A.otoo- oLd. A19]

DOE/OR/01-2544&D2

2012 Remediation Effectiveness Report
for the U.S. Department of Energy
Oak Ridge Reservation,

Oak Ridge, Tennessee

Data and Evaluations

This document is approved for public release
per review by:

9-5-12

G. B. Boroughs
Date

ETTP Classification &
Information Control Office

T ESERN L,
ONOY 14 2012
. poE\S

s






DOE/OR/01-2544&D2

2012 Remediation Effectiveness Report
for the U.S. Department of Energy
Oak Ridge Reservation,

Oak Ridge, Tennessee

Data and Evaluations

Date Issued—October 2012

Prepared by the
Water Resources Restoration Program
URS | CH2M Oak Ridge LLC

Prepared for the
U. S. Department of Energy
Office of Environmental Management

URS | CH2M Oak Ridge LLC
Managing and Safely Delivering the Department of Energy’s Vision
for the East Tennessee Technology Park Mission
under contract DE-SC-0004645



This page intentionally left blank.



CONTENTS

FIGURES .. ettt ettt ettt e et et e a e e nt e et e e n e et e e st em e e st eseemteeseeneeseeneensesseeneanseas vii
TABLES ettt b ettt e h et bt a bt e h et h e et e et bt et ekt e a e et bt et bt eaeeteeaeeneen xiii
ACRONYMS ..ttt et ettt e st e et e s e e st esbesseess e beeseenseaseessesseessensesseessenseessensesseensessesnsensens Xvii
EXECUTIVE SUMMARY ..ottt ettt st ete sttt e e e s st et asesseensesseentensasseensanseeneenseeneeneas Xix
1. INTRODUCGTION ....ociiiiiiieieieeiteieste ettt ettt et esesstessessesssessesssessesseassessesssensassesssensesssessensenssenses 1-1
LT PURPOSE ...ttt sttt et s et et et e e st et e e seentenseeseensenseeneensesneennas 1-1
1.2 REMEDIATION STRATEGY .ttt 1-1
1.3 LONG-TERM STEWARDSHIP ......oooiiiiiiiiieetetee ettt 1-4
1.4 OAK RIDGE RESERVATION RAINFALL .....ccoootiiieieiieieie ettt 1-8
1.5 DOCUMENT ORGANIZATION.....coitiieiietieereetterte sttt stteee st esee et seeeneeseeseeeee e 1-10
1.6 ISSUES AND RECOMMENDATIONS ..ottt 1-13
1.7  REFERENCES. ... e e e 1-28
2. CERCLA ACTIONS IN BETHEL VALLEY WATERSHED ......ccoooiiiiiiiieeieeeeee e 2-1
2.1 INTRODUCTION AND STATUS. ...ttt ettt sttt ettt 2-1
2.1.1 INEPOAUCTION ..ttt ettt ettt e e b e saeas 2-1
0 0 | 111 2-1
2.2 RECORD OF DECISION FOR INTERIM ACTIONS FOR THE BETHEL VALLEY
WATERSHED ...ttt ettt e e e e et ee e e e e e e e e bt e e e e e e e e esnnnnsaeaeaeeeens 2-12
2.2.1 Performance Goals and Monitoring ObJeCtiVes .........cceevvierreeeriierieeereeervee e, 2-12
2.2.2  Evaluation of Performance Monitoring Data ............ccccceevveriieicienneereenienieeeeene 2-18
2.2.3  Performance SUMMATY .........ceeouieriieriieniieiienteesiteste e eieesteesbeesseesieeeneeenseenseeseeneeas 2-45
2.2.4  Compliance with Long-Term Stewardship Requirements .............cccceeveeeeveennennnne. 2-46
2.3  COMPLETED SINGLE ACTIONS IN BETHEL VALLEY WATERSHED WITH
MONITORING AND/OR LONG-TERM STEWARDSHIP REQUIREMENTS ................ 2-48
2.3.1 Corchole 8 (PIume ColleCtiON).......c.eeeiviieiiieeiiieciieeiee ettt eveeeaee e eevae e 2-48
232 TanKk W-TA ottt st 2-49
2.3.3  Surface Impoundments Operable Unit..........ccoecvveriierieerienieenieniesie e 2-50
2.3.4  Metal Recovery Facility ......ccocccoeoieiieiiiieieeeeeee et 2-51
2.4 BETHEL VALLEY MONITORING CHANGES AND RECOMMENDATIONS.............. 2-52
2.5 REFERENCES ... .ottt ettt sttt et seeeesse e ees 2-54
3. CERCLA ACTIONS IN MELTON VALLEY WATERSHED .......cccoooiiiiiiiieeieeeeeeeee 3-1
3.1 INTRODUCTION AND STATUS . ... oottt 3-1
3.1l INITOAUCHION ...ttt ettt sttt sttt e b e e 3-1
3.1.2 STALUS ..ttt ettt ettt ettt e st e e bt e e e bt e e bt e e ate e e bt e e eabeesbeean 3-1
3.2 RECORD OF DECISION FOR INTERIM ACTIONS FOR MELTON VALLEY
WATERSHED ...ttt sttt ettt ebe s 3-11
3.2.1  Performance Goals and Monitoring ObjectiVes ..........ccceereerienienienireieeieerieeniens 3-11
3.2.2  Evaluation of Performance Monitoring Data .............cccccceeveieviiencieeccie e, 3-15
3.2.3  Aquatic Biological MONITOTING ......ccveevvieriieriieiiesieereereeieesieesresereseseesseesseesseesseens 3-53
3.2.4  Performance SUMIMATY ........c.cccuereverrreerieerieeseeseesreereesseesseesseesssesssesssessseessesssassseens 3-56
3.2.5  Facility Operations and Land Use CONtrols ..........cccueevireecieeeriieniieeieeesvee e 3-57
3.3 MELTON VALLEY WATERSHED ISSUES AND RECOMMENDATIONS.................. 3-67
3.4  REFERENCES. ... o e, 3-70

il



CERCLA ACTIONS IN BEAR CREEK VALLEY WATERSHED ......ccccoviiiiiiiiiniiniinicniceee 4-1

4.1 INTRODUCTION AND STATUS ..ottt ettt ettt sttt st esesseesae s ens 4-1
4.1.1 INEPOAUCTION ..ttt et 4-1
1.2 SHALUS coeeeeeeteete ettt et et b ettt et e b e be e saee st ens 4-1
4.2 BEAR CREEK VALLEY PHASE I RECORD OF DECISION ........cceovevieieiiieeeieeeenee. 4-10
4.2.1 Performance Goals and Monitoring ObjJeCtiVes .........cceevveerrieeniierieeereeervee e, 4-10
4.2.2  Evaluation of Performance Monitoring Data ............cccccceevveriesireeieenreeseenvesene e 4-14
4.2.3  Performance SUMMATY .........ceecuveriieriieriierienreereeseeseesseesseesssesssessseesseesseesssesssesnses 4-48
4.2.4  Facility Operations and Land Use Controls ..........ccccceeevveeriieeiiienieesiee e 4-49
4.3 BEAR CREEK VALLEY ISSUES AND RECOMMENDATIONS ......coociiiiiiieeieeenee, 4-52
4.4 REFERENCES ... .ottt ettt sttt sttt st b et 4-55
CERCLA ACTIONS ON CHESTNUT RIDGE.......ccoiiiiieeteeeeee et 5-1
5.1 INTRODUCTION AND STATUS ... .ottt ettt sttt 5-1
5.1.1 INEFOAUCTION ..ttt ettt ettt e st e st e e abe e e e beenaeenneas 5-1
5012 SHALUS ettt ettt ettt b e e bt e sh et s ate e be e be e be e e bt e eaeeeaee 5-1
5.2  UNITED NUCLEAR CORPORATION DISPOSAL SITE REMEDIAL ACTION .............. 5-4
5.2.1  Performance MONItOTING ........ccceevveerieerieerierrerieereeseeseesseesseessnessseesseessaessessssesssennns 5-4
5.2.2  Facility Operations and Land Use CONtIolS ..........cccueerieeeciieeriieeiie e eeveeevee e 5-9
5.2.3  United Nuclear Corporation Disposal Site Issues and Recommendations................ 5-9
5.3  KERR HOLLOW QUARRY .....ootiiiiiiieitieeste ettt sttt 5-10
5.3.1  Performance MONItOTING .......cccevuteriiriieeiieesieereesieesiieete et eteeteesteeseeeseeesaeesneeenseens 5-10
5.3.2  Facility Operations and Land Use CONtrols ..........cccueeviieecieeeriieniieeeieeesvee e 5-12
5.3.3  Kerr Hollow Quarry Issues and Recommendations .............ccceevevvervenvenveenneanneens 5-12
5.4 FILLED COAL ASH POND/UPPER MCCOY BRANCH .......cccccovririeinieieeeieie e 5-13
5.4.1 Performance MONITOTING .........cccvvieriieriieiiieeeieeeieeesteeeieeeeaeesveeebeeeseseesseeessseens 5-13
5.4.2  Performance SUMIMATY ........c.ccccueeevieirierieeriiesieseesteereesseesseesssesssesssesssessseesseessessseens 5-19
5.4.3  Facility Operations and Land Use Controls .............cceeeverierierienienirieeeieeieeieens 5-19
5.4.4  Filled Coal Ash Pond Issues and Recommendations .............cceceeveveivesieenieeneenienne 5-20
5.5 CHESTNUT RIDGE ISSUES AND RECOMMENDATIONS .....ccocoiiiiieieiieieeecene 5-21
5.6 REFERENCES ...ttt ettt bttt st ettt st sttt este et et 5-22
CERCLA ACTIONS IN UPPER EAST FORK POPLAR CREEK WATERSHED ........................ 6-1
6.1 INTRODUCTION AND STATUS ... .ottt st eaeas 6-1
6.1.1  INITOAUCHION  ..eoiiiiiiiiiiieiieie ettt ettt ettt ettt e st et e b e 6-1
0.1.2  SEATUS  eeeeieiieie ettt ettt ettt et ettt e be e bt e et e eateeabe e beebeenaee 6-1
6.2 PHASE I INTERIM SOURCE CONTROL ACTIONS IN THE UPPER EAST FORK
POPLAR CREEK CHARACTERIZATION AREA ...ttt 6-10
6.2.1  Performance Goals and Monitoring Requirements .............ccccoeeuererrererieenieeneenenne 6-10
6.2.2  Evaluation of Performance Monitoring Data .............cccceccvveviieenieenieesiee e 6-12
6.2.3  Performance SUMMATY ..........cccvreveriieeiieeriiereesieestessesreeseeseesseesseesseesssesssessesssenns 6-30
6.2.4  Facility Operations and Land Use CONtrols ..........cecevereeniineniieneneenenenienenene 6-31
6.3 SINGLE PROJECT ACTIONS IN THE UPPER EAST FORK POPLAR CREEK
WATERSHED ...ttt ettt ettt st et enaeeneenes 6-32
6.3.1  East End Volatile Organic Compound PIUme ............cccoeeverierieninninnienieeieeiens 6-32
6.3.2  Union Valley Interim ACHION......cccecuiririiririiieiesiteee ettt 6-46
6.4 UPPER EAST FORK POPLAR CREEK WATERSHED ISSUES AND
RECOMMENDATIONS ...ttt ettt sttt sttt ebe et 6-47
6.5 REFERENCES. ... ..o e 6-50

v



CERCLA OFF-SITE ACTIONS ..ottt e 7-1

7.1  INTRODUCTION AND STATIS ....ooieiieieieeeeeete ettt ettt se e esae s ensennas 7-1
7.1.1 INEPOAUCTION ..ttt ettt e es 7-1
To12 SHATUS ettt ettt ettt et ettt et e aee 7-1
7.2  LOWER EAST FORK POPLAR CREEK REMEDIAL ACTION........cccccvevtrcieiieieeeieeeeenne. 7-4
7.2.1 Performance Goals and Monitoring ObjJeCtiVes .........cceeevvierveeecrieerieeniee e 7-4
7.2.2  Evaluation of Performance Monitoring Data ............ccccceveevieniiiniiienieeniesie e 7-4
7.2.3  Performance SUMMATY ........c.ccccvevieeriieriiereenienieereereeseesseesseessaessnessseesseesseesseessnennns 7-9
7.2.4  Facility Operations and Land Use CONtrols ..........ccceeeieeeciieerieeiiieerieeeveeevee e 7-9
7.2.5  Lower East Fork Poplar Creek Recommendations ............c.cceevveevincrrnreevieenieenneens 7-10
7.3 CLINCH RIVER/POPLAR CREEK .......coctiiiiiiiiiiiieieteee et 7-11
7.3.1  Performance Goals and Monitoring ObjectiVes ..........ccceereerierierienireieeieeieeniens 7-11
7.3.2  Evaluation of Performance Data ..........cccccovieiiiiiiiiiiiiiieieieee e 7-15
7.3.3  Performance SUMMATY ........c.cccvvrevieirieriieriieniesieesreereesseeseesseesseesssesssesssessseessessseens 7-16
7.3.4  Facility Operations and Land Use Controls ..........ccoceeceeverenicneneenenenienieneeeene 7-19
7.3.5  Clinch River/Poplar Creek Recommendations.............ccceeeuvieriieniiieenieeniee e, 7-19
7.4 LOWER WATTS BAR RESERVOIR ....coooiiiiiiieeeee ettt 7-20
7.4.1  Performance Goals and Monitoring ObJECtiVES ..........cccverveerrerverreneeereereerieenieens 7-20
7.4.2  Evaluation of Performance Monitoring Data ............ccccceeveviieciienciieenieeeiee e, 7-21
7.4.3  Performance SUMMATY ........c.cccuirevieviieriieriiesiesieesteereeseesseesseesssesssesssesssesseessessseens 7-21
7.4.4  Facility Operations and Land Use Controls ............ccceevveriierienienienieireeieeieeieens 7-21
7.4.5  Lower Watts Bar Reservoir Recommendations ..............ccceeeeviieeieeiiieesieeeree e 7-22
7.5 OFF-SITE RECOMMENDATIONS .....ooiieiiteiee ettt ettt et eae e eneens 7-23
7.6 REFERENCES. ... ..o e, 7-24
CERCLA ACTIONS AT EAST TENNESSEE TECHNOLOGY PARK ......cceciiiiiiieieieeeee. 8-1
8.1 INTRODUCTION AND STATUS ... .ottt sttt 8-1
1.l INHTOAUCLION ...ttt ettt b et st et sae e 8-1
8.1.2 N 11 1SRRI 8-15
8.2 ZONE 1 INTERIM RECORD OF DECISION .......ccciiiiiiieiieieerieeee et 8-27
8.2.1  Long-Term Stewardship ReqUIremMents...........cceccvereerverirncriesieeiieseeseesnesseeeeens 8-27
8.2.2  Status of Requirements for FY 2011 .....cccoiiiiiiiiiiiieeeeeeeeeee e 8-28
8.3 ZONE 2 SOIL, BURIED WASTE, AND SUBSURFACE STRUCTURE REMOVAL
ACTIONS RECORD OF DECISION ....cutiiiiiiiiieeierie ettt 8-30
8.3.1  Performance Goals and Monitoring ObjeCtiVeS ..........ccceevueerreerierienierieeieeieeiens 8-30
8.3.2  Evaluation of Performance Monitoring Data — FY 2011 ......cccccoviviiiiicieiiiienien, 8-31
8.3.3  Compliance with Long-Term Stewardship Requirements ............c.c.ccoeevrrererrieennenne 8-35
8.4 COMPLETED SINGLE ACTIONS AT EAST TENNESSEE TECHNOLGY PARK
WITH MONITORING AND/OR LONG-TERM STEWARDSHIP REQUIREMENTS......8-38
8.4.1  K-1407-B/C Ponds Remedial ACHION ......cceeruiruieieieeiieieeeiee e 8-38
8.4.2  East Tennessee Technology Park Ponds ...........cccceviviiiiiiiiciienieiciece e 8-45
8.4.3  K-1070-C/D G-Pit and Concrete Pad Remedial Action.........ccccceceeveiniinieniennicnns 8-60
8.44  K-1070-A Burial Ground Remedial ACtion .........cccoeeeieiieieienieiereecee e 8-62
8.4.5  Mitchell Branch Chromium Reduction ...........cceceriririiiiinieneninieenieeeeseee 8-65
8.5 COMPLETED DEMOLITION PROJECTS WITH ACCESS CONTROLS AND
LONG-TERM STEWARDSHIP REQUIREMENTS ......ccciiiiiiieieeeeeeee e 8-71
8.5.1  Long-Term Stewardship ReqUirements.............ccccvereerrercieecrieseesieneesresveeneeneeens 8-71
8.5.2  Status of Requirements for FY 2011 .....cccooiiiiiiiiiieieee e 8-73



8.6 OTHER WATERSHED MONITORING AT EAST TENNESSEE TECHNOLOGY

PARK Lottt ettt h et bt sttt eh et te bt eaees 8-82
8.6.1  Major Site Contaminant PIUMES...........cccceeviieiiiiiiiniiiiecieeie et 8-82
8.6.2  Exit Pathway MONIOTING .......c.cceviirviirieriieirieieesieesteesteseresreesreesseesseessnesssessseaseens 8-82
8.6.3  Aquatic Biological MONItOTING .......c.cccvieiieriieriieriieeeeete et eieeseesresssesereeseessnessnens 8-91
8.6.4  MONItOTING SUMIMATY ...eeuvretiertiertieriieeteeteenteesteestteseresseeseesseesseesneesnseenseenseesseesseens 8-93
8.7 EAST TENNESSEE TECHNOLOGY PARK MONITORING CHANGES AND
RECOMMENDATIONS ...ttt ettt et ettt et eae et eneeeesneeneenees 8-94

8.8  REFERENCES. ... e, 8-96

CERCLA ACTIONS AT OTHER SITES ..ottt 9-1

9.1 INTRODUCTION AND OVERVIEW ...cc.ooiiiiiiiiiiieeeeeee et 9-1

9.1.1 53T (04 10107 5 () USSP 9-1
0.1.2  SHALUS .ottt ettt ettt e b e e bt bttt e be e be e beeeaeesaeeeaee 9-1
9.2  WHITE WING SCRAP YARD ....oootitiiiieeeee ettt 9-1
9.2.1  Long-Term Stewardship Requirements............cccecverieiieniininnienieee e 9-1
0.2.2  Status Of REQUITEMENLS. ......ccccuiiiiiiieerieeiieecieeeiteeeteeesteeeseveeeaeeesereeeseeessseessseeessseenns 9-1
9.3 OAK RIDGE ASSOCIATED UNIVERSITIES SOUTH CAMPUS FACILITY ......cccccevuue. 9-4
9.3.1  Performance Goals and Monitoring ObJECtiVeS ..........cccververrerieriieeieerieesieeseenenennns 9-4
9.3.2  Evaluation of Performance Monitoring Data .............cccceeeveeeeirenciieeiieeciee e 9-4
9.3.3  Facility Operations and Land Use Controls ...........cccceerevrriincrieciieneeneenee e sve e eens 9-4
0.3.4  ReECOMMENAALIONS .....eveeuiiiiiiiiieiieie sttt ettt ettt sb ettt e e sbeestenbeseeeneesbeeaeenee 9-6

9.4  REFERENCES. ... .o e e e e 9-7
APPENDIX—A: CERTIFICATION OF LAND USE CONTROL IMPLEMENTATION —

FY 2001 ittt ettt ettt et ettt sa e et e e st et e ete e s b e aeesb e be e st enbeeseentenbeeseensenseeneensenns A-1
APPENDIX—B: MELTON VALLEY GROUNDWATER DATA ....ccoooiieieieeeteeeeeeee e B-1
APPENDIX—C: ACTION PLANS IDENTIFIED FROM 2011 THIRD RESERVATION-WIDE

CERCLA FIVE-YEAR REVIEW ....cooiiiiiiiiiiieteee ettt C-1

vi



1.1
1.2
1.3
1.4
1.5
1.6
2.1
2.2
23

2.4
25
2.6

2.7

2.8

2.9

2.10
2.11
2.12
2.13
2.14
2.15

2.16

2.17
2.18

3.1
32
33
34
3.5

3.6
3.7
3.8

3.9
3.10

FIGURES

Conceptual SIte MOUE] .....ccuviiiiiiiiiiciieie et re e e b e e b e e steesteesebessbessseessaesseessens 1-2
Watersheds on the Oak Ridge RESEIvation .........ccccevcveeiieciieniieniesie e see e sve e 1-3
Hierarchy for assessing perfOrmance.............ocverierierieriiiie ettt ettt eeeas 1-8
FY 2011 monthly average rainfall from six rain gauges on the Oak Ridge Reservation........... 1-9
Mean annual rainfall from six rain gauges on the Oak Ridge Reservation, 2001-2011............. 1-9
Lower Watts Bar, Clinch River/Poplar Creek, and Lower East Fork Operational Units ........ 1-11
Bethel Valley WaterShed ........ooocviiiiiiiiiiecie ettt 2-5
Bethel Valley Record of Decision-designated end uses and interim land use controls............. 2-7
CERCLA surface water monitoring locations in Oak Ridge National Laboratory main

101 E1 4L (< USSP 2-13
Bethel Valley exit pathway monitoring loCatioNS. ..........ccvereerveeireerreerreeseesieeseesresnesseesseens 2-14
Annual average activities of 137¢Cs, °Sr, and tritium at 7500 Bridge.....ccocvvevvevienieeieeiee, 2-24
Raccoon Creek Percentage of combined Solid Waste Storage Area 3 surface water *Sr
QISCRATZR ... viiiiieeciee ettt ettt ettt e sttt e et e e e bt e ebaeeebeessbaeesseesssaeesssaessseesnsseesseansseennseean 2-27
Mercury concentration history at 7500 Bridge and White Oak Creek-105 monitoring

LOCALIOMS ...ttt ettt e h et b et e e sb et e st sb e et e b et e b eaeenee 2-29
Location and features of the Corehole 8 Plume.............ccccoioiiiiiiiiiiiiiiiee e, 2-30
Conceptual block diagram of the Corehole 8 PIume ............cccvevviriiiciiiiiciceceecee e 2-31
Contaminant activities in well 4411 and Corehole 8 Zone 2.........cccoveeieiinienenenienceeene 2-33
%Sr and alpha activity in collected Corehole 8 Plume groundwater ................cococvveveevenenne. 2-34
Corehole 8 Plume groundwater collector annual intercepted **Sr flux and rainfall ................ 2-35
0Sr and U activities in Well 4570 ...........oovvveeeeeeeeeeeeeeeeeeeeeeeeee e esee s 2-36
Biological monitoring locations at the Oak Ridge National Laboratory............cccccceevvenuennen. 2-41

Mean concentrations of mercury (pg/g, = SE, N = 6) in muscle tissue of sunfish and
bass from White Oak Creek (WCK 2.9 and WCK 3.9) and White Oak Lake (WCK

1.5), TOOB-201 1. .. oottt st 2-42
PCB concentrations (ug/g, £ SE, N = 6) in fish fillet collected from the White Oak
Creek Watershed, 1998—2011 ....ooouviiiiiiiieeeieie ettt ettt e et e e s erave e e s erraeeeeenns 2-43

Species richness (number of species) in samples of the fish community in White Oak

Creek (WCK 3.9) and reference streams, Brushy Fork kilometer (BFK) and Mill

Branch kilometer (MBK), 1985-2011.......cccciiiiiiiiieciie ettt e 2-44
Mean (n = 3) taxonomic richness of the pollution-intolerant taxa for the benthic
macroinvertebrate community at sites in upper White Oak Creek and Walker Branch,

April sampling periods, 1987—2010 ........ccceeviiiiiiiiiiieeiee ettt e e e evee e aee e 2-45
Melton Valley WaterShed .......c.cccuiiviiiiiiiiiieeieeeee ettt evesebeesbeesseenreas 3-5
Melton Valley Record of Decision-designated end use and interim land use controls ............. 3-7
Melton Valley surface water monitoring loCations............ceeevereerienenieninensienenceene e 3-17
Annual average surface water activities of *’Cs, *Sr, and *H at White Oak Dam.................. 3-22
Annual radionuclide fluxes at White Oak Dam and annual rainfall at the Oak Ridge

NAtioNAl LabOTAIOTY ... .ietieiieiieciie ettt ettt ettt teebe e sbe e b e saeesnteenseenseeneeas 3-23
Tributary surface water average annual radionuclide activities at East Seep Wetir,

HRT-3 Weir, and Solid Waste Storage Area 4 SW1 Weil.......cccevvevrievieenierierieere e e 3-24
Tributary surface water average annual radionuclide activities at Solid Waste Storage

Area 5 D1-Tributary, Waste Area Grouping 6 MS-3 Weir, and West Seep Weir .................. 3-25
Summary of groundwater-level monitoring results for FY 2011 ........coooiiniiiniiiieeeee 3-28
Hydrographs for wells 4127 and 0850 for FY 2007 through FY 2011 ....ccccooiiiiiiniiiieee 3-29
Hydrograph for Well TOT71 ......ooiuiiiiieieeieeee ettt ettt ettt saeesaee e eneeeas 3-30

vil



3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21

3.22

4.1
4.2

43
44
4.5
4.6
4.7
4.8

4.9
4.10

4.11
4.12
4.13
4.14
4.15
4.16
4.17

4.18

Hydrographs of wells in Solid Waste Storage Area 4, the downgradient trench, in the
former Intermediate Holding Pond area ..........ccocoveveviieciieiieiieieecese e
Hydrographs from piezometers monitoring the SWSA 4 downgradient trench

PEITOTIIIANCE ....vvevieiiieitieieeieet e teestte st e et e ebeeste e teessbessbeasbeesseesseessaesseasssessseasseassenssenseesssenssens
Comparison of groundwater fluctuations upslope and within Solid Waste Storage

Area 4 hydrologic isolation near the upgradient diversion trench..........c.ccoecvveeveieeirenieenenne.
Locations of wells monitored in the vicinity of the Seepage Pits and Trenches and Solid
Waste Storage Area (SWSA) O....ooeoviieiieeee ettt s e et s e e sssaeensraesnnees
White Oak Dam groundwater tritium and *°Sr activity hiStories............cccoovvrvervrreerrereenenn.
Locations of Melton Valley exit pathway wells and deep groundwater monitoring wells......
Hydraulic head Cross SECHION A .........ccviviieriierieiieiieeteeteesteesteesteeseresereseseesseeseesseesseesssessneans
Hydraulic head cross SECtion Bh...........c.ieciiiiiiiiiniiiieeieeieereesee et esenesnreenne e
Hydraulic head cross SECHION C.........oocuiiiiieiiieriieriieeie ettt ettt ettt e eeesaeesnseenteens
Species richness (number of species) in samples of the fish community in lower White
Oak Creek (WCK2.3) and a reference stream, Brushy Fork (BFK), 1985-2011 ....................
Species richness (number of species) in samples of the fish community in Melton

Branch (MEK) and a reference stream, Mill Branch (MBK), 1985-2011.........ccccccvveevvreneen.
Mean (n = 3) taxonomic richness of the pollution-intolerant taxa for the benthic
macroinvertebrates communities in lower WOC (WCK 2.3), lower Melton Branch

(MEK 0.6), and reference sites in upper WOC (WCK 6.8) and Mill Branch (MBK 1.6),
April sampling periods, 1987-2011 .......ccveviiiieiieiieeeeie ettt ere e ere e e sraeseaessreesseens
Bear Creek Valley WaterShed .........ooiviiiiiiieiieiecececeee et
Bear Creek Valley Phase I Record of Decision-designated end use and interim land use
[oTe) 112 () (3OO RSSO
Average annual uranium isotope activity, nitrate concentration at Bear Creek kilometer
9.2, and annual TAINTALL ..........cooviimmiiiiiiie e e e e
Post-Record of Decision uranium flux at BCK 9.2 and BCK 12.34 and annual rainfall ........
Average annual rainfall vs. annual uranium flux at Bear Creek kilometer 9.2 and 12.34.......
Bear Creek Kilometer 12.34 average nitrate concentration and annual rainfall......................
Location of Boneyard/Burnyard site and monitoring 1locations.............ecceeveereereeseesiieenennn
Bear Creek Valley end use zones and surface water and groundwater monitoring

LOCALIOMS ...ttt bt e e et e b ettt ae et s bt et et e s bt e e bt est et e b eneenee
Nitrate concentrations in Zone 1 SPIINES ......c.eeeveerueerieeriierierieeieeteesieesieesteesseesneesnseenseeseeeeas
Constituents detected above risk-based concentration or maximum contaminant level at
Wells GW-683 and GW=-084 .........cc.o ittt
Principal contaminant trends in wells GW-704 and GW-706 .........ccccoceevieriniineninieneneens
Volatile organic compound concentration trends in wells GW-008 and GW-046..................
Mean concentrations of mercury in rockbass from lower Bear Creek, Bear Creek

Kilometer 3.3, 19902011 ...oooiiiiiiiieiiieie oottt ettt e et e e e e e e e s e aeeeeeeesessnnaaaeees
Mean nickel concentrations in stoneroller minnows at three sites in Bear Creek and a
reference site (Hinds Creek kilometer 20.6), 1994-2011.......ccccovviieviieeiiieiiieciee e
Mean cadmium concentrations in stoneroller minnows at three sites in Bear Creek and

a reference site (Hinds Creek kilometer 20.6), 1994-2011 .......ccoeviiieciiieiiieeiieecieeeee e
Mean uranium concentrations in stoneroller minnows at three sites in Bear Creek and a
reference site (Hinds Creek kilometer 20.6), 1994-2011.......ccceeeveeeriecrierienrierienie e ereeneens
Mean PCB concentrations in stoneroller minnows at three sites in Bear Creek and a
reference site (Hinds Creek kilometer 20.6), 19942011 .......c.ococvviiviieeciieiiieciee e
Species richness (number of species) in samples of the fish community in Bear Creek
(BCK), and reference streams, Brushy Fork (BFK) and Mill Branch (MBK), 1984—

20T ettt ettt ettt ettt ettt et e et e et et e te e st e bttt e st e s e ent et e entenbeeseentenbeereenseneennenns

viii



4.19

4.20

4.21

5.1
52
53
5.4
5.5
5.6
5.7

5.8

5.9

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13
6.14

6.15
6.16

Species richness (number of species) in samples of the fish community in Bear Creek

(BCK), North Tributary (NT-3), and a reference stream, Mill Branch (MBK), 1984—

20T T et b ettt h bttt b ettt b bt be e ebes 4-43
Mean (n = 3) taxonomic richness of the pollution-intolerant taxa for the benthic
macroinvertebrate community at sites in Bear Creek, NT-3, and range of mean values

among reference streams (two sites in Gum Hollow Branch and one site in Mill

Branch), October 1996—APIil 2011 .....cccoiieiiieeiieeie ettt re e s vaeeseaeas 4-44
Photographic series depicting changes in water levels at constructed area of Bear

(05 1= o O 4 0 O OO PPRT 4-47
CERCLA actions on Chestnut RIAEE .......cc.ceccviiiiiiiiiieeie ettt 5-3
United Nuclear Corporation Disposal Site .........ccceeevivciiiiiiiieriiiniesiesie e sre e ereereeneeseeeens 5-5
Well GW-205 measured and computed beta aCtiVity ........cccveeveerrieriereenienieeie e eseesee e 5-7
Kerr HOIOW QUATTY .....ooiieiieitestieeie ettt sttt ettt ettt sateseteenteenseesbeesaeesanesnnenns 5-11
Filled Coal ASh PON.......cooiiiiiiiii ettt st 5-14
Historic data at MCK 2.0 and MCK 2.05 between FY 1998 and FY 2011 .....ccccooieiinincenen. 5-17
Mean concentration of selenium, mercury, and arsenic in fillets of largemouth bass

from ROZers QUAITY (117 6) c.ueieuiiieiiieciie ettt ettt et eeeveesteeestveesbeeesebeessseesssaeessseesnneeenes 5-18

Species richness (number of species) in samples of the fish community in McCoy

Branch (MCK) and the mean value of two-three reference streams, Scarboro Creek

(SCK), Grassy Creek (GCK), and Ish Creek (ISK), 19892011 .......cccccvveviiimiireriieeiieerreens 5-18
Mean (n = 3) taxonomic richness of the pollution-intolerant taxa for the benthic
macroinvertebrate community at sites in McCoy Branch, and range of mean values

among reference streams (First Creek, Fifth Creek, Gum Hollow Branch, Mill Branch,

Walker Branch, and White Oak Creek), 1996-2011 ........ccceecvieeiiiiiciieeiiecieeeee e 5-19
Upper East Fork Poplar Creek Watershed..........ccooovivviiiiiiiiiiiieeeeeseeeee e 6-5
UEFPC Phase I and II Record of Decision-designated end use and interim controls................ 6-7
Mercury concentrations at Outfall 51 and Big Spring Water Treatment System

L0 1 ) T TSP 6-14
West End Mercury Area storm drain percentage contributions to the total measured FY

2011 METCUIY diSCRATEE. ... .eevieiiiiiiiie ettt ettt ettt sttt e teebeesbeesaeeeneeenes 6-16
West End Mercury Area manhole weekly mercury flux, flow and total suspended solids

(TS S ) ettt ettt bt ettt bt e b e e et et bt et e bt e a et e eh et e b bt et e beeae e 6-17
OF200A6 and Station 17 weekly mercury flux, flow, and total suspended solids.................. 6-19
Summary of FY 2011 mercury discharge data for Station 17 ........ccccceveeeviieriiieniee e 6-21
Annual mercury and uranium fluxes at Station 17 and annual rainfall .............ccccceeeviireennnns 6-22
Pre- and post-Big Spring Water Treatment System (BSWTS) startup mercury daily flux

AL STALION 17 .ttt ettt b e bt bt sae e et e e e e bt e bt e sheenbeenaee 6-23
Mean concentration of mercury in redbreast sunfish and rockbass at East Fork

kilometer 23.4 versus trailing 6-month mean concentration of mercury in water................... 6-25
Mean concentrations of PCBs in redbreast sunfish and rockbass at East Fork kilometer

2314, 19852011 1ottt ettt ettt ettt e et e e te st eseeneeneenes 6-26
Species richness (number of species) in samples of the fish community in East Fork

Poplar Creek and a reference stream, Brushy Fork, 1985-2011 .......cccccoeiiiiiiiinniiiiiiieeies 6-26

Mean (n = 5; n = 4 after 2006) taxonomic richness of the pollution-intolerant taxa for
the benthic macroinvertebrate community at sites in Upper East Fork Poplar Creek and

Brushy Fork, April sampling periods, 1986—2011 ..........ccceovierierieriieiieieeiieree e see e 6-27
Well GW-108 nitrate concentration and *Tc¢ aCtiVity ...........o.cooovveveererreereereeeeeeeeeeseeeneeenen. 6-28
Wells GW-605 and GW-606 signature contaminant CONCENtrations............cvevvvereverveerveerneans 6-29
East End Volatile Organic Compound Plume before pump and treatment system startup

(1998-2000)....... ettt ettt sttt ettt b bt bbbttt et be e enes 6-33

X



6.17

6.18
6.19

6.20
6.21

7.1
7.2

7.3
7.4
7.5
7.6

8.1
8.2

8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11
8.12
8.13
8.14
8.15
8.16
8.17
8.18
8.19

8.20

East End Volatile Organic Compound Plume in Fiscal Year 2011 showing region of

maximum chlorinated volatile organic compound removal .............ccecverierieniencienieeeeiens 6-34
Potentiometric surface at the eastern Y-12 area .........cccecceeveerienieeieesieeieeieeseesee e 6-37
Selected Volatile Organic Compound trends in the Maynardville Limestone exit

PALIWAY ...ttt ettt et e s te e st e st e et e e bt e s e e saeesteer b e e b e e taestaeeseeenbeanseenseenseenraan 6-39
East End Volatile Organic Compound treatment system cumulative water treated

during Fiscal Year 2011 ...cooviiiiiiciii sttt e e et e e b e e et e esbaessbaeesanee e 6-41
Activities of ***U and ***U in East End Volatile Organic Compound treatment system

TIETUCIIE ...ttt bt ettt b et bt et et sb et e b ese et e beeaeenee 6-44
Lower East FOrk Poplar Creek ........c.coooviiiiiiiiieeiiecieeeee ettt 7-5
Spatial pattern of mercury bioaccumulation in various fish species in Lower East Fork

Poplar Creek (EFK), Poplar Creek (PCM) and the Clinch River (CRM) in 2011 .................... 7-7
Mean mercury concentration in muscle tissue of redbreast sunfish at East Fork

KILOMIBLET 6.3 ...ttt ettt et h e s et e st e st e bt e bt e s bt e s bt e saeeeneeenteeneeas 7-7
Experimental stream mesocosms used to investigate the relative roles of sediment-

associated and waterborne mercury as precursors for methyl mercury formation.................... 7-8
Monitoring locations in the Clinch River/Poplar Creek and Lower Watts Bar Reservoir
OPETADIE UNIES....vieiieieiiiiieiieieeieesieesteetteebeesbe e bt e s teesesesesessseesseessaessaesssessseasseasseessessseessensssensns 7-13
Average PCB concentrations in channel catfish from Clinch River/Poplar Creek and

LWBR 8ites, 1980—2011....cuieeieiiiieieieeee ettt ettt sttt see et eneeseeneenee s 7-18
East Tennessee Technology Park ...........coociveiiiiiiiiiii et 8-9
East Tennessee Technology Park Zones 1 and 2 Record of Decision-designated end

uses and INEETIM CONLTOLS .....eiuiiriiiiiieiieiiete ettt ettt ettt ettt e bt e saeesaneeaneens 8-11
ETTP ZONE 1 STATUS «..eeiiiiiiiieeiiie ettt ettt ettt sttt e st e sttt e st e sabeeebteesabeeenes 8-16
ETTP Zone 2 closure document and action StatUs............cecereeierierieiereneieiese e 8-21
Location map for K-1070-C/D Burial Ground ............ccceerieriiniiniinieeieeie e 8-32
Volatile organic compound concentrations in well UNW-064 for FY 2002 through FY

7 SRR 8-33
Volatile organic compound concentrations in well UNW-114 for FY 2000 through FY

0 L USSP PRRR 8-33
Volatile organic compound concentrations in well TMW-011 for FY 2000 through FY

1 () O OO OO S UURUSRRPRPRRRPN 8-34
Location of K-1407-B/C PONAS .......ccciiiiiiiieieeieesiteeee ettt ettt s 8-39
Mitchell Branch in-stream sampling location K-1700 ...........ccccecvvvevciiriniieniieeie e 8-42
Mercury sample results out storm outfall 05A discharge to Poplar Creek..........cceevveveannnnns 8-43
Total numbers of species collected and catch per minute of effort for seven species in

the K 1007-P1 Pond, 20072011 .....oouieieiieieieeeeest ettt 8-46
Estimated biomass in grams per minute of collection effort for seven fish species in the
K-1007-P1 Pond, 2007-2011 c..coiuiiieieiieieee ettt et 8-47
Percent vascular plant cover for four transect survey lines in K-1007-P-1 Holding Pond

prior to and after the remediation in 2009 ............ccceieeiiiiiiiiiiie e 8-48
Plant taxon richness for four transect survey lines in K-1007-P-1 Holding Pond prior to

and after the remediation in 2009 ..........cooiiiiiiiiirieee e 8-49

Aerial photos of the K-1007-P1 Holding Pond showing changes in plant coverage
between the end of the first year of planting, 2009 (top) and after two growing seasons,

2011 (DOLLOIIL) 1vvieiieeiie et et et et e ste st e et e e e eseesteessaessaeasseesseessaesseesssesnseanseessaenseesseesssenssenssenns 8-50
Number of geese reported during routine surveys prior to and after the removal action......... 8-51
Historical occurrence of ducks (all species) at the K-1007-P1 Holding Pond, 1995-2011 .....8-51
Total suspended solids and water clarity results by transect and sample period, prior to

and after the 1eMOVal ACHIOM ........oocuiiiiiiieiee et 8-52
Mean concentrations of PCBs in fish from K-1007-P1 Holding Pond, 1993-2011................ 8-53



8.21

8.22

8.23

8.24

8.25
8.26
8.27
8.28
8.29

8.30
8.31
8.32
8.33
8.34
8.35
8.36
8.37
8.38

8.39

9.1
9.2
9.3

Mean concentrations of PCBs in largemouth bass fillets from K-901-A Holding Pond

and K-720 Slough, 19932011 .......cccciiimiiiiiiiiieie et 8-54

Mean concentrations of PCBs in whole body fish from K-1007-P1 Holding Pond,

K-901-A Holding Pond, and K-720 Slough, 2009-2011 .....c..cccccveiiiiminininineceieeeeeeees 8-56

Mean Total PCB concentrations (pg/g, wet wt; 1993-2011) in the soft tissues of caged
Asiatic clams deployed in the P1 Pond near the weir and storm drains 490 and 120.
N=2 composites of 10 clams each per year. Shown in green are data for clams collected
form the reference site, Little Sewee Creek (Sweetwater, TN). Total PCBs defined as

the sum of Aroclors 1248, 1254, and 1260 ............oceiviiiiomiiieeeeeeeeeeeieee e e 8-57

Mean total PCB concentrations (ug/g, wet wt; 1995-2011) in the soft tissues of caged
Asiatic clams deployed at two locations in SD 100: “upper SD 1007, upstream of any
possible pond related sources, and “lower SD 100” at the culvert entering the pond and

potentially influenced by pond sediment SOUICES ..........ccceerirrirrieeiiieiierieeesee e 8-58
Location of K-1070-C/D G-Pit and Concrete Pad...........ccoooeeiiiiiiiiiiiiieeeeee s 8-61
Location of former K-1070-A Burial Ground ............coccoveeoieiiniiniinieieeeeesee e 8-63
Location of hexavalent chromium releases to Mitchell Branch .............ccoccooiiiiiiniinnnnne 8-66
Mitchell Branch Kilometer 0.79 chromium concentrations, FY 2007-2011 ............cccceuuee.... 8-68
ETTP Compliance Program monitoring locations to verify radiological controls of

remaining contaminated S1ADS...........cccueviiieiieiierie e 8-77
ETTP exit pathways monitoring lOCAtIONS .........cccveeeriiririieeiieeriee e eteeereeesieeesveeevaeesenee e 8-83
K-1700 Weir VOC CONCENETALIONS .....eeuveeeeiietieiieeerteenientesteeeeseeseeeeesseeseenseeneensesseeneensesseesens 8-84
VOC concentrations in groundwater at K-1064 Peninsula area............ccoocvevvervencienieeneeniens 8-86
Chromium concentrations in groundwater in the K-31/K-33 area ..........cccecceeveevinninninnnnnnn, 8-87
Detected VOC concentrations in groundwater exit pathway wells near K-27 and K-29 ........ 8-88
TCE concentrations in K-901 area SPrings.........ccccceevveerreerieerieeseereenresseessesssessseeseessnessnenens 8-89
History of measured alpha and beta activity in the K-770 area............ccceeveevienienivnieeeeenns 8-90
Mean PCB concentrations in redbreast sunfish from Mitchell Branch, 1993-2011 ................ 8-91
Species richness (number of species) in spring samples of the fish community in

Mitchell Branch (MIK) and a range of reference streams (Ref. High-Low), 1986 to

0 L USSP PRRR 8-92
Mean (n = 3) taxonomic richness of the pollution-intolerant taxa for the benthic
macroinvertebrate community at sites in Mitchell Branch at the ETTP, April sampling

PETIOAS, 19962011 ....eiiiiiiieiieetieee ettt ettt ettt a e s st e et et e ete e beesaeesaeesnneeas 8-93
Location of White Wing Scrap Yard .......ccccoocvieeiiiiiie ettt evee e e e e 9-3
South Campus Facility monitoring locations and contaminated groundwater ................c......... 9-5
Organic compound concentrations in wells GW-841 and GW-842 at South Campus

FaACTIIEY .ttt ettt e et e et e e e tb e e e baeetb e e b e e e tbeeeabeeenraennraeenraeennres 9-6

X1



This page intentionally left blank.

xii



1.1
1.2
1.3
1.4

2.1
2.2
23
24
2.5
2.6

2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
3.1
32
33
34
3.5
3.6

3.7
3.8
3.9
3.10
3.11
3.12
4.1
4.2

43
4.4

4.5
4.6
4.7

4.8
4.9

TABLES

2012 issues and recOMMENAALIONS ........cc.eruerierierteeierteeteeierteeeceee et et e see st eeeseesseeeesseeneensesseeneenes 1-14
Closed-0out iSSUES 11 20T 1 ...couiiiiiiiieieieee ettt st st 1-17
2011 Five-Year Review summary of issues and recommendations and follow-up actions .......... 1-20
Summary of completed technical issues and recommendations from the Five-Year Review
(S T TSR 1-27
CERCLA actions in Bethel Valley Watershed ..........cccccoooiiiiiiiiiiieieieeneee e 2-2
Long-term stewardship requirements in Bethel Valley Watershed...........ccccoccveviiiiiiiicciiniieenen. 2-9
Remedial action objectives for Bethel Valley .......c.ccvovviiviiiiieiieiiicieceeeeeeeeeesee e e 2-15
Performance measures for major actions in Bethel Valley .........cocooiniiiiiiniiiiiiiicee 2-16
Surface water remediation levels for Bethel Valley ..........ccccooiiiniiiiiniinieeeee 2-18
Watershed-scale CERCLA monitoring requirements and performance standards for Bethel

Valley WateTSNEd ......cccvieiiiiieiiecieceeie ettt e te e st e seaesbe e s e essaeseesseessnesssessnessseans 2-21
7500 Bridge risk-reduction goal evaluation ............ccceceeiiieiienieniere et 2-23
St data from RACCOON CIEEK WEIT ..........oooveeveeveeeeieeeeeseeseeseeeeeesesesee e ss s 2-25
Daily *°Sr flux grab SAMPIE ACHVILY ........oveeeeveieeeeeeeeeee e 2-26
First Creek °Sr fluxes pre-action and in FY 2011 ......o.ooviiuoeiomioeoeeeeeeeeeeee e 2-32
PSr flux changes at First Creek Weir, 1993-2011 .......iuvueieeeeeeeeeeeeeeeeeeeee e 2-32
Corehole 8 groundwater collection SYstem “?SI fIUX ..........ovevvueviureeeeeeeeeeeeeeeeeee e 2-35
Groundwater sampling summary for Solid Waste Storage Area 3 area - FY 201 1........ccccoeeeeee. 2-38
Bethel Valley watershed issues and recommendations ............c.ceeveeeeireseesieeneenieneesee e eee e 2-53
CERCLA actions in Melton Valley Watershed...........ccoveviieiiieiiiiiciiecee e 3-2
Long-term stewardship requirements in Melton Valley Watershed............ccccoooerieiininienincnnene. 3-9
Remedial action objectives for the Melton Valley Watershed selected remedy ..........ccccceeveeenenne 3-12
Performance measures for major actions in the Melton Valley Watershed ............ccceevveeennennnee. 3-13
Surface water remediation levels for the Melton Valley Watershed.........c.ccccevvvevieniennenneennenn, 3-15
Residential risk-based surface water remediation concentrations for the Melton Valley

AT 1S ] 1 T RSP SPRRRPRRIO 3-18
Recreational risk-based surface water remediation concentrations for the Melton Valley

WALETSIEA ...ttt ettt ettt ettt et bt et e b et 3-19
Summary of FY 2011 radiological contaminant levels at surface water integration points in

IMEIEON VAILEY ...ttt ettt et e st e et b e e st e e estaeesabeessseeesssaesssaeensaeenssaeensseensnes 3-21
Summary of radiological groundwater contaminants detected at Seepage Pits and Trenches .....3-37
Results of data screen compared to Environmental Protection Agency Primary National

Drinking Water CrIteIia........eeiiuieeriieeeciieeiieeiteeesiteeereeeteeeseteesseeessaeessseeesseessseessseessseessesessseensses 3-48
Trend evaluations for analytes having screening level exceedances in Melton Valley Exit

Pathway and OffSite SroUNAWALET ...........cccverieriiiiiiiieieerie et see st sre e re e e e e e staesraesenessneans 3-51
Melton Valley Watershed issues and recommendations ............c.eecveerueereerieenienienieeieeieesieeniens 3-68
CERCLA actions in Bear Creek Valley watershed ..........cccocvvveviiiiiniiiniciiccie et 4-2
Long-term stewardship requirements for CERCLA actions in Bear Creek Valley watershed........ 4-9
Groundwater and surface water goals, Bear Creek Valley watershed...........ccoccooevinincninnnnn 4-11
Site-specific goals for remedial actions at the S-3 Site Pathway 3 and the Boneyard/

BUIMIYATA ....eviiiieiiecie ettt ettt et e e bt e s tbestbeetbeesseesbeassaasssessseasseesseesseessaessaesssensseans 4-11
Expected outcome of the selected remedy, Bear Creek Valley watershed..........cccccvvevvevivenieennene 4-13
Bear Creek Valley watershed CERCLA performance monitoring............ceeeevveerveesveeenneeeneveennnes 4-15
Historic average activity of uranium isotopes and concentration of nitrate at the integration

POINE (BCK 9.2) 1ttt ettt sttt ettt e st e s sb e e s e estaesteessaessseanseenseenseenseensens 4-19
Uranium flux at flow-paced monitoring locations in Bear Creek Valley watershed..................... 4-21
Annual average **U and Z*U activities at North TrbDUtAry=3 .........c.eoueveeveeeeeeereeeeeeeeeeeeeee e 4-25

xiii



4.10
4.11
4.12
4.13

4.14
5.1
52
53

54
5.5
5.6
5.7
6.1
6.2

6.3
6.4

6.5
6.6
6.7
6.8

6.9

6.10
7.1
7.2
7.3
7.4

7.5
7.6
8.1
8.2
83
8.4
8.5
8.6

8.7
8.8
8.9

8.10
8.11

Nitrate concentrations measured in wells GW-712, GW-713, and GW-714 .........ccoovvvvvvvvvnnnninn. 4-29
Uranium isotope activities in Zone 1 Spring samples, 2000-2011........ccccocvvrerveiverieeneenieenrennens 4-32
Summary of transect physical habitat metrics for North Tributary-3, July 25, 2011 .................... 4-45

Vegetation metrics. The percent ground and canopy cover, plant species diversity, the
amount of riparian overhang, and planted tree/shrub survival and condition for each

monitored transect at the NT-3 restoration site, July 27, 2011 .....ccccoeviiviiniiiniinieeeeeeeeeeene 4-45
Summary of Bear Creek Valley watershed issues and recommendations.............ccceeeeveeeeeveenenens 4-53
CERCLA actions on Chestnut RIAZE ........cccverierieriiiiiiiieiieieeste e eve et sre e seneeveenres 5-2
Long-term stewardship requirements on Chestnut Ridge ..........ccecvveiieriinieniiiicienieeeeeeeee 5-2
Analytical results for performance indicator constituents at the United Nuclear Corporation
DiSP0Sal ST, FY 2011 ..iiiiiiiiiiiieiieieeieeterte sttt ettt ettt s b e esb e eab e et e e sraestbesabeasbeasseesseesssenens 5-6
United Nuclear Corporation Disposal Site groundwater *°Sr reSults..............co.cooovvevvrrerrreererneneen. 5-8
Summary of Filled Coal Ash Pond pre-remediation monitoring results, FY 1996...................... 5-15
Summary of FY 2011 post-remediation data from McCoy Branch kilometer 2.05 and 2.0 ......... 5-15
Chestnut Ridge issues and recOmMMmMENdations...........c.vevvereeriereeriiersreesreereeseesseesseesseesnessnesssennns 5-21
CERCLA actions in UEFPC Watershed ...........ccccoeiiiiiiiiiiiiiieeeeee e 6-2
Facility operations and land use controls required in Upper East Fork Poplar Creek

A1) 1T SOOI 6-8
Performance measures for Phase I Interim Source Control Actions in the Upper East Fork

Poplar Creek WaterShed ........ccvviiiiiiiiiice ettt e be e e tbe e s be e eeaeeeens 6-11
Summary statistics for daily mercury discharge from West End Mercury Area storm drains

ANd OULFALL 200A0 ...ttt sttt b ettt et et sb et b e et 6-14
Annual uranium and mercury fluxes and average concentrations at Station 17...........cccccceeveeneee. 6-22

Selected FY 2011 data for Y-12 East End Volatile Organic Compound Plume performance......6-40
East End Volatile Organic Compound plume treatment system performance data, FY 2011 ...... 6-42
Estimated mass removals for key East End Volatile Organic Compound plume constituents

since inception Of treatment OPEIALIONS ......cccveeeerireriieriiieerieeeeteeeteeestreesreeetreesereessseeeseeessseessees 6-43
Summary of East End Volatile Organic Compound plume groundwater treatment system
performance 1eSUlts, FY 2011 ....oooiiiiiieiie ettt et ettt snseenseennees 6-44
Upper East Fork Poplar Creek watershed issues and recommendations...........cc.cceeveeceeneneennne 6-48
CERCLA actions at 0ff-Sit€ 10CAtIONS .......c.evueruieiiieiieieieieie ettt eeeeneens 7-2
Facility operations and land use controls for CERCLA actions at oftf-site locations...................... 7-3
Monitoring locations in Clinch River/Poplar Creek ...........covivviiiiieiiiiieieieieeeeee e 7-15
Mean concentrations (N = 6 fish, + standard error) of total PCBs (Aroclor-1248+1254

+1260), total mercury, and "*’Cs in fish muscle fillet from off-site locations in FY 2011............ 7-17
Monitoring locations in Lower Watts Bar RESEIVOIr ...........cccvvvvieiiieciieniieiieiesiesee e 7-20
Summary of technical issues and recommendations ............cccuvercveeeiieerieeriee e eree e ereens 7-23
CERCLA actions at the ETTP.......ccuiiiiiieeee ettt 8-2
Long-term stewardship requirements for CERCLA actions at ETTP .........cccocoeviiiiiiiinininene 8-13
ETTP Zone 1 completion documents and Exposure Unit Status .........ccccceceevenerienenennieneneennenn 8-17
ETTP Zone 2 completion documents and Exposure Unit Status ...........cccceveeeerieenieencieeeceieesveeenne 8-22
Mercury sampling summary at Mitchell Branch outfall locations ..........ccccoceveevenincencninieneene. 8-40
Total PCB (Aroclors 1248, 1254, and 1260) concentrations in fish from the K-1007-P1

Holding Pond, K-720 Slough, and K-901-A Holding Pond, 2011 ..........ccceevieriiiiiniieiie e, 8-55
FY 2011 performance monitoring results for reduction of hexavalent chromium releases

1Nt0 MItChell BTanCh........cooviiiiiiiiiie ettt s 8-69
Long-term stewardship monitoring requirements for demolished facilities associated with
remaining contaminated MEAIA.........c.eccvieeuieriierierieiie e et e ere et e sttesaesbeebeesseesseesssesssessseessessseans 8-72
Summary of radiological monitoring information for ETTP demolition sites...........cccccvereeneenne. 8-74
10 Code of Federal Regulations §835 lIMItS .......cceeriiiiiriiiiiieieereesee ettt 8-75
Summary of storm drain and surface water monitoring information .............ccceeeeveeeereeenveenneenns 8-79

Xiv



8.12
8.13
9.1
9.2

9.3

VOCs detected in groundwater in the Mitchell Branch Exit Pathway .........c.ccccoeevvevievieniennenen. 8-85
Summary of technical issues and recOMMENdAtIONS .........c.cccvverviereerieriieriieieereeree e sre e enns 8-95
CERCLA actions at other sites on the Oak Ridge Reservation...........cccceeveevievieniininecieeeeeeen, 9-2
Facility operations and land use controls for CERCLA actions at other sites on the Oak

RIAZE RESETVALION ....veeviiiiieiiieeiie ettt ettt ettt e s teeseaesste s b e esbaesse e seessaesssessseasseensannseenseennns 9-2
Summary of issues and recOMMENAALIONS. ........ccuiriirrieriieerieeree e seeete ettt et eseeeseeeseeseeeeeens 9-6

XV



This page intentionally left blank.

xvi



ALARA
AWQC
CERCLA
CFR
DCA
DCG
DOE
EMWMF
EPA
ETTP
EU

FFA

FY
LEFPC
MBWEIR
MCK
MCL

NT

PCB

PCE

psig
RCRA
TDEC

Tl
UEFPC
VOC
WCK
WCWEIR
Y-12

ACRONYMS

as low as reasonably achievable

ambient water quality criteria
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derived concentration guidelines
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Federal Facility Agreement

fiscal year
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McCoy Branch kilometer

Safe Drinking Water Act maximum contaminant level
North Tributary

polychlorinated biphenyl

tetrachloroethene

pounds per square inch gauge

Resource Conservation and Recovery Act of 1976
Tennessee Department of Environment and Conservation
Thallium

Upper East Fork Poplar Creek

volatile organic compound

White Oak Creek kilometer

White Oak Creek Weir

Y-12 National Nuclear Security Administrative Site
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EXECUTIVE SUMMARY

Under the requirements of the Federal Facility Agreement (DOE 1992) established between the U. S.
Department of Energy (DOE), the U.S. Environmental Protection Agency, and the Tennessee Department
of Environment and Conservation, all environmental restoration activities on the Oak Ridge Reservation
are performed in accordance with the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA). This 2012 Remediation Effectiveness Report:

e assesses and documents the performance of engineering and land use controls for each completed
CERCLA action on and around the DOE Oak Ridge Reservation.

e cvaluates the effectiveness of and compliance with the long-term stewardship requirements for each
of the completed actions.

e summarizes watershed monitoring results.

First issued in 1997, the Remediation Effectiveness Report has been reissued annually to update the
performance of completed actions and to add descriptions of new CERCLA actions. With the exception
of some ecological sampling data, all data reported in the 2012 Remediation Effectiveness Report was
collected prior to or in Fiscal Year (FY) 2011.

Remedial decision on the Oak Ridge Reservation have been made at the watershed scale in recognition of
surface water being the major pathway for offsite contaminant transport and to ensure that the evaluation
considers the cumulative resources needed for cleanup and the resource implications for alternate end
uses. The watershed records of decision contain performance goals to be met and a series of remedial
actions designed to achieve them. Since the implementation of these watershed-scale Records of Decision
can take many years to complete, evaluation of performance must consider completed actions, actions not
implemented, and actions which are in progress.

Monitoring information used to assess performance was compiled by the Water Resources Restoration
Program that was established to implement a comprehensive, integrated environmental monitoring and
assessment program for the Oak Ridge Reservation and to minimize duplication of field, analytical, and
reporting efforts. Groundwater, surface water, sediment, and biota are monitored and evaluated as part of
this assessment program. In addition to collecting performance assessment data, baseline data also is
collected to gauge the effectiveness of future actions once implemented.

Since most of the remediation decisions do not allow unrestricted end use, these sites will require long-
term stewardship. Long-term stewardship is the set of activities necessary to protect human health and the
environment from physical hazards, residual contamination, and wastes remaining following remediation
and includes activities such as facility operations, monitoring, and land use controls. The Remediation
Effectiveness Report evaluates the performance of engineering controls and land use controls that are
required by CERCLA documents to protect human health and the environment.

A chapter is devoted to each of the watersheds, to Chestnut Ridge, to off-site actions, and to other sites.
Rather than forming a single defined hydrologic watershed, Chestnut Ridge and the East Tennessee
Technology Park comprise several individual sub-watersheds but are treated as a single unit for decision-
making and performance assessment purposes. Each chapter identifies completed single-project actions
and completed watershed-scale actions with long-term stewardship requirements.
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A summary of the effectiveness evaluation follows. Issues and recommendations are summarized in
Chapter 1, and more detailed discussion of the issues and recommendations is in each chapter.

Bethel Valley

Following is a summary of the Bethel Valley watershed performance monitoring:

e Mercury concentrations at the Bethel Valley watershed integration point (7500 Bridge) continue to
decrease. The mercury concentrations measured at the 7500 Bridge integration point were below the
ambient water quality criteria (AWQC) of 51 ng/L in all 12 monthly grab samples. One of two
samples collected from White Oak Creek near the former mercury discharge outfall exceeded the
AWQC.

o  ”°Sr concentrations at the Bethel Valley watershed integration point (7500 Bridge) do not meet the
risk reduction goal and continue to increase. Higher than average rainfall during 2009 through 2011
compounded with problems associated with the Corehole 8 plume extraction system are responsible
for the increase in *°Sr during the past few years. The plume collection system is expected to resume
operation during the second or third quarter of FY 2012, after which *’Sr concentrations are expected
to decrease.

e  The risk reduction goal for *’Cs was met at the Bethel Valley watershed integration point
(7500 Bridge).

e Biological monitoring of the Bethel Valley watershed continues to indicate moderate ecological
recovery. Although mercury concentrations in fish still exceed the Environmental Protection
Agency-recommended fish-based AWQC for mercury at some White Oak Creek sites, decreased
mercury concentrations in fish at the site closest to the Oak Ridge National Laboratory facilities to
levels below the mercury criterion are encouraging.

Melton Valley

Following is a summary of the Melton Valley watershed performance monitoring:

e Radiological goals for *’Cs, *’Sr, and tritium, which are the principal surface water contaminants in
the Melton Valley watershed, were met at the watershed integration point (White Oak Dam).
Concentration trends for these contaminants were stable or decreasing during FY 2011. Principal
contaminant concentrations at tributary and mainstem monitoring locations remained compliant with
goals of the Record of Decision for Interim Actions for the Melton Valley Watershed (DOE 2000).
Although a slight increase in the *°Sr was observed, the contaminant fluxes from Melton Valley
remained low relative to the responses observed during wet years prior to remediation.

e  Groundwater contaminant concentrations around the shallow land burial sites are generally
decreasing or stable compared to concentrations measured before completion of the Melton Valley
remedy.

e  Groundwater level monitoring of the hydrologic isolation areas in Melton Valley showed that
performance criteria were met at 38 of 44 locations. Three of the wells not meeting the performance
criteria are located in Solid Waste Storage Area 4. Two of those are located near the downgradient
trench which, based on these wells performance, show evidence of deteriorated performance during
FY 2011. An evaluation of the options to enhance system performance is planned. Sampling of seeps
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outside of the downgradient trench following storm events showed that contaminants are
intermittently discharged into the Intermediate Holding Pond area.

e  Monitoring of wells in the Melton Valley groundwater exit pathway and offsite monitoring wells
shows that groundwater flow paths converge toward the Clinch River from both the DOE side and
offsite. Disturbance of this natural flow condition by groundwater pumping offsite has the potential
to draw DOE contaminants to offsite pumping locations. Because of this vulnerability, DOE
provided funds for installation of utility water supply to offsite residents near the Clinch River.

e  Groundwater analyses conducted on samples from the sentinel wells since their construction in 2004
have resulted in a number of radionuclides and volatile organic compounds (VOCs) being detected
periodically in different monitoring locations. Sampling and analysis of groundwater from offsite
wells showed detection of low concentrations of VOCs in samples from one sample at one well. This
detection occurred coincident with detection of similar VOCs in one of the DOE sentinel wells. The
offsite detection occurred early in the sampling history and is suspected to have occurred because of
pumping stresses in the offsite well during construction. This detection is considered to exemplify
the vulnerability of offsite wells in close proximity to areas of ground contamination. Two detections
of very low levels of *’Sr and one detection of very low level *Tc occurred in offsite monitoring
wells during the year and these were either not detectable in duplicate samples or were not detected
in subsequent samples.

e The biological monitoring results indicate that Melton Branch stream communities are impaired
relative to reference sites, but continue to improve.

Bear Creek Valley

Following is a summary of the Bear Creek Valley watershed performance monitoring:

e  Surface water monitoring at the integration point (BCK 9.2) showed that the Record of Decision goal
of <34 kg/yr of uranium was not attained. The measured uranium flux at the integration point was
about 109 kg. About 29% of the uranium flux is attributed to surface water discharged from the S-3
Ponds plume and about 51% of the uranium flux originated in the Bear Creek Burial Grounds. Other
contributors to the total uranium flux include deeper groundwater flows in the S-3 plume that
discharge to Bear Creek via springs SS-4 and SS-5 and diffuse bed seepage, as well as smaller
contributions from North Tributary (NT)-3, NT-5, and NT-7. During FY 2011, the risk level
associated with uranium at the integration point remained about twice the goal.

e In FY 2011 samples were collected within the NT-8 drainage at several locations to identify points
of entry of contaminants into the stream. The analytical results confirm that the eastern branch of
NT-8 that originates in Burial Ground D-West was the principal source of uranium and was a
significant source of polychlorinated biphenyls (PCBs). Additionally, the highest source of VOCs is
attributed to a discharge of plume water that evolves from beneath Burial Ground A and extending
westward beneath NT-7.

e  Both nitrate and cadmium concentrations meet AWQC requirements at the watershed integration
point (BCK 9.2).

e  The average nitrate concentration measured at BCK 12.34 near the S-3 Pond source area was less
than the industrial risk-based concentration.
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Groundwater contaminant trends are relatively stable, and changes from FY 2010 levels are minor.
Increases in some VOC constituents were observed in groundwater at the Bear Creek Burial
Grounds.

Chestnut Ridge

United Nuclear Corporation — As discussed in previous Remediation Effectiveness Reports (DOE
2010 and DOE 2011), elevated gross beta activity continues to be observed in downgradient well
GW-205 and in FY 2011 at UNC SW-1, suggesting a potential contaminant release from the site.
The gross beta activity does not appear to be caused by *Sr, but does track closely to *K. The
downgradient spring (UNC SW-1), added to the monitoring network in FY 2008 to assess the
potential impacts of groundwater seepage on surface water quality, exhibits data consistent with
results from other downgradient monitoring wells at the site that do not detect any contaminants of
concern above an action limit. However, because of detected gross beta in the United Nuclear
Corporation SW-1 in FY 2011, it is recommended that *’Sr be added to the analytical suite for that
location.

Kerr Hollow Quarry — Results of statistical evaluations of FY 2011 groundwater analytical data
for Kerr Hollow Quarry do not indicate a contaminant release for the uppermost aquifer and do not
warrant any response action specified in the Post-Closure Permit for Chestnut Ridge Hydrogeologic
Regime (TDEC 2006).

Filled Coal Ash Pond — The monitoring results since the remedial action indicate that the remedy
is successfully lowering the concentration of contaminants of concern in surface water as it exits the
wetland. Arsenic concentrations, however, generally exceed AWQC in both the upgradient and
downgradient locations at the Filled Coal Ash Pond wetland, although concentrations have decreased
since implementation of the remedial action. Arsenic levels in Rogers Quarry fish have been near
background. However, selenium and mercury concentrations are substantially higher in fish relative
to concentrations found in reference stream fish. Stream community measures show that McCoy
Branch is improving but remains below the values observed in reference streams.

Upper East Fork Poplar Creek

Following is a summary of the Upper East Fork Poplar Creek watershed performance monitoring:

The Record of Decision for Phase | Interim Source Control Actions in the Upper East Fork Poplar
Creek Characterization Area (DOE 2002) goal at Station 17 is 200 ng/L. The average flow-paced
composite mercury concentration during FY 2011 was 817 ng/L. Although significant reductions in
mercury concentration were observed following startup of the Big Spring Water Treatment System,
and in response to drought conditions during 2007 and 2008, the interim goal for mercury
concentrations has not yet been attained on an annual average basis. The increased concentrations
measured during FY 2011 are related to sediment disturbances that occurred during the West End
Mercury Area storm drain cleanout process.

Surface water contaminant discharge conditions were adversely affected by disturbances related to
the West End Mercury Area storm drain sediment removal project. High concentrations and high
fluxes of mercury were measured throughout the watershed.

The Big Spring Water Treatment System was fully operational during FY 2011 and although no

significant downtime or operational problems occurred, inflow volumes exceeded treatment
capacity which caused bypass of untreated water to discharge via Outfall 51 and at the Big Spring
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Water Treatment System equalization tank overflow. Based on available data it is estimated that 0.3
to 0.5 kg of mercury may have been discharged via Outfall 51. During FY 2012, a sampling system
was installed on the equalization tank overflow to measure the amount of water and mercury that is
discharged without treatment. The average effluent concentration for Big Spring Water Treatment
System was 0.029 pg/L, which is slightly greater than the past two years but is less than the
performance standard of 0.2 pg/L. In addition to continued monitoring of the mercury
concentrations during high flows at Outfall 51, the equalization tank overflow water will be
monitored.

. The performance standard for uranium at Station 17 is to monitor the trend. The uranium flux at
Station 17 in FY 2011 remains elevated relative to levels observed in drought years. Uranium
concentration and fluxes originate from groundwater seepage and storm water transport of surface
contamination at Y-12. Groundwater contamination in the West End Mercury Area is a source of
uranium flux at Outfall 200A6. In addition to groundwater plume discharges to surface water,
another source of the increased uranium flux observed at Station 17 may be the former Oil
Skimmer Basin.

. Aquatic biological monitoring shows that mercury concentrations remain stable in fish tissue at
EFK 23.4 near the watershed integration point. PCB concentrations in fish increased to 0.64 pg/g in
2011 but remained much lower than peak levels. The lack of a response in fish to decreased
mercury concentrations in water is an ongoing issue. Additionally, remedial measures required by
the Record of Decision for Phase I Interim Source Control Actions (DOE 2002), including the clean
up and repair of storm sewers in the West End Mercury Area, are expected to reduce mercury
concentrations at Station 17. Although fish and benthic communities are relatively stable, they
continue to show impairment compared to the reference streams.

Off-Site Actions

. Lower East Fork Poplar Creek - Monitoring at Station 17 is conducted to measure the
concentration and mass flux of mercury that is discharged from the Upper East Fork Poplar Creek
watershed into Lower East Fork Poplar Creek. During FY 2011, the flow-paced continuous
monitoring detected an average concentration of 817 ng/L and a mass flux of about 43.2 kg
mercury. The levels of mercury in fish tissue have remained elevated.

. Clinch River/Poplar Creek - Performance monitoring of the Clinch River and Poplar Creek
continues to indicate a downward trend in fish PCBs since the late 1980s. PCBs in channel catfish
are below the fish advisory levels in most years in the Clinch River, but have been at or near the
advisory limits in the last couple of years in Poplar Creek. Striped bass are routinely above advisory
limits, especially larger fish. Mercury concentrations in fish at monitored sites continue to indicate
the influence of mercury sources from East Fork Poplar Creek, with the highest levels in fish in
Poplar Creek and lower levels with distance downstream. Overall, the performance monitoring has
been successful in addressing the record of decision goal of evaluating changes in fish contaminant
levels and how those levels compare to fish advisory limits.

. Lower Watts Bar Reservoir - Performance monitoring results from Lower Watts Bar Reservoir

obtained during FY 2011 continue to indicate that mercury and PCB levels in fish are below
commonly-used fish advisory levels.
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East Tennessee Technology Park

During FY 2011, monitoring results for the principal surface water and groundwater locations indicate
that contaminant levels are generally stable to decreasing in most instances. Collection and treatment of
groundwater containing hexavalent chromium is ongoing and is protective of water quality in Mitchell
Branch. Mercury detections at storm drain outfalls and the K-1700 Weir indicate the need for additional
investigation to identify potential mercury sources.

Performance monitoring at the K-1007-P1 Holding Pond began in FY 2010. The baseline trends show
PCBs in largemouth bass around 15 ug/g as a long-term average. The current sunfish average in fillet is
around 2 pg/g, resulting in a decrease in potential human health risks associated with the change in
species alone. Bluegill concentrations have decreased from around 3 pg/g prior to the actions to 2 ug/g
currently. Clam studies continue to indicate that storm drains are a source of PCBs to the K-1007-P1
Holding Pond, but resuspension of contaminated sediments in the pond are a more likely important source
of PCBs to fish. The removal action at the K-1007-P1 Holding Pond was designed to reduce sediment
mobilization and subsequent bioaccumulation in fish. It will take some time for the fish, plant, wildlife,
and water quality conditions in the pond to stabilize, allowing a better assessment of whether PCB
exposure in the pond has sufficiently decreased.

CERCLA Actions at Other Sites

° Oak Ridge Associated Universities South Campus Facility - During FY 2011, samples were
collected from well GW-842 and surface water locations SCF-WS1 and SCF-WS2 and were
analyzed for VOCs. Well GW-841 was dry at the time of sampling. The FY 2011 results, which
were below drinking water standard concentrations, show continuing decreased concentrations
compared to the short-term increase observed during 2006 and 2007. No site-related VOCs were
detected in the two surface water samples collected during FY 2011.
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1. INTRODUCTION

11 PURPOSE
The purposes of the annual Remediation Effectiveness Report are to:

o Evaluate the performance of each completed action performed in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) on and around the
U. S. Department of Energy (DOE) Oak Ridge Reservation.

o evaluate the effectiveness of and compliance with the long-term stewardship requirements for each of
the completed actions.

e summarize watershed monitoring results.

With the exception of some ecological sampling data, all data reported in the 2012 Remediation
Effectiveness Report was collected prior to or in Fiscal Year (FY) 2011.

1.2 REMEDIATION STRATEGY

In Oak Ridge, DOE and its predecessor agencies have had a mission over the past sixty years of uranium
enrichment, weapons production, and energy research. As a result of this mission, there is a legacy of
hundreds of contaminated sites on the Oak Ridge Reservation. The Oak Ridge Reservation was placed on
the CERCLA National Priorities List in 1989. The Federal Facility Agreement (DOE 1992), signed by
DOE, the U. S. Environmental Protection Agency (EPA), and the Tennessee Department of Environment
and Conservation (TDEC) in 1991, describes how remediation under CERCLA will be performed.

The remediation strategy for the contaminated sites on the Oak Ridge Reservation is based on a watershed
management approach. The Clinch River bounds the Oak Ridge Reservation on three sides, and there are
active creeks that flow down the valleys to the Clinch River. These surface water systems are fed by
runoff from rainfall and by the groundwater that continually discharges to the surface streams. As much
as 90% of the water entering the ground flows rapidly through highly porous and shallow soil, which
contains most of the contaminated sites, before discharging to nearby surface water. Consequently, the
primary pathway for offsite contaminant migration is through shallow groundwater to surface water.
Because of abundant rainfall, contaminant transport by shallow subsurface flow to surface waters, and the
presence of contaminated sites in defined watersheds, a watershed strategy became the basis for
environmental restoration. This conceptual site model is illustrated in Figure 1.1.
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® Most shallow groundwater
moves quickly to surface water

® Water-rich environment
® Complex hydrogeology
® Nearby population centers

® Recreational and municipal use of
downstream water resources

Figure 1.1. Conceptual site model.

Watershed management is an integrated, holistic approach to restore and protect ecosystems and to
protect human health by focusing on hydrologically defined drainage basins. Watershed management is
applied to the environmental restoration of the Oak Ridge Reservation by grouping contaminated sites
into the following five watersheds (Figure 1.2):

e Bethel Valley,

o Melton Valley,

o Bear Creek Valley,

e Upper East Fork Poplar Creek (UEFPC), and

e East Tennessee Technology Park (ETTP).

Additionally, decisions have been made and actions taken off-site [Lower East Fork Poplar Creek
(LEFPC), Clinch River/Poplar Creek, and Lower Watts Bar Reservoir], on Chestnut Ridge, and at other
sites (White Wing Scrap Yard and Oak Ridge Associated Universities South Campus Facility).

The watersheds are used to:

o identify, assess, and prioritize contaminant releases,
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¢ make remedial decisions, and
e evaluate remedial effectiveness.

Contaminants released from the contaminated sites accumulate in floodplain soils and aquatic sediments.
Contaminants not retained, or those remobilized, are released to the surface waters and subsequently
offsite to the Clinch River. Therefore, the surface water acts as an integrator of contaminant flux, and
integration points (Figure 1.2) are identified in each watershed at which contaminant releases can be
tracked, assessed, and prioritized. Once the baseline monitoring and characterization are completed and
the cleanup objectives are defined, the contribution of each remedial action toward achieving the
objectives can be estimated and assessed at the watershed integration point. Through surface water
monitoring both the specific performance of each action and the cumulative progress toward achieving
the cleanup objectives can be assessed.

Since its inception in 1989, the following risk-based prioritization has been used for determining the
sequence of remediation work:

e mitigate immediate onsite and offsite risks,

o reduce further migration of contaminants offsite,

e address sources of offsite surface water and groundwater contamination,
e address remaining onsite contamination, and

e address decontamination and demolition of facilities.

Remedial decisions reflect tradeoffs among protection of human health and the environment, compliance
with environmental standards, and implementation criteria, primarily cost and implementability. A
preferred alternative is selected that represents the optimum solution among these factors. For the Oak
Ridge Reservation the optimum solution needs to be determined at the watershed scale to ensure that the
evaluation considers the cumulative resources needed for cleanup and the resource implications for
alternate end uses. The optimum decision for a single contaminated site may not be the same as when
other contaminated sites in the same watershed are considered as well. For this reason the optimum
decision for each contaminated site is made in the context of the optimum solution for the entire
watershed. By focusing on future end use, the appropriate level of cleanup for a watershed can be
established. The watershed records of decision contain performance goals to be met and a series of
remedial actions designed to achieve them.

While waiting for the watershed decisions to be made with the associated series of remedial actions,
single-project actions were performed primarily to mitigate immediate risks and to reduce further
migration of contaminants offsite.

1.3 LONG-TERM STEWARDSHIP

Various CERCLA decision documents are used to make remediation decisions on the Oak Ridge
Reservation. Typically, either a Record of Decision for a remedial action or Action Memorandum for a
removal action defines the selected remedy. These decision documents contain the statutory decision for
remediation activities and may also specify long-term stewardship requirements. However, because most
decision documents generally lack specifics, additional details typically are found in post-Record of
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Decision documents, such as remedial action work plans, post-construction reports, remedial action
reports, removal action reports, phased-construction completion reports, or monitoring plans.

The decision documents contain engineering controls and land use controls:

e Engineering controls include actions to stabilize and/or physically contain or isolate waste,
contamination, or other residual hazards. Engineering controls include in situ stabilization; capping of
residual contamination; excavation of residual contamination; groundwater extraction and treatment
systems; demolition of buildings; and vaults, repositories, or engineered landfills designed to isolate
waste or materials.

e Land use controls are legal and other non-engineering measures intended to prevent the public from
coming into contact with contamination left in place. Land use controls include administrative
controls such as property record restrictions, property record notices, zoning notices, and
excavation/penetration permit programs, as well as physical controls, such as state
advisories/postings, fences, signs, and surveillance patrols.

Since most of the remediation decisions do not allow unrestricted end use, these sites will require long-
term stewardship. Long-term stewardship is the set of activities necessary to protect human health and the
environment from physical hazards, residual contamination, and wastes remaining following remediation.
The basic elements of long-term stewardship are:

e Stewards — Stewards are responsible for developing, implementing, and overseeing long-term
stewardship activities.

e Operations — Operations are those activities necessary to ensure the integrity of the engineering and
land use controls and include facility operations, inspection, verification, surveillance, monitoring,
enforcement, maintenance, modification, replacement, and evaluation.

e Information Systems — Information systems maintain records of residual contamination, associated
risks, required long-term stewardship activities, and performance of the engineering and land use
controls.

o Research — Research is needed in areas such as the long-term performance of stabilization and
containment technologies and long-term migration of contaminants to reduce the cost of long-term
stewardship and the risk of residual contamination.

e Public Participation — Public participation is required since the public is being protected and should
be involved in selecting, implementing, and reviewing the performance of the remedy and long-term
stewardship activities.

e Public Education — Public education is necessary to ensure that the nature and risk of residual
contamination and the resultant types of land use controls are understood.

e Funding — Adequate and sustained funding is necessary to develop and maintain long-term
stewardship activities.

Long-term stewardship ensures that the engineering controls and land use controls remain effective for an

extended, or possibly indefinite, period of time until residual hazards are reduced sufficiently to permit
unrestricted use and unlimited access (DOE 2003). Long-term stewardship is designed to:
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e Prevent the residual hazard from migrating to the receptor (generally through engineering controls),
and

o Prevent the receptor from encountering the residual hazard (generally through land use controls).

The Remediation Effectiveness Report evaluates the performance of engineering controls and land use
controls that are required by CERCLA documents, e.g., Records of Decision, Action Memoranda,
Remedial Action Work Plans, Removal Action Work Plans, Phased Construction Completion Reports,
Remedial Action Reports, and Removal Action Reports, to protect human health and the environment.
The definitions encompassing long-term stewardship have evolved over time, and earlier decision
documents used the term “institutional controls” instead of land use controls and engineering controls.
This term “institutional controls” is used throughout this document when using citations directly from
these earlier decision documents.

Long-term stewardship information used in this document was collected and/or compiled by the Water
Resources Restoration Program in conjunction with the Surveillance and Maintenance Program, the
Radiation Protection Program, and Environmental Compliance. Site-specific inspections to assess the
condition of engineering controls, as well as physical land use controls, i.e., access controls, signs, and
security patrols, are performed by the Surveillance and Maintenance Program in accordance with site-
specific surveillance and maintenance plans. Inspection check sheets are completed for each location and
linked to any needed maintenance request forms. This documentation is maintained by the Project
Document Control Center and ultimately filed in the Document Management Center. The Water
Resources Restoration Program routinely obtains copies of these check sheets to monitor effectiveness
and to summarize compliance with the long-term stewardship requirements annually in the Remediation
Effectiveness Report. Long-term stewardship requirements at the ETTP also include radiological surveys,
Contamination Area postings, storm drain sampling, and surface water monitoring for areas with
remaining contamination. Radiological monitoring information is maintained by the Radiation Protection
Program, and a summary of the survey results are incorporated into the Remediation Effectiveness
Report. Storm drain sampling and surface water monitoring is performed by ETTP Environmental
Compliance.

Documentation verifying the implementation of administrative land use controls, i.e., property record
restrictions, property record notices, zoning notices, and excavation/penetration permit programs, is
obtained from many sources, including the County Register of Deeds offices for property record
restrictions and property record notices, the City Planning Commission for zoning notices, and project
engineers for the excavation/penetration permit program. Copies of this documentation are obtained by
the Water Resources Restoration Program and maintained with the project files.

The Memorandum of Understanding for Implementation of a Land Use Control Assurance Plan (LUCAP)
for the United States Department of Energy Oak Ridge Reservation (DOE 1999a) requires that the
Manager, DOE Oak Ridge Operations, annually verify in the Remediation Effectiveness Report that Land
Use Controls Implementation Plans are being implemented on the Oak Ridge Reservation. Only select
land use controls for Melton Valley require an annual certification, and this annual certification for
Melton Valley is in Appendix A.

Monitoring information is an instrumental component of long-term stewardship, it is used to assess the
performance of completed CERCLA actions where residual contamination is left that does not allow for
unrestricted use. On the Oak Ridge Reservation for CERCLA sites this information is compiled by the
Water Resources Restoration Program. The Water Resources Restoration Program was established to
implement a comprehensive, integrated environmental monitoring and assessment program for the Oak
Ridge Reservation and to minimize duplication of field, analytical, and reporting efforts. Groundwater,
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surface water, sediment, and biota are monitored and evaluated as part of this assessment program. In
addition to collecting performance assessment data, baseline data also is collected to gauge the
effectiveness of future actions once implemented. All data used in the Remediation Effectiveness Report
are collected in accordance with the watershed-specific monitoring plans and the Quality Assurance
Project Plan for the Water Resources Restoration Program (UCOR 2012). Baseline data will be reported
in future Remediation Effectiveness Reports, as required, once the respective actions are completed.

Select biological monitoring data provide a usable measure of overall improvements in aguatic
conditions. However, these data are not intended to imply any conclusions regarding the current status of
ecological risk. The risk to ecological receptors will be evaluated in future studies, such as Remedial
Investigations and addressed by final decisions for each of the watersheds.

Figure 1.2 shows areas of known groundwater contamination in each of the watersheds. No final
groundwater decisions have been made on the Oak Ridge Reservation to date, although several
groundwater remedial actions have been undertaken. Progress toward groundwater remediation has been
challenging because of the hydrogeologic complexity of fractured rock and karst systems. During the
1990s, several passive groundwater remedial actions were implemented using in situ media to capture or
degrade contaminants. None of these remedial actions met with long-term success, and all were
terminated. Remedial actions that have been successful at prevention of the spread of groundwater
contamination have included containment pump-and-treat systems and aggressive hydrologic isolation of
wastes left in place by capping and in situ stabilization. Containment pump and treat systems are
successful at mitigation of offsite plume migration at the Y-12 east-end volatile organic compound (VOC)
plume in UEFPC and at the hexavalent chromium plume at the ETTP. Such systems do require periodic
maintenance and potential modification, as is the case at the Core Hole 8 plume in Bethel Valley. In
Melton Valley, aggressive hydrologic isolation and in situ solidification by grouting of wastes left in
place is successful in halting formation of contaminated leachate which feeds groundwater contaminant
plumes. Dense non-aqueous phase liquids containing chlorinated VOCs in fractured bedrock are known to
exist at ETTP and in Bear Creek Valley and may be present in other areas of the Oak Ridge Reservation.
Such contaminant problems are extremely difficult and in some instances have been determined to be
technically impracticable to remediate. Groundwater treatability studies are being conducted at two
chlorinated VOC sites — ETTP and the Oak Ridge National Laboratory — to evaluate the feasibility of
remediating these contaminants in the Oak Ridge Reservation groundwater setting. Groundwater also is
monitored to establish a baseline and to identify trends. Groundwater wells have been identified to
monitor exit pathways from the Oak Ridge Reservation and to monitor the performance of specific
actions.

In summary, as illustrated in Figure 1.3, the decision documents describe the remedy in terms of
engineering controls and land use controls. Through the Operations element of long-term stewardship
engineering controls must be operated, maintained, and monitored, and land use controls must be
inspected and verified so protectiveness and performance can be evaluated. Then, the performance is
assessed and reported in the Remedial Effectiveness Report and Five-Year Review.
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DECISION DOCUMENT

Long-Term Stewardship

Engineering Controls Land Use Controls
- caps - Physical
groundwater treatment :f‘?"ces
« excavation sidre
. dernolifich Administrative
= use restrictions
= Excavation/Pensetration Permit Program
= advisories
= patrols
- operations
surveillance
* maintenance
« replacement
* monitoring
* inspection
- verify
Reporting
evaluate against goals
check sheets
RER/Five-Year Review

Figure 1.3. Hierarchy for assessing performance.

1.4 OAK RIDGE RESERVATION RAINFALL

The quantity, duration, and intensity of rainfall affect contaminant concentrations in groundwater and
surface water across the Oak Ridge Reservation. Because of this, general rainfall trends for FY 2011 are
summarized to provide a general context for the remainder of this document.

Details of rainfall distribution for FY 2011 are illustrated in Figure 1.4. Mean monthly rainfall values for
FY 2011 vary from ~1.2 inches/month to approximately 10 inches/month. During FY 2011, the greatest
monthly rainfall occurred in September when a tropical storm system passed over East Tennessee over a 3
day period, and the lowest monthly rainfall occurred during August. During FY 2011, rainfall distribution
was uneven with the months of December, May, and August experiencing about 50% or less of typical
monthly average levels and November, April, and September experiencing much greater than normal
rainfall levels.

Total rainfall on the Oak Ridge Reservation during FY 2011 measured over 60 inches based on a

composite of six rain-gauge stations located throughout the Oak Ridge Reservation (Figure 1.5). The total
rainfall during FY 2011 was greater than the long-term mean of 54 inches/year.
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Figure 1.4. FY 2011 monthly average rainfall from six rain gauges on the Oak Ridge Reservation.
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Figure 1.5. Mean annual rainfall from six rain gauges on the Oak Ridge Reservation, 2001-2011.
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1.5 DOCUMENT ORGANIZATION

The Remediation Effectiveness Report contains the following chapters:
e Chapter 1 — Introduction

e Chapter 2 — Bethel Valley Watershed

e Chapter 3 — Melton Valley Watershed

e Chapter 4 — Bear Creek Valley Watershed

e Chapter 5 — Chestnut Ridge

e Chapter 6 — Upper East Fork Poplar Creek

e Chapter 7 — Off-Site

e Chapter 8 — East Tennessee Technology Park
e Chapter 9 — Other Sites

e Appendix A — the applicable compliance certification for the approved Melton Valley land use
controls

o Appendix B — Graphical presentation of data that support discussions of Melton Valley performance
assessments

e Appendix C — Action Plans identified From 2011 Third Reservation-wide CERCLA Five-Year
Review

Figure 1.2 shows the watersheds on the Oak Ridge Reservation, and Figure 1.6 shows the boundaries of
the impacted watersheds downstream of the Oak Ridge Reservation. Implementation of the watershed
records of decision can take many years to complete. Therefore, watershed maps in each chapter use
different symbols to identify completed actions, actions not implemented, and actions which are in
progress.

A chapter is devoted to each of the watersheds (Figure 1.2), to Chestnut Ridge, to off-site actions, and to
other sites. Rather than forming a single defined hydrologic watershed, Chestnut Ridge and ETTP
comprise several individual sub-watersheds but are treated as a single unit for decision-making and
performance assessment purposes. Each chapter identifies completed single-project actions and
completed watershed-scale actions with long-term stewardship requirements. For each chapter, the
following information is provided:

e Description of the completed actions.

e Long-term stewardship requirements, e.g., monitoring, land use controls, and facility operations,
for completed actions.
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e Evaluation of compliance with long-term stewardship requirements. When insufficient data exist
to assess the impact of the completed actions, e.g., when the action was only recently completed
or not all actions prescribed by the watershed record of decision have been implemented, a
preliminary evaluation is made of early indicators of effectiveness at the watershed scale, such as
contaminant trends at surface water integration points.

e Summary, issues and recommendations.

Actions that do not have long-term stewardship requirements or have been terminated or superseded by
watershed-scale actions are not discussed. The 2011 Third Reservation-wide CERCLA Five-Year Review
(DOE 2011) includes an up-to-date compendium of all CERCLA decisions.

1.6 ISSUES AND RECOMMENDATIONS

Table 1.1 summarizes issues and recommendations identified through evaluation of long-term
stewardship requirements. To track issues through their resolution, Table 1.1 is a compilation of the
issues identified in subsequent chapters of this Remediation Effectiveness Report and unresolved issues
carried forward from a previous Remediation Effectiveness Report. Table 1.2 identifies those issues that
are closed out in this Remediation Effectiveness Report and will no longer be tracked in future
Remediation Effectiveness Reports or Five-Year Reviews. Table1.3 is a summary of issues,
recommendations, and follow-up actions from the 2011 Third Reservation-wide CERCLA Five-Year
Review (DOE 2011). Table 1.4 is reserved at this time in this document.

An issue that is carried forward from a previous years’ Remediation Effectiveness Report is only
discussed in the respective chapter of the text if FY 2011 assessment clarifies, modifies, or otherwise
impacts the issue in any way. For example, because many of the issues in Table 1.1 require completion of
future actions, those particular issues will remain in the table for tracking purposes, but generally will not
be discussed in any detail in the respective chapter.

1-13



yT-T

Table 1-1. 2012 issues and recommendations
(New issues identified in this RER are in blue text.)

Responsible Target
Issue? Recommendation parties response
Primary/Support date
Bethel Valley
Line leaks in the potable water system were identified and fixed by UT-
Corehole 8 Plume collection system Battelle in FY 2010. Additionally, new wells were drilled for the Bethel
performance does not meet RmAR Valley Corehole 8 Extraction System in FY 2010 and FY 2011 and are DOE/ FY 2012
performance goals. (2010 RER) currently being hooked up to the extraction system. After the extraction EPA & TDEC
system is fully operational, the *°Sr concentrations are expected to decrease.
Melton Valley
Comprehensive picket well and offsite well sampling was completed in the first
Initial sampling of new offsite wells quart_er of FY 20_12. The pres_,ence_of site c_ontaminant_s, trends, and on-si_te VS
(2 events) yielded indication of the off-site hydrologic head relationship was discussed with the Core Team in DOE/
January 2012. New sampling is being agreed upon with DOE/EPA/TDEC for EPA & TDEC FY 2012
presence of VOCs and some metal he Melton Valley Exit Pathway and is being documented in the Melton Valle
contaminants. (2011 RER) the et y y g y
Monitoring Plan.
During FY 2010 groundwater level
control at the SWSA 4 downgradient
trench deteriorated as indicated by (a) closed out in Table 1.2 (b) DOE will evaluate options to enhance the DOE/
water level measurements in the performance of the SWSA 4 downgradient extraction trench. In 2011 it was EPA & TDEC FY 2012
trench, within the nearby portion of determined that contaminants from SWSA 4 were seeping to surface water.
SWSA 4, and the former IHP area.
(2011 RER)
Bear Creek Valley
Documented discharge of lga) Closed out in Table 1.2. (b) Engineering desigr_l and operat_ional records ’I;I;—rl?/ i%ggﬁe mztlrer
- or the non-CERCLA groundwater seepage collection system in the NT-8 .
contaminants from upstream sources headwaters associated with BCBG D-West will be reviewed and the system DOE/ to FFA Appendix E
in NT-8. (2011 RER) - EPA & TDEC and J for planned
performance will be evaluated. implementation
schedule.
A scarcity of groundwater monitoring (BB(:gchl:cir\?le:e\r/angé'
wells in Zone 2 makes it impossible to refer to FEA '
precisely map and track groundwater Evaluation of potential pathways and installation of additional wells will be DOE/ Appendix E and J
contaminant transport pathways from included in the work plan associated with the future Bear Creek Valley EPA & TDEC PP

a DNAPL area in the BCBGs and
potentially into Zone 1. (2011 RER)

Groundwater ROD.

for planned
implementation
schedule.
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Table 1.1. 2012 issues and recommendations (cont.)
(New issues identified in this RER are in blue text.)

Issue?

Recommendation

Responsible
parties

Primary/Support

Target
response
date

Five years of monitoring has been
completed at the Bear Creek
restoration site (BCK 4.6). The site is
in excellent condition and is well on
its way to recovery. (2011 RER)

DOE recommends that stream habitat, riparian vegetation and wetland
monitoring be discontinued. DOE submitted an Appendix 1-12 letter.

DOE/
EPA & TDEC

FY 2012 when
Appendix 1-12 letter
is concurred to by
EPA/TDEC.

In addition to surface water
monitoring at the BYBY, the PCCR
(DOE 2003d) specifies stream-
stability monitoring, riparian
vegetation monitoring, and in-stream
biological monitoring of the restored
NT-3 channel. (2008 RER)

DOE recommended that riparian vegetation monitoring be discontinued
because of improved habitat. DOE submitted an Appendix 1-12 letter to
discontinue the monitoring for EPA/TDEC approval.

DOE/
EPA & TDEC

FY 2012 when
Appendix 1-12 letter
is concurred to by
EPA/TDEC.

Chestnut Ridge

. Gross beta detected in UNC SW-1 in

fourth quarter sample.

Add ®Sr to the analytical suite for that location. DOE will submit an Appendix
1-12 letter for EPA/TDEC approval with changed pages from the Upper East
Fork Poplar Creek Monitoring Plan.

DOE
EPA & TDEC

FY 2012/2013 when
Appendix 1-12 letter
is concurred to by
EPA/TDEC.

East Tennessee Technology Park

Sampling of the SW-31 Spring is no
longer required, but the decision and
completion document still requires
monitoring.

Revise Addendum to the Remedial Action/Effectiveness Report for the K-1070
Operable Unit SW31 Spring Phase 2 Remedial Action at the Oak Ridge K-25
Site, Oak Ridge, Tennessee (DOE 2007).

DOE/
EPA & TDEC

FY 2012

The northern section of East
Tennessee Technology Park Zone 1
has been identified as a conservation
easement (BORCE). The BORCE is
utilized for recreational use: hiking,
bicycling, and select controlled deer
hunts. The end use identified in the
East Tennessee Technology Park
Zone 1 ROD is unrestricted industrial,
i.e., recreational use was not
designated. (2010 RER)

DOE acknowledges the land use differences that exist between the BORCE use
and that which is in the Zone 1. The end use of the portion of Zone 1 that is also
identified as part of the BORCE will be changed from industrial to recreational
in an amendment to the Zone 1 Interim ROD (DOE 2002a) with the appropriate
level of public participation. The Addendum to the Phased Construction
Completion Report for the Duct Island Area and K-901 Area in Zone 1, East
Tennessee Technology Park, Oak Ridge, Tennessee (DOE 2010g) includes the
risk assessment to support this change.

DOE/
EPA & TDEC

FY 2012 with
amendment to
Zone 1 Interim ROD

®The year of the Remediation Effectiveness Report or the Five-Year Review in which the issue originated is provided in parentheses, e.g., (2008 Remediation Effectiveness Report).
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Table 1.1. 2012 issues and recommendations (cont.)
(New issues identified in this RER are in blue text.)

BCBG = Bear Creek Burial Grounds

BCK = Bear Creek kilometer

BORCE = Black Oak Ridge Conservation Easement

BYBY = Boneyard/Burnyard

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980
DNAPL = dense non-aqueous-phase liquid

DOE = U. S. Department of Energy

EPA = U. S. Environmental Protection Agency

FFA = Federal Facility Agreement

IHP = Intermediate Holding Pond

NT = North Tributary

PCB = polychlorinated biphenyl

RmMAR = Removal Action Report

RER = Remediation Effectiveness Report

SWSA = Solid Waste Storage Area

TDEC = Tennessee Department of Environment and Conservation
UNC = United Nuclear Corporation

VOCs = volatile organic compound
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Table 1-2. Closed-out issues in 2011

Resglcipingle Target
Issue® Recommendation/Resolution P response
Primary/Support date
Melton Valley
During FY 2010 groundwater Iev_el (a) During winter of 2011 DOE will collect seepage samples from the IHP
control at the SWSA 4 downgradient . . : .
- - adjacent to the SWSA 4 downgradient trench during or soon after large rainfall .
trench deteriorated as indicated by S . . - DOE/ FY 2011 with
. events to determine if SWSA 4 contaminants are being discharged to surface L
water level measurements in the - - - - EPA & TDEC submission of the
o . water in the IHP. In 2011 it was determined that contaminants from SWSA 4
trench, within the nearby portion of . . - 2012 D2 RER
were seeping to surface water, results included in the 2011 RER. (b) Included
SWSA 4, and the former IHP area. as an open issue in Table 1.1
(2011 RER) P -
Monitoring results for some zones in Monitoring of the picket wells in accordance with the Melton Valley
the Melton Valley exit pathway wells Monitoring Plan continued through December 2011. Additionally in 2010, DOE
yield elevated alpha and beta activity established an offsite monitoring system to confirm the presence of
results that are apparently the result of contaminants including two clusters of newly drilled wells and two reconfigured
elevated suspended and/or dissolved wells. Monitoring of the new system was agreed upon for four quarters, after DOE/ FY 2011 with
solids. These results raise concern which the Core Team discussed the monitoring results. The Core Team EPA & TDEC submission of the
over possible migration of discussed the result of the sampling in December 2011. This issued is closed 2012 D2 RER
contamination across the DOE out.
property boundary in western Melton
Valley. (2008 RER) Issue #1 in Table 1.1 concerns the follow on sampling documentation in a
revision to the Melton Valley Monitoring Plan.
Bear Creek
Documented discharge of (a) Surface water samples were collected along a transect from the NT-8 flume
contaminants from upstream sources upstream to the_ BCBG fence identifyir]g the inp_uts of uranium, VOCs, and DOE/ FY 2011 with
in NT-8. (2011 RER) PCBs to NT-8 in FY 2011, results are included in the 2012 RER. (b) Included EPA & TDEC submission of 2012
as an open issue in Table 1.1. D2 RER
Monitoring results for Zone 1 of Bear
Creek \_/alley exhibit trgce-t(_)-low The contaminant concentrations have remained low and are observed :
contaminant concentrations in - - - L. . . FY 2011 with
- intermittently at various monitoring locations. In FY 2010, concentrations DOE/ L
groundwater, thereby compromising - - - submission of 2012
S continued to trend downward or were not observed at all. The intermittent EPA & TDEC
the Phase | ROD goal to maintain - - - . . D2 RER
plume in the Maynardville Limestone were monitored during FY 2011 and no
clean groundwater acceptable for MCLs were exceeded
unrestricted use. (2010 RER) '
Results for BCK 9.2 show an increase Uranium flux mass balance in the Bear Creek watershed is complicated by the Bear Creek Valley
in the proportion of ungauged uranium karst groundwater system. However, during FY 2010 the mass balance DOE/ Monitoring Plan
flux beginning in FY 2002. Increasing between source area contribution and the BCK 9.2 total matched withinan 1% | EPA & TDEC Addenda and

uranium trends are not observed at
gauged monitoring stations, or in

(<1 kg). DOE submitted an Appendix I-12 letter (and included the revised
pages from the Bear Creek Valley Watershed Monitoring Plan) to the

1-12 letter concurred
on by acceptance of
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Table 1.2. Closed-out issues in 2011 (cont.)

Issue®

Recommendation/Resolution

Responsible
parties

Primary/Support

Target
response
date

principal groundwater exit points

regulators recommending re-instatement of flow paced monitoring at NT-3 and

the regulators in

contributing to Bear Creek surface NT-5 and the creation of an additional flux monitoring station at BCK 10.15 January 2012.
flow. (2006 FYR) (downstream of SS-4 but upstream of NT-7) to attempt to determine inputs to
the stream channel from karst discharge. The Appendix I-12 letter was
accepted by both TDEC and EPA. Flow calibration at BCK 10.15 is on-going
in FY 2011. Sources of uranium flux have been identified.
Upper East Fork Poplar Creek
During FY 2010 inflow to BSWTS -, . .
exceeded system design treatment Recommend additional data_ collection at _Out_fall 51 to better quantify water FY 2011 with
: o volume and total mercury discharges, which is necessary to support any DOE/ L
capacity necessitating bypass flow to e - . submission of D2
RS . modification to BSWTS capacity. Flow meter and sampling system were EPA & TDEC
occur during significant periods of installed on 8-inch overflow pipe RER
time. )
A team consisting of DOE Environmental Management, National Nuclear
o o Security Administration, and Office of Science continue working together to
Mercury concentrations in fish within develop a conceptual model(s) for mercury fate and transport relevant to methyl | DOE/ FY 2011 with
the UEFPC system remain elevated, mercury concentrations in the UEFPC ecosystem. Two recent reports focused EPA & TDEC submission of D2
despite decreasing concentrations in on mercury sources, transport, and fate have been drafted or published RER
aqueous mercury levels. (2007 RER) (Southworth et al. 2010, Peterson et al 2011).
FY 2005 pre-action mercury
concentrations at Station 17 are above FY 2011 with
the 200-ppt performance goal. Hg submission of D2
concentrations in fish in UEFPC have . - - - . RER
et to respond to commensurate Remedial measures including the recent clean up and repair of storm sewers in UEFPC Phase |
Y resp L the West End Mercury Area required by the UEFPC Phase | ROD are expected | DOE/
reductions of Hg from historical . . N ROD, refer to the
. . NN to reduce Hg concentrations at Station 17. FY 2010 mercury levels in UEFPC | EPA & TDEC .
RMPE actions. Biota monitoring in fi . . FFA Appendix E
. - L ish remain above federal AWQC, but are less than peak levels observed in -
UEFPC shows impaired diversity and - . - - . and Appendix J for
densi P 2001-2002. Issue will continue to be monitored and discussed in future RERs.
ensity of pollution-intolerant planned
species. (2006 FYR) implementation
schedules.
East Tennessee Technology Park
Fish barrier in K-1007-P1 Holding
Pond was damaged during storm Fish barrier was repaired and undesirable fish were removed to the extent DOE/ 2011 FYR with
events allowing reintroduction of practicable in FY 2010. Performance monitoring initiated, and PCB EPA & TDEC submission of 2012

undesirable fish species into the pond.

concentrations in fish will continue to be evaluated.

D2 RER.
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Table 1.2. Closed-out issues in 2011 (cont.)
8The year of the RER or the FYR in which the issue originated is provided in parentheses, e.g., (2008 RER). Only issues that are closed out in this RER (2011) are included.

Similarly, prior RERs have identified issues which were closed out in that year.

AWQC = ambient water quality criteria

BCBG = Bear Creek Burial Grounds

BCK = Bear Creek kilometer

BORCE = Black Oak Ridge Conservation Easement

BSWTS = Big Spring Water Treatment System

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980
DOE = U.S. Department of Energy

EPA = U.S. Environmental Protection Agency

FFA = Federal Facility Agreement

FY = fiscal year

FYR = Five-Year Review

IHP = Intermediate Holding Pond

MCL = Safe Drinking Water Act maximum contaminant level

NT = North Tributary

PCBs = polychlorinated biphenyls

RER = Remediation Effectiveness Report

RMPE = Reduction of Mercury in Plant Effluents

ROD = Record of Decision

SWSA = Solid Waste Storage Area

TDEC = Tennessee Department of Environment and Conservation
UEFPC = Upper East Fork Poplar Creek

VOCs = volatile organic compound
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Table 1-3. 2011 Five-Year Review summary of issues and recommendations and follow-up actions®

DOE FYR Affects
Issue # Protectiveness?
[CERCLIS Recommendation and Party Oversight (Y/N)®
OuU #] Issue follow-up action responsible | agency Milestone date/Status Current | Future
General Issue - All Watershed ROD Actions with pending long-term actions
G-1 Risk methods, toxicity factors, |During planning for additional |DOE EPA/TDEC |Prior to implementing phased |N Y
and COCs have changed over | actions not yet started under the portions of response action
[OUs 30, 32, | time for actions under BV, BCV, UEFPC, Zone 1, and
28, 15] watershed RODs that are in Zone 2 RODs, remediation Status: Remediation levels in
progress. levels will be updated prior to BV, BCV, UEFPC, Zone 1 and
implementing additional actions Zone 2 will be updated prior to
and documented in approved implementing additional
CERCLA work plans. The actions.
remediation levels will be
included in post-ROD
documentation.
Off-ORR Actions
OF-1 There is mercury underlying DOE will monitor any future DOE EPA/TDEC | Annually via RER N Y
the parking lot corner at the changes to land use. If changes (note: annual review OK
[OU 10] Former Dean Stallings Ford occur DOE will evaluate the because remedy is protective)
property along LEFPC. This need for additional ICs and
property is for sale and the sale | other response actions. Status: No change in land use
could result in a change in land as documented in this RER.
use.
OF-2 New information suggests Assessment of the entire EFPC | DOE EPA/TDEC | Submit action plan per FFA Y Y
mobilization of mercury from | system from its headwaters Section XXXI in FY 2012 D2
[OU 28] the UEFPC and LEFPC within the Y-12 Plant (OU 28) RER 7/30/12; report on action
streambed and stream banks is | to its downstream confluence plan completion/status in
the primary source of mercury |with Poplar Creek will be FY 2013 RER 3/30/13
export during high-flow documented in the RER. Any
conditions. The current ROD | potential action on this issue Status: Action Plan #1 is
did not address the entire will be addressed as part of the included in Appendix C.
hydrologic system (e.g., sequencing approach for Hg
upstream sources within the Y- | remediation throughout the
12 Complex) and did not system (see Issue UEF-1)
address creek bank or creek bed
sediments.
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Table 1.3. 2011 Five-Year Review summary of issues and recommendations and follow-up actions® (cont.)

DOE FYR Affects
Issue # Protectiveness?
[CERCLIS Recommendation and Party Oversight (Y/N)®
OuU #] Issue follow-up action responsible | agency Milestone date/Status Current | Future
OF-3 New mercury bioaccumulation | Continue studies to complete the | DOE EPA/TDEC | Submit action plan per FFA Deferred | Deferred
studies show mercury uptake in | conceptual model for mercury Section XXXI in FY 2012 D2
[OU 10] spiders along EFPC. bioaccumulation in RER 7/30/12; report on action
measurement points (e.g., plan completion/status in
spiders) and subsequent FY 2013 RER and document
ecological endpoint receptors in addendum to FYR 3/30/13
the EFPC RI prior to the Final
ROD. Status: Action Plan #2 is
included in Appendix C.
OF-4 The **'Cs action level used by | The WBIWG will review the  |WBIWG  |EPA/TDEC | Submit action plan per FFA N Y
the WBIWG should be 37Cs action level used for Section XXXI in FY 2012 D2
[OU 24] reviewed in light of the various | dredging permit decisions. RER 7/30/12; report on action
changes in the risk assessment plan completion/status in
process and cancer slope factors. FY 2013 RER 3/30/13
Status: Action Plan #3 is
included in Appendix C.
Melton Valley Actions
MV-1 During FY 2009 and FY 2010, |DOE will evaluate the DOE EPA/TDEC | Submit action plan per FFA N N
the groundwater level control in | performance of the Section XXXl in FY 2012 D2
[OU 29] the SWSA 4 downgradient downgradient trench extraction RER 7/30/12; report on action
trench in MV showed short-term | wells and will recommend an plan completion/status in
problems following significant | action to improve system FY 2013 RER 3/30/13
rainfall events. This indicates performance.
the possibility that contaminated Status: Action Plan #4 is
groundwater may be discharged included in Appendix C.
to the IHP for periods of time
when water level control in the
trench is inadequate.
Bethel Valley Actions
BV-1 The BV ROD goal for surface | Modify Interim ROD to clarify | DOE EPA/TDEC | Submit action plan per FFA N N
water of “achieve at least 45% | criteria. Section XXXI in FY 2012 D2
[OU 30] risk reduction at 7500 Bridge” is RER 7/30/12; report on action
difficult to use as a quantitative plan completion/status in
measure of performance due to FY 2013 RER 3/30/13
(1) uncertainty related to the
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Table 1.3. 2011 Five-Year Review summary of issues and recommendations and follow-up actions® (cont.)

DOE FYR Affects
Issue # Protectiveness?
[CERCLIS Recommendation and Party Oversight (Y/N)®
OuU #] Issue follow-up action responsible | agency Milestone date/Status Current | Future
exact baseline risk values Status: Action Plan #5 is
against which to measure this included in Appendix C.
reduction, and (2) lack of clarity
in the ROD on sampling and
statistical approach for
measuring changes.
BV-2 Corehole 8 Plume collection Corehole Plume collection DOE EPA/TDEC | Submit action plan per FFA N Y
system operation and system is currently being Section XXXl in FY 2012 D2
[OU 35] maintenance issues are upgraded. System is scheduled RER 7/30/12; report on action
preventing it from currently to be back online in FY 2012. plan completion/status in
meeting the RmMAR performance FY 2013 RER 3/30/13
goals.
Status: Action Plan #6 is
included in Appendix C.
Upper East Fork Poplar Creek Actions
UEF-1 Mercury concentrations at Remedial measures that have not| DOE EPA/TDEC | Submit action plan(s) per FFA |Y Y
Station 17 are above the 200-ppt | been completed under the Section XXXI for Mercury
[OU 28] performance goal. Hg UEFPC Phase | ROD. Mitigation Strategy 03/31/13,
concentrations in fish in LEFPC | Implementation of Mercury including:
have yet to respond to Mitigation Strategy, including
commensurate reductions of the Mercury Action Strategy RDWP and Conceptual Design
mercury from historical Document and a Mercury Water (Outfall 200) 06/30/13
response actions. Treatment System (Outfall 163),
are initial phased response Status: Mercury Mitigation
actions. Strategy is on target for
03/31/13.
UEF-2 The POC for the AWQC DOE will issue a Non- DOE EPA/TDEC | Submit action plan per FFA Y Y
(organisms only) for the East Significant Change to the Section XXXI in FY 2012 D2
[OU 42] End VOC Plume needs to be EEVOC Plume AM to clarify RER 7/30/12; report on action
revised to an in-stream POC. that the POC for monitoring plan completion/status in
compliance. FY 2013 RER 3/30/13
Status: Action Plan #7 is
included in Appendix C.




YA

Table 1.3. 2011 Five-Year Review summary of issues and recommendations and follow-up actions® (cont.)

DOE FYR Affects
Issue # Protectiveness?
[CERCLIS Recommendation and Party Oversight (Y/N)®
OuU #] Issue follow-up action responsible | agency Milestone date/Status Current | Future
Bear Creek Valley
BCV-1 The BCV ROD does not Identify specific COCs and DOE EPA/TDEC | Submit action plan per FFA N Y
provide a comprehensive list of |related RLs to assess remedy Section XXXI in FY 2012 D2
[OU 32] COCs and related RLs to performance prior to the BCV RER 7/30/12; report on action
evaluate compliance with ROD |final ROD. plan completion/status in
goals. This was the first FY 2013 RER 3/30/13
“watershed” ROD and did not
include these levels. Status: Action Plan #8 is
included in Appendix C.
BCV-2 NT-1 currently exceeds AWQC | FFA Appendix E milestones for | DOE EPA/TDEC | Submit S3 Pond Pathways 1-3 |Y Y
ARAR for Cd (0.25 ug/L) and | response actions at NT-8 and action plan per FFA Section
[OU 32] the OU is not protective of S-3 Ponds Pathways 1-3 XXXIin FY 2012 D2 RER

aquatic life. The S-3 Pond
removal action to address S-3
Pond Pathways 1 and 2 was
ineffective and, therefore,
terminated. The S-3 Pond
remedial action for Pathway 3
has not been implemented.

Uranium activity at BCK 9.2
remains above acceptable levels
for residential and industrial
human receptors; however, there
is no current unacceptable
human exposure.
Approximately 51% appears to
come from NT-8, which drains
the BCV Burial Grounds that
are not under an existing ROD.
A second significant amount of
flux passing 9.2 is measured at
BCK 12.34, which drains the
S-3 Ponds.

deferred to FFA Appendix J in
2022 per agreement at the April
30, 2012 Supervisory
Management Team meeting.

Remaining actions for elevated
flux passing BCK 9.2 and not
meeting the Phase | ROD
objectives will be evaluated
in subsequent decision
documents (e.g., NT-8 early
action and BCV Burial
Grounds Final Action) and
prioritized/scheduled in
accordance with FFA
Appendix E and J

7/30/12; report on action plan
completion/status in FY 2013
RER 3/30/13

Status: Action Plan #9 is
included in Appendix C.
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Table 1.3. 2011 Five-Year Review summary of issues and recommendations and follow-up actions® (cont.)

DOE FYR Affects
Issue # Protectiveness?
[CERCLIS Recommendation and Party Oversight (Y/N)®
OuU #] Issue follow-up action responsible | agency Milestone date/Status Current | Future
Chestnut Ridge
CR-1 Monitoring at FCAP indicates | Continue to monitor water DOE EPA/TDEC | Report data and provide AWQC | N N
arsenic concentrations in quality downstream of the dam comparison in the annual RER.
[OU 26] surface water downstream of | at MCK 2.0 as currently planned In the 2013 RER, report
the FCAP dam are occasionally | per WRRP monitoring. specifically on the status of this
greater than revised AWQC for FYR issue.
“recreation, organisms only.”
However, arsenic Status: Planned for 2013 RER.
concentrations are less than the
AWQC for “fish and aquatic
life.” The ROD does not
specify compliance with either
of these numeric criteria;
however, they are used as
comparative criteria to track
reduction in “contaminant
migration to surface water” and
“risk to ecological receptors.”
East Tennessee Technology Park
ETTP-1 Land use in the northern portion | Designate use as recreational. DOE EPA/TDEC | Remedial Investigation/ N Y
of Zone 1 (Black Oak Ridge) Address through appropriate Feasibility Study/Proposed
[OU 15] has been changed to a documentation agreed upon with Plan - 3/8/12;
conservation easement the ETTP Core Team. Zone 1 Final ROD 02/17/14
(BORCE) and used for Determine if industrial use goals
recreational use: hiking, are protective of recreational Status: D1 RI/FS regulator
bicycling, and select deer hunts. | uses. comments have been received.
The end use identified in the D1 PP review suspended by
Zone 1 ROD is unrestricted regulators pending finalization
industrial (i.e., recreational use of RI/FS.
was not designated).
ETTP-2 The DVS process was not Address ongoing sources DOE EPA/TDEC | Remedial Investigation/ N Y
designed to address all sources Feasibility Study/ Proposed
[OU 15] of contamination to Plan - 3/8/12; Zone 1 Final
groundwater, and although ROD 02/17/14
PCCRs have released land for
industrial use, some sources
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Table 1.3. 2011 Five-Year Review summary of issues and recommendations and follow-up actions® (cont.)

DOE FYR
Issue #
[CERCLIS
OuU #]

Issue

Recommendation and
follow-up action

Party
responsible

Oversight
agency

Milestone date/Status

Affects
Protectiveness?
(Y/N)®

Current | Future

remain, e.g., K-1070-F,
Contractor’s Spoil Area, and
others.

Status: D1 RI/FS regulator
comments have been received.
D1 PP review suspended by
regulators pending finalization
of RI/FS.

2 Issues and actions are from the 2011 FYR D2, (DOE/OR/01-2516&D?2), status as of September 30, 2012.
® Assumes that the proposed recommendation has not been implemented.

AM = Action Memorandum
ARAR = applicable or relevant and appropriate requirement
AWQC = Ambient Water Quality Criteria
BCV = Bear Creek Valley

BORCE = Black Oak Ridge Conservation Easement

BV = Bethel Valley
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980

CERCLIS = Comprehensive Environmental Response, Compensation, and Liability System

COC = contaminant of concern

CR = Clinch River

DOE = U. S. Department of Energy
DVS = Dynamic Verification Strategy

EEVOC = East End Volatile Organic Compound

EFPC = East Fork Poplar Creek

EPA = U. S. Environmental Protection Agency

ETTP = East Tennessee Technology Park
FFA = Federal Facility Agreement

FY =fiscal year

FYR = Five-Year Review

Hg = mercury

IHP = Intermediate Holding Pond
LEFPC = Lower East Fork Poplar Creek
LWBR = Lower Watts Bar Reservoir
MCK = McCoy Branch kilometer

MNA = monitored natural attenuation
MV = Melton Valley

N = No

NT = North Tributary

ORR = Oak Ridge Reservation
P = Possible

PC = Poplar Creek

PCCR = Phased Construction Completion Report

POC = point of compliance
ppt = parts per trillion
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Table 1.3. 2011 Five-Year Review summary of issues and recommendations and follow-up actions® (cont.)

RCRA = Resource Conservation and Recovery Act of 1976
RER = Remediation Effectiveness Report

RI = Remedial Investigation

RL = remediation level

RmMAR = Removal Action Report

ROD = Record of Decision

SWSA = Solid Waste Storage Area

TDEC = Tennessee Department of Environment and Conservation
UEFPC = Upper East Fork Poplar Creek

VOC = volatile organic compound

WBIWG = Watts Bar Interagency Working Group

Y =Yes

Y-12 Complex = Y-12 National Security Complex

Mg/L = micrograms per liter
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Table 1.4. Summary of completed technical issues and recommendations from the Five-Year Review (Reserved)
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2. CERCLAACTIONS IN BETHEL VALLEY WATERSHED

2.1 INTRODUCTION AND STATUS
2.1.1 Introduction

The Bethel Valley Watershed contains most of the active facilities and a considerable fraction of the
CERCLA facilities and contaminated sites at the Oak Ridge National Laboratory. Table 2.1 lists the
CERCLA actions within the watershed, and Figure 2.1 locates the key CERCLA sites and actions. In
subsequent sections performance goals and objectives, monitoring results, and an assessment of the
effectiveness of each completed action are discussed. Only sites that have monitoring and long-term
stewardship requirements (Table 2.1) are included in these performance evaluations. Remedial Action
Objectives that form the basis for the interim remedial actions are based on the end uses depicted in
Figure 2.2. These end uses require certain restrictions regarding site access and allowable activities as
listed in Table 2.2.

Completed CERCLA actions in the Bethel Valley Watershed are gauged against their respective action
specific goals. However, CERCLA actions have yet to be fully implemented within the watershed.
Therefore, monitoring of baseline conditions is conducted against which the effectiveness of the actions
can be evaluated in the future. The collected data provides a preliminary evaluation of the early indicators
of effectiveness at the watershed scale.

For a complete discussion of background information and performance metrics for each remedy, a
compendium of all CERCLA decisions in the watershed within the context of a contaminant release
conceptual model is provided in Chapter 6 of Volume 1 of the 2011 Third Reservation-wide CERCLA
Five-Year Review for the U.S. Department of Energy Oak Ridge Reservation, Oak Ridge, Tennessee
(DOE 2011e). This information is updated in the annual Remediation Effectiveness Report and
republished every fifth year in the CERCLA Five-Year Review.

2.1.2 Status

Watershed-Scale Actions

The Record of Decision for Interim Actions at Bethel Valley (DOE 2002) establishes protectiveness and
cleanup levels for the watershed and specifies the following remedial actions for soil and sediment --
capping at two large waste sites, Solid Waste Storage Area 1 and the Solid Waste Storage Area 3 area;
removing soil in actions that vary in size from limited extent to large areas; and removing stream
sediments from seven stream-reach exposure units. The status follows:

e The Remedial Design Report/Remedial Action Work Plan for Soils, Sediments and Dynamic
Characterization Strategy for Bethel Valley (DOE 2009a) defines the scope of remediation to be
performed, describes the method of accomplishment for remediation, and presents statistically-based
soil characterization strategy to verify that the Remedial Action Objectives (DOE 2002) are met
following remedial action. The cleanup strategy includes a series of workshops to identify sampling
needs in specific portions of Bethel Valley. More than 15 workshops were conducted in FY 2010
and field activities, focused on the Raccoon Creek drainage and the western end of Bethel Valley
including the northwest corner of the Oak Ridge National Laboratory main campus, have been
completed. With the exception of groundwater and of areas adjacent to Raccoon Creek, 487 acres
west of the Contractors Landfill were identified No Further Action under the Record of Decision for
Interim Actions at Bethel Valley by the end of FY 2010. Activities were ongoing as of September 30,
2011.

2-1
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Table 2.1. CERCLA actions in Bethel Valley Watershed

Monitoring/
Facility
CERCLA action Decision document, date signed Action/Document status® Operations/ section
(mm/dd/yy) Land Use
Controls
required
Watershed-scale actions
Actions complete 2.2
PCCR for the Tanks T-1, T-2, and High Flux Isotope Reactor b
ROD (DOE/OR/01-1862&D4): 05/2/02 (DOE/OR/01-2238&D1) 11/16/05. No/No/No
PCCR for the Bethel Valley Mercury Sumps Groundwater
NSC (05/2/04) Action (DOE/OR/01-2472&D1) approved 08/27/10. Yes/Yes/Yes | 2.2.2.1.2
. Actions in progress
. NSC (DOE/OR/01-2152&D1), addition of RDR/RAWP for Oak Ridge National Laboratory soils and
Bethel Valley Interim Hot Storage Garden (3597), 07/12/04 sediments (DOE/OR/01-2378&D4), approved 12/07/09
Actions i :
NSC (12/3/04) RDR/RAWP for the Bethel Valley Burial Grounds
(DOE/OR/01-2427&D2/A2), approved 11/03/10.
ESD (DOE/OR/01-2446&D2): 10/05/10 Treatability Study Work Plan (7000 Area) (DOE/OR/01-
NSC (er