent ground water
samples indicated that the concentrations of TCE were below levels considered to be indicative
of the presence of DNAPLs in the saturated zone. However, residual DNAPLs may be present in
soil in the dewatered zone and/or vadose zone.

VOCs were also detected in ground water samples collected from monitor wells in the
vicinity of the other four confirmed release sites in the central GSA: the decommissioned
solvent drum rack, dry wells 872-S and 873-S, and the Building 879 steam-cleaning facility.
Concentrations of TCE (up to 180 pg/L), PCE (up to 6.5 pug/L), and 1,2-DCE (up to 88 ng/L)
have been detected in ground water samples from monitor well W-875-01 located north of
Building 875 in the vicinity of the former solvent drum rack. TCE has been also detected in
ground water samples from monitor wells W-889-01 and W-876-01, located north and west,
respectively, of the solvent drum rack area. The Building 879 steam-cleaning/sink area and the
879-E dry well (an unlined drainage ditch), both located upgradient from these wells, are the
likely release sites for VOCs found in these wells. TCE has been consistently detected in
well W-872-02, located in the vicinity of former dry well 872-S (Fig. 1-61). A ground water
plume containing TCE and Freon 11 emanating from the vicinity of the former dry well 873-S,
south of Building 873, indicate that the dry well was a chemical release site (Figs. 1-34, 1-61,
and 1-64). -

As part of the GSA Characterization Plan work, four additional off-site wells, W-35A-08,
-09, -10, and -14, were installed in the Qt-Tnsc; hydrologic unit south of Building 873 on Gallo
property to delineate the downgradient extent of the VOC plume in this aquifer. Ground water
samples from two of the new off-site wells, W-35A-09 and W-35A-10, contained TCE at
concentrations of 4.0 ug/L and 35 pg/L, respectively. No VOCs were detected in
wells W-35A-08 and W-35A-14 (Fig. 1-61). The southern boundary of the ground water plume
is defined by wells W-35A-08, -14, -02, and -03. A ground water sample collected from
well W-7PS, which was installed on-site west of the sewage treatment pond in April 1994 to
determine the eastern extent of the VOC plume, contained TCE at a concentration of 17 pg/L.

1.4.7.1.2. VOC Contamination in the Tnbs; Aquifer. Historically, TCE has been detected
in ground water samples from four monitor wells west of the sewage treatment pond (wells -
W-7A, W-7G, W-7L, and W-7N) that are completed in the Tnbs hydrologic unit (Fig. 1-65). In
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March through July 1994, five additional ground water monitor wells (W-35A-07, -11, -12, -13,
and W-7P) were installed to determine the extent of VOC contamination in the Tnbs; hydrologic
unit in the central GSA (Fig. 1-65). No VOCs were detected in ground water samples collected
from wells W-35A-07, -11, and -12 located on Gallo property south of the central GSA. Ground
water from well W-35A-13 contained TCE at a concentration of 1.6 ug/L. Well W-7P was
installed northwest of the sewage treatment pond in the suspected location of a debris burial
trench. A ground water sample from this well contained TCE at a concentration of 31 pg/L.

No VOCs have been detected in ground water samples from well W-35A-05, completed in
the Tnbs; hydrologic unit southeast of Building 875. Well W-35A-07 was drilled in March 1994
to determine if VOCs were present in ground water in the Tnbs; hydrologic unit in the vicinity of
Building 875. No VOCs were detected in ground water samples from this well. These data
indicate that the Tnsc siltstone/claystone member acts as a competent confining layer in the

vicinity of Building 875, preventing migration of TCE from the shallow Qt-Tnscy aquifer into
the underlying Tnbs; regional aquifer in this area.

Data indicate that TCE concentrations have generally been decreasing in all Tnbs; monitor
wells in the central GSA since 1990. The historical maximum observed TCE concentration in
ground water from the Tnbsj aquifer was 44 pg/L in well W-7G in August 1989. The maximum
observed concentration in all Tnbs; wells in third quarter 1994 was 4.4 pug/L in well W-7L.
There has been a 76% average concentration decrease between historical maximum observed
concentrations and third quarter 1994 ground water concentrations for all central GSA Tnbs;
- wells. The measured decrease in TCE concentrations may be attributable to the sealing and
abandonment of wells 7 and 19 in 1988 and 1989. When in use, these wells pumped up to
200 gpm and may have reversed the updip hydraulic gradient, causing TCE to migrate into the
Tnbs; through a Tnbs; “window” as shown in Figures 1-66 and 1-67. This “window” exists in
areas where:

* The alluvium directly overlies and/or is in hydraulic communication with the Tnbsy
regional aquifer, and

* Contamination is present in the overlying alluvial aquifer.

When pumping ceased from wells 7 and 19, the pre-pumping hydraulic gradient is believed
to have been reestablished in the Tnbsy and, as a result, the TCE concentrations in the bedrock
aquifer decreased.

1.4.7.2. Eastern GSA

Forty-one monitor wells were installed in the eastern GSA (Fig. 1-25). In the eastern GSA, a
TCE ground water plume extends eastward from the debris burial trench area and turns
northward as it enters the alluvium of the Corral Hollow paleostream channel. The plume
extends approximately 2,300 ft downgradient from the debris burial trench release sites in the
alluvium (Fig. 1-68). Ten monitor wells have been installed from the eastern GSA northward
along Corral Hollow Creek to identify the alluvial plume pathway. Analytical data indicate that,
as of third quarter 1994, the ground water plume extends beyond well W-25M-01, which is
located approximately 2,300 ft north of the debris burial trench: however, no VOCs were
detected in downgradient wells W-25D-01 and W-25D-02 or in well W-24P-03 located east of
Physics International (Fig. 1-68). The highest TCE concentration reported in ground water
samples collected from wells completed in the vicinity of the debris burial trench is 74 pg/L in
well W-26R-03 in January 1992.

TCE has also been detected in ground water collected from wells completed in the shallow
Tnbs; unit near the debris burial trench source area at concentrations up to 71 pg/L
(well W-26R-01) in June 1992. TCE concentrations tend to decrease with distance and depth
from the debris burial trench area as shown in Figure 1-69. Data indicate that the TCE detected
in ground water in the Tnbsy unit is limited, for the most part, to portions of the Tnbs; unit,
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which directly underlies the contaminated shallow alluvial plume (the Tnbsy “window”) as
shown in Figures 1-66 and 1-67. Three new Tnbs; monitor wells (W-25N, -26, and -28) were
installed in May and June 1994 to delineate the downgradient extent of the TCE plume in the
Tnbs; hydrologic unit in the eastern GSA (Figure 1-69). TCE was detected at a concentration of
1.2 pg/L in a ground water sample from well W-25N-28; however, no VOCs were detected in
ground water samples from the other new monitor wells.

1.4.8. Ongoing Remedial Actions

As a result of the remedial investigation for Site 300, LLNL implemented interim CERCLA
Removal Actions to remediate VOCs in soil and ground water in the GSA. In the central GSA,
soil and ground water remediation activities are ongoing to reduce contaminant mass at the
Building 875 dry well pad area. In the eastern GSA, ground water is being extracted and treated
to control ground water plume migration.

1.4.8.1 Central GSA

Since April 1993, a ground water treatment system (GWTS) has been in operation in the
central GSA at the former Building 875 dry well pad area as part of a CERCLA Removal Action.
Ground water is presently being extracted from six Qt-Tnsc] extraction wells at the Building 875
dry well pad area. The ground water is treated at the GWTS and discharged on site. GWTS
influent and effluent are monitored in accordance with the CERCLA Removal Action
Substantive Requirements as mandated by the California RWQCB. To date, over 270,000 gal of
ground water have been extracted and treated in the central GSA ground water treatment system
and 3,400 g of VOCs removed from ground water. Since ground water extraction began, five of
the six extraction wells dried out indicating that the bedrock has been effectively dewatered.
Following dewatering of the Building 875 dry well pad area through ground water extraction,
soil vapor extraction and treatment was initiated in July 1994 as discussed below.

A comparison of VOC ground water data collected from Qt-Tnsc; wells during the third
quarter 1994 to the historical maximum observed concentrations indicates an overall decrease in
VOC concentrations. Specifically, the maximum observed TCE concentration for all Qt-Tnsc;
wells in samples collected in the third quarter of 1994 was 10,000 pg/L, representing a decrease
from the historical maximum observed concentration of 240,000 ug/L in a bailed ground water
sample collected from well W-875-07 in March 1992. Third quarter 1994 analytical data suggest
that ground water samples collected from the Building 875 dry well pad wells do not contain
TCE at concentrations indicative of the presence of DNAPLs in the saturated zone. However,
residual DNAPLs may be present in soil in the dewatered zone and/or vadose zone. The drop in
TCE concentrations may be partially attributable to ground water and soil vapor extraction and
treatment efforts ongoing in the central GSA.

In July 1994, soil vapor extraction (SVE) and treatment activities were initiated in the central
GSA Building 875 dry well pad area. The objective of soil vapor extraction is to 1) reduce soil
VOC concentrations at this source area to levels that are protective of ground water, 2) address
possible presence of residual adsorbed DNAPLs in the dewatered zone, and 3) reduce VOC
concentrations in soil vapor to mitigate inhalation risk inside Building 875. Soil vapor is
extracted from 7 wells and treated by vapor-phase GAC to reduce VOC concentrations in soil
(Fig. 1-53). The SVE system operates 8 h/day, 5 days/week at a flow rate of about 20 standard
cubic feet per minute (scfm) with average TCE vapor concentrations on the order of 200 ppmy.
The total VOC mass removal rate estimated from these values is 288 g per 8-h day. To date,
5,680 g of VOCs have been extracted from soil vapor. Ground water extraction and treatment
were conducted prior to and simultaneously with all phases of soil vapor extraction. The total

mass of VOCs extracted through ground water and soil vapor remediation activities to date is
9,080 g. ‘
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1.4.8.2. Eastern GSA

Since June 1991, a CERCLA Removal Action has been conducted in the eastern GSA at the
debris burial trench site. Ground water is extracted from three extraction wells at a combined
flow of 45 gpm and treated with an air sparger, and VOC vapors are treated by GAC canisters.
Treated effluent water is discharged to the southwest in the Corral Hollow creekbed under
NPDES permit number CA 0082651 (order number 91-052). To date, over 50 million gal of
ground water have been extracted and treated in the eastern GSA ground water treatment system
with 2,357 g of VOCs removed from ground water. » :

Data collected through third quarter 1994 indicate that TCE concentrations have been
generally decreasing in all eastern GSA alluvial wells since 1992. There was an average TCE
concentration decrease of 75% in eastern GSA alluvial wells between the historical maximum
concentration and the concentration in third quarter 1994. The maximum observed concentration
in eastern GSA alluvial wells in third quarter 1994 was 25 ug/L, a significant decrease from the
historical maximum concentration of 74 pg/L in well W-26R-03 in January 1992,

The 1 pg/L isoconcentration contour for the ground water VOC plume in the eastern GSA
previously extended 4,750 ft downgradient from the debris trench area and the 5 ug/L
isoconcentration contour extended 4,625 ft downgradient based on fourth quarter 1991 (SWRI)
data. Third quarter 1994 data indicate that the pg/L isoconcentration contour for the ground
water VOC plume now extends only 2,300 ft downgradient from the debris burial trench area,
while the 5 pg/L isoconcentration contour extends only 500 ft downgradient. This decrease in
plume length may be partially attributable to remediation efforts in the eastern GSA.

1.5. Contaminant Fate and Transport

For the SWRI report (Webster-Scholten, 1994), we developed conceptual models to identify
the probable migration processes of the chemicals of potential concern from release sites and
source media in the GSA OU to selected potential exposure points. These conceptual models
provided the basis for selecting the quantitative models used to generate estimates of
contaminant migration rates and exposure-point concentrations. The exposure-point
concentrations were then used to estimate the magnitude of exposure to contaminants in the
baseline public health evaluation presented in Chapter 6 of the SWRI report (Webster-Scholten,
1994).

Since the completion of the SWRI report, additional field studies were conducted to better
characterize VOC vapor flux from soil and better define the release rates of VOC vapor from
soil. New models were implemented to estimate exposure-point concentrations of VOCs in
outdoor air from measured soil vapor flux. The results from these models are used in
conjunction with those provided in the SWRI report to provide a range of potential risks
associated with outdoor air at the GSA. Table 1-21 presents the release areas, migration
processes, and exposure points identified in the GSA OU and evaluated in the risk assessment
provided in the SWRI report. This table also presents the mathematical models used to estimate
contaminant migration rates and the exposure-point concentrations for the chemicals of concern
in each environmental medium presented. :
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1.5.1. Atmospheric Fate and Transport

In the following sections, we present our estimates of the concentrations of VOCs and other
contaminants in the GSA OU that may:

» Be present on resuspended soil particles.

* Volatilize from soil and migrate to ambient air.

* Volatilize from soil and migrate to Building 875 indoor air.

These estimates are based on modeling done for this FS and the SWRI report.

1.5.1.1. Estimation of the.Concentration of Contaminants Bound to
Resuspended Soil Particles

Surface soils (<0.5 ft) in the GSA are contaminated with minor amounts of VOCs, including
PCE, TCE, chloroform, and the metals, cadmium, copper, and zinc (Table 1-15). As described in
Chapter 5 of the SWRI report, we used the 95% UCL of the mean contaminant concentration in
surface soil, and site-specific data on total suspended particulates, to estimate the concentration
of airborne contaminants bound to resuspended soil particles throughout the OU (Webster-
Scholten, 1994).

1.5.1.2. Volatilization and Migration of Contaminants from Soil

The method used to complete the series of direct flux measurements at three locations in the
GSA is described in Section 1.4. This section describes how the VOC soil flux measurements
were used to estimate outdoor exposure-point concentrations of VOCs in ambient air in the
vicinity of the Building 875 dry well area, in the central GSA, and in the eastern GSA. A
detailed discussion of the models applied to estimate exposure-point concentrations from soil
flux measurements is presented in Appendix B.

To estimate the concentration of contaminants that migrate from soil and diffuse into
Building 875, we used the 95% UCL of the mean contaminant concentration in soil to a depth of
12 ft; we used this value in a model to estimate the concentrations of VOCs in air inside
Building 875 (Webster-Scholten, 1994).

1.5.1.2.1. Estimation of the Concentration of Contaminants That Migrate from Soil into
Ambient Air. We applied a simple box model to estimate exposure-point concentrations of
VOCs in ambient air in the immediate vicinity and directly above three exposure locations in the
GSA OU. The three source area boundaries are described in Section 1.4.4 and shown in
Figure 1-45. The VOC soil flux rate, presented in Table 1-16, is assumed to be continuous over
each source area and equal to the 95% UCL soil flux rate calculated for each source area. The
box model applied to the GSA OU is from the recent American Society for Testing and Materials
(ASTM), Emergency Standard Guide for Risk-Based Corrective Action Applied at Petroleum
Release Sites (ASTM, 1994). We could not apply a standard air dispersion model because it is
not suitable for providing estimates of exposure-point concentrations directly above an area
source. Consequently, we selected a box model approach applicable to the prediction of short-
and long-term local exposures resulting from any area source. Although the ASTM box model is
simple to apply, it is also very conservative. Because the models and assumptions used were
conservative in calculating exposure to contaminants in air, they provide an upper bound limit to
expected inhalation exposure concentrations. Actual air concentrations corresponding to our
measured VOC soil flux emissions are expected to be lower than those estimated by application
of this model. A detailed discussion of the model, calculations, and parameters used to estimate
exposure-point concentrations is presented in Appendix B.
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Table 1-22 shows exposure-point concentrations of VOCs in ambient air calculated for the
central and eastern GSA and the Building 875 dry well area. The estimated exposure-point
concentrations for TCE and PCE in the Building 875 dry well area outdoor air were 1.63 x 10~4
and 2.64 x 10> mg/m3, respectively. For the central and eastern GSA, the estimated exposure-
point concentrations for TCE were 2.71 x 10~ and 2.70 x 10-5 mg/m3, respectively. PCE was
not detected in either of these two areas.

1.5.1.2.2. Exposure to Contaminants that Flux from Soil and Diffuse Through Concrete
into a Building. In the SWRI report (Webster-Scholten, 1994), we presented estimates of
concentrations of VOCs in air inside of Building 875 (see Chapter 5 of the SWRI report). These
VOC concentrations were used to calculate potential exposure, risk, and hazard to an adult
working inside Building 875. Table 1-21 presents the indoor air eXposure-point concentrations
calculated for Building 875. The estimated exposure-point concentrations for TCE and PCE in
the Building 875 indoor air were 1.03 x 102 mg/m3 and 1.10 x 103 mg/m3, respectively.

A soil vapor extraction (SVE) and treatment system has been operating at the Building 875
since July 1994. One of the objectives of soil vapor extraction in this area is to reduce soil vapor
VOC concentrations to mitigate inhalation risk inside Building 875. Analytic soil vapor data
from the Building 875 dry well pad SVE wells indicate that VOC concentrations in soil vapor are
significantly decreasing over time.

The cumulative excess cancer risk (1 x 10-3) calculated for Building 875 indoor air was
based on VOC concentrations from soil samples collected in the vicinity of the Building 875 dry
well pad prior to the start-up of the soil vapor extraction system. It is likely, due to on-going soil
remediation activities through soil vapor extraction, that current VOC soil concentrations are
lower than what was used to calculate this excess cancer risk in the SWRI baseline risk
assessment. As discussed further in Chapter 4, Section 4.3.1.1, VOC concentrations in soil vapor
will be monitored as part of remedial alternatives to ensure that the inhalation risk inside
Building 875 is adequately managed.

1.5.2. Contaminant Fate and Transport in Ground Water

The fate and transport of VOCs in ground water were considered for both the central and
eastern GSA, as well as a combined central and eastern GSA plume scenario. For the central
GSA, exposure-point concentrations were estimated at the site boundary and modeled to
water-supply well CDF-1. For the eastern GSA, exposure-point concentrations were estimated
for a theoretical well at the site boundary and two plumes commingling at well CDF-1, and were
modeled to a downgradient water-supply well SR-1. A detailed discussion of the estimation and
modeling to obtain exposure-point concentrations is provided in Chapter 14 of the SWRI report
(Webster-Scholten, 1994).

1.5.2.1. Central GSA

TCE and other VOCs have been detected in ground water from monitor wells drilled in the
vicinity of the Building 875 dry well area and other central GSA release sites, indicating
downward migration of VOCs from soil to ground water following the original releases. The
TCE detected in ground water from wells southeast (downgradient) of the Building 875 dry well
pad area indicates that the VOC plume is migrating laterally in a south-southeast direction.
- Because the maximum concentrations of TCE in soil and ground water have been detected in
wells drilled in the Building 875 dry well area, this area was modeled for the SWRI report.
Because VOC plumes emanating from the five other release sites in the central GSA have much
lower concentrations of TCE and are either upgradient or cross-gradient of the dry well area, they
were not modeled.

The 95% UCL of the mean concentration of VOCs in ground water from five wells at the
Building 875 dry well release site was used to estimate the site boundary exposure. Although we
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did not explicitly model the transport of VOCs in ground water to the sité boundary, we made the
health conservative assumption that the 95% UCL for TCE at the Building 875 dry well pad
monitor wells (35,849 pg/L) will reach the Site 300 boundary, located less than 20 ft to the
south. We also assumed that human exposure could result from potentially contaminated ground
water if a hypothetical domestic water-supply well were to be installed at the site boundary in the
future.

We applied the Wilson and Miller (1978) analytical model to simulate the migration of TCE
through the alluvial ground water system to water-supply well CDF-1. This model simulates the
transport of volatile contaminants based on the conservation of mass and considers the flux of
solute injected through a fixed source volume into a modeled aquifer. The model assumes that
TCE migrates through a saturated, porous media with uniform, steady-state flow. Hydrogeologic
parameters based on observed field data were available, and assumptions were made for the other
parameters based on values accepted as reasonable for the observed conditions. Sensitivity
analyses were run to provide a measure of the variability if other hydraulic parameters were used.
A detailed description of how the model was set up and a discussion of results is provided in
Chapter 14 of the SWRI report (Webster-Scholten, 1994). :

Based on this simulation, the model predicts a maximum 70-year average concentration of
TCE of 38.3 pug/L in alluvial ground water reaching well CDF-1. By applying a volume dilution
factor of 1:9 to the predicted TCE concentration in the alluvial aquifer, we obtained a
concentration of 3.8 pg/L TCE in the pumped water. The 1:9 dilution factor was derived from
CDF-1 hydraulic test data, which indicate that approximately 10% of water is withdrawn from
the shallow alluvial aquifer while 90% is withdrawn from the deeper Tnbs regional aquifer.
Analytic data from ground water samples collected from CDF-1 indicate that ground water in the
Tnbs; does not contain TCE or other VOCs at this receptor point.

1.5.2.2. Eastern GSA

In the eastern GSA, the detection of TCE in shallow alluvial ground water indicates that TCE
has migrated downward from release points in the debris burial trench into the Qal-Tmss
hydrologic unit. TCE concentrations in downgradient alluvial wells indicate that the
contaminant has also migrated laterally from the debris burial trench area eastward and turns
northward as it enters the alluvium of the Corral Hollow paleostream channel.

For the SWRI, no modeling was performed for the transport of VOCs in ground water to the
site boundary; rather, we made the health conservative assumption that the 95% UCL for TCE at
the debris burial trench area (33.9 ug/L) will reach the Site 300 boundary, 125 ft to the south,
where human exposure to potentially contaminated ground water could result if a hypothetical
domestic water-supply well were to be installed at the site boundary in the future.

To estimate the exposure-point concentration at water-supply well CDF-1, we considered a
scenario where the VOC plumes from the eastern GSA debris burial trench area and the central
GSA Building 875 dry well area commingle at the CDF-1 receptor point. A health conservative
assumption was made that the maximum historic TCE concentration (61 pg/L) in the debris
burial trench in the eastern GSA would reach the CDF-1 well. When ground water arriving from
the central GSA reaches its maximum 70-year average TCE concentration of 38.3 ug/L, the
addition of 61 pug/L TCE from the eastern GSA release site would cause the resultant TCE
concentration to rise to about 100 ug/L (i.e., 61 pug/L + 38.3 pg/L = 99.3 pg/L). Application of
the 1:9 dilution factor discussed above results in an exposure-point concentration of 10 ng/L
TCE for water pumped from well CDF-1.

To assess the potential for contaminant migration in ground water to water-supply well SR-1,
we modeled TCE transport in the alluvial aquifer from the debris burial trench using the PLUME
analytical model. The PLUME model simulates the transport of volatile contaminants through .
saturated soil by liquid-phase advection, hydrodynamic dispersion, linear partitioning, and
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degradation processes. The constant source term used in the model (100 pg/L) was derived from
the commingled eastern GSA and central GSA plume scenario. Hydrogeologic parameters based
on observed field data were available, and assumptions were made for the other parameters based
on values accepted as reasonable for the observed conditions. We ran sensitivity analyses to
measure the variability if other hydraulic parameters were used. A detailed description of how
the model was set up and a discussion of its results is provided in Chapter 14 of the SWRI report
(Webster-Scholten, 1994).

The model predicted a maximum TCE concentration and maximum 70-year average
concentration of 10.4 ug/L in alluvial ground water at well SR-1. As no construction details
were available for this well, we did not speculate on possible alluvial water dilution and used
10.4 ug/L TCE as the exposure-point concentration.

Other VOC:s, such as PCE, have also been detected in ground water in the eastern and central
GSA. We estimated the transport of these other VOCs by applying the ratio of their measured
concentration to the concentration of TCE, and then applying that value to the TCE transport
results. ~

1.5.2.3. 95% UCLs for VOC Plumes in Ground Water in the Central and
Eastern GSA

For this FS we calculated new 95% UCLs of the mean concentration of VOCs in ground
- water in the vicinity of the GSA release sites including:

* The Building 875 dry well area.

 The Building 872/Building 873 dry well area.
* The Building 875 solvent drum rack area.

» The eastern GSA debris burial trench area.

We made these calculations based on data collected through September 30, 1994. A
discussion of the statistical methods used in the calculation of the 95% UCLs is presented in the
SWRI report (Webster-Scholten, 1994). The calculation of the 95% UCLs for VOCs in ground
water using current, post-SWRI data was conducted in order to: 1) update-and enhance our
understanding of contamination in the vicinity of the release sites, 2) evaluate any changes in
VOC 95% UCLs, and 3) provide a basis for comparison in future evaluation of remediation
progress. :

1.5.2.3.1. Comparison of Baseline Ground Water 95% UCLs at the Building 875 Dry
Well Pad Area. As noted in Section 1.5.2.1, we calculated the 95% UCL of the mean
concentration of VOCs in ground water from the Building 875 dry well area in the SWRI
(Webster-Scholten, 1994). These calculated values were used to represent the potential
exposure-point concentrations of contaminants at the site boundary nearest to the release site.
These calculations were made based on data collected through March 31, 1992,

To obtain a current understanding of contamination in the vicinity of the Building 875 dry
well release area, we calculated a new set of 95% UCLs (based on the same set of wells) using
data collected through September 30, 1994. A comparison of the 95% UCLs calculated for the
SWRI with current, post-SWRI 95% UCLs indicated that the 95% UCL of TCE, the primary
contaminant of concern, has not changed substantially since the SWRI, while the 95% UCLs for
PCE and 1,1,1-trichloroethane have decreased. However, the 95% UCLs for
1,1-dichloroethylene and cis-1,2-dichloroethylene have increased relative to the values presented
in the SWRI. In addition, a number of compounds have been detected in these wells that were
not present at the time of the SWRI. These compounds are 1,1,2-trichloroethane,
1,1-dichloroethane, 1,2-dichloroethane, chlorobenzene, chloroform, and
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trans-1,2-dichloroethylene. Summary statistics for contaminants in these and other wells that
characterize additional release sites in the GSA are provided in Appendix C. .

1.5.2.3.2. 95% UCLs for VOC Ground Water Plume in the Vicinity of Other GSA
Release Sites. As discussed above, we also calculated the 95% UCL of the mean concentration
of VOCs in ground water for the plumes in the vicinity of the Building 872/Building 873 dry
well area, the Building 875 solvent drum rack area, and the eastern GSA debris burial trench
release sites, based on data collected through September 30, 1994. Summary statistics for
contamination in wells that characterize these release sites, as well as the 95% UCLs calculated
for this FS are provided in Appendix C. These 95% UCLs will be used as a basis for comparison
in future evaluations of remediation progress.

1.5.3. Estimation of Ecological Exposure-Point Concentrations

In Chapter 5 of the SWRI report, potential exposure-point concentrations were presented for
contaminants of potential concern in environmental media considered to be ecologically
significant. Environmental media are considered ecologically significant if biota can be exposed
to the contaminants through direct contact with the media, or if the contaminants in the media
transfer to other media with which biota may come in contact. For the GSA, the following
environmental media are considered ecologically significant and were evaluated to estimate
ecological exposure-point concentrations:

* Surface soil (0.5 ft) throughout the study area.

» Subsurface soil (>0.5-12.0 ft) in the eastern GSA in the vicinity of the debris burial
trenches and the sewage treatment pond.

*  Off-site surface water (spring GEOCRK) in the eastern GSA.

Table 1-15 presents the 95% UCL of the mean concentration of the contaminants of potential
concern found in surface soil. These data were used to evaluate exposure to biota through
inhalation of resuspended particulates, as well as through direct and incidental ingestion of
contaminated surface soil. ‘

Table 1-18 presents the 95% UCLs of the mean concentration of the contaminants of
potential concern found in subsurface soil in the vicinity of the debris burial trenches and in the
vicinity of the sewage treatment pond, both in the eastern GSA. These data were used to
evaluate potential exposure through direct and incidental ingestion ‘of these contaminants of
concern by burrowing vertebrates. These data were also used to predict the concentrations of
contaminants in subsurface burrow air and, thus, potentially available for inhalation by
burrowing vertebrates. We estimated the concentration of VOCs that may be present in
subsurface burrow air as a result of volatilization from subsurface soil as well as the
concentration of metals present in subsurface burrow air bound to resuspended particulates.
Subsurface soil data were also used to predict concentrations of contaminants in vegetation
because, as a result of root uptake, contaminants would be available for ingestion by herbivorous
vertebrates.

Table 1-19 presents the 95% UCLs of the mean concentrations of contaminants of potential
concern detected in the off-site spring GEOCRK. These data were used to evaluate exposure to
terrestrial vertebrates through direct ingestion of contaminated surface water. They were also
used to evaluate potential exposure to aquatic biota through direct immersion in the surface
water. Surface water data were also used to predict the concentrations of contaminants in aquatic
vegetation because, as a result of root uptake, contaminants would be available for ingestion by
herbivorous vertebrates.
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1.6. Risk Assessment

This section summarizes the potential human health and ecological risk associated with the
chemicals of concern at the GSA. Tables 1-23 through 1-26 provide the potential human health
risks and hazard indices (HIs) associated with exposure to chemicals of concern, presented in the
SWRI report. Based upon characterization data obtained after the baseline human health risk
assessment was completed for the SWRI, we prepared a series of additional estimates of risk and
hazard associated with adult on-site exposure to VOCs in outdoor air in the vicinity of the
Building 875 dry well pad, the central GSA, and the eastern GSA. The results of this evaluation
and the associated calculations of risk and hazard are discussed in Section 1.6.2 and are
presented in Tables 1-27 through 1-37. The results of our ecological assessment are discussed in
Section 1.6.4, and are summarized in Tables 1-38 through 1-41. This discussion also includes an
evaluation of characterization data obtained after the baseline ecological assessment was
completed. Details of the baseline public health assessment and ecological assessment of the
GSA are presented in Chapter 6 of the SWRI report.

1.6.1. Baseline Human Health Assessment

In the baseline human health assessment, we developed two principal scenarios to evaluate
potential human exposure to environmental contaminants in the GSA OU. The first of these
scenarios pertains to adults working in the GSA. This scenario addresses potential health risks
attributable to contaminants in soil, where an adult on-site (AOS) is presumed to work in the
immediate vicinity of the contamination over the entire period of employment at the site
(25 years). Our second scenario pertains to residential (RES) exposures, which are associated
exclusively with use of contaminated ground water.

1.6.1.1. Baseline Evaluation of Risk and Hazard Associated with AOS
Exposure to Surface Soil Contaminants

Considering the GSA as a whole, we evaluated risk and hazard associated with the potential
AQS exposure to contaminated surface soil from inhalation of resuspended particulates, dermal
absorption of contaminants following direct contact with contaminated soil, and incidental
ingestion. The potential exposure-point concentrations of surface soil contaminants for direct
dermal contact and incidental ingestion are the same as the 95% UCL of the mean contaminant
concentration in surface soil (Table 1-21). These calculations yielded estimates of individual
excess lifetime cancer risk of 2 x 10~7 for inhalation of resuspended particulates and 2 x 10-10
for ingestion and dermal absorption of surface soil contaminants. The corresponding Hls are
5.6 x 103 for inhalation and 8.5 x 10-3 for ingestion and dermal absorption.

1.6.1.2. Baseline Evaluation of Risk and Hazard Associated with RES Use
of Contaminated Ground Water

We calculated the risk and hazard associated with potential RES use of contaminated ground
water from a hypothetical water-supply well located at the site boundary nearest to the
Building 875 dry wells. The individual excess lifetime cancer risk attributable to the potential
use of ground water at this location is 7 x 102, and the corresponding HI is 560. These values
indicate that if ground water at the site boundary in the central GSA were to be used for
residential purposes on a regular basis, there would be an unacceptable incremental excess cancer
risk and an unacceptable noncancer health effects hazard.

We also evaluated risk and hazard associated with potential residential use of contaminated
ground water at the site boundary nearest to the eastern GSA debris burial trenches. The
individual excess lifetime cancer risk attributable to the potential use of ground water at this -
location is 5 x 1073, and the corresponding Hl is 5.0 x 10~1. In addition, we calculated the risk
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and hazard associated with potential residential use of contaminated ground water at two off-site
locations, wells CDF-1 and SR-1. The individual excess lifetime cancer risks attributable to the
potential use of ground water at these locations are 1 x 105 and 2 x 1075, respectively. The
corresponding HIs are 1.4 x 101 and 1.6 x 10~1.

1.6.1.3. Baseline Evaluation of Risk and Hazard Associated with AOS
Exposure to Subsurface Soil Contaminants

In the SWRI report (Webster-Scholten, 1994), we presented estimates of concentrations of
VOC:s in air inside Building 875 and outdoors in the vicinity of the eastern GSA debris burial
trenches, based on contaminant data from subsurface soil (see Chapter 5 of the SWRI report).
These VOC concentrations were used to calculate potential exposure, risk, and hazard to an AOS
at each of the two locations noted above. As reported in the SWRI, these calculations yielded
incremental excess cancer risks of 1 x 10=5 and 1 x 104, and HIs of 3.0 x 10-! and 8.6 x 1071,
respectively.

1.6.2. Adult On-Site Exposures in the GSA—Estimates of Risk and Hazard
Based on Direct Measurements of VOC Flux from Soil to Air

We recently completed a series of direct VOC vapor flux measurements in the vicinity of the
eastern GSA debris burial trenches. We obtained these measurements because of the difficulties
in accurately estimating VOC vapor flux from soil to air using contaminant data from subsurface
soil, and the uncertainties introduced into our baseline estimates of risk and hazard as a result.
Direct vapor flux measurements were also made in a region of the central GSA where post-
SWRI characterization data indicated potential subsurface VOC contamination, and in the
vicinity of the Building 875 dry wells. The results of those measurements and the associated
calculations of potential exposure, risk, and hazard are presented here. For the debris burial
trenches and vicinity, these risk and hazard values are used in conjunction with those values
presented in the SWRI report to provide a range of potential risks associated with the outdoor air
in this area. No previous baseline calculations are available for potential AOS exposure, risk,
and HI in the central GSA, or outdoors near Building 875. Accordingly, the values presented for
these two locations represent our current understanding of the potential risks and non-cancer
hazards associated with subsurface VOCs in these two regions of the GSA.

As described in Section 1.4, we obtained direct measurements of VOC vapor flux from soil
using emission isolation flux chambers at three locations in the GSA (Fig. 1-45). These three
locations are the Building 875 dry well area, the central GSA, and the eastern GSA. In
Section 1.5 and Appendix B, we describe how VOC soil vapor flux measurements were used in
conjunction with a simple box model (ASTM, 1994) to estimate exposure-point concentrations
of VOCs in ambient air in the vicinity of these three locations. We then evaluated potential AOS
exposure to contaminants detected in isolation flux chambers by calculating the potential risk and
hazard associated with inhalation of VOCs that flux from soil into the atmosphere in the vicinity
of the Building 875 dry well area, the central GSA, and the eastern GSA debris burial trenches.

Calculations of cancer risk and noncancer Hls for the three potential exposure locations
followed the methods described in Chapter 6 of the SWRI report. Table 1-27 summarizes
available toxicity information for contaminants detected in isolation flux measurements.
Tables 1-28 through 1-33 provide location- and chemical-specific exposure-point concentrations
of each contaminant, pathway exposure factors (PEFs), chemical-specific doses, and toxicity
values. A detailed description of the method and parameters used to derive the PEFs is also
presented in Chapter 6 of the SWRI report (Webster-Scholten, 1994). Summaries of the
chemical-specific hazard quotients (HQs) and contribution to risk, as well as the location-specific
estimates of total risk and HI, are presented in Tables 1-34 through 1-36.

1-34



UCRL-AR-113860 Final Feasibiliry Study for GSA, Site 300 1995

For AOS exposure to contaminants in outdoor air in the vicinity of the Building 875 dry well
area, we calculated a total cancer risk of 2 x 10-7 and a HI of 6.2 x 10-3. The excess lifetime
cancer risks attributable to AOS exposure to VOCs that flux from soil to ambient air in the
vicinity of the central and eastern GSA are 7 x 10-7 and 2 x 10-7, respectively. The
corresponding HIs are 1.2 x 10-3 and 1.3 x 10-3.

Adult employees of LLNL who work outdoors in the GSA OU could be exposed
simultaneously to contaminants by inhalation of resuspended particulates, direct dermal contact
with surface soil, incidental ingestion of surface soil, and inhalation of VOCs that flux from soil.
We selected the vicinity of the central GSA for our calculations of additive risk and HI
associated with AOS exposures because our calculations indicated higher levels of cancer risk
and HI for this location than for exposures associated with the Building 875 dry well area and the
eastern GSA. Because the Building 875 dry well area, central GSA, and eastern GSA are
separated by approximately 200 ft, we did not examine concurrent exposures to VOCs from the
three sources. '

Table 1-37 presents the additive individual excess cancer risk and HI for AOS exposures in
the GSA OU as well as the contribution to the totals from each source or transport medium. The
values gigen in Table 1-37 indicate a total additive risk of 9 x 10-7 and a total additive HI of
9.8 x 10—,

1.6.3. Summary of Human Health Risk Assessment

The National Contingency Plan (NCP) states that, for known or suspected carcinogens,
acceptable exposure levels are generally concentration levels that represent an excess, upper
bound, lifetime cancer risk to an individual of between 10—4 and 10-6, using information between
dose and response. The NCP also states that the 10-0 risk level shall be used as the point of
departure for determining remediation goals for alternatives when ARARs are not available or
are not sufficiently protective because of the presence of multiple contaminants at the site or
multiple pathways of exposure. The 10~ to 10~ risk range is generally acceptable when used
for risk-management decisions. The U.S. EPA (1989) indicates that a noncancer HI greater
than 1 may be associated with noncarcinogenic adverse health effects.

Thus, our estimates of excess cancer risk (2 x 10-10 t0 2 x 10~7) or HI (5.6 x 10-5 to
8.5 x 10-3) indicate that potential excess cancer risk and noncancer hazard are well within
acceptable levels. These estimates are based on AOS exposure to surface soil contaminants
through inhalation of resuspended particulates, ingestion, and dermal adsorption from surface
soils in the GSA. The estimates of excess cancer risk (7 x 10-7 to 2 x 10-7) and HI (6.2 x 10-3
to 2.4 x 10-2) for AOS exposure to VOCs that flux from soil to outdoor air calculated from direct
vapor measurements, are also within acceptable levels. The estimated cancer risk and non-
cancer hazard for air inside Building 875 (1 x 105 and 3.0 x 10-1, respectively) are in the range
where risk management actions may be necessary.

The calculated excess cancer risks and HIs for potential residential use of ground water in the
vicinity of the eastern GSA debris burial trenches or at the off-site wells CDF-1 or SR-1 range
from 5 x 10-5 to 1 x 10-5; the HIs range from 1.4 x 10-1t0 5.0 x 10-1. The excess cancer risk
and HI calculated for use of ground water at the site boundary near the Building 875 dry wells
yielded an estimate of potential excess cancer risk of 7 x 102 and an HI of 560. These values
indicate that if well water from this area were used on a regular basis, it would present an
unacceptable excess cancer risk as well as a potential for noncancer adverse health effects.
However, water in this area is not currently used for domestic purposes, and Removal Action
remediation activities are currently underway to remove ground water contaminants.
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1.6.4. Ecological Assessment

The baseline ecological assessment as presented in Chapter 6 of the SWRI report only
considered the eastern GSA. Since its completion, additional data from both the central GSA
and the eastern GSA have been collected and evaluated to further define the potential for
ecological hazard by contaminants present in the GSA OU. An evaluation of these data is also
presented below.

1.6.4.1. Baseline Ecological Assessment

For the ecological assessment of the eastern GSA, the abundance of the California ground
squirrel and black-tailed deer populations, the reproductive potential and life span of individual
San Joaquin kit fox, and the abundance of aquatic populations at spring GEOCRK were selected
as ecological assessment endpoints. To estimate potential hazard from exposure to contaminants
of potential concern, HIs were calculated for individual ground squirrels, black-tailed deer, and
kit fox; and toxicity quotients (TQs) were calculated for aquatic populations (Tables 1-38
through 1-41). An HI or TQ greater than 1 indicates that an elevated ecological hazard
potentially exists.

The combined oral and inhalation HI for cadmium exceeded 1.0 for the kit fox, ground
squirrel, and black-tailed deer (adult and juvenile for all three species). For all three species, this
was primarily a result of direct and indirect ingestion of cadmium in surface soil. Data from
surveys of ground squirrel burrows conducted in 1986 and 1991 indicated an increase in the
overall Site 300 ground squirrel population. The robust ground squirrel population at Site 300
suggests that only individual squirrels could potentially be at risk from cadmium exposure, and
that the overall population remains healthy. Although there is no evidence for kit fox in the OU,
data suggest that they could be at risk from exposure to cadmium should they den in the eastern
GSA. ‘

Toxicity quotients were calculated for aquatic population exposure to copper and zinc at
spring GEOCRK. The TQs were below 1.0 for the Federal Ambient Water Quality Criteria
(AWQC) method, but greater than 1.0 for the California Applied Action Levels (AAL) method.
This evaluation indicated a potential for impact to these populations from exposure to copper and
- zinc. Although these elements are present in spring water from GEOCRK, their occurrence is
believed not to originate from Site 300, as upgradient water that enters the spring area does not
contain elevated levels of copper or zinc.

1.6.4.2. Evaluation of Recent Ecological Data

Since the completion of the SWRI report, additional ecological data have been collected from
both the central GSA and eastern GSA. Although the central GSA is primarily paved, small
portions are unpaved and can be utilized by ecological receptors, primarily burrowing
vertebrates. These areas include:

* The Building 875 dry well area.

* The portion of the central GSA east of former water-supply well 7 and west of the sewage
treatment pond.

*  The area surrounding and extending to the east of the Building 883 corporation yard.

As part of the recent characterization of the central GSA, additional surface soil and
subsurface soil samples were collected and analyzed for VOCs and metals. These data are
presented in Appendix A. Although these data were not subjected to the extensive ecological
evaluation described in Chapter 6 of the SWRI report, they were qualitatively evaluated to assess
the potential hazard the contaminants may pose to ecological receptors. Our evaluation suggests .
that cadmium and VOCs are present in surface and/or subsurface soil in the Building 875 dry
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well area at concentrations corresponding to HlIs that were predicted in the SWRI report to pose a
potential hazard to burrowing vertebrates. In addition, cadmium in surface soil in this area may
pose a potential hazard to grazing vertebrates. Although VOCs have been detected in subsurface
soil samples obtained near the Building 883 corporation yard as well as the area west of the
sewage treatment lagoon, the concentrations are present at levels below those predicted by
similar evaluations in the SWRI report to pose a hazard to burrowing vertebrates.

Since the completion of the biological surveys conducted for the 1992 EIR/EIS report
(U.S. DOE, 1992), a total of seven biological surveys have been conducted in the central GSA. ‘
Areas surveyed included the area west of the sewage treatment pond and off-site areas along
Corral Hollow creek. Sensitive species observed in other portions of the central GSA not
directly surveyed were also noted. The only sensitive species observed in the central GSA was
the American badger, which was observed to be denning just south and east of the Building 883
corporation yard. Cadmium was not detected in the five soil samples collected in the vicinity of
the corporation yard (38S-27-01 through -27-03 and W-7PS and W-7P). However, foraging in
the area just east of the sewage treatment lagoon in the eastern GSA or in the vicinity of the dry
well pad could potentially expose these animals to cadmium.

Additional soil samples were also collected and analyzed for VOCs and metals in the eastern
GSA. These samples were collected in the off site areas of Corral Hollow Creek in the vicinity
of the CDF station and the CDFG ecological preserve. Cadmium was not detected in any of the
soil samples collected in-the eastern GSA subsequent to December 31, 1991. These data further
- suggest that cadmium contamination in the soil in the eastern GSA is limited to the area just east
of the sewage treatment lagoon. ’

A total of seven biological surveys were also conducted in the eastern GSA. The only
sensitive species observed was the red-legged frog. Breeding populations of red-legged frogs
were observed in the reach of Corral Hollow Creek behind and northeast of the CDF station and
into the CDFG ecological preserve.

As reported above, the evaluation of TQs presented in the SWRI report indicated a potential
hazard to aquatic populations in spring GEOCRK from copper and zinc. To further evaluate this
potential hazard, we conducted two bioassays on samples collected from spring 1 and
spring GEOCRK. The two bioassays conducted were the Ceriodaphnia dubia (water flea)
chronic 7-d toxicity test (EPA Method 1002) and the Selenastrum capricornutum (algae) 4-d
growth test (EPA Method 1003). These tests were selected as being representative of the types
of species expected in these springs. Appendix A presents a detailed discussion of the sampling
and test procedures, as well as the results. Toxicity to the two test species was not detected in
samples from either spring. Thus, although the TQ evaluation presented in the SWRI report
indicated a potential hazard to aquatic populations in spring GEOCRK, the more rigorous
bioassay test did not detect any toxicity. We therefore conclude that levels of copper and zinc
detected in spring GEOCRK do not present a hazard to aquatic populations.

For both the eastern GSA and the central GSA, localized areas have been identified that
contain cadmium in soil at concentrations that may pose a potential hazard to grazing vertebrates.
Since the completion of the SWRI report, Environmental Restoration Division personnel have
been recording date and location of all deer sightings made during normal work activities. To
date, no deer sightings have been recorded for the GSA on-site areas. All deer sightings have
been made near permanent springs, such as those in the southwest corner of Site 300. Although
not conclusive, this information suggests the localized areas in the GSA containing cadmium
contamination in soil are not regularly used by the Site 300 deer population.
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2. Remedial Action Objectives

Remedial Action Objectives (RAQOs) are specific goals for protecting human health and the
environment. The development of these goals involves health protective Applicable or Relevant
and Appropriate Requirements (ARARs) and the results of the remedial investigation (Webster-
Scholten, 1994), including the human and ecological risk assessments. ARARs and risk-based
requirements are discussed below, followed by a summary of the RAOs.

Because of the changing and evolving nature of public' policy, risk assessment,
environmental law, and remediation technology, the development of RAOs, ARARs, and
cleanup goals is an ongoing and iterative process and may not be finalized until the Record of
Decision (ROD).

2.1. Identification of Applicable or Relevant and Appropriate
Requirements

CERCLA Section 121 (d)(2)(A) requires that remedial actions meet any federal standards,
requirements, criteria, or limitations that are determined to be legally applicable or relevant and
appropriate. CERCLA Section 121 (d)(2)(A)(ii) requires state ARARs to be met if they are more
stringent than federal requirements. In addition, the National Contingency Plan (NCP),
published in 40 CFR 300, requires that local ordinances, unpromulgated criteria, advisories, or
guidance that do not meet the definition of ARARs but that may assist in the development of
remedial objectives be listed as “to be considered” (TBC).

Based on CERCLA guidance, LLNL has divided ARARSs into three areas:

1. Chemical-specific requirements that define acceptable exposure concentrations or water
quality standards. '

2. Location-specific requirements that may restrict remediation activities at sensitive or
hazard-prone locations such as wildlife habitat and flood plains.

3. Action-specific requirements that may control activities and/or technology.

Table 2-1 lists current ARARs developed by the signatories to the Site 300 FFA for the GSA
operable unit. Additional TBCs are also included to assist in determining what may be necessary
to protect human health and the environment. Table 2-2 is a summary comparison of alternatives
and corresponding ARARs and other factors to be considered for the GSA operable unit.

2.2. Chemical-Specific ARARs

2.2.1. Risk-Based Requirements

Table 2-3 summarizes risk by media in the GSA operable unit based on the baseline risk
assessment and subsequent air monitoring and modeling described in Section 1.5. As shown
in Table 2-3 and discussed below, ground water and air inside Building 875 exceed the 10-6 (one
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in one million) elevated excess cancer risk threshold ('sce 40 CFR Section 300.430(e)(i1)(A)(2)) or
the hazard index (HI) of one for non-carcinogenic health effects (U.S. EPA [1989]).

The baseline human-health risk assessment identified TCE, PCE, 1,1-DCE, cis-1,2-DCE,
1,1,1-TCA, chloroform, bromodichloromethane, benzene, ethylbenzene, toluene, and xylene as
chemicals of potential concern in ground water at the GSA operable unit (Webster-Scholten,
1994). Of these, only TCE, PCE, 1,1-DCE, benzene, chloroform, and bromodichloromethane
are classified as known or suspected human carcinogens (Table 2-4). The remaining five.
compounds are a concern, however, due to possible noncarcinogenic health effects (Webster-
Scholten, 1994). Since ground water beneath the GSA is potential drinking water, actions are
warranted to reduce contaminant concentrations to acceptable levels. Applicable state and
federal ARARs for drinking water are discussed in Section 2.2.2.

As discussed in Section 1.5, potential risks identified in the baseline risk assessment were
further evaluated by taking direct measurements of VOC flux from the surface and subsurface
soil to outdoor air. These measurements indicated that potential inhalation risks were acceptable.
Modeling results for flux from subsurface soil containing VOCs to indoor air in Building 875
indicate that the potential inhalation risk (1 x 10-5) is in the range (10~ to 10-6) where risk
management measures may be necessary. Since the vadose zone near Building 875 contains a
- potential source of VOCs to ground water and soil vapor, remediation of this soil may be
warranted to reduce potential future risks associated with ingestion of contaminated ground water
and inhalation of VOC vapors inside Building 875 (see Section 2.2.3).

As previously discussed in Section 1.5, surface soil containing elevated cadmium
concentrations at some localities may pose elevated risk/hazard for wildlife. However, limited
data indicate that wildlife exposure is not likely since elevated cadmium concentrations are
associated with nonhabitat areas such as roads and parking lots. If future data indicate that
habitat of rare, threatened, or endangered species is affected, we will dmcuss any course of
action, as necessary, with the regulatory agencies.

2.2.2. Federal and State ARARs

Table 2-4 presents state and federal Maximum Contaminant Levels (MCLs) for chemicals of
concern in ground water in the GSA operable unit. Because ground water is used for drinking
water and MCLs apply directly to public drinking water systems with 15 or more service
connections, ground water at Site 300 is considered a potential public drinking water source
under federal and state law.

The U.S. EPA uses MCLs as a cleanup standard for contaminated water that is, or may be
used for, drinking water. Under CERCLA, the most stringent concentration limit is the ARAR
for the chemical of concern. Under the Safe Drinking Water Act (SDWA), the state may set
more stringent standards for public drinking water systems. As shown in Table 2-4, the state has
set more stringent MCLs for 1,1-DCE, cis-1,2-DCE, benzene, ethylbenzene, and xylenes.
Because TCE comprises 80-95% of the ground water contamination in the GSA, TCE is used as
an indicator chemical for all remedial alternatives. However, monitoring will be conducted to
ensure remediation of the other chemicals of concern in GSA ground water meets the MCL
clean-up standard.
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State Water Resources Control Board (SWRCB) Resolution No. 68-16 reflects the state’s
policies for “maintaining high quality of waters in California.” Commonly referred to as the
anti-degradation policy, it applies to discharging waste that might affect the existing high quality
of the water it is discharged into and, in turn, affect its beneficial use. The policy requires that
discharges of waste to existing high quality waters are required to meet best practical treatment
or control. Also applicable is Title 23, CCR, Division 3, Chapter 15, for governing discharges of
waste. SWRCB Resolution No. 92-49 establishes policies and procedures for the oversight of
investigations and cleanup activities resulting from discharges that affect or threaten water
quality. This policy authorizes regional boards to oversee cleanup activities and to require
complete cleanup of all waste discharged. These policies are ARARs for the discharge of waste
to ground water.

SWRCB Resolution No. 88-63 specifies that all surface and ground waters of the state are
considered suitable, or potentially suitable, for municipal or domestic water supply with the
following exceptions: those water bodies with yields below 200 gal per day (gpd), total
dissolved solids (TDS) exceeding 3,000 mg/L (ppm), or contamination that cannot reasonably be
treated for domestic use by either best management practices or best economically achievable
treatment practices. In the GSA operable unit, ground water TDS ranges from about 300 mg/L to
2,600 mg/L, and well yields can exceed 200 gpd. Thus, ground water in the GSA operable unit
is considered potentially suitable for drinking water supply under this resolution. This is
consistent with beneficial uses for ground water in the vicinity of Site 300 defined in the
RWQCB Basin Plan, an additional state ARAR.

2.2.3. Preliminary Remediation Levels

To comply with state and federal ARARs and CERCLA risk-based requirements, actions
should be attempted to restore full beneficial use of ground water within the GSA operable unit.
Because ground water near the GSA is used for drinking water supply, the preliminary
remediation levels for the chemicals of concern are the MCLs presented in Table 2-4. Because
off-site ground water concentration trends have decreased in response to pilot Removal Action
activities and natural attenuation to levels near or below MCLs, this goal is probably achievable
off site but may be technically and economically infeasible in more highly contaminated areas on
site.

State Water Board Resolutions 68-16 and 92-49 indicate that background conditions should
also be a long-term remedial goal. However, at this time, available site and industry data are
insufficient to evaluate whether remediation to background levels is technically or economically
feasible. The inability to evaluate these factors results mainly from subsurface complexity and
uncertainty about the site-specific efficacy of ground water extraction to remediate all portions of
the ground water plumes. Information available on pump-and-treat remediation at Site 300 and
ground water modeling at the GSA (Appendix E) and other sites with conditions similar to those
in the GSA operable unit indicate that ground water extraction will accelerate VOC removal.
However, industry experience shows that chlorinated solvents, such as TCE, often become
sorbed onto low-permeability, clay-rich sediments that have limited capacity to diffuse (i.e.,
desorb) the contaminant back into ground water, thereby decreasing remediation efficiency and
increasing remediation time and cost. In addition, the low-permeability, clay-rich units may
retain VOC:s for decades or longer and, during periods of no pumping, recontaminate remediated
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ground water and sediments. Because of the small scale and heterogeneous nature of geologic
features that affect sorption and hydraulic properties and the impracticability of characterizing
them, these factors are not fully defined for the GSA operable unit. Therefore, attaining
background conditions may not be possible. However, since this is an important policy issue
with the state, it is expected that the achievability of this potential long-term goal will be
reevaluated in the future as additional monitoring and remediation performance data, and/or new
remediation technologies become available. For the purposes of this feasibility study, Appendix
E presents a modeled scenario for remediation on a conceptual basis (i.e., assuming isotropic and
homogeneous conditions) to limit-of-detection concentrations (i.e., <0.5 ug/L) to provide
information on possible cleanup times and costs associated with this potential state requirement.

Risk evaluations indicate that VOCs in subsurface soil may pose an inhalation risk to site
workers inside Building 875. Risk management measures should be initiated to reduce the
potential for site worker exposure to VOC vapors inside Building 875. In addition, VOCs in
subsurface soil near Building 875 represents a potential source for continued ground water
contamination. Therefore, steps should be taken to reduce these subsurface VOC concentrations
to a level that is protective of ground water (MCLs or background). Preliminary screening
calculations presented in Appendix E indicate that a TCE soil vapor concentration of about
0.36 ppmyyy will achieve the MCL goal, whereas a soil vapor concentration of 0.036 pPpmyyy
would be required to achieve background concentrations in ground water.

2.3. Location-Specific ARARs

2.3.1. Faults

California seismic regulations (22 CCR 66264.18[a]) prohibit location of new treatment,
storage, or disposal (TSD) facilities, or substantial modification of existing facilities, within
200 ft of a Holocene fault. Evidence of Holocene activity has not been observed in the vicinity
of the GSA within 200 ft of planned treatment facilities or treated ground water discharge points
(Webster-Scholten, 1994 and Carpenter et al., 1991). Thus, these regulations have been excluded
as an ARAR for the GSA operable unit.

2.3.2. Wilderness Areas, Wildlife Refuges, and Scenic Rivers

No area within or near Site 300 is designated as a federal wilderness area, wildlife refuge, or
scenic river. The California Department of Fish and Game (CDFG) maintains an ecological
preserve adjacent to the eastern Site 300 boundary. No remedial action activities will occur
within this preserve, and potential discharges of treated water will be conducted in a manner that
is consistent with CDFG ecological management guidelines.

2.3.3. Floodplains and Wetlands

The GSA operable unit is located adjacent to the 100-year floodplain associated with Corral
Hollow Creek. As shown in Figure 2-1, the floodplain is bounded to the north by Corral Hollow
Road, and as such, no portion of Site 300 lies within the floodplain (U.S. DOE, 1992). Corral
Hollow Creek is a likely discharge point for treated water from the eastern GSA. ‘
22.CCR 66264.18(B)(1), which states that TSD facilities within a 100-year floodplain must be
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designed, constructed, operated, and maintained to prevent washout of any hazardous waste by a
100-year flood, is applicable, since discharge lines and other components of the treatment facility
lie within the floodplain. Any future treatment facilities that may be built on the floodplain will
be constructed in accordance with this requirement as well as those outlined in DOE regulations
found in 10 CFR 1022.

Other areas that are consistent with the state and federal definition of wetlands
(U.S. DOE, 1992) have been identified at or near Site 300. Although these areas are not .
currently regulated as wetlands by the U.S. Army Corps of Engineers (Coe, 1991), any future
treatment-related activities will be carried out in accordance with DOE regulations
(10 CFR 1022).

2.3.4. Historical Sites and Archaeological Findings

A discussion of archaeological investigations at Site 300 and descriptions of the historic sites
near the GSA are presented in Chapter 6. Additional surveys may be conducted prior to remedial
activity to ensure that no historic properties will be affected by the activity, in accordance with
the federal and state location-specific ARARs in Table 2-1. Remedial project construction
~personnel will be advised of the possibility of buried cultural artifacts and be alerted to likely
indicators.

2.3.5. Rare, Threatened, or Endangered Species

The SWRI report (Webster-Scholten, 1994) and Site 300 EIR/EIS (U.S. DOE, 1992) indicate
that portions of Site 300 are potential habitat for several species that have been designated by the
federal and state governments as threatened or endangered. Those federally-listed species for
which habitat have been identified but which have not been observed at Site 300 include the San
Joaquin kit fox (endangered), the Alameda whipsnake (threatened), and the valley elderberry
longhorn beetle (threatened). In addition, the flora species commonly known as the
large-flowered fiddleneck (endangered) grows on site. Several federally-designated candidate
species, as well as species identified as being of special concern by the state, have either been
observed on site or may potentially occur on site. Rare, threatened, or endangered species that
have been observed in surveys conducted since the Site 300 EIR/EIS are discussed in detail in
Chapter 6. Federally-listed threatened or endangered species observed since the EIR/EIS surveys
include the peregrine falcon (endangered) and the Swainson’s hawk (threatened). Chapter 6 also
discusses changes in listing status that have occurred since the Site 300 EIR/EIS.

LLNL is committed to protecting all potential habitats for these species. Mandatory 60-day
advance notification of all ground-breaking activities will initiate an ecological survey by an
LLNL biologist to identify the presence of sensitive species and to mitigate any adverse impacts
of the project.

2.4. Action-Specific ARARs

Most action-specific ARARs address treatment, transportation, and disposal of hazardous
waste. Table 2-1 includes descriptions of action-specific ARARSs that may be associated with
possible remedial actions. A detailed discussion of ARAR compliance for specific technologies
and cleanup activities is included in Chapter 5.
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2.5. Remedial Action Objectives

Remedial Action Objectives (RAOs) consist of media-specific goals for protecting human
health and the environment. RAOs should specify contaminant(s) of concern, exposure route(s),
and an acceptable contaminant concentration or range of concentrations. Three RAOs have been
developed for the GSA OU based on potential impacts to human health and the environment.
Two RAOs (ground water and indoor air) are based on potential adverse impacts to human health
modeled in the SWRI report baseline risk assessment. One RAO (ground water) is based on
‘potential adverse impacts to the environment. Although no specific environmental risks were
identified in the SWRI report ecological risk assessment, this RAO addresses protection of
beneficial uses of ground water. These three RAOs are as follows: :

For Human Health Protection:

* Prevent human ingestion of the ground water containing VOC concentrations (single
carcinogen) above the State and Federal drinking water maximum contaminant levels
(MCLs), a cumulative excess cancer risk (all carcinogens) greater than 106, and a
cumulative HI (all noncarcinogens) greater than 1.

* Prevent human inhalation of VOCs in vapor in concentrations above those that pose an
excess cancer risk greater than 109,

For Environmental Protection:

* Restore water quality, at a minimum, to water quality objectives which are protective of
beneficial uses (MCLs in this case).

The VOC contaminants of concern for the GSA OU, as well as the State and Federal MCLs
for these VOC:s, are listed in Table 2-4.
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3. Evaluation and Screening of General Response
Actions and Remedial Action Technologies

3.1. Overview and Evaluation of Screening Process

‘As presented in Chapter 2, our primary objectives for the GSA operable unit (OU) are to
prevent the ingestion of ground water contaminated with VOCs above MCLs and prevent indoor
inhalation of contaminated soil vapor.

In this chapter, we evaluate and screen a number of response actions and remedial
technologies capable of achieving these RAOs. These actions and technologies include methods
of controlling and/or removing contamination in ground water and soil, which could contaminate
ground water in the future, and preventing contaminated soil vapors from entering Building 875.
In Section 3.2, we describe the General Response Actions we have selected to address our RAOs.
In Section 3.3, we screen remedial technologies and process options based on applicability,
effectiveness, implementability, and cost. In the last section, we present technologies retained
through this screening process. Certain retained technologies will be combined to form the
remedial alternatives presented in Chapter 4. All technologies discussed in this chapter are
described in Appendix D. ’

3.2. General Response Actions

General Response Actions describe those actions that can achieve the remedial action
objectives established in Chapter 2. These actions are intended to: 1) mitigate potential
exposure to, 2) control the migration of, and/or 3) remediate the chemicals of potential concern
identified in the SWRI report (Webster-Scholten, 1994) and summarized in Chapter 1 of this
report. Seven General Response Actions have been identified for the central and eastern GSA:

* No action.

e Administrative controls.
» Containment.

» Extraction/excavation.

* Treatment.

» Disposal.

Table 3-1 summarizes the seven response actions for the GSA. For our discussion below, we
combine extraction/excavation, treatment, and disposal since, in practice, they are integrated.
The response actions discussed below apply to both the central and eastern GSA, unless
otherwise noted.
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3.2.1. No Action

In CERCLA feasibility studies, a no-action alternative is used as a basis for comparison with
other remedial actions. All ongoing activities except ground water monitoring would cease
under this response. Natural degradation, dispersion, adsorption, dilution, and volatilization are
the only processes that would take place, and will occur regardless of our intervention.

3.2.2. Administrative Controls

Administrative controls can involve a range of measures, from simply posting signs and
installing fences to regulated restrictions on the use of property. Administrative measures can
have the effect of limiting human activities/access or restricting use of contaminated ground
water. These measures help to mitigate potential routes of exposure.

3.2.3. Containment

As a General Response Action, physical and/or hydraulic containment can be used to control
the migration or mobilization of contaminants. It can be directed at containing a ground water
contaminant plume or at preventing recharge water from creating or spreading a ground water
- contaminant plume. Containment can also help control soil vapor migration via soil vapor
extraction. '

Below-ground physical barriers (i.e., ground water containment systems constructed of
low-permeability materials such as slurry walls and grout curtains or hydraulic barriers created
by injection of treated ground water) prevent or severely restrict the flow of ground water and
contaminants. These subsurface barriers can be installed at or near plume margins to inhibit
further migration of contaminants primarily in the horizontal direction.

Interceptor trenches and surface covers are used to reroute recharge water or leachate and
restrict the flow of ground water and contaminants. Surface covers can also retard leaching of
contaminants from the soil to ground water.

Physical barriers alone, while they may be protective of human health and the environment,
would result in relatively slow VOC removal by natural degradation compared to more active
alternatives. Physical barriers are commonly used in combination with extraction techniques,
such as pumping or in situ (in place) treatment. Often, the depth or lateral extent of ground water
contamination can limit the implementability of containment or cause containment to be too
expensive to consider as a viable response action.

Hydraulic containment via ground water extraction has been used to control the TCE plumes
in the eastern GSA and central GSA as part of CERCLA Removal Actions since 1991 and 1994,
respectively.

3.2.4. Extraction/Excavation with Treatment and Disposal

Removal of subsurface contamination in ground water, soil, and/or soil vapor may involve
extraction or excavation of the contaminated media followed by treatment and then disposal or
discharge of the treated media. This combination of response actions is intended to permanently
remove contaminants from the site.
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Ground water extraction consists of pumping from either wells or trenches. Volatile
contaminants can be removed from unsaturated soils by soil vapor extraction, which usually
consists of applying a vacuum to one or more wells screened in the vadose zone.

Innovative extraction technologies include methods that help to mobilize and remove
contaminants from ground water and/or soil/rock in situ. Possible extraction methods are
surfactants, steam flooding, joule heating, and hot air injection. These methods would be used in
conjunction with ground water extraction or soil vapor extraction (SVE).

Treatment of contaminated media can include in situ as well as ex siru methods. In situ
methods destroy or convert contaminants in ground water and/or soil/rock to less toxic
compounds. Possible in siru methods are air sparging and biological enhancement.

Ex simu treatment methods separate, destroy or convert contaminants in extracted ground
water, vapor by-products from ground water treatments, soil vapor, or soil. Possible ex situ
ground water treatment methods include sorption to aqueous-phase granular activated carbon
(GAC), air stripping, air sparging, aqueous-phase electron acceleration, UV/oxidation, and
biological treatment. Possible ex situ vapor treatments include vapor-phase GAC sorption,
thermal oxidation, catalytic oxidation, vapor-phase electron acceleration, resin sorption, and
UV/oxidation. -

If treatment only separates the contaminant, such as sorption onto GAC, the contaminant
must then either be properly disposed of at a licensed facility or further treated. Typically GAC
will be thermally treated at an off-site facility to destroy the sorbed contaminants.

Methods for disposal of treated ground water include discharge to surface water, discharge to
sanitary sewer or storm drain, discharge to a sewage treatment pond located near the eastern
GSA, on-site surface discharge, reinjection, on-site recycling/reuse, off-site uses, and air misting.

The method for disposal of treated air emissions is discharge to the atmosphere.

3.3. Evaluation and Screening of Remedial Technologies and
Process Options ;

Table 3-2 summarizes the screening and evaluation of the General Response Actions,
technology types, and process options available for the remedial alternatives.

The General Response Actions are listed in the first column of Table 3-2. Listed with each
General Response Action are one or more technologies that are considered potentially viable.
The table documents our reasons for retaining or eliminating a technology from further
consideration, based on four criteria: applicability, effectiveness, implementability, and cost.
The last column indicates if the technology was retained for consideration in the development of
our remedial alternatives (presented in Chapter 4 of this report).

The response actions and technologies retained after the preliminary screening are discussed
below. Innovative technologies are addressed in Section 3.4.

3.3.1. No Action

Under a no-action scenario, it is likely that the chemicals of concern in soil, soil vapor, and
ground water will be reduced in concentration through the natural processes of degradation,
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dispersion, dilution, and volatilization. San Joaquin County Ordinance No. 3675/Development
Code Section 9-1115 requires water-supply wells to have a minimum annular seal of 100 ft
below ground surface. Thus, it is unlikely that shallow contamination could potentially affect a
new public or domestic water-supply well. Although VOC concentrations will be reduced by
natural processes, this alone may not be entirely protective of human health because
contaminants would not be actively mitigated and migration of the VOCs in the ground water
could continue.

3.3.2. Administrative Controls _

In both the central and eastern GSA, several applicable administrative controls are retained to
mitigate potential exposure to contaminants in ground water and the vadose zone. Fencing and
warning signs can be installed to warn people about the potential hazard from drinking ground
water from water-supply wells. These measures would be particularly effective when combined
with the use of existing security guards and patrols at Site 300. Also, DOE may establish land
use restrictions that prevent the use or disturbance of locations with vadose zone or ground water
contamination.

3.3.3. Containment

Containment may be protective of human health by restricting or controlling containment
migration and thus exposure. However, containment by itself does not actively remove
contaminants from the subsurface. Low-permeability asphalt surface covers retard leaching of
contaminants from soil in source areas, especially in the central GSA. Asphalt surface covers
would also help prevent short circuiting of air flow during SVE. Source areas in the central GSA
are already paved with asphalt. Because concentrations of contaminants in soil are low in the
eastern GSA, paving as a means of containment is not necessary in this area.

3.3.4. Extraction/Excavation

3.3.4.1. Ground Water

Ground water extraction involves pumping VOC-contaminated ground water from
strategically placed extraction wells to prevent further migration of dissolved contaminants and
to accelerate mass removal. This process option may also include a network of piezometers to
monitor water levels and the effectiveness of hydraulic capture. We are presently operating
ground water extraction systems at both the central and eastern GSA as part of interim CERCLA
Removal Actions.

3.3.4.2. Vadose Zone

For vadose zone remediation, vacuum-induced soil venting is the technology chosen for
detailed evaluation because it is compatible with existing treatment options and with the physical
characteristics of the subsurface materials in the GSA.

Induced SVE consists of applying a vacuum to one or more vadose zone extraction wells to
enhance volatilization and to remove high-volatility contaminants. Industry experience indicates
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that this process is very effective for remediating most chlorinated solvents and volatile fuel
hydrocarbons. Induced SVE can also be used in conjunction with ground water extraction.

Vadose zone properties, such as permeability and moisture content, as well as the areal extent
and depth of contamination, must be considered in designing a soil vapor extraction (SVE) well
field. This technology is typically used in conjunction with vapor-phase GAC treatment to
prevent the release of VOCs to the atmosphere.

Drawbacks to this extraction technology include the uncertainty in predicting the time
required to achieve the remedial objectives and difficulties in extracting all hazardous materials
from a heterogeneous vadose zone. The treatment of air emissions can also be a significant
operational expense (LLNL, 1991a). We are presently operating an SVE system in the central
GSA as part of a CERCLA Removal Action.

3.3.5. Treatment

3.3.5.1. Ground Water

3.3.5.1.1.  GAC Adsorption. Aqueous-phase GAC adsorption is a well established
technology for ground water treatment that is generally effective for removing high-molecular-
weight compounds and chlorinated solvents. Activated carbon removes contaminants from water
by adsorbing them onto its surface. A GAC adsorption system consists of a packed column with
an internal/plumbing system to distribute the water evenly through the carbon bed. Organic
compounds adsorb onto the surface of the GAC as the water flows through the fixed bed. The
spent GAC may be either disposed of as hazardous waste or thermally regenerated by heating the
carbon in a natural gas-fired furnace, thereby completely desorbing the organic compounds from
the surface of the GAC. Desorbed compounds can then be thermally oxidized or driven off and
collected for reuse. After regeneration, the GAC is no longer considered a hazardous waste and
may be reused. However, regeneration reduces the adsorptive capacity of GAC and the used
material eventually must be disposed of and replaced. GAC consumption is dependent upon
flow rates, vapor stream moisture content, and contaminant concentrations. GAC can be subject
to clogging from carbonate precipitation or biofouling; therefore, pretreatment of the influent
water stream may be required. Generally, GAC is cost effective for low-flow and low-
concentration applications (LLNL, 1991a).

-3.3.5.1.2. Air Stripping. Air stripping is a process in which VOCs are removed from water
by bringing VOC-contaminated water into contact with air. This is commonly achieved with air
stripping towers or trays. In conventional air strippers, ground water is sprayed into the top of an
air stripping column. Water cascades down through packing material within the column, thereby
increasing the surface area of the water. A blower forces an upward air stream through the
water, transferring VOCs from water to air.

Tray aeration is achieved by spraying extracted ground water into an inlet chamber. The
water flows along baffled aeration trays and air is blown up through small-diameter holes in the
trays. A froth forms, creating a large mass transfer surface. The high air-to-water ratio causes
the organic contaminants to volatilize into air, leaving substantially reduced concentrations of
VOC:s in the water. Low-profile tray options provide the flexibility to optimize the system by
changing the number of trays to meet flow rate and contaminant concentration needs.
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Alr stripper design, operation, and maintenance must be tailored to the general water quality
at the site. High calcium and magnesium hardness, which exists in ground water at Site 300, can
clog the packed columns, reduce efficiency, and increase operating costs. This technology is
usually used in conjunction with vapor-phase GAC to eliminate VOC discharge to the
atmosphere.

The cost is dependent upon flow rates, ground water geochemistry, and VOC concentrations.
Generally, air stripping is cost effective for high flow rates and high VOC concentrations, unless
water hardness causes operating problems (LLNL, 1991a).

3.3.5.1.3. Air Sparging. Air sparging consists of forcing air through coarse air bubble
diffusers into large tanks filled with contaminated water. The agitation of the water and contact
with forced air promotes the volatilization of VOCs. This technology would be used in
conjunction with vapor-phase GAC (LLNL, 1991a). High calcium and magnesium hardness,
which occurs in ground water at Site 300, can clog the sparging tank components, reduce
efficiency, and increase operating costs. Generally, air sparging has lower energy efficiency than
air stripping and is cost effective for low flow rates and high VOC concentrations, unless
elevated water hardness causes operating problems. We presently inject CO3 into the air
sparging tanks in the central and eastern GSA treatment facilities to reduce mineral precipitation.
These systems treat ground water extracted from the central and eastern GSA as part of the
interim CERCLA Removal Action.

3.3.5.1.4. UV/Oxidation. UV/oxidation uses an oxidizing agent, such as hydrogen peroxide
or ozone, and ultraviolet (UV) light as an agent to augment the dissociation of the oxidizing
agent to a hydroxyl radical. By destroying the VOCs, UV/oxidation processes minimize the
amount of waste that requires further treatment or disposal (LLNL, 1991a).

A type of UV/oxidation technology is Perox-Pure™, a chemical oxidation technology that
was demonstrated under EPA’s Superfund Innovative Technology Evaluation (SITE) program at
the GSA OU. Over a three-week period in September 1992, about 40,000 gal of VOC-
contaminated ground water were treated in the Perox-Pure™ system. For the SITE
demonstration, the Perox-Pure™ system achieved TCE and PCE removal efficiencies of about
99.7 and 97.1%, respectively. In general, the system produced an effluent that contained no
TCE, PCE, and 1,1-dichloroethane (DCA) above detection limits, and chloroform and 1,1,1-TCA
slightly above detection limits. The system also achieved chloroform, DCA, and TCA removal
efficiencies of 93.1, 98.3, and 81.8%, respectively. The treatment system effluent met California
drinking water action levels and federal drinking water MCLs for TCE, PCE, chloroform, DCA,
and TCA at the 95% confidence level (U.S. EPA, 1993).

3.3.5.2 Vadose Zone

3.3.5.2.1. GAC Adsorption. The use of vapor-phase GAC is a well established technology
for the removal of VOCs from air streams. With few exceptions, most VOCs can be effectively
removed from the vapor effluent of an SVE system or a ground water air sparging/stripping
treatment system using a GAC system. GAC is effective over a broad VOC concentration range
in the air stream, although the mass of organic compounds that will be adsorbed per unit mass of
GAC increases as the concentration of the compounds in the air to be treated increases. High
moisture content in the vapor and elevated temperatures can limit the sorptive capacity of carbon,
necessitating additional vapor treatment, such as a moisture accumulator, installed upstream of
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the GAC canisters. Spent GAC can be disposed of as hazardous waste, regenerated on site using
steam, regenerated in an off-site kiln, or incinerated in an off-site furnace. However,
regeneration reduces the adsorptive capacity of GAC, and the used material eventually must be
disposed of and replaced. - Annual treatment costs associated with GAC can be high initially;
costs decrease as VOC concentrations in the soil vapor decrease over time (LLNL, 1991a).

3.3.6. Disposal

' After treatment, disposal of ground water and air emissions will be required. The following
is a discussion of the five available options.

3.3.6.1. Treated Ground Water

3.3.6.1.1. Permitted Discharge to Surface Water. We are presently discharging ground
water from the eastern GSA ground water treatment system (GWTS) under a National Pollution
Discharge Elimination System (NPDES) permit as part of the eastern GSA interim CERCLA
Removal Action. This permit allows a maximum 30-d-average daily dry weather discharge of
86,400 gal (60 gpm) from the GWTS. The permit dictates daily testing of influent and effluent
for VOCs and total dissolved solids (TDS) the first week of operation, weekly testing for the first
month, and bimonthly testing thereafter. VOCs are not to exceed 0.5 ppb (ug/L) (monthly
median), and 5 ppb (ug/L) (maximum for total VOCs in a single sample). These limits apply to
1,1-DCE, 1,2-dichloroethylene (1,2-DCE), TCE, PCE, 1,1-DCA, 1,2-DCA, 1,1,1-TCA, and
chloroform. All other VOCs in excess of 0.5 ppb (uug/L) are prohibited. The permit also requires
treated discharge water to have a pH between 6.5 and 8.5, and the increased turbidity of
receiving waters not to exceed 10% of background levels.

3.3.6.1.2. Permitted Discharge to Sewer Pond. Negotiations are ongoing with regulatory
agencies for the possible use of the GSA sewage treatment pond as a discharge point for treated
ground water. Discharging treated ground water to the GSA sewage treatment pond would allow
the treated ground water to be recycled, as well as limit the amount of makeup water currently
supplied by the Site 300 water-supply system.

3.3.6.1.3. On-Site Surface Discharge. We are presently discharging treated ground water
from the central GSA to an on-site surface location, under Substantive Requirements issued by
the California Regional Water Quality Control Board as part of the central GSA CERCLA
Removal Action. The treated water is collected in a storage tank until 10,000 to 20,000 gal have
accumulated, then it is sprayed into a remote canyon over an area of approximately 16,000 ft2.
This recharge rapidly infiltrates the exposed Tnbsy regional aquifer sandstone in the canyon. The
Substantive Requirements allow a maximum 30-d-average daily dry weather discharge of
72,000 gal (50 gpm). The permit requires monthly testing of influent and effluent for ground
water VOCs, electrical conductivity, TDS, and pH. Under the central GSA Substantive
Requirements, VOCs are not to exceed 0.5 ppb (ng/L) (monthly median), and 5 ppb (ug/L)
(maximum for total VOCs in a single sample). These limits apply to TCE, PCE, 1,1-DCE, 1,2-
DCE, 1,1-DCA, 1,1,1-TCA, 1,1,2-TCA, chlorobenzene, chloroform, carbon tetrachloride, and
xylenes. '

3.3.6.1.4. Reinjection. Reinjection wells can function as a means to discharge treated
ground water, hydraulically control plume movement, and reduce cleanup times. For purposes of
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flow control, ground water injection would need to take place within the capture zone of ground
water extraction wells (U.S. EPA, 1991).

3.3.6.1.5. Air Misting. Air misting is a method of discharging treated ground water by
forcing it through spray heads that separate the water into fine droplets (i.e., atomization) as it is
expelled into the air. This process allows maximum areal dispersion of discharge, eliminating
problems associated with surface discharge (e.g., erosion). Air misting is being applied as part of
the Site 300 Building 834 CERCLA Removal Action and is being used to discharge treated well.
development and sample purge water at Building 833. Because misting is applicable for low
flow rates, it would only be a supplementary form of treated ground water disposal, due to the
high ground water extraction flow rates in the GSA.

3.3.6.2. Treated Air Emissions

3.3.6.2.1. Permitted Discharge to Air. We are presently discharging treated vapor at both
the central and eastern GSA GWTS under permit by the San Joaquin Valley Unified Air
Pollution Control District. The treatment consists of the following steps: (1) an air-sparging
tank enhances the volatilization of organic compounds in extracted ground water, (2) the
VOC-enhanced air is fed into two sets of two GAC canisters in series, and (3) the treated air is
~ then released into the atmosphere. Treated vapor from the central GSA SVE and treatment
system is also discharged under permit by the San Joaquin Valley Unified Air Pollution Control
District. The central GSA soil vapor treatment system also consists of two GAC canisters in
series. We monitored emissions from the GAC canisters for TCE on a daily basis for the first
month of operation and are currently conducting weekly monitoring. Upon breakthrough of the
first GAC canister, that canister is replaced with the second GAC canister and a new canister is
added.

3.4. Innovative Technologies

Although we have evaluated several innovative technologies in our screening process, they
are not considered technically feasible at this time and are not retained in the development of the
remedial alternatives. However, we retain the option of testing and/or implementing new or
innovative technologies for the GSA. This option is consistent with LLNL’s and DOE’s
objectives of conducting environmental remediation projects to allow better, faster, and more
cost effective treatment options to be tested and used in the future.

3.5. Summary of Retained Technologies

Through the development and screening of General Response Actions and remedial
technologies, we have retained numerous actions and technologies. These actions and
technologies were considered when developing the remedial alternatives discussed in Chapter 4.
Table 3-4 summarizes the retained technologies for ground water and vadose zone remediation in
the GSA. Retained technologies that were incorporated into Chapter 4 alternatives were chosen
based on applicability, implementability, effectiveness, cost, site-specific requirements, and best
professional judgment. These technologies are noted in Table 3-4.
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4. Description of Remedial Alternatives

In this chapter we present three remedial alternatives to address subsurface contamination in
the General Services Area (GSA) operable unit (OU). Each of the remedial alternatives is
developed using specific retained technologies described in Chapter 3.

The three remedial alternatives are:

* Alternative 1: No Action.

* Alternative 2: Exposure Control.

¢ Alternative 3: Ground Water and Vadose Zone Remediation.

Two scenarios of Alternative 3 are presented: Alternative 3a (Remediation and Protection of
the Tnbs; Regional Aquifer), and Alternative 3b (Ground Water Plume Remediation). Both
scenarios of Alternative 3 include the same approach to vadose zone remediation, but have
different objectives for ground water remediation. All three remedial alternatives are
summarized in Table 4-1.

To develop these three remedial alternatives, we incorporated specific retained technologies
based on applicability, implementability, effectiveness, cost, site requirements, and best
professional judgment. Therefore, not all retained technologies from Chapter 3 are presented as
components of the alternatives. For example, we selected air stripping treatment of extracted
ground water in preference to aqueous-phase granular activated carbon (GAC) or air sparging on
the basis of long-term cost effectiveness and/or maintenance issues. Specific innovative
technologies are not discussed as integral components of the presented alternatives. However, as
discussed in Chapter 3, innovative technologies will continue to be considered for application to
the site throughout the process of remediation, and may be introduced into the process if site
conditions change or technology development and testing indicate a potential for cost-effective
and expedited remediation. »

Of all volatile organic compounds (VOCs) detected in the GSA, TCE has been identified as
the primary chemical of concern (COC) because it has been most frequently detected and
because of its relatively high concentrations (historically up to 240,000 ug/L). As a result,
trichloroethylene (TCE) was used as the target COC in developing the remedial alternatives and
preparing cost estimates for them. All remedial alternatives are equally suitable for the other
VOC:s detected in the GSA. Concentrations of other chemicals of concern will be monitored as
part of all remedial alternatives to evaluate the effectiveness in meeting remediation goals
defined in Sections 2.2.2 and 2.2.3. ,

To determine project lifetimes for each alternative, modeling was performed for one or more
of the following contaminant removal mechanisms: :

* Removal of VOCs in the vadose zone by soil vapor extraction (SVE).
* Removal of dissolved VOCs in ground water by natural attenuation.
* Removal of dissolved VOCs in ground water by ground water extraction and treatment.

Project lives for Alternatives 1 and 2 are assumed to be the length of time necessary for
natural attenuation and dispersion to reduce ground water VOC concentrations to a preliminary
remediation goal of maximum contaminant levels (MCLs). Project lives for Alternatives 3a and
3b are based on modeling of SVE, ground water extraction, and natural attenuation to reduce
ground water concentrations to a preliminary remediation goal of MCLs.

Modeling was also used to determine proposed locations for ground water extraction wells
and to predict extraction flow rates in Alternatives 3a and 3b. Modeling conclusions and
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assumptions as they pertain to each alternative will be discussed in the following sections. A
complete description of the modeling, assumptions, and results is presented in Appendix E.

Cost estimates based on modeled project lives for each alternative are presented in
Appendix F. Consistent with the National Oil and Hazardous Substances Pollution Contingency
Plan (NCP) and because some contamination will be left in place, DOE/LLNL will reevaluate
remediation performance, cost effectiveness, feasibility, and protectiveness at least every 5 years.
As presented in the recent National Research Council report (NRC, 1994), the ability of restoring
ground water to MCLs is unlikely at most sites, using active pumping or solely through natural
attenuation and dispersion. Therefore, required level of cleanup, remedial actions, and project
life may be revised as a result of these periodic remediation evaluations. Revisions may apply to
the entire contaminant plume or specific areas within the plume such as the eastern GSA or the
central GSA. ~

We also calculated the length of time needed to operate the SVE system in source areas until
soil vapor VOC concentrations are decreased low enough to achieve and maintain “background”
ground water quality. The calculations are presented in Appendix E. Appendix H discusses
additional design considerations (e.g., additional SVE wells) and costs associated with additional
SVE. For purposes of comparison, modeling was also conducted to predict the length of time
necessary for ground water extraction and/or natural attenuation to reach background levels of
VOCs. For purposes of this document, “background” is defined as below the analytical detection
limit for TCE, which is 0.5 pg/L. Appendix H presents additional costs and project lives for
achieving background levels, including the cost of continuing ground water extraction until
background levels are reached.

For all alternatives, ground water sampling and analysis and elevation monitoring would be
conducted throughout the project life. This is to assure that changes in hydrogeologic conditions
do not result in the redistribution or migration of VOCs such that the conditions specified in the
baseline risk assessment are no longer valid, and to assess the effectiveness and progress of
remediation. Ground water sampling and analysis programs are alternative-specific and are
discussed below in detail for each alternative. The proposed ground water monitoring programs
are also summarized in Table F-6, Appendix F. Water levels would be measured at least
quarterly in all wells throughout the projected project life. Specific details of ground water and
soil vapor monitoring networks will be presented in the Remedial Design document.

4.1. Alternative 1—No Action

A no-action alternative is included to provide a baseline for comparison to other remedial
alternatives. It does not meet RAOs. Ground water and soil vapor extraction systems currently
in place and operating would be turned off, leaving natural attenuation of VOCs as the sole
mechanism for meeting the remediation goal. We have assumed that ground water monitoring in
existing wells and administrative controls would continue as described below until 5 years after
the remediation goal has been met. No additional monitor wells would be installed.

Easily implementable administrative controls are included in this alternative. These controls
provide a degree of protection to human health by restricting access to or activities in certain
areas of contamination.

The current program of conducting ecological resource surveys for sensitive species prior to
the initiation of any ground-disturbing activities would also continue. The need for detailed
ecological resource surveys would be evaluated every 5 years as part of the contract renewal
negotiations between the University of California and DOE. The next ecological resource survey
evaluation is scheduled for 1997.

We estimated costs for Alternative 1 based on-the ground water monitoring program -
described below. Cost estimates are presented in Appendix F. These costs include water level
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measurements, ground water sampling and analysis, QA/QC, project management, database
management, and periodic project reporting. Modeling predicts that it would take approximately
75 years for natural attenuation and dispersion to reduce VOC concentrations in ground water to
MCLs. With the additional 5 years of post-remediation monitoring, the present-worth cost of
Alternative 1 is $4.27 million (a nondiscounted cost of $11.16 million) for a remediation goal of
MClLs, based on a total project life of 80 years.

4.1.1. Ground Water Monitoring

The proposed ground water monitoring program for Alternative 1 consists of sampling
60 wells quarterly, 10 wells semiannually, and 28 wells annually for the first 5 years. After
5 years, the total number of wells sampled and sampling frequency would be reduced so that
70 wells would be sampled annually. Samples would be analyzed for VOCs by EPA
Method 8010, and some wells in the central GSA would also be analyzed for fuel hydrocarbons
by EPA Method 8020. Table F-6 (Appendix F) presents the proposed ground water monitoring
program and identifies the purpose/location of each well. :

Consistent with the NCP, the ground water data obtained as part of the Alternative 1
monitoring program would be reviewed at least every 5 years. If data indicate that contaminant
concentrations, ground water flow direction, and/or velocity have changed, the monitoring
program would be reevaluated.

Additionally, surface water from off-site springs and from springs 1, 2, and GEOCRK would
be sampled and analyzed for VOCs, drinking water metals, general minerals, high explosives,
tritium, and gross alpha and beta as part of an ongoing site-wide program of ecological studies.

4.1.2. Administrative Controls

The following administrative controls would be a component of Alternative 1, and of the
other alternatives as well. Each administrative control is either currently in effect or easily
implementable. Although each only applies to certain portions of the contaminated area, they
provide an added degree of protection to human health.

San Joaquin County Ordinance No. 3675/Development Code, Section 9-1115, specifies that
both public water-supply and individual domestic wells must have a minimum annular seal of
100 ft below ground surface. We consider this an administrative control that increases the degree
of human health protection by restricting legal access to the contaminated ground water in the
GSA OU because contamination is typically much shallower than 100 feet. Although
enforcement of this control lies with the Environmental Health Division of San Joaquin County
Public Health Services, it is currently in effect, so we have included it as a component of
Alternative 1 as well as of the other remedial alternatives. However, this ordinance does not
apply to supply wells that are currently in place (i.e., wells CDF-1, CON-1, and SR-1).
Therefore, enforcement will only minimize the chance of human use of potentially contaminated
water from newly installed wells.

Because DOE intends to retain stewardship of Site 300 for the foreseeable future, existing
security patrols, site access restrictions, and fencing along the entire perimeter of Site 300 will be
maintained. These restrictions will prevent public access (and thus potential exposure) to the
source areas and areas of highest ground water contamination.

Additionally, DOE will continue to consider site conditions (especially in the vicinity of
vadose zone contamination) prior to implementing construction of any facility to prevent
potential worker exposure to subsurface contaminants.
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4.1.3. Ecological Resource Surveys

As presented in Chapter 14 of the SWRI (Webster-Scholten, 1994) and Section 1.6 of this
report, the ecological risk assessment indicates that cadmium in surface soil in the GSA may
pose a potential elevated risk to individual ground squirrels, black-tailed deer, San Joaquin kit
foxes, and possibly other sensitive burrowing species, such as the burrowing owl and the
American badger. However, data indicate that the ground squirrel population at Site 300 has not
been negatively impacted, and the potential impact to other burrowing species only exists if they
den in the area. Qualitative evidence suggests that the deer population is not at risk, although
data are insufficient to provide a quantitative estimate of population risk.

DOE/LLNL is committed to protecting all potential habitats for these species and therefore
has an ongoing program to ensure that sensitive species are not negatively impacted by planned
ground-disturbing activities at Site 300 (U.S. DOE, 1992). As part of the program, any area
proposed for an activity that causes significant surface disturbance (e.g., well installation or
facility construction) must be surveyed by a wildlife biologist for the presence of the San Joaquin
kit fox (Vulpes macrotis mutica), the burrowing owl (Athene cunicularia) and the American
badger (Taxidea taxus). During the spring, the area must also be surveyed for the large-flowered
fiddleneck (Amsinckia grandiflora). The survey must be done no longer than 60 days prior to the
initiation of any ground-disturbing activity.

In addition to the survey program, DOE/LLNL has initiated an employee awareness program.
Flyers and posters describing how to identify sensitive species have been made available to
employees. These flyers also identify who to contact if a sensitive species is observed at
Site 300. A trained biologist from the LLNL Environmental Evaluations Group regularly attends
Site 300 management meetings to keep Site 300 management informed and aware of ecological
resource and sensitive species issues.

Should a sensitive burrowing species be observed in the area, mitigation measures outlined in
the 1992 Sitewide EIR/EIS (U.S. DOE, 1992) and described in Chapter 6 herein would be
implemented, as appropriate. These measures may include relocating the species under
consultation with the- California Department of Fish and Game.

The ecological risk assessment also indicated potential adverse effects to aquatic populations
at spring GEOCRK in the eastern GSA from concentrations of copper and zinc. However, we do
not believe that the occurrence of these elements originates from Site 300, and thus they are not
addressed in this report. :

Under this and the other remedial alternatives, ecological resource surveys would be
conducted only as part of a proposed ground disturbance program.

4.2. Alternative 2—Exposure Control

In Alternative 2, as with Alternative 1, the ground water and SVE systems currently in
operation would be turned off and natural attenuation and dispersion would be the only
mechanisms for reducing ground water contamination. Although Alternative 2 does not meet
RAGOs, it would prevent human ingestion of ground water with contaminant concentrations above
MCLs from existing water-supply wells (CDF-1, CON-1, and SR-1) by either eliminating
existing water-supply wells that could potentially be affected by the ground ‘water contamination
plume in the future or by providing contingency response action for these wells.

Alternative 2 includes all components of Alternative 1 plus:
*  Connolly property water-supply well replacement.
 Contingency point-of-use (POU) treatment at off-site well SR-1.
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With the additional 5 years of post-remediation. monitoring, the present-worth cost of
Alternative 2 is $4.57 million (a nondiscounted cost of $11.42 million) for a goal of MCLs. This
is based on a total project life of 80 years.

4.2.1. Connolly Property Water-Supply Replacement

Because the eastern GSA VOC plume is in close proximity to off-site water-supply wells
CDF-1 and CON-1, these wells would be sealed and abandoned as a preventative measure.
These two water-supply wells service the Connolly property and the CDF facility and would be
replaced with one water-supply well to be installed at a location that is not at potential risk. At
the time of the issuance of this document, an agreement between DOE/LLNL and the Connolly
property owners is being prepared and the location of the new water-supply well is being
determined. '

4.2.2. Contingency Point-of-Use Treatment at Well SR-1

A point-of-use (POU) treatment system would be installed at off-site water-supply well SR-1
(Fig. 1-33) if necessary. Well SR-1 is an active water-supply well completed to a depth of at
least 140 feet, located about 12,000 feet north of the eastern GSA along Corral Hollow Creek. It
is used intermittently to fill a storage tank that supplies water to a local ranch. When operating,
the well produces about 80 gal per minute (gpm).

In the SWRI report, modeling and subsequent baseline risk assessment were conducted to
predict 1) potential TCE concentrations in alluvial ground water that could reach well SR-1, and
2) the risk and hazard associated with the potential residential use of contaminated ground water
from this well. The individual excess lifetime cancer risk and corresponding hazard index
attributable to the potential use of ground water from this well was calculated to be 2 x 10-5 and
1.6 x 10-1, respectively.

Post-SWRI data indicate that the off-site plume has been successfully reduced and, therefore,
the risk at this well is less than that calculated in the SWRI report. However, by discontinuing
ground water extraction, the plume may resume migration and reach well SR-1 at concentrations
above MCLs. Therefore, we have included capital costs to account for the potential installation
of a POU treatment system in the event this well becomes contaminated in the future.

As part of the monitoring plan, guard wells W-25D-01, W-25D-02, and W-24P-03, located at
the farthest extent downgradient from the source, will be monitored for VOCs. Should VOCs be
detected in these guard wells, provisions would be made to regularly sample well SR-1. In the
event that VOCs above MCLs are detected and confirmed in SR-1, POU treatment will be
implemented for this well. '

The POU treatment system would consist of a gravity-flow aqueous-phase GAC treatment
system utilizing two, 1,000-Ib GAC canisters connected in series and mounted on a double-
containment skid. This system would have a treatment flow rate capacity of 50 gpm; therefore,
the supply well pumping rate would need to be reduced. However, because the well is only used
periodically, this would not significantly impact well usage. Sampling ports would be provided
between the canisters, as well as at the inlet and exit pipes. A particulate filter would be installed
on the inlet pipe to prevent clogging of the GAC canisters.

In the event that POU treatment becomes necessary, LLNL will develop and submit a plan
for regulatory approval to permanently remedy the affected water supply. Because it is
impossible to predict if and when these actions would be necessary or the availability of future
treatment technologies, no cost estimates for these activities are included in this report.
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4.2.3. Ground Water Monitoring

The ground water monitoring program for Alternative 2 would be the same as presented for
Alternative 1 and is based on the same assumptions. As with Alternative 1, the ground water
monitoring program would be reevaluated at least every 5 years to make adjustments in sampling
locations, analyses, and sampling frequency as appropriate. Table F-6 presents the proposed
ground water monitoring program.

Monitoring of springs 1, 2, and GEOCRK would also be the same as in Alternative 1.

4.3. Alternative 3—Ground Water and Vadose Zone
Remediation

Alternative 3 would meet RAOs by using 1) ground water extraction and treatment to
remediate contaminated ground water and 2) SVE and treatment to remediate the vadose zone,
which could be a continual source of future ground water and soil vapor contamination.

Alternative 3 is divided into two scenarios: Alternative 3a and Alternative 3b. Both are the
same with respect to the objective and method of vadose zone remediation, but differ in their
respective objectives for ground water remediation.

_ As discussed in Chapter 1 and shown in Figure 1-53, vadose zone contamination in the GSA
operable unit may be a continuing source of ground water contamination, particularly in the
Building 875 dry well pad area. To address this potential source, both Alternatives 3a and 3b
include SVE as the primary remedial technology to reduce vadose zone contamination (including
potential DNAPLSs in unsaturated bedrock), and eliminate it as a potential source of ground water
contamination above MCLs. Because the majority of vadose zone contamination is found in the
immediate vicinity of the Building 875 dry well pad, SVE efforts are focused in that location.
The necessity of performing SVE at other locations in the GSA operable unit would be
evaluated as remediation progresses. As discussed previously in Section 4, the feasibility of
reaching MCLs by active pumping, or solely through natural attenuation and dispersion, is
questionable; therefore, periodic reevaluations will be conducted as remediation progresses to
determine if reaching this remediation goal is technically and/or economically practicable.

The objectives of ground water remediation differ between Alternatives 3a and 3b. The goal
of Alternative 3a is to reduce VOCs in the alluvial aquifer to concentrations protective of the
Tnbs; regional aquifer, but not actively remediate the alluvial aquifer to MCLs. Alternative 3b
expands on the objective of Alternative 3a by remediating contaminated ground water in both the
regional Tnbs; aquifer and the alluvial aquifer to MCLs or below.

As discussed in Section 2.2.3, it has not been determined whether it is economically and
technically feasible to remediate the vadose zone, the alluvial aquifer, or the Tnbs; regional
aquifer to background levels. Appendices E and H present a modeled scenario, including costs,
for remediation to background levels. Alternatives 3a and 3b are currently presented in this
feasibility study with aquifer remediation levels that would prevent ground water contamination
above MCLs. Alternatives 3a and 3b could be expanded to include remediation to background
levels if it is determined that it is feasible to do so.

4.3.1. Alternative 3a—Remediation and Protection of the Tnbs; Regional
Aquifer

The objective of Alternative 3a is to meet RAOs by actively remediating both the vadose
zone and ground water to the point where the beneficial uses of the Tnbsj regional aquifer are

restored and protected and potential inhalation risks inside Building 875 are mitigated.
Alternative 3a includes all components of Alternative 2 plus:
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¢ SVE and treatment for 10 years in the vicinity of the Building 875 dry well pad to
remediate vadose zone contamination to levels protective of ground water. Preliminary
calculations indicate that soil vapor TCE concentration would need to be reduced to 0.36
ppmyy to prevent ground water contamination above MCLs. SVE would also be used to
remove potential DNAPLs.

* Ground water extraction and treatment for 10 years in the eastern GSA to reduce ground
water VOC concentrations to MCLs or lower in both the alluvial aquifer and the
hydraulically connected shallow Tnbs) regional aquifer.

* Ground water extraction, treatment, and reinjection for 10 years in the Tnbs; regional
aquifer west of the sewage treatment pond (part of the central GSA) to reduce Tnbs)
regional aquifer ground water concentrations to MCLs or lower.

 Ground water extraction and treatment for 30 years from wells located at central GSA
sources to reduce concentrations in the alluvial/shallow bedrock aquifer to levels
protective of the downgradient Tnbs) regional aquifer. Ground water fate and transport
modeling indicates that ground water TCE concentrations at the central GSA source area
need to be reduced to a maximum concentration of about 100 pg/L to ensure long-term
protection of the Tnbsj regional aquifer.

* Ground water extraction and treatment for 30 years from wells screened in the alluvial
aquifer at the western edge of the Tnbs; regional aquifer “window” to prevent further
migration of concentrations above MCLs into the Tnbsj.

After ground water extraction is discontinued, natural attenuation and dispersion are relied
upon to finish reducing VOC concentrations to the preliminary remediation goal of MCLs. The
present-worth cost of Alternative 3a is $18.05 million (a nondiscounted cost of $28.84 million)
to reach MCLs in all GSA ground water. This is based on 10 years of SVE and monitoring,
10 years of eastern GSA ground water extraction and treatment, 30 years of central GSA ground
water extraction and treatment, and a total of 70 years of ground water monitoring (including
5 years of post-remediation monitoring).

4.3.1.1. Soil Vapor Extraction (SVE) and Treatment

The objective of SVE is to reduce VOC contamination in the vadose zone to levels protective
of ground water, i.e., MCLs and to reduce inhalation risk inside Building 875. To accomplish
this objective, SVE and treatment would continue in the vicinity of the dry well pad south of
Building 875, as described in Chapter 1 and shown in Figure 1-53.

The current SVE and treatment system uses seven extraction wells and treats the vapor
effluent with two 140-1b vapor-phase GAC canisters connected in series. Based on field
observations, we estimate that the current system adequately captures the contaminated soil
vapor plume in the Building 875 dry well pad source area and that no additional SVE wells are
necessary. The SVE system is currently extracting soil vapor with about 200 ppmy/y TCE at
20 scfm with soil vapor VOC concentrations showing a decreasing trend over time. The
effectiveness of the existing system will continue to be evaluated and additional wells may be
installed, if necessary. To reduce maintenance costs and increase carbon adsorption efficiency,
the two 140-1b GAC canisters would be replaced with three 1,000-1b GAC canisters, connected
in series. Figure 1-53 shows the locations of the SVE wells, and Figure 4-1 shows a schematic
of the proposed upgraded SVE and treatment system.

The seven SVE wells are also used for ground water extraction (Section 4.3.1.3.2) and are
successfully maintaining a dewatered zone in the immediate vicinity of the Building 875 dry well
pad. This dewatering has exposed more soil to the applied vacuum of SVE, thereby significantly
enhancing VOC mass removal. This dewatered zone would continue to be maintained while
SVE is operating.
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As discussed in Chapter 1, residual DNAPLs may be present in the vadose zone and
dewatered bedrock in the vicinity of the Building 875 dry well pad. SVE and treatment would
also address residual DNAPLs. SVE has been identified as a technology that can be effective in
remediating DNAPLs in the unsaturated zone and preventing uncontrolled migration of VOCs in
soil gas (U.S. EPA, 1992, U.S. EPA, 1993b). In addition, when SVE is coupled with lowering
of the water table through ground water extraction, residual DNAPLs can be removed from
below the original water table elevation (U.S. EPA, 1992). Another advantage to the SVE
technology is that the precise location of the DNAPL need not be known; SVE can be used to
remediate the general area where the presence of DNAPL is suspected (U.S. EPA, 1992). ‘

As discussed in Appendix G, we estimate that about 40 gal of TCE were present in the
vadose and dewatered zones in the vicinity of the Building 875 dry well pad prior to initiating
SVE in July 1994. Assuming an extraction flow rate of 20 scfm, modeling presented in
Appendix E predicts that SVE would need to continue for about 6 years to reach vapor
concentrations that are protective of ground water, i.e., below MCLs. Preliminary screening
calculations presented in Appendix E indicate that a TCE soil vapor concentration of about
0.36 ppmyyy will achieve this goal. We have conservatively assumed an SVE project life of
10 years. A remediation goal of 0.36 ppmy;y may be technically and cost-effectively
impracticable. Therefore, this vadose zone remediation goal may need to be revised in the
future.

An additional objective of soil vapor extraction in the Building 875 area is to reduce soil
vapor VOC concentrations to mitigate inhalation risk inside Building 875. Analytic soil vapor
data from the Building 875 dry well pad SVE wells indicate that VOC concentrations in soil
vapor are significantly decreasing over time.

The cumulative excess cancer risk (1 x 10-3) calculated for Building 875 indoor air was
based on VOC concentrations from soil samples collected in the vicinity of the Building 875 dry
well pad prior to the start-up of the soil vapor extraction system. It is likely, due to on-going soil
remediation activities through soil vapor extraction, that current VOC soil concentrations are
lower than what was used to calculate this excess cancer risk in the SWRI baseline risk
assessment. As part of Alternative 3, VOC concentrations in soil vapor will be monitored
utilizing soil vapor sampling points to ensure that the inhalation risk inside Building 875 is
adequately managed. Should existing dedicated soil vapor monitoring points in the vicinity of
Building 875 prove insufficient to demonstrate the effectiveness of soil vapor extraction in
reducing the inhalation risk in Building 875, additional soil vapor monitoring points will be
considered.

Based on field observations, we estimate that the seven extraction wells in the existing SVE
system will sufficiently capture the soil vapor plume. During preparation of the remedial design
report and throughout the lifetime of remedial efforts, the SVE system would be tested to
determine the extent of effective vacuum influence and to optimize performance. Optimization
may include expanding the SVE system with additional wells to increase the area of influence,
and/or implementing cyclic operation (e.g., alternating periods when system is on and off) to
maximize the rate of contaminant mass removal.

4.3.1.2. Eastern GSA Ground Water Extraction and Treatment

As shown in Figure 4-2, ground water concentrations exceed MCLs in the eastern GSA in the
vicinity of the former debris burial trench east of the sewage treatment pond. Ground water
extraction and treatment in this area is designed to reduce ground water VOC concentrations to
MCLs or lower to protect the Tnbs; regional aquifer. Because the alluvial aquifer directly
overlies and is hydraulically connected to the shallow Tnbs regional aquifer in this area, ground
water extraction will need to continue until concentrations are reduced to MCLs in both the -
Tnbs) regional aquifer and the alluvial aquifer.
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The eastern GSA ground water extraction system has been in operation since July 1991 and
currently consists of three extraction wells pumping a total of up to 46 gpm. Based on modeling
and field data associated with the existing extraction system (shown in Figure 4-2), this
extraction well configuration sufficiently captures the plume in the eastern GSA to meet the
goals of this alternative. The effectiveness of the existing system is discussed in Section 1.4.8.2.
The performance and operating costs of the existing treatment system were used to evaluate the
efficiency of the proposed remedial system.

As discussed in Chapter 1, the portion of the plume downgradient of the eastern GSA
extraction wells that is not being actively captured has been retreating since ground water’
extraction was initiated. We anticipate that this trend will continue. Therefore, no additional
wells need to be installed at this time.

The current eastern GSA greund water treatment system is located about 200 feet north of the
three extraction wells, as shown in Figure 4-2. Extracted ground water is treated by a particulate
filter followed by one baffled air-sparging tank that strips VOCs from the water.  The water is
then discharged by gravity to Corral Hollow Creek about 750 feet to the south. To minimize
calcium and magnesium carbonate precipitation, CO2 is injected into the influent and effluent
water streams. Discharged ground water is monitored to ensure compliance with NPDES permit
requirements.

The air-sparging vapor stream from each of the two sparging tanks is treated by two 140-1b
- vapor-phase GAC canisters connected in series and discharged to the atmosphere.” The treated
vapor stream is monitored to ensure compliance with San Joaquin Unified Air Pollution Control
District permit requirements.

Under this alternative, the eastern GSA ground water treatment system would be upgraded.
A low-profile tray air stripper would replace the existing air sparging tanks to increase VOC
removal efficiency and reduce electrical costs. While vapor-phase GAC would continue to be
used to treat the air stripper vapor stream, an air heater would be installed on the vapor effluent
line of the air stripper to increase the vapor-phase GAC adsorption capacity by reducing the
relative humidity. Also, a permanent shelter would.be installed to protect the treatment system
from the weather. Figure 4-3 shows a schematic of the proposed upgraded treatment system.
Aqueous-phase GAC treatment was not selected because of concerns regarding possible
biofouling and clogging that might require premature GAC replacement and thereby reduce
system efficiency. Although costs for this alternative are based on use of an air stripping system,
aqueous-phase GAC treatment is being further evaluated as a component of the final system
design. The cost differential between these two treatment methods is not enough to significantly
affect project costs presented in this document.

Ground water modeling predictions indicate that the eastern GSA ground water extraction
and treatment system will remediate ground water to MCLs or lower in about 5 years. However,
we have conservatively assumed that this system will need to operate for 10 years.

4.3.1.3. Central GSA Ground Water Extraction and Treatment

As discussed in Chapter 1, most VOC contamination in the GSA operable unit is present in
the central GSA, primarily in the vicinity of the Building 875 dry well pad. We estimate that
over 99% of the total calculated 134,000 g of TCE in the saturated zone of the GSA operable unit
is present in the central GSA. While VOC concentrations in ground water are above MCLs in
the Tnbs; regional aquifer west of the sewage treatment pond, the highest ground water VOC
concentrations are in the upgradient overlying alluvial aquifer. A discussion of the effectiveness
of the existing system is included in Section 1.4.8.1. The performance and operating costs of the
existing treatment system were used to evaluate the efficiency of the proposed remedial system.
Monitor and extraction well data associated with the existing system were used as modeling
input parameters.
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Under this alternative, ground water extraction in the central GSA would be performed to
achieve three objectives:

* Reduce VOC concentrations in the Tnbsj regional aquifer to MCLs or below.

* Reduce the mass of VOCs in the alluvial aquifer such that concentrations above MCLs
cannot migrate to the Tnbs; regional aquifer “window.”

* Prevent migration of VOCs above MCLs from the alluvial aquifer through the Tnbs;
regional aquifer “window” into the Tnbs regional aquifer.

An additional benefit of ground water extraction is that dewatering in the area enhances SVE
effectiveness by exposing more soils to the applied vacuum.

Ground water extracted in the central GSA would be treated using the existing treatment
system with similar upgrades as proposed for the eastern GSA ground water treatment system.
Currently, the central GSA ground water extraction system pumps a total of approximately
0.3 gpm as a result of successful dewatering in the vicinity of the Building 875 dry well pad.
Ground water is pumped into a temporary storage tank and then treated in batches by a
particulate filter followed by two air sparging tanks connected in series. Treated ground water is
then pumped to another storage tank and discharged in 20,000-gallon batches to the ground
surface about 2,000 feet to the northwest as shown in Figure 2-1. To minimize calcium and
magnesium carbonate precipitation, CO; is injected into the influent and effluent water streams.
Discharged ground water is monitored to ensure compliance with Substantive Requirements.

The air sparging vapor stream from each of the two sparging tanks is treated by two 140-1b
vapor-phase GAC canisters connected in series and then discharged to the atmosphere. The
treated vapor stream is monitored to ensure compliance with San Joaquin Unified Air Pollution
Control District permit requirements.

As proposed for the eastern GSA ground water treatment system, the air sparging tanks
would be replaced with a low-profile tray air stripper, a heater would be installed on the vapor
line, and the system would be housed in a permanent shelter. Aqueous-phase GAC treatment
may be considered in the final design, if appropriate. By extracting from additional wells
(described below), we anticipate the total central GSA flow rate to increase from 0.3 gpm to
15.1 gpm. This would eliminate the need for influent batch storage; however, the larger effluent
batch storage would remain in place at least until system flow rates and treatment efficiencies are
optimized. As discussed below, a portion of the treated water discharge may be reinjected into
the Tnbs; regional aquifer.

In addition to the installation of more ground water extraction wells, we estimate that about
ten new piezometers would need to be installed for measuring water levels near the extraction
wells to help evaluate ground water capture and remediation effectiveness. Locations for these
piezometers would be determined after ground water extraction begins in order to optimize
piezometer placement. Thus, the piezometers are not shown on well location figures.

4.3.1.3.1. Ground Water Extraction, Treatment, and Reinjection in the Tnbs; Regional
Aquifer. To reduce VOC concentrations in the Tnbs; regional aquifer west of the sewage
treatment pond to MCLs or below, ground water would be extracted from well W-7P, treated,
and reinjected in well W-7C. As shown in Figure 4-2, extraction well W-7P is located in the
Tnbs; “window” in the vicinity of a debris burial trench where VOC concentrations in the Tnbsj
regional aquifer are highest (up to 58 pg/L TCE). Existing data are insufficient to determine
whether the debris burial trench northwest of the sewage treatment pond continues to act as a
source of contamination to soil and/or ground water. However, extraction from well W-7P
would address the potential for this debris burial trench to act as an ongoing source of
contamination. Extracted ground water would be treated at the central GSA treatment system
along with ground water extracted from other central GSA wells. For cost estimation purposes,
we have assumed that ground water extraction from the Tnbs; regional aquifer would start at the
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same time as the upgraded systems elsewhere in the GSA operable unit. In practice, we may
wait until alluvial aquifer extraction stabilizes capture zones and further reduces contamination
in the alluvial aquifer before initiating Tnbs; regional aquifer extraction.

As discussed in Chapter 1, the natural hydraulic gradient in the Tnbs; regional aquifer
appears to naturally flush contaminants toward well W-7P. To enhance this flushing action and
expedite remediation of the Tnbsj regional aquifer, treated ground water would be reinjected into
well W-7C, located to the west, and screened downdip of well W-7P (Fig. 4-4). Hydraulic
testing would be performed prior to reinjection to ensure that reinjection would not adversely
affect remediation effectiveness or accelerate plume migration. Based on well development data,
we anticipate an extraction rate from well W-7P of about 4.5 gpm. Reinjection into well W-7C
would not exceed the rate of extraction from well W-7P. -

In addition to hydraulic testing and prior to reinjection, treated ground water would be
analyzed to verify complete removal of VOCs. Such analyses would also ensure that
concentrations of inorganic compounds do not exceed levels found in water extracted from the
Tnbs; regional aquifer.

Because the ground water modeling was restricted to two-dimensional analysis, modeling did
not include ground water extraction and reinjection in the Tnbs regional aquifer. However,
because concentrations are similar to those detected in the eastern GSA and the Tnbs; regional
aquifer has a relatively high hydraulic conductivity, we anticipate reaching MCLs at about the
same time as in the eastern GSA. Therefore, for the purpose of developing costs for this
alternative, we have assumed that extraction and reinjection in the Tnbs; regional aquifer will
continue for 10 years.

4.3.1.3.2. Ground Water Extraction and Treatment at the Central GSA Source Area.
As discussed in Chapter 1, the highest VOC concentrations in ground water in the GSA operable
unit are found in the vicinity of the Building 875 dry well pad. Historically, highest TCE
concentrations have been observed up to 240,000 pug/L, but remediation has reduced
concentrations to a maximum of 10,000 pg/L TCE. Ground water fate and transport modeling
indicates that ground water TCE concentrations at this source area need to be reduced to a
maximum concentration of about 100 pg/L to ensure long-term protection of the Tnbsj regional
aquifer. Once TCE concentrations in ground water are reduced to this level, natural attenuation
and dispersion mechanisms would then prevent concentrations above MCLs from migrating to
the edge of the Tnbsj regional aquifer “window.”

As discussed in Chapter 1, the current central GSA ground water extraction system consists
of seven extraction wells (W-71 and W-875-07, -08, -09, -10, -11, and -15). Pumping from these
wells has successfully dewatered the immediate vicinity of the Building 875 dry well pad,
significantly enhancing the effectiveness of SVE. Currently, the ground water extraction system
pumps a total of approximately 0.3 gpm, primarily from well W-875-08, while the other wells
are able to maintain the dewatered state with minimal intermittent operation. '

To continue reducing VOC concentrations in ground water, a total of 13 ground water
extraction wells would be operated in the general vicinity of the Building 875 dry well pad and
upgradient dry wells near Building 873. Figure 4-2 shows the proposed locations and modeled
capture zones for these wells. In addition to the seven currently connected ground water
extraction wells, five existing monitor wells, W-7F, W-70, W-872-02, W-873-06, and
W-873-07, would be converted to ground water extraction wells due to their ideal locations.
Additionally, one new well, W-7Q, would need to be installed.

As discussed in Appendix E and shown in Figure E-33, ground water fate and transport
modeling predicts that about 75% of the total mass of dissolved/sorbed TCE would be removed
in 10 years and about 95% would be removed in 30 years, leaving a maximum TCE
concentration of about 100 ug/L in ground water near the Building 875 dry well pad. After -
10 years, ground water modeling indicates that VOC concentrations near extraction wells
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W-873-06 and -07 would be reduced enough to discontinue pumping from these two extraction
wells. The other central GSA extraction wells would be required to continue pumping for a total
of 30 years. Modeling predicts that after 30 years ground water concentrations near the source
area would be reduced to a maximum of about 100 pug/L, and natural attenuation and dispersion
would prevent concentrations above MCLs from reaching the Tnbs; regional aquifer “window.”

4.3.1.3.3. Ground Water Extraction and Treatment at the Eastern Edge of the Tnbs;
“Window.” In conjunction with source area ground water extraction described above, ground
water extraction would be conducted from three new extraction wells (W-7R, W-78S, and W-7T)
to be installed in the alluvial aquifer about 150 feet west of the sewage treatment pond, as shown’
in Figure 4-2. These three extraction wells would capture VOCs not captured by the source area
extraction wells and prevent them from migrating into the Tnbs; “window.” Modeled ground
water extraction capture zones are also shown in Figure 4-2.

Ground water extraction from these three wells would continue until ground water extraction
at the source area (described in Section 4.3.1.3.2) is discontinued. These wells could then serve
as compliance points to ensure that concentrations exceeding MCLs do not reach the Tnbs)
“window” in the future. As discussed above, ground water modeling predicts that ground water
extraction will likely be required for a total of 30 years to sufficiently reduce concentrations and
protect the Tnbs; regional aquifer.

- 4.3.1.4. Ground Water and Soil Vapor Monitoring

The monitoring program is designed to provide sufficient data to evaluate remediation
progress and track the reduction/migration of the ground water VOC plume. Table F-6 in
Appendix F presents the proposed ground water monitoring programs for each alternative. All
ground water monitor well samples would be analyzed for VOCs by EPA Method 8010, and
selected ground water samples from the central GSA would also be analyzed for fuel
hydrocarbons by EPA Method 8020. These proposed ground water sampling programs would be
reevaluated and revised prior to implementation to ensure that adequate data are collected and
analytical costs are properly managed.

For Alternative 3a, ground water samples would be collected quarterly from 65 wells,
semiannually from 9 wells, and annually from 27 wells during the first 10 years of ground water
extraction. Between years 11 and 30, after the eastern GSA system and two of the central GSA
extraction wells have been turned off, overall sampling frequency would be reduced to quarterly
for 37 wells, semiannually for 7 wells, and annually for 47 wells.” After 30 years, when modeling
predicts the central GSA system can be turned off, ground water sampling would be reduced
further to semiannually for 37 wells and annually for 37 wells for 5 years of post-remediation
monitoring. ’

To manage analytical costs and avoid duplicate sampling, ground water samples would not
be routinely collected from the ten piezometers because of their close proximity to ground water
extraction wells.

Monitoring of springs 1, 2, and GEOCRK would be the same as Alternatives 1 and 2.

Soil vapor concentrations would be monitored periodically from the seven extraction wells
during the predicted 10 years of SVE to evaluate remediation progress and provide data for
system optimization. We have assumed monthly sampling from all seven extraction wells. In
practice, this frequency may be increased or decreased depending on data needs. In addition,
existing dedicated soil vapor monitoring points in the vicinity of Building 875 will be monitored
to evaluate the effectiveness of SVE in mitigating inhalation risk inside Building 875. Specific
details of the ground water and soil vapor monitoring network will be presented in the Remedial
Design document.
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4.3.2. Alternative 3b—Ground Water Plume Remediation

The objective of Alternative 3b is to actively remediate VOCs in ground water to MCLs or
below in both the Tnbsj regional aquifer and the alluvial ground water. Alternative 3b consists
of all components of Alternative 3a but continues central GSA ground water extraction and
treatment until MCLs are reached in both the Tnbs] regional aquifer and the alluvial aquifer. As
with Alternative 3a, after 10 years the eastern GSA ground water extraction system would be
turned off and extraction from central GSA wells W-873-06 and -07 would be discontinued.
Modeling predicts that ground water extraction in the central GSA will likely be required for a
total of 55 years to reduce VOC concentration to current MCLs. Compared to Alternative 3a,
Alternative 3b would actively remove an additional 2,000 g of TCE (only about 1.5% of total
dissolved/sorbed TCE mass). However, Alternative 3b does not rely solely on natural
attenuation and dispersion to reach MCLs in the alluvial aquifer. .

The present-worth cost of Alternative 3b is $19.75 million (a nondiscounted cost of
$35.29 million) to reach MCLs. This is based on 10 years of SVE and monitoring, 10 years of
eastern GSA ground water extraction, 55 years of central GSA ground water extraction, and
60 years of ground water monitoring.

4.3.2.1. Ground Water and Soil Vapor Monitoring

For Alternative 3b, ground water samples would be collected quarterly from 65 wells,
semiannually from 9 wells, and annually from 27 wells during the first 10 years of ground water
extraction. Between years 11 and 55, after the eastern GSA ground water extraction and
treatment system and two of the central GSA extraction wells have been turned off, overall
sampling frequency would be reduced to quarterly for 37 wells, semiannually for 7 wells, and
annually for 47 wells. After 55 years, when ground water fate and transport modeling predicts
that VOC concentrations in ground water have been reduced to MCLs and the central GSA
extraction and treatment system can be turned off, ground water sampling would be reduced
further to semiannually from 37 wells and annually from 37 wells for the 5 years of post-
remediation monitoring. As with Alternatives 1, 2,.and 3a, all ground water samples would be
analyzed for VOCs by EPA Method 8010 and selected samples would be analyzed for fuel
hydrocarbons by EPA Method 8020.

Monitoring of springs 1, 2, and GEOCRK would be the same as Alternatives 1, 2, and 3a.
Soil vapor monitoring would be the same as Alternative 3a. '

Specific details of the ground water and soil vapor monitoring network will be presented in
the Remedial Design document.

4-13



UCRL-AR-113860 Final Feasibility Study for GSA, Site 300 1995

5. Detailed Evaluation of Remedial Alternatives

5.1. Criteria and Evaluation Process

This chapter presents our detailed analysis and comparison of the remedial alternatives
developed for the General Services Area (GSA) operable unit (OU) that were described in
Chapter 4. As required, all of the remedial alternatives, except Alternative 1 (No Action), meet
the Remedial Action Objective (RAO) of preventing human ingestion of ground water with
volatile organic compound (VQC) concentrations above maximum contaminant levels (MCLs).
However, Alternative 2 would not meet this RAO if additional water-supply wells were to be
installed at the site boundary. Only Alternatives 3a and 3b meet the RAO of preventing the
potential inhalation of soil-flux-generated VOCs above health-based concentrations inside
Building 875. The National Oil and Hazardous Substances Pollution Contingency Plan (NCP)
identifies nine criteria to be used in the detailed analysis of alternatives:

1. Overall protection of human health and the environment.

Compliance with Applicable or Relevant and Appropriate Requirements (ARARs).
Long-term effectiveness and permanence.

Reduction of toxicity, mobility, or volume.

Short-term effectiveness.

Implementability.

Cost.

State acceptance.

Community acceptance.
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Each of these criteria is discussed below.

5.1.1. Overall Protection of Human Health and the Environment

This criterion addresses whether the alternative achieves and maintains protection of human
health and the environment during implementation and after remediation objectives are achieved.

5.1.2. Compliance with ARARs

Unless a waiver is obtained, the alternative that is finally selected must comply with all
location-, action-, and chemical-specific ARARs.

5.1.3. Long-Term Effectiveness and Permanence

This criterion is used to evaluate how each alternative maintains protection of human health
and the environment. This includes evaluating residual risk and management obligations after
meeting the RAOs.
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5.1.4. Reduction of Toxicity, Mobility, or Volume

This criterion is used to evaluate if and how well each alternative reduces the toxicity,
mobility, and/or volume of contaminants through treatment. It also addresses the amount of
contaminants remaining on site after completion of remedial measures. '

5.1.5. Short-Term Effectiveness

This criterion addresses the effectiveness of each alternative to protect human health and the
environment during construction and implementation of each remedial action. This includes the
safety of workers and the public, disruption of site and surrounding land uses, and time necessary
to achieve protective measures.

5.1.6. Implementability

This criterion addresses the technical and administrative feasibility of each alternative.
Factors considered include:

 Availability of goods and services.

*  Flexibility of each alternative to allow additional modified remedial actions.
+ Effectiveness of monitoring.

*  Generation and disposal of hazardous waste.

* Permitting requirements.

5.1.7. Cost

Capital, operation and maintenance, monitoring, and contin gency costs are estimated for each
alternative and are presented as 1995 present-worth costs using a 3.5% discount rate. We also
estimated nondiscounted costs to account for incremental (i.e., annual) project funding in 1995
dollars. In Appendix H we also include costs with a negative 3% discount rate to account for
incremental funding with a 3% inflation rate.

5.1.8. State Acceptance

State agencies have reviewed and commented on this document. Analysis of technical and
administrative concerns that these agencies may have regarding each of the alternatives will be
addressed in the record of decision (ROD).

5.1.9. Community Acceptance

Public comments concerning each alternative will be addressed in the Responsiveness
Summary of the ROD.

5.2. Detailed Analysis of Remedial Alternatives

This section presents evaluations of how each alternative addresses the first seven EPA
criteria specified by the NCP. Table 5-1 summarizes the evaluation of the alternatives with
respect to the first six criteria, and Table 5-2 compares costs, the seventh criterion. Evaluations
of state and community acceptance will be addressed in the ROD following comments on this
document and the subsequent Proposed Plan.
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5.2.1. Evaluation of Alternative 1—No Action

Alternative 1 is designed to provide a baseline for purposes of comparison to other
alternatives. Alternative 1 consists of:

* Ground water monitoring.
* Administrative controls.
 Continued ecological surveys.

5.2.1.1. Overall Protectiveness of Human Health and the Environment

Alternative 1 may not be protective of human health because no active measures are taken to
reduce VOC concentrations in ground water or in the vadose zone. No water-supply wells are
currently contaminated with VOCs originating from the GSA OU, and a San Joaquin County
ordinance prohibits the installation of water-supply wells with an annular seal of less than
100 feet. However, off-site water-supply wells CDF-1 and CON-1 are located in close proximity
to the dissolved VOC ground water plume and could become affected. Water-supply well SR-1
is located about 12,000 feet north of the eastern GSA and significantly downgradient of the
ground water plume. Should ground water extraction activities at the GSA cease, the plume
could potentially migrate far enough (i.e., over two miles) to affect well SR-1. Therefore, this
alternative may not meet the RAO of preventing human ingestion of ground water with
concentrations above MCLs. Additionally, Alternative 1 does not actively reduce VOC
contamination, and therefore does not actively reduce the potential human health risk from
drinking water from a hypothetical water-supply well “installed” at the site boundary adjacent to
the Building 875 dry well pad, as calculated in the baseline risk assessment.

Alternative 1 does not meet the RAO of preventing potential inhalation of VOCs above
health-based concentrations in Building 875.

Fencing and full-time security patrols are in place along the entire Site 300 boundary. These
administrative controls effectively prevent public access to the on-site portion of the plume
and source areas. Additionally, site conditions will continue to be incorporated in
facility/construction management plans to prevent potential worker exposure to subsurface
contaminants. These administrative controls are the only mechanisms of human health
protection in this alternative.

No ecological risk from VOCs in subsurface soil or ground water was determined. However,
because this alternative does not actively remediate soil or ground water, future risks could
develop. Although elevated cadmium concentrations in surface soil were also noted during the
ecological risk assessment, this alternative is protective of the environment. The ecological
survey program currently in place would continue under this alternative and would act to protect
burrowing animals that could be at risk from elevated cadmium concentrations in surface soil.
Should a sensitive burrowing species be observed in the area, mitigation measures outlined in the
1992 Site-Wide EIR/EIS (U.S. DOE, 1992) and described in Chapter 6 herein would be
implemented, as appropriate. These measures may include relocating the species under
consultation with the California Department of Fish and Game.

5.2.1.2. Complidnce with ARARs

This alternative meets all ARARSs if natural attenuation and dispersion act to reduce VOC
concentrations in ground water to background. Without natural attenuation and dispersion, VOC
concentrations would remain well above MCLs, which would not meet the requirements of the
Safe Drinking Water Act (requiring concentration reduction to MCLs), the Basin Plan, or State
Resolutions 68-16 and 92-49 (requiring concentration reduction to background). Based on -
modeling presented in Appendix E, natural attenuation will take 75 years to reduce VOC
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concentrations to MCLs and 115 yéars to reach background (i.e., <0.5 pg/L) for all ground water
in the GSA OU.

5.2.1.3. Long-Term Effectiveness and Permanence

The long-term effectiveness and permanence of this alternative rely solely on<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>