Table of Contents

TABLE OF CONTENTS

TABLE OF CONTENT S ..ottt sttt tee et e st e e ssae e snae e s sneeeensaeeenneeesneeeans i

LIST OF FIGURES ... oottt ettt ae e e e e et e e s e e e s e e nnneeeanneas Vii

LIST OF TABLES. ...ttt ettt e e et e e e ene e e s nee e e viii

LIST OF ACRONYMS ..ottt sttt ettt e e e nna e s ne e e s neeeeneees Xi

CONTRIBUTORS.....ceoe ettt ettt s e st e e st e e snte e e snbeeesnaeeensseeanseeeeseeeans Xiii

EXECUTIVE SUMMARY ..ottt ettt e ssae e s s e e sneeeannaeesneaennneaens ES1

LOINTRODUCTION. .ottt e st e s ense e e snneeeenes 1-1

1.1 Description of Miamisburg Environmental Management Project .............oocccvvveeeen... 1-1

[0 o= o] o RSP 1-1

Population and Land USB..........cocueiiiiiiiiieeiie et 1-4

(€7 o [0 |V PSP 1-6

[ 170 (00 = 0 oo V20U 1-6

(1010 (= PR 1-6

LIS 060 = o VTP 1-6

(VIISS o gl o @ o = 7= 1o g < PRSP 1-10

12 Pergpective 0N RAJIGHON. ........ceviiiei e e e e ree e e e e 1-10

SOUrCES Of RATIGIION. ... .ceiiiiiiiie ettt e s e e e e e eneeeeeanes 1-11

2.0 COMPLIANCE SUMMARY .ottt sttt st sse e sbeeesnnee e 2-1

2.1 Maor Environmenta Statutes, Regulations, and Orders.........cccccooeeccvveeeeeeececcscinnnnee, 2-1

Comprehensive Environmental Response, Compensation, and Liability Act................ 2-1

(@1 a1 N T g A v SR 2-2

(@1 YT = g A o OSSR 2-3

Safe DrinKing Water ACE........cieeeee e e 2-4

Resource Conservation and RECOVENY ACL........coiuviieiiiiiieeiiiiiee e eieeee e 2-4

Federal Facilities ComMpPlianCe ACL........ooiuiiiiiiieiee e 2-5

ToxXiC SUDSEANCES CONLIOI ACL......ccviiie e e e e e erreee e 2-5

Emergency Planning and Community Right-to-Know Act (SARA TitleIl)............... 2-6

Nationa Environmental POHICY ACL........oooiiiiiiiiiiiiee e 2-6

ENdangered SPECIES ACL.........eiiiiiieiiie et e 2-7

National Historic Preservation ACE...........occuveeeeeiiiie e 2-7

Executive Order 11988, “Hoodplain Management” ...........ccccoooccvivieeeee e, 2-8

Executive Order 11990, “Protection of Wetlands” ..........oovveeeeeeieeeeeeeeeee e, 2-8
Executive Order 12856, “Federal Compliance with Right-to-Know Laws and

Pollution Prevention REQUINEMENTS” ...........eiiiiiieiiie et 2-8

2.2 Other Key Environmental ComplianCe ISSUES.........ccovviciiiieiiee e 2-8

Maor Externa Environmental Auditsin 2000...........ccoviuiereiiiiiee e eiieee e 2-8

2.3 SUMMANY Of PEIMITS......coiiiiiiiiie e 2-9




Table of Contents

TABLE OF CONTENTS (continued)

3.0ENVIRONMENTAL PROGRAM INFORMATION....cciiiiieeeeiiiee e 3-1
3.1 Environmental Monitoring ProgramL.........cocveeieee e 31
7 = {18 1= 0 1Y o 1o o PRSPPI 31

AT EMISTONS....ciiiiii ittt e e st e e s s e e e s nnbneeeeann 31
WaELEr REIEBSES........ccc e e e e e e e e e e e e e e e e e e aans 34
3.3 Environmental SUNVEITIANCE...........oviiiiiiei e 34
Radionuclides Of CONCEIM ......uvviiiieie it 34
AMDIEITE AT < e e e e e n b e rreeeeann 3-4
Surface Water and SEdimENt...........cooviii oo 35
07070 S L RSP 37
GIOUNTWEALES ...ttt e e ettt e e e et e e e e e e e e s e et b b r e e e eeeeesseasbbbereeeeeeseannssrraes 37
ENVIrONMENtal LEVEIS .......eeieiie et 3-7
3.4 MeteorologiCal MONITOMNG.......cuveieeeiieieeeeriiee et e et e e e e e e e e e s eraee e e e nnneeees 3-7
3.5 Effluent Treatment and Waste Management .............covueerrieeenieeeniee e esiiee e 3-8
e I g (S 1 0= 0| TSSO 3-8
Waste Management .......coooiiiiii 3-8
3.6 Environmenta PEMTS..........cooiiiiiiiiii e 39
3.7 Waste Minimization and Pollution Prevention..............occcvieeeee e, 39
3.8 Environmenta RESOIGHION .......cccuvvveiiieiee ettt e e e e 39
3.9 Cost RECOVEIY GraNt......cccceviiiiiiiiiie e 313
3.10 Release of Property Containing Residua Radioactive Material.............ccccveeeeinneenn. 314
Real Property Management ...........coouiioiiieiiie et 314
Personal Property Management ...........cooueeeiiieniiiesiiie e 314
Surplus Property Donationg/GiftS..........oooociiiiieiiie e 315
3.11 Protection Of BiOa........uveeiiieiiiiiiiiiiiiee et e e e e e rre e e e e e e e e e 316
4.0 RADIOLOGICAL ENVIRONMENTAL PROGRAM INFORMATION................ 4-1
4.1 Radionuclide RAEaseSTrOM MEMP .......cooiiiiiiiiiiie e 4-1
1200 O DT - S 4-1
4.2  Effluent MONItOring Program.........cooueee it 4-2
APPlICADIE SEANAAITS ......eeeieeie e 4-2
AT EMISTONS....iiiiie ettt e e et e e s st e e e s nnbneeeeane 4-2
WaELEr REIEBSES........cc ottt e e e e e s et re e e e e e e e e e eaes 4-3
4.3 ENVIironmMental OCCUIMTENCES. .......ccccurrrieiieeeeeeeeittreeeeeeeeeeestabreeeeeaeeessaabrreeeesaaseeaanes 4-3
4.4 Environmental SUNVEIHBNCE ..........coouviiieieee ettt e e eaaes 4-7
Applicable SEENAardS..........cooviiii i 4-7
Environmental CONCENIatioNS ...........oociiiiiiieeee e et e e e e e e e 4-7
Lower DEECHION LIMIT.......ccuiiiiiieeeee e e e e e e e e e 4-8
45 Ambient Air Sampling Prograim..........cooueieiiiiiiiieenie e 4-8
Comparisons of Predicted and Measured Tritium Concentrations.................cccuuveee. 4-11
RESUITS FOr 2000 ....00eeeieeee ittt e e e e e e e e et e e e e e e e e s s nnrrreeeeaaeas 4-12
4.6 Surface Water and Sediment Sampling Program.............cceeveeeenieeniiee e 4-12
RESUILS FOr 2000 ...01ueieiieeeieciiitiee e ettt e e e e e e e e e et e e e e e e s e saaberereeeeeas 4-14
I 00 0 = U SRR 4-15




Table of Contents

RESUIES TOr 2000 ... . eeeeeeieeeee ettt et e e ettt e e e eee s e e eeatasreee st s resestasresestarreeesrarreees 4-15




Table of Contents

TABLE OF CONTENTS (continued)

4.8 OffSite DOSE IMPACES .. .uviiiiiiie ettt e e e e s e r e e e e e e e eeans 4-15
Dose Estimates Based on Measured Concentrations.............ocveeeeviceeeeeeniveeneesnnnens 4-15
Dose Estimates for NESHAPS ComMPlianCe .........ceeeiviiiiiieeiiee e 4-16
Five-Year Trend in Committed Effective Dose Equivaentsto a
Hypothetical INAIVIAUEL.............ooouiiiiii e 4-18

5.0 NONRADIOLOGICAL ENVIRONMENTAL PROGRAM INFORMATION....... 5-1

51  Air MONItOrNG PrOgraM......cceiiiieiiiie ittt sse e sbeeesneeeen 5-1
AIDOMNE EFFIUENT ... 5-1
AMDIEN AT MONITOMNG .. veeeeiiteie et e e e e e s e e s snbeeeessnseeeeeanns 5-1
RESUILS TOr 2000 ... .eeeeeiiieie e et ee et e e e e e e e e e e e sntee e e e eneeeeeennnnneens 5-2

52  Water Monitoring PrOgramM ........ccoceii it 5-2
RESUITS TOr 2000 ...ttt 5-5

5.3 SubmissionsUnder SARA Title H......oeeeiiiieeeeeee e 5-6

54  EnVironmental OCCUIMENCES. .......cuiiiiiieeeeiiieieeesinieeeessteeeessssseeeessssseeeessnsseeessnssseees 5-6

6.0 GROUNDWATER MONITORING PROGRAM .....coiiiiiiiiiiesee e 6-1

6.1 Regional HydrogEOIOgY .......ceeeuurereeiiiiieeeiiiieeeesiiieeeesteeeeessseeeeessseeeeesssseeeeennsneeens 6-1
Uses of Groundwater in the VICINITY ..........cooiiiiiiiiiiiie e 6-2

LS 1 (=3 1Yo [0l [o o RPN 6-2
S 01 6-3
SUIfaCe Water FEALUIES..........ooiiiiiiieeeiiiie ettt e e 6-3

6.3 ApPPlicable SEaNTardS...........ooiiiiiiiie e 6-7

6.4 Environmental CONCENIIAtIONS ..........uoiiiiieiiiie it sttt sbee e sia e sie e eieee e 6-8

6.5 Offgite Groundwater MoNitoring Program.............eeeeeiiciiiieeeeeee e eciiieeeee e e e e e 6-8
Community Water Suppliesand Private WEIIS...........coooviiiiiiiiiee e 6-8
OffSite MONItOriNG WEILS........ooiiiiiie e 6-8

6.6 Onsgte Groundwater Monitoring Program............cooceeerieeiieeeniee e 6-9
MEMP Production WIS ..o 6-9
SDWA ComplianCe SUMIMBIY.........ceeeiiiiiieeiiiieeeeaiieeeessieeeeesssseeesssseeeessseeeesanns 6-10
Ongite MoNItoriNg WEIS........coueiiiiiei e e 6-11

6.7  SeepS and Capture PItS........ccoiiiiiiiie ettt 6-12

6.8 Five-Year Trendsfor WellSof INtErest.........cooovviiiiiiiiiii e 6-14
Trend Datafor Offsite Drinking Water ..........ooocueieeiiiiiee e 6-14
Trend Data for Onsite Production Wellsand Seeps ..........ooovveeiiieeiiiec e 6-15

7.0 QUALITY ASSURANCE PROGRAMS FOR ENVIRONMENTAL DATA........... 7-1
INternal QA PrOGIraM........coiiiiiiieeieiiie ettt e e e et e e e st e e e s naee e e e snbeeeeesnneeeeeanns 7-1
External QA ACHVITIES........uuiiiiiie et e e esiee et e et e e e e e e sstee e e s s e e e e nnnneees 7-1
NPDES QA PrOgQram.......ccceeiieieieeee ettt e e e e e e e e s sssnb e e e e e e s s s snnnnreeeeeaeas 7-2

vi



Table of Contents

TABLE OF CONTENTS (continued)

B.OREFERENCES...... .ottt ettt ettt 8-1
APPENDIX A Radiological REI€ase RESUILS............ceeiiiiiiiiiiiiie e A-1
APPENDIX B Environmental Surveillance Program ReSUILS...........cooceeviieeiiiee e, B-1
APPENDIX C Nonradiological Monitoring RESUITS............eveiiiiireiiiiie e C-1
APPENDIX D Groundwater Monitoring RESUILS ..........coiieiiiiiieiiiecriie e D-1
APPENDIX E Dose Assessment MethodoIOgy ........cceevrveereeiiiiieeiiieee e siieee e E-1
APPENDIX F Principles of Radi@tion............c.cooiuiiiiiieiiiie e F-1
APPENDIX G Memorandum Of AQreBmMENT. .........vvueieeietie e e ietee e vee e ceerieeeeens G-1

Vii



ES1

1-1.
1-2.
1-3.
1-4.
1-5.
1-6.
Insert

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

4-4.
4-5.
4-6.
4-7.
4-8.
4-9.

51
52

6-1.
6-2.
6-3.
6-4.
6-5.
6-6.
6-7.
6-8.
6-9.

6-10.
6-11.

7-2.

LIST OF FIGURES

Calculated CEDES from MEMP Activities, 1996-2000..........ccccrveeiieereeriieeneesieeninens ES-6
Locetions of Miamisburg and Surrounding COMMUNITIES...........ceveriiieiiiieriee e 1-2
LOCAION OFf MEMP ..ottt e e e e e e e s nn e e e e nnnneee s 1-3
Digribution of Population within 50 mi (80 km) of MEMP ..........cccceeiiiiiieiiiieee e, 1-5
Monthly Precipitation Measured a MEMP N 2000 ..........occoueeiiiiiiieeeiieeeeesiieee e 1-7
2000 WINd ROSETONr MEMP .....coo ittt e e e e s 1-8
Average Annual Radiation Doseinthe U. S, (NCRP, 1987) .......ccocceeiiieeiiieeiiiee e 1-12
1-1 Topographic Map

Effluent Air and Water Sampling LOCAHIONS .........coiurriiiieiiiie et 4-4
Tritium and Plutonium-238 Releases from MEMP to the Atmosphere, 1996-2000............ 4-5
Tritium and Plutonium-238 Releases from MEMP to the Grest Miami River,

1996-2000 ... eeeeeeeuteetee et ekttt ettt h et b e et he b b e bt he e bt e be e et e nne e nneeneas 4-6
Onsite Ambient Air Sampling LOCALIONS ..........ooouieiiiieiiiie e 4-9
Offsite Ambient Air Sampling LOCAHIONS..........coouiiiiiieiiiieiiee e 4-10
Predicted and Observed Concentrations of Airborne Tritium in 2000............cccocvereeenne 4-11
Sampling Locations for the Great Miami River, Stream, Ponds, and Sediment ............... 4-13
Exposure Pathways for Dose Cadl culations Based on Measured Data for 2000.............. 4-16
Committed Effective Dose Equivalents to a Hypothetical Individua, 1996-2000............. 4-18
NPDES and ATD Sampling LOCALIONS .......cceiiuriireiiiieieesiiieeeessieeeessiveeeessneeeessnnnneee s 5-3
NPDES and ATD Sampling Profile, 1996-2000..........ccccuteiimieiiiieiiieesiee e sinee e 5-5
Location and Extent of the Buried Valey AqQUIfer...........coooveeeiiiie e, 6-1
Production and Monitoring Well LOCEHONS...........cooiiiiiiieiiiiiee e 6-4
Groundwater Elevations for Perched Water in the BedrocK.............ooovvveeeeiiiiieeeinnnenn. 6-5
Groundwater Elevations for the Buried Valley AQUIfer..........cccooveiiiiine e, 6-6
(€7 o oo [Tl O = 11T= Y SO SPEP P 6-7
Seep and Capture Pit LOCALIONS ........uevieiiiiiieeiiiiiee e ssiieee e st ee e siieee e s e e snnee e e nneees 6-13
Annual Average Tritium Concentrations in Offsite Drinking Water, 1996-2000 ............. 6-14
Annua Average Tritium Concentrations in Production Well 0076, 1996-2000................ 6-16
Annua Average Indicator VOC Concentration in Production Well 0076

1996-2000 ...ttt etttk ettt b et b e bt et a et bR et et e nhe e enb e e te e enneenneeenee 6-16
Annual Average Tritium Concentration for Seep 0601, 1996-2000...........ccovveeriiveernnen. 6-17
Annual Average Indicator VOC Concentration for Seep 0601, 1996-2000 ................... 6-17
MEMP Performance in the DOE EML Quality Assessment Program in 2000................ 7-4
MEMP Performance in the MAPEP Quality Assessment Program for 2000.................. 7-5

vii



ES1
ES-2.
ES-3.

1-2.

3-1
3-2
3-3.
3-4.
3-5.

4-1.
4-2.

51
6-1.
7-1.
7-2.
A-1.
A-2.
B-1.
B-3.
B-4.
B-6.

B-8.
B-9.

B-10.

LIST OF TABLES

Radiologica Effluent Datafor 2000............ccooiuiiieeiiiiiiee e e e e e eiree e ES-3
Radiation Dose Limits for Protection of the Public from All Routine DOE Operations..... ES-4
Maximum Committed Effective Dose Equivaents to a Hypothetical Individual in 2000.... ES-5
Population Totas from the 2000 CENSUS ........uvveeeiiiiiiee e 1-4
Percent Frequency of Wind Direction and Wind Speed from MEMP 50-m

Meteorological TOWEr fOr 2000.........ccccuuieiieeeiiiee ittt 1-9
Effluent Monitoring @ MEMP ..........oooiiie e 3-2
Environmental Surveaillanceat MEMP ... 3-5
ENVIronmMental PEIMILS .......oooo it e e e e e n e n e 3-10
Radioactive Surface Contamination Limits for Unrestricted Release............ccccveevviveeeens 315
Aquatic System Data Entry/BCG WOrkSheet.........coiviiiii i e 317
Radiological Effluent Data for 2000..........cocueiiiiiiiiiieeiiie e 4-1
Maximum Committed Effective Dose Equivalents to a Hypothetical Individua in 2000.....4-17
2000 SARA Title Il Emergency and Hazardous Chemical Data.............cccceeevvveeeeiiinenn. 5-6
SDWA COmPlIaNCte SUMMEIY ......ceoiuieeiiiie ittt e e e s e sneeas 6-10
DOE EML Quality Assessment Program Results for 2000: Radionuclidesin

Environmental SAMPIES........coouiiiii e 7-3
DOE MAPEP Quality Assessment Results for 2000: Radionuclides in Environmental
SAMPIES ..t e e e e — e e e e e e e e e s b a e e e s aaraaeeaarraaaas 7-5
Radiological Effluent Data for 2000...........ccueieiiiiaiiieeiee e A-2
Average Annua Concentration of Radionuclide Air Emissonsin 2000 ...........ccccccvveeeeneee. A-3
Average Annual Concentration of Radionuclides in Water Effluentsin 2000..................... A-4
Environmental Concentrations of Radionuclides in Sample Mediain 2000......................... B-2
Incremental Concentrations of Tritium Oxide in Air in 2000.........ccccoccvveeeviieeee e B-3
Incremental Concentrations of Plutonium-238 in Air in 2000 ........ccccveeiiieeiiieenieee s B-4
Incremental Concentrations of Plutonium-239,240 in Air in 2000 ...........ceeeviieeeeiniieeeennne B-5
Incremental Concentrations of Thorium-228, Thorium-230, and Thorium-232

INAIN TN 2000.00 1 et e e e e e e et e e e e e e e e s e eab b b reeeeeeeseseaatbbereeeaaeeeaarbrraeeaeas B-6
Concentrations of Tritium in the Great Miami River and Stream in 2000...........ccccceeevveenne B-7
Concentrations of Plutonium-238 in the Great Miami River in 2000..........ccccevevviveeeeiiinenn. B-7
Incremental Concentrations of Plutonium-239,240 in the Great Miami River in 2000.......... B-8
Incremental Concentrations of Uranium-233,234 and Uranium-238 in the

Great Miami RIVEN iN 2000........ccuuiiiiiie et siee e s s ssee e s beeesseeesnneeeas B-9
Incremental Concentrations of Thorium-228, Thorium-230, and Thorium-232

inthe Great Miami RIVEr in 2000...........ceeiiiiiiiiiiiiiiee e e e e e e B-10

viii



B-11.
B-12.
B-13.
B-14.
B-15.
B-16.

B-17.
B-18.

B-19.
B-20.

B-21.
B-22.

C-1
C-2
C-3.

D-1.
D-2.

D-4.
D-5.
D-6.
D-7.

D-9

D-10.
D-11.
D-12.
D-13.
D-14.
D-15.
D-16.
D-17.
D-18.
D-19.
D-20.
D-21.
D-22.
D-23.
D-24.
D-25.

LIST OF TABLES (continued)

Concentrations of Tritium in Pond Water in 2000 ............ccooviuieeeeiiieee e B-11
Incremental Concentrations of Plutonium-238 in Pond Water in 2000 ..............ccccvvveeee... B-11
Concentrations of Plutonium-239,240 in Pond Water in 2000............coevvvvieeeiieeeeeeeviinnnn. B-12
Incremental Concentrations of Plutonium-238 in River and Stream Sedimentsin 2000..... B-13
Incremental Concentrations of Plutonium-238 in Pond Sedimentsin 2000........................ B-13
Incremental Concentrations of Plutonium-239,240 in River and Stream Sediments

IN2000 .. ... ———————— B-14
Incremental Concentrations of Plutonium-239,240 in Pond Sedimentsin 2000.................. B-14
Incremental Concentrations of Thorium-228, Thorium-230, and Thorium-232

in River and Stream SedimentSin 2000...........cocciiiiieeiee e e e e B-15
Incremental Concentrations of Thorium-228, Thorium-230, and Thorium-232

in Pond Sedimentsin 2000.........cooiiiiiiiiiiee et a e e annaes B-16
Incrementa Concentrations of Tritium in Foodstuffsin 2000..........cccocceeeiiiiiie i, B-17
Concentrations of Plutonium-238 in Foodstuffsin 2000...........cccceeeeeeiiiiciiiiiieeee e B-18
Concentrations of Plutonium-239,240 in FoodstuffSin 2000..........coovvveivvvieeeiieeeeeeeviinn, B-18
Nonradiological Air Emissions Datafor 2000..........c..eeeeieuieeeiiiiiee e C-1
2000 Particulate Air CONCENLIALIONS ........uveeiiieeeiicciiieeeee e e e e eerirrre e e e e e e e s saarrae e e e e e e e s enanenees C-2
NPDES Permit and ATD Datafor 2000 ...........ueeeiiieioiiiiiieieeeee e eervre e C-3
Environmental Concentrations of Radionuclides in Groundwater in 2000.............cccveeeeeneee. D-2
Tritium Concentrations in Offsite Drinking Water and Private Wellsin 2000..................... D-3
Putonium Concentrations in Offsite Drinking Water in 2000...........cccooiveeniieeniieeenieeene D-4
Uranium Concentrations in Offsite Drinking Water in 2000.............ccceevieeeniieeniieeesieeee D-5
Thorium Concentrations in Offsite Drinking Water in 2000 ............ccccveeeviiiee i e, D-6
Tritium Concentrations in Offsite Monitoring Wellsin 2000............ccccvveiiiiinesiiiieee s D-7
Putonium Concentrations in Offsite Monitoring Wellsin 2000............coooveeiiieeniieenieeene D-8
Uranium Concentrations in Offsite Monitoring Wellsin 2000............cccoviiieiieeniieeniieee D-9
Thorium Concentrations in Offsite Monitoring Wellsin 2000............cccceeviiveeeecciieee e, D-11
VOC Concentrations in Offsite Monitoring Wellsin 2000 ...........ccoovveeiiiiiieeeiiiieeeeeee D-13
Inorganic Concentrations in Offsite Monitoring Wellsin 2000.............ccooveeiiiieniieeniineens D-15
Tritium Concentrations in Onsite Production Wellsin 2000...........ccccceeeeeeiieciiiieeeeee e, D-17
Plutonium Concentrations in Onsite Production Wellsin 2000.............cccceeeiivieeciiiiieeeen, D-18
Uranium Concentrations in Onsite Production Wellsin 2000 ............cccccvveeeeeeecccivineeennn. D-19
Thorium Concertrations in Onsite Production Wellsin 2000...........ccccceeeeiiiiiiiiieeeeeeeens D-20
VOC Concentrations in Onsite Production Wellsin 2000...........cccveeviieeeeiiieeeeeiiieeeens D-21
Tritium Concentrations in Ongite Monitoring Wellsin 2000..............cccceeeviiieeeciiieee e, D-22
Putonium Concentrations in Onsite Monitoring Wellsin 2000.............ccceveeiiieeeeiniiieenenns D-24
Uranium Concentrations in Onsite Monitoring WellSin 2000 ...........ccceeviiieniieeiiieeeninenns D-26
Thorium Concentrations in Onsite Monitoring Wellsin 2000...........cccoocveeiieeniieenieeene D-29
Radium Concentrations in Onsite Monitoring Wellsin 2000...........cccoocveeeeiiiiee i, D-32
VOC Concentrations in Onsgite Monitoring WellSin 2000...........coeeviiieeeiiiieeeesiiieee e D-33
Inorganic Concentrations in Onsite Monitoring WellSin 2000 ...........ceevveeiieieiieeeniinenns D-41
Tritium Concentrations in SEEPS N 2000 ..........ueeeiieeeiiie et D-45
VOC Concentrations in SeePsin 2000.........cciuiieeeiiiiieeeciee e eeteee e e esree e e ssarae e e e ereeee e D-46




D-26.

D-27.

E-1
E-2.

Tritium Concentrations in Capture Pitsin 2000..........ccouiieeieiiiiie e D-47

LIST OF TABLES (continued)

VOC Concentrations in Capture PitSin 2000 ...........ooiiiieiiiieriiee e D-48
Factors Used to Calculate 2000 CEDES..........cocuoiiiiiieiieiiie et E-2
2000 CAPB8-PC INPUL DELA. .....ccuveeiueeeieeaiie ettt ettt sneesiee s E-4




Executive Summary

EXECUTIVE SUMMARY

The purpose of this report is to characterize the environmental management performance of the
Miamisburg Environmental Management Project (MEMP) in caendar year 2000 and to demondrate
compliance with the requirements of DOE Order 5400.1, “Generd Environmental Protection
Program,” DOE Order 5400.5, “Radiation Protection of the Public and Environment,” and DOE Order
231.1, “Environment, Safety and Health Reporting.” The MEMP is a government-owned Site operated
by BWXT of Ohio (BWXTO) for the U. S. Department of Energy (DOE). The St€'s historical misson
included production, development, and research in support of DOE's weapon and energy related
programs. The defense mission has been phased out. Current MEMP objectives include the nuclear
energy program mission, environmentd restoration and the trangtion of the Ste to the community for
reue as a commercia facility. As a result of economic development activities by the Miamisburg
Mound Community Improvement Corporation (MMCIC), 30 private businesses are operating at the
gte.

MEMP is comprised of 90 structures on 280 acres of land in Miamisburg, Ohio, gpproximately 16 km
(210 mi) southwest of Dayton. In the last two years, 26 acres of property have been transferred to
MMCIC. More than 10 structures have been demolished or transferred.

The Great Miami River, which flows through the city of Miamisburg, dominates the landscape of the
five-county region surrounding MEMP. Theriver vdley ishighly industridized. The rest of theregion is
a mix of famland, resdentid areas, smdl communities and light industry. Many city and township
resdences, five schools, the Miamisburg downtown area, and sx of the city’s 17 parks are located
within one mile of the dte. The climate is moderate. The geologic record preserved in the rocks
underlying the Site indicates that the area has been rdatively stable since the beginning of the Paeozoic
Era more than 500 million years ago. The southwestern portion of the Ste is located over the Buried
Valey Aquifer which has been designated as a sole source aquifer by the U.S. Environmenta Protection
Agency (U. S. EPA).

ES.1 Accomplishments

Many accomplishments occurred in 2000, and some of these are listed below. Further details about
these accomplishments are provided in the Executive Summary and in Chapters 2 — 6 of the report.

four structures (E, 67, 68, and 88) were demolished;

more than 125,000 pounds of hazardous waste were shipped offsite;

amost 100,000 ft* of radioactive waste was shipped offsite;

arborne tritium emissons decreased by fifty percent;

the maximum offsite dose was 0.2% of the DOE standard;

the population dose of 1.3 person-rem was approximately 0.00013% of total background radiation,;
over 1300 NPDES water samples were taken with only 3 exceedances;

ES1
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the average tritium concentration detected in Miamisburg drinking water was 0.8% of the U.S.
EPA’s maximum contaminant level (MCL);

83 CERCLA documents were submitted to regulators and stakeholders,;

96 potentia release site (PRS) decisions were recorded;

goproximately 30 CERCLA meetings were held with regulators.

ES.2 Per spective on Radiation

Radionuclides emit ionizing radiation. lonizing radiation is radiation possessng enough energy to remove
electrons from the substances through which it passes. Most consequences to humans from exposure to
radionuclides arise from the interactions of ionizing radiaion with human tissue. These interactions are
measured based on the amount of energy deposited in the tissue. This vaue is the absorbed dose.
Since different types of ionizing radiation cause different degrees of biologica harm, it is necessary to
weight the doses to account for those differences. The unit used to make this comparison possbleisthe
dose equivaent. The units used to report dose equivaents are the rem and the Severt (Sv). Because
doses asociated with environmentd exposures are typicdly only fractions of a rem or Severt, it is
common to report doses in terms of millirem (mrem) or millisevert (mSv). There are 1000 mrem per
rem; 1000 mSv per Sv.

Our bodies are exposed to ionizing radiation each day. Mogt of this radiation comes from naturd
sources. The average dose to a resdent of the United States from natural sources is about 300 mrem
(3 mSv) per year. The primary contributors to this background dose are radon, cosmic and terrestrial
sources, and medica sources such as x-rays or diagnostic exposures. A summary of the principles of
radiation can be found in Appendix F of this Report.
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ES.3 Radionuclide Releases from MEMP

Table ES-1 ligts the quantities of radionuclides released by MEMP into the air and surface water during
2000. The unit used to report these quantities is the curie (Ci), a unit of radioactivity equal to 3.7 x
10" disintegrations per second. The quantities, or activities, shown in Table ES-1 were measured at
the point of release.

TableES-1. Radiological Effluent Data for 2000

Radionudlide Released to Activity, Ci MEMP Range®, Ci
Tritium Air 3.8x 1072 3.8x 10— 8.0 x 107
Water 1.7 1.7-25
Plutonium-238 Air 9.4x 10° 6.9x 10°-45x10°
Water 1.6x 10* 1.6x 10*-4.8x 10
Plutonium-239,240 Air 36x10° 20x10%8-1.0x 107
Water 2.4x 10° 1.7x10°%-36x10°
Radon-222 Air 3.2 55x 101 -3.2
Uranium-233,234 Air 1.8x 10° 80x10°-9.2 x10®
Water 34x 10 34x10*-39x10*
Uranium-238 Air 1.1x 10% 40x10°-1.1x 10%

2 Tritium released to air consists of:  Tritium oxide, 3.10 x 10° Ci
Elementd tritium, 7.33 x 10* Ci

® Minimum — Maximum (CY 1996 — CY 2000)
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ES.4 Dose Limits

Dose limits, or more precisaly, dose equivadent limits, for members of the public are presented in Table
ES2. These limits are expressed in terms of a committed effective dose equivadent (CEDE) and an
effective dose equivdent (EDE) for the DOE and U. S. Environmental Protection Agency (EPA),
repectively. Vaues shown in Table ES-2 represent annud limits on dose equivaents established by the
DOE and EPA.

Table ES-2. Radiation Dose Limitsfor Protection of the Public from all Routine DOE

Operations
Effective
Regulatory Dose Equivaent®
Pathway Standard or Driver mrem mSv
All exposure media DOE Order 5400.5 100 1
Air 40 CFR 61 (EPA) 10 0.1
Drinking water 40 CFR 141 (EPA) 4 0.04

aAnnua Dose Limits

ES.5 Dosesfrom MEMP Operations

In caculating the maximum dose received by a member of the public from MEMP activities, a
committed effective dose equivdent isused. The CEDES are the doses received by a hypothetical adult
individual who remained a the Site boundary 24 hours per day throughout 2000. This individud was
assumed to have:

breasthed exclusvely ar with radionuclide concentrations corresponding to the location of the
maximum dose,

drawn dl of hisdrinking water from the Miamisburg water supply,

consumed produce exhibiting the maximum average radionuclide concentrations in samples
collected from the Miamisburg area.
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The CEDEs from dl of these pathways are added to obtain an estimate of the maximum CEDE
received by this hypothetical individua. Table ES-3 shows the results for MEMP in 2000. CEDEs for
tritium, plutonium-238, plutonium-239, 240, thorium-228, thorium-230, and thorium-232 were
caculated. Concentrations of other radionuclides were below background levels or were too smdl to
affect the overal dose.

Table ES-3. Maximum Committed Effective Dose Equivalents to a Hypothetical Individual

in 2000
Radionuclide Pathway mrem mSv
Tritium Air 0.003 0.00003
Drinking water 0.007 0.00007
Foodstuffs 0.0007 0.000007
Total 0.011 0.00011
Plutonium-238 Air 0.026 0.00026
Drinking water ND ND
Foodstuffs ND ND
Total 0.026 0.00026
Plutonium-239,240 Air ND ND
Drinking water ND ND
Foodstuffs 0.007 0.00007
Total 0.007 0.00007
Thorium-228 Air 0.019 0.00019
Drinking water ND ND
Foodstuffs NA NA
Total 0.019 0.00019
Thorium-230 Air 0.024 0.00024
Drinking water 0.001 0.00001
Foodstuffs NA NA
Total 0.025 0.00025
Thorium-232 Air 0.089 0.00089
Drinking water ND ND
Foodstuffs NA NA
Total 0.089 0.00089
Total 0.177 0.00177

ND indicates that concentrations were not detectable above the environmental level or reagent blanks.
NA = not applicable (not measured).
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The data presented in Table ES-3 were cdculated usng environmenta monitoring data measured at and
near the ste. MEMP aso evauates doses using the EPA’s computer code CAP88-PC.  CAP88-PC
uses ar effluent data as input to transport, digperson, and dosimetry codes. By executing these codes,
one generates an estimate of a maximum offsite dose from airborne releases. For 2000, the CAP88-
PC-estimated maximum offsite dose was 0.03 mrem at a location 900 meters north-northeast of the
HEFS stack. Asreported in Table ES-2, the EPA’s annud dose limit for airborne releases is 10 mrem.
Therefore, MEMP releases in 2000 represented 0.3% of the dose limit set by the EPA.

Figure ES-1 shows the five year trend in CEDEs. The doses from MEMP activities in 1996-2000
were smdl fractions of the 100 mrem per year DOE dose limit for members of the public. Most of the
1999 CEDE was due to one set of vegetation samples. These samples had measurable, dthough very
low, levels of Pu-238 that were greater than observed a other locationsin previous years.

FigureES-1. Calculated CEDEsfrom MEMP Activities, 1996 - 2000
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Population doses. CAP88-PC aso has the capability of estimating regiond population doses from
arrborne reeases. The population, approximately 3,126,615 persons, within a radius of 80 km (50 mi)
of MEMP received an estimated 1.3 person-rem from site activities in 2000. CAP88-PC arrived at
that vaue by caculating doses a specific distances and in specific compass sectors relative to MEMP.
The computer code then multiplied the average dose in a given area by the number of people living
there. For example, an average dose of 0.001 rem x 10,000 persons in the area yields a 10 person-
rem collective dose for that region. CAP88-PC then sums the collective doses for the 80-km radius
region and reports a single vaue. Additiond dose components from drinking water and radon emissons
are added to obtain this result.

MEMP's dose contribution of 1.3 person-rem can be put in perspective by comparison with
background doses. The average dose from background sources is 300 mrem (0.3 rem) per individua
per year. A background collective dose can be estimated for the 80-km population by multiplying 0.3
rem x 3.127 million persons. The result, about one million person-rem, represents an estimate of the
collective dose from al background sources of ionizing radiation. MEMP's contribution is
gpproximately 0.00013% of that value.

ES.6 Environmental Monitoring Program Results

Besides sdting limits on the CEDE to any member of the public, DOE has established Derived
Concentration Guides (DCGs) for individua radionuclides. The DCG is defined as the concentration of
aradionuclide in ar or water that will result in a CEDE of 100 mrem (1 mSv) following continuous
exposure for one year. The concentrations of radionuclides resulting from MEMP's 2000 releases
were smdl fractions of the corresponding DCGs (see Chapter 4).

Radiological Monitoring of the Atmosphere

Ambient air is sampled for tritium and plutonium by an onsite network of eight perimeter stations and by
an offgte network of 12 stations (see Figures 4-4 and 4-5). Eleven of the offste samplers are located
in the Miamisburg area. One sampler is located far enough away to receive virtudly no impact from
MEMP activities. This sampler serves as a reference |location to establish background or environmental
levels of tritium, plutonium, and thorium. The amount by which a sample exceeds the background or
environmentd levd is reported as an incrementa concentration.

In 2000, average incremental concentrations measured at the onste samplers were lessthan
0.0045% of the DOE DCG for tritium oxide, and less than 0.095% of the DOE DCGs for
plutonium-238, plutonium-239, thorium-228, thorium-230, and thorium-232.
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Radiological Monitoring of Water

Water samples were collected from locations dong the Great Miami River and were andyzed for
tritium, plutonium-238, plutonium-239,240, uranium-233,234, uranium-238, thorium-228, thorium-
230, and thorium-232. Other surface water locations were sampled for tritium and plutonium.
Additionaly, river sediment samples were andyzed for isotopes of plutonium and thorium.

River water. Over 300 samples were collected. Average tritium concentrations in the river were less
than 0.065% of the DOE DCG for tritium in water. The average incrementa concentrations of
plutonium-238 and plutonium-239,240 in water from the Grest Miami River were less than 4.02% of
the DCGs. The average incrementa concentrations of uranium-233,234 and uranium-238 were below
the environmentd levd. Average incrementa thorium-228, thorium-230 and thorium-232
concentrations were less than 0.035% of the DOE DCGs.

Pond Water. Eighteen samples from local ponds were analyzed for tritium, plutonium-238, and
plutonium-239,240. Incremental concentrations of tritium were not detectable above environmenta
levels. Incrementa concentrations of plutonium-238 and plutonium-239,240 were below 0.045% of
the DCGs.

Sediment. One hundred fifty samples were collected. Plutonium and thorium results for river and pond
sediments are listed in Appendix B, Tables B-14 through B-19. Maximum and average concentrations
for 2000 are comparable to concentrations observed in previous years. Since isotopes of plutonium and
thorium tend to accumulate in sediment, concentrations are affected by the movement of glt. This
accounts for the variability in plutonium concentrations at the various river and pond locations.

Radiological Monitoring of Foodstuffs

Over thirty samples of localy-grown produce were collected from the surrounding area. These samples
were then andyzed for tritium and/or plutonium as appropriate. Average incrementa concentrations of
tritium, plutonium-238, and plutonium-239,240 were below 0.055 x 10° nCi/g. Average incremental
concentrations in 2000 were lower than those in 1999.

Nonradiological Monitoring of Air

Particulate loadings are measured at dl of the ondte and offgte ar sampling locations. Particulate
concentrations gppeared to be independent of distance. This result suggests that MEMP exerts little or
no influence on the leves of arborne particulates in the ambient environment.

Nonradiological Monitoring of Water

MEMP s nonradiologica liquid discharges are regulated by an Nationa Pollutant Discharge Elimination
System (NPDES) permit and Authorization to Discharge (ATD). In 2000, over 1,300 samples were
collected to demonstrate compliance with these permits. Of these, three results exceeded the permit
limitations for total suspended solids (TSS) due to excessive rainfdl and a sormwater barrier fallure.
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The Ohio EPA issued a Notice of Vidlation (NOV) for Outfal 602 regarding acute biotoxicity. The
acute biotoxicity was due to eevated levels of chlorine during Ohio EPA’s permit renewa sampling.
No ATD exceedances occurred in 2000. No enforcement actions were initiated in 2000. Additional
information about NPDES and ATD results for 2000 can be found in Chapter 5.

ES.7 Groundwater Monitoring Program

MEMP maintains an extensve network of ongite and offsite monitoring wells. In addition, a number of
ongte production wells and offsite community water supplies are routindy sampled. Drinking water
from MEMP and the Miamisburg area is analyzed for tritium and isotopes of plutonium, uranium, and
thorium. Other regiond water supplies are sampled for tritium since it is the most mobile of the
radionuclides rdleased from the gite. Tritium levelsin ongte production wells have consstently been less
than 1 nCi/L. Average tritium concentrations from monthly samples collected from seven community
water supplies and six private wells ranged from nondetectable to 0.17 nCi/L, or less than 1.0% of the
MCL. Reaults for 2000 are shown in Appendix D, Table D-2 and D-12. The results reflect the pattern
of tritium concentrations one would expect: higher averages near the ste (e.g., Miamisburg) and lower
averages at greater distances (e.g., Middletown).

The SDWA does not limit the concentrations of most radionuclides individualy (tritium is an exception).
Instead, the dose from specific combinations of radionuclides is limited to 4 mrem/year. In 2000, the
dose from plutonium, uranium, and thorium measured in the ongite production wells was 0.08 mrem.
This represents 2.0% of the dose standard.

Monitoring wdls ae andyzed for various condituents including radionuclides, volatile organic
compounds, metals, and inorganic cations and anions.  As in previous years, monitoring data collected
in 2000 indicated that volatile organic compounds and tritium, respectively, are the primary
nonradiological and radiological contaminants of concern.  Since the implementation of the OU1L
treetment systems, monitoring and production wells have generdly seen a decline in VOC
concentrations as evident of the five-year trend for Production Well 0076 as shown in Figure 6-9 of
Chapter 6.

In addition to the higtoricad contaminants, trihalomethanes (THMS) have been detected in offsite and
ongte monitoring wells. THMs are generdly considered disinfection-by-products from chlorination.
Chlorinated potable water from the City of Miamisburg lesked past afailed vave a the old Miamisburg
Wl #2 into the aguifer for approximately nine months before the leak was found. Information about
groundwater monitoring results for 2000 can be found in Chapter 6 and Appendix D.
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ES.8 Environmental Restor ation

MEMP was designated a Superfund dite, i.e., placed on the National Priorities List, in November of
1989. A Federd Facilities Agreement (FFA) between the DOE and the U. S. EPA followed in
October of 1990. The FFA was expanded to a tri-party agreement in 1993 when the Ohio EPA
became a sgnatory. The purpose of the FFA remains unchanged; it defines the responsbilities of each
paty for the completion of Supefund-related (CERCLA-rdaed) activities. Highlights of the
environmental restoration program during 2000 are described in Chapter 3 of this report.

ES.9 Quality Assurance for Environmental Data

To enaure the rdiability of environmental data, MEMP maintains an interna quality assurance (QA)
program that condsts of running blanks, internal standards, and replicate samples. MEMP aso
participates in comparison exercises with externd laboratories to further vadidae MEMPs
environmenta results. Comparisons of MEMP' s performance with that of other laboratories are shown
in Chapter 7 of this report. The close agreement between MEMP and the externad labs provides
confidence that MEMP s Environmental Monitoring Program generates relidble data.
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1.0 INTRODUCTION

11  Description of the Miamisburg Environmental M anagement Project

L ocation

The Miamisburg Environmental Management Project (MEMP) is comprised of 90 buildings on nearly
280 acres of land (at the end of 2000) in Miamisburg, Ohio, gpproximately 16 km (10 mi) southwest of
Dayton (Figure 1-1). The Great Miami River flows southwest through the City of Miamisburg and
dominates the geography of the region surrounding MEMP (Figure 1-2). The river valey is highly
indudtridized. The rest of the region is a mix of farmland, resdentid areas, smal communities and light
industry. Many city and township residences, five schools, the Miamisburg downtown area, and six of
the city’s 17 parks are located within one mile of the site.

View of MEMP Looking East Across the Great Miami River
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Figure1-1. Locationsof Miamisburgand Surrounding Communities
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Figure 1-2. Location of MEMP
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Population and Land Use

Figure 1-3 shows the population digtribution within 50 miles (80 km) of the ste. The population
information was extracted from 2000 Census data by the Ohio Depatment of Development. The
edimated number of individuas residing within the 50-mile radius is 3,126,615 (Table 1-1). The
primary agricultura activity in the areais raising field crops such as corn and soybeans. Approximately
10% of the agricultural land is devoted to pasturing livestock.

Table 1-1. Population Totalsfrom the

2000 Census
Radius, miles Tota
0-10 340,150
0-20 929,070
0-30 1,568,331
0-40 2,594,323
0-50 3,126,615
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Figure 1-3. Distribution of Population within 50 mi (80 km) of MEM P
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Geology

The geologic record preserved in the rocks underlying the Ste indicates that the area has been rdatively
gtable since the beginning of the Paleozoic era more than 500 million years ago. There is no evidence
indicating subsurface sructurd folding, Sgnificant sratigrgphic thinning, or subsurface faulting. Limestone
drata, which are interbedded with shae layers a the dte, show no evidence of solution activity. No
evidence of solution cavities or cavern development has been observed in any borings or outcropsin the
Miamisburg area.

Hydr ogeol ogy

The aquifer system of the Ste congsts of two different hydrogeologic environments. groundwater flow
through the bedrock benesth the hills and groundwater flow within the unconsolidated glacia deposits
and dluvium asociaed with the Buried Valey Aquifer (BVA) in the Great Miami River valey. The
bedrock flow system is dominated by fracture flow and is not considered a productive aguifer. The
BVA is dominated by porous flow with interbedded gravel deposits providing the mgor pathway for
water movement. The unconsolidated depogits are Quaternary Age sediments consisting of both glacia
and fluvid depogts. The BVA is a highly productive aquifer cgpable of yidding a sgnificant quantity of
water. The BVA is consdered a sole source aquifer.

Climate

The climate is moderate. The average annua precipitation rate is 94 cm (37 in) per year. Asshownin
Figure 1-4, the tota precipitation measured at the site in 2000 was 84 c¢m (33 in). During 2000, winds
were predominately out of the south-southwest (Figure 1-5). The annua average wind speed measured
a MEMP for 2000 was 5.0 m/s (11.4 mi/hr) (Table 1-2).

Topography

The dte topography is shown in Insart 1-1 (see 11 in x 17 in foldout a the end of this Chapter).
MEMP dgte devations vary from 216 m to 268 m (700 ft to 900 ft) above sea level; most of the Steis
above 244 m (800 ft). No building in which radioactive materid is processed is located below an
elevation of 241 m (790 ft). The typicad nonflood stage of the Great Miami River is 208 m (682 ft).
The highest flood-water levels that can be reasonably postulated for the Great Miami River basin (100-
year slorm event) would result in flooding to 213 m (700 ft). A narrow area dong the southwest border
of the ste lies within the 100-year floodplain.




Introduction

Figure 1-4. Monthly Precipitation Measured at MEMP in 2000
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Figure 1-5. 2000 Wind Rose for MEMP
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Table 1-2. Percent Frequency of Wind Direction and Wind Speed from MEMP
50-m Meteorological Tower for 2000

Percent of Time Average Speed

Direction Winds From (m/s)?
N 5.3 4.1
NNE 5.3 4.1
NE 5.3 4.3
ENE 4.0 4.3
E 39 3.8
ESE 3.8 3.8
SE 3.6 3.8
SSE 39 4.3
S 10.7 55
SSW 13.4 6.0
SW 10.8 59
WSW 59 55
w 6.5 5.8
WNW 6.1 5.1
NW 4.6 4.3
NNW 5.4 4.3
Average 5.0

& 1m/s=2.24 mi/hr.

Totd reative frequency of cams distributed aboveis 1.5%.
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Mission and Operations

In the past MEMP served as an integrated research, development, and production facility in support of
DOE wegpon and nonwegpon programs, especidly in the areas of chemica explosives and nuclear
technology. The principd misson of MEMP was research, development, and manufacture of non-
nuclear explosive components for nuclear wegpons that were assembled at another DOE site. Other
magor operations at MEMP included:

Manufacture of stable (nonradioactive) isotopes for medical, indudtrial, and generd research.
Recovery and purification of tritium from scrap materids generated by MEMP and other DOE Sites.

Development and fabrication of radioisotopic thermoelectric generators fuded with plutonium-238
to provide power sources for such projects as lunar experiments, satellites, and spacecraft.

Surveillance of explosive and radioactive weapons components received from other DOE Sites.

Current MEMP objectives include continuing the nuclear energy program misson, environmenta
restoration, and the trangition of the dte to the community for reuse as a commercid fecility. Asaresult
of recent economic development activities by the Miamisourg Mound Community Improvement
Corporation (MMCIC), 30 private businesses are operating at the site.

1.2  Perspective on Radiation

This section puts into perspective the potentia consequences of the radionuclide releases described in
subsequent sections of this report. Radionuclides emit ionizing radiation. lonizing radiation is radiaion
possessing enough energy to remove eectrons from the substances through which it passes. Additiona
background information on radiation can be found in Appendix F, Principles of Radiation.

Most consequences to humans from radionuclides are caused by interactions between radiation emitted
by the nuclides and human tissue. These interactions involve the transfer of energy from the radiation to
the tissue, a process that may damage the tissue. The radiation may come from radionuclides located
outside the body (i.e., in or on environmentad media and man-made objects) and from radionuclides
deposited inside the body via inhaation, ingestion, or absorption through the skin. Exposure to radiation
from nuclides located outside the body is caled externd exposure and will last only as long as the
exposed person is near the externa source. Exposure to radiation from radionuclides deposited insgde
the body is cdled internd exposure and will last aslong as the radionuclides remain in the bodly.
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A number of specidized units are used to characterize exposure to ionizing radiation. Because the
damage associated with such exposures is due primarily to the depodtion of radiant energy in tissue,
these units are described in terms of the amount of energy absorbed by the tissue and the biologica
consequences of the absorbed energy. Some of the key units are defined below:

Absor bed dose indicates the amount of energy absorbed by a materid (e.g., human tissue), divided
by the mass of the materia. The unit of absorbed dose is the gray (Gy) or the rad (100 rads = 1

Gy).

Dose equivalent indicates the biologicd effect of an absorbed dose on a particular organ or tissue.
It equals the absorbed dose multiplied by factors that relate the absorbed dose to biological effects
on that particular organ. The unit of dose equivalent isthe severt (Sv) or therem (100 rem =1 Sv).

Effective dose equivalent indicates an individud's cancer risk from an exposure to ionizing
radiation. It is cdculated from the weighted sum of the dose equivaents from the irradiated organs.
It isaso expressed in rem or Severts.

Committed effective dose equivalent indicates the totd dose over the individud’s projected
remaning lifetime (assumed to be 50 years) tha results from an intake during one year. The
committed effective dose equivaent (CEDE) expresses the dose of internd radiation received when
an individua has ingested, inhaed or absorbed a radionuclide that will remain insde the body. It is
also expressed in rem or Severts.

Collective committed effective dose equivalent indicates the sum of the committed effective
dose equivadents to the individuas in a population. It gives an estimate of the expected hedlth risk to
the population from a dose of radiation. It can be used to caculate probable risks that might be too
small to predict on the basis of asingleindividua. It isexpressed in person-rem or person-Severts.

Sour ces of Radiation

Every day our bodies absorb ionizing radiation. Most of it comes from natural sources.  Consumer
products and medica procedures that use radiation are other common sources of ionizing radiation.

Natural Sources. Natura radiation comes from two sources, cosmic and terrestrial. Cosmic radiation
results when energetic particles from outer space, traveling at nearly the speed of light, collide with
nucle in our aimosphere, cregting showers of radioactive particles that fal to earth. The average annud
dose equivaent received from cosmic radiation is 26 mrem (0.26 mSv) for an individud living a sea
level. Because cosmic radiaion dissipates as it travels through the atmosphere, individuas living at
lower dtitudes receive less dose from this source than those living at higher dtitudes.

Terrestrid radiation results when radionuclides that are a natural part of the earth’s rocks and soils emit
ionizing  radiation. Because the concentrations of these radionuclides vary
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geographicaly, an individud’s exposure depends on his location. The average annua dose equivaent
from terrestrid radiation for an individud living in the United States (U. S.) is 28 mrem (0.28 mSv).

Internal. Besdes absorbing radiation from externd radionuclides, we can dso absorb radiaion
internaly when we ingest radionuclides dong with the water, milk, and food we eet or dong with the air
we inhae. Once in our bodies, radionuclides follow the same metabolic paths as nonradioactive forms
of the same dements. The length of time a particular radionuclide remains in the body depends on
whether the body diminates it quickly or stores it for a long period, and on how long it takes for the
radionuclide to decay into a nonradioactive form. The principa source of interna exposureinthe U. S,
is believed to be radon. Inhdation of radon contributes about 200 mrem (2.0 mSv) to the average
annua dose equivdent from internd radiation. Other radionuclides present in the body contribute
goproximatey 39 mrem (0.39 mSv).

Consumer Products. Many familiar consumer products emit ionizing radiation. Some must emit
radiation to perform thelr functions, e. g., smoke detectors and airport x-ray baggage inspection
gystems. Other products, eg., TV sets, emit radiaion only incidentaly to performing their functions.
The average annud effective dose equivaent to an individua from consumer products ranges from 6 to
12 mrem (0.06 to 0.12 mSv).

Medical Uses. Radidaion is atool for diagnosng and tregting disease. The average annua dose
equivaent for an individud in the U. S. from diagnogtic radiation is 53 mrem (0.53 mSv). Individuds
undergoing thergpeutic radiation procedures receive much higher doses, and those receiving diagnostic
radioactive testing may aso receive much higher doses.

Summary. The contributions to an average individud’ s annud radiation dose are shown in Figure 1-6.
MEMP s maximum contribution for 2000, 0.18 mrem, istoo smal to be seen in the figure.

Figure 1-6. Average Annual Radiation Dosein the U.S. (NCRP, 1987)

Total Average Annual Dose = 355 mrem

Medical Cosmic + terrestrial

53 mrem 54 mrem

48 mrem

Internal + consumer items

200 mrem
Radon
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2.0 COMPLIANCE SUMMARY

BWXTO operates in compliance with environmenta requirements established by federd, state, and loca
datutes and regulations. Additiond requirements are imposed by Executive Orders, DOE Orders, and
various compliance agreements. The Ste's satus with respect to environmenta requirements is summearized
below.

2.1 Major Environmental Statutes, Regulationsand Orders

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)/Federal
Facilities Agreement (FFA)

The Comprehengve Environmental Response, Compensation, and Liability Act (CERCLA) of 1980, dso
known as Superfund, is the federd government’s primary environmenta restoraion legidation. Through
CERCLA, the U. S. EPA identifies Stes where hazardous substance contamination may present a risk to
human heath and/or the environment. Those sites presenting a human hedth or environmentd risk are then
placed on the National PrioritiesList (NPL).

MEMP was added to the NPL in November of 1989 because of volatile organic compound (VOC)
contamination in groundwater. A Federd Facilities Agreement (FFA) between the DOE and the U.S. EPA
followed in October of 1990. The FFA defines the responghilities of each party for the completion of
CERCLA-related activities.

The FFA became a tri-party agreement on July 15, 1993, when the Ohio EPA became a signatory. The
addition of the Ohio EPA did not change the purpose of the agreement, but rather provided a mechanism for
the full participation of the Ohio EPA in the CERCLA process.

Preiminary CERCLA assessment of contamination at the Ste identified gpproximately 125 locations of
actud or suspected releases. These locations were grouped into “Operable Units’ (OUs) based on waste
type and/or geographica proximity. Origindly, nine OUs were edtablished. As CERCLA activities
progressed, changes to the number and composition of the OUs were warranted. 1n 1995, the CERCLA
program was reorganized to increase the efficiency of the environmenta restoretion effort.  The inititive,
termed “MOUND 2000, has accelerated clean-up of the site so that the land can be released for economic
development much sooner than originadly planned. The MOUND 2000 process addresses buildings and
potentid release dtes (PRS) individuadly. More than 400 PRSs have been identified. A core team,
comprised of U.S. EPA, Ohio EPA, and DOE representatives, reviews the status of each building and PRS
based upon an information package that serves as the basis for decision-making. The core team reaches a
consensus decison to categorize each PRS or building in one of the following ways. (1) no further
assessment is required, i.e., the Steis protective of human hedlth and the environment, (2) a response action
is warranted, or (3) there is insufficient information to make a determination (further assessment is needed).
If there is consensus that the Siteis protective of human health and the environment, no further action is taken.
If it is determined that
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further assessment is needed, the additiona data necessary to make a decision are collected and presented
to the core team. If it is cost-prohibitive to obtain the necessary data, a decision to initiate a response action
may be made. A response action is a clean-up action tailored to the PRS or building of interest. Core team
decisonsto initiate a response action or that no further assessment is required are presented to stakeholders.
The MOUND 2000 process accelerates clean-up of the Site by focusing on discrete areas and streamlining
decison making. The end result is a multi-year and multi-million dollar savings that will dlow DOE to exit the
site and make the Ste available for economic development. In 2000, over 80 CERCLA documents were
presented to regulators and stakeholders, 96 PRS decisons were recorded, and approximately 30
CERCLA meetings were held with regulators. A brief description of environmenta restoration activities for
2000 can be found in Chapter 3.

In addition to the activities described above, the Superfund Act established a list of CERCLA-regulated
materids. Release of these materids to the environment is subject to certain reporting requirements. No
releases of reportable quantities of CERCLA-regulated materias occurred in 2000.

Clean Air Act (CAA)

Nonradiological emissions. The Clean Air Act (CAA) of 1970, as amended in 1977, gave the U. S.
EPA authority to regulate two groups of arborne pollutants: criteria pollutants and hazardous air pollutants.
The CAA was again amended in 1990. The mgor impact of the amendments was the requirement that
major emitters of pollutants obtain comprenengve (Title V) ar permits. As an dterndtive to Title V permits,
MEMP applied for and received Federaly Enforcesble State Operating Permits (FESOPs). The FESOPs
place limits on annua usage and thus limit potentia ar emissons.

MEMP is dso subject to state air pollution regulations, including OAC 3745-15,-31,-35. Compliance with
State of Ohio regulations requires that applicable MEMP activities be permitted or otherwise registered.
The Ohio Environmenta Protection Agency (Ohio EPA) has issued MEMP twenty-two ar permits,
including seventeen sources on regigration status (see Table 3-3). In order for a source to be considered for
regidration datus, (1) the source owner must demonstrate compliance with al applicable laws including
employment of best avalable technology, (2) maximum emissons of particulate matter, sulfur dioxide,
nitrogen oxides, and organic compounds cannot exceed five tons per year, and (3) the source cannot be
subject to U.S EPA new source performance standards or the Nationa Emission Standards for Hazardous
Air Pollutants (NESHAPS).

To ensure compliance with al dtate and loca reporting requirements, chemicd ar emisson data are
collected. This information is maintained in a database that is updated each caendar year. In addition to
providing information on release levels for materids regulated by the CAA, the database is used to meet the
reporting requirements of other statutes such as the Emergency Planning and Community Right-to-Know
Act. All emissions were within required limits and no enforcement actions were initiated in 2000.

Radiological emissions. Ten stacks and eight building vents a the Site discharge radioactive effluents to the
amosphere. These releases are subject to 40 Code of Federal Regulations (CFR) Part 61, Subpart H,
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(“radionuclide NESHAPS’). These NESHAPs regulations are components of the CAA and are enforced
by the U. S. EPA.

The primary standard againgt which compliance with 40 CFR 61, Subpart H is measured is an annua EDE.
The regulaions require that radionuclide air emissons from a given Ste do not exceed those amounts that
would cause a member of the public to receive an annua EDE of 10 mrem (0.10 mSv). The regulations so
date that each facility must determine this “maximum offste dose’ usng an gpproved gpproach; the
preferred approach isto use a computer code such as CAP88-PC.

Based on CAP38-PC cdculations performed for MEMP emissions in 2000, the maximum EDE received by
amember of the public was 0.03 mrem. This value represents 0.3% of the dose limit and demonstrates that
MEMP releases for 2000 were well below alowable release levels.

The NESHAPs dso define sampling and monitoring techniques which apply to stacks and vents that release
radioactive materids. U. S. EPA Region 5 judged MEMP to be in full compliance with the requirements of
40 CFR 61, Subpart H, in 1998.

Clean Water Act (CWA)

The Federa Water Pollution Control Act (FWPCA) of 1972 was established to limit the types and rates of
liquid effluents that may be discharged to the nation's waters. The U. S. and/or state EPA using a Nationd
Pollutant Discharge Elimination System (NPDES) permit set these limits for a specific ste. An NPDES
permit is dso used to maintain compliance with more recent legidation, the Clean Water Act (CWA) of
1987.

Ohio EPA renewed the site's NPDES permit on November 1, 1997. The permit was modified in March
1998. It is effective until March 2002. The permit defines discharge limits and monitoring frequencies for
the gte's water effluents. NPDES permit limitations were exceeded three times during 2000 for tota
suspended solids (TSS). The exceedances were reported to the Ohio EPA and prompt corrective actions
were taken following the incidents. The Ohio EPA issued a Notice of Violaion (NOV) regarding acute
biotoxicity. See Section 5.2 for more information. No enforcement actions were initiated in 2000.

In July 1997, the Ohio EPA issued an Authorization to Discharge (ATD) for the CERCLA OU1
groundweter remediation process. One dement of this process involves the continuous pumping of
groundwaeter from a series of extraction wells to prevent migration of VOCs into the aquifer. The ATD
sarves as an NPDES permit for wastewater discharged as a result of this CERCLA action, specifying
discharge limits and monitoring frequencies. During 2000, no exceedances of ATD discharge limitations
occurred.
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Safe Drinking Water Act (SDWA)

The Safe Drinking Water Act (SDWA) of 1974 required the U. S. EPA to establish a program to protect
drinking water sources. To meet this god, the EPA developed Nationd Primary and Secondary Drinking
Water Standards.  These standards are gpplied to drinking water supplies “at the tap.” Since the dte
withdraws well water for use as drinking water, MEMP is subject to the requirements of the Act.

In Ohio, the SDWA is administered by the Ohio EPA. In accordance with Ohio EPA requirements, the
dte' s drinking water system is routindy tested for various compounds. These andyses must be performed
by a date-certified laboratory. In 2000, Test America, Inc. performed the following andyses. gross dpha
and beta, radium, tritium, tota coliform, lead, copper, nitrate, MCL inorganics, and volatile organic
chemicas. No exceedances were observed in 2000.

Under the Ohio EPA’s SDWA authority, MEMP is dso required to maintain a minimum chlorination level of
0.2 mg/L free chlorine (or 1.0 mg/L combined chlorine) in the Site€'s potable water system. This standard
gpplies throughout the digtribution system.

Resource Conservation and Recovery Act (RCRA)

The Resource Conservation and Recovery Act (RCRA) of 1976, as amended by the Hazardous and Solid
Waste Amendments (HSWA) of 1984, established a “cradle to grave’ tracking system for hazardous
wades. The Acts led to the implementation of registration and/or permit requirements for al facilities that
transport, generate, treat, store, and/or dispose of hazardous wastes. The Ohio EPA adminigters this
program in the State of Ohio.

BWXTO operates two hazardous waste storage units; one is used for hazardous wastes and the other is
used for mixed wadtes, i.e., radioactive wadtes that are adso regulated by RCRA. The storage units are
operated in accordance with a RCRA Part B permit issued by the Ohio EPA in October 1996.

Hazardous wastes stored onsite are managed pursuant to RCRA requirements with respect to waste
characterization, labeling, sorage container integrity, facility performance criteria, and emergency response
preparedness. These wastes are shipped offsite for approved treatment and/or disposal.
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Waste disposition. In 2000, 129,700 pounds of hazardous and other regulated wastes were shipped
offdgte. Of that amount, 65,985 pounds were RCRA-regulated wastes, 35,109 pounds were asbestos and
PCB wastes, and 28,606 pounds were other wastes not suitable for sanitary landfilling.

It is the policy of DOE that hazardous wastes originating in Radioactive Materid Management Aress
(RMMAS) be treated as “ suspect” mixed wadtes, (i.e., suspected of being radioactively contaminated). This
precaution is necessary to ensure that hazardous waste management facilities do not receive radioactive
wastes unless they are equipped and licensed to do s0. Asaresault of this policy, BWXTO has implemented
procedures to ensure that waste sent to commercia trestment/storage/disposa facilities is not radioactively
contaminated.

Nonhazardous solid wastes generated by BWXTO are disposed of in alicensed, permitted sanitary landfill.
The volume of materias requiring landfill disposal has been reduced as a result of recycling programs for
paper, glass, and scrap metd. See Section 3.7 for more information.

Federal Facility Compliance Act (FFCACct)

The Federal Facility Compliance Act (FFCAct) was signed into law on October 6, 1992. The FFCAct
required that dl DOE facilities prepare an inventory of mixed wastes and mixed waste treatment cgpabilities.
In accordance with the Act, a Conceptud Site Trestment Plan was submitted to the Ohio EPA in October of
1993. Following discussions with the Ohio EPA and public stakeholders, the Conceptua Site Treatment
Plan was revised and a Draft Ste Treatment Plan was submitted to the Ohio EPA in August, 1994. The
find Ste Treatment Plan (STP) was submitted to DOE in March, 1995 and a Director’s Findings and
Orders (DF&O) was signed on October 4, 1995. The DF&O edablishes schedules and treatment
technologies for DOE' s mixed waste. The STP is updated annudly a a minimum.

BWXTO continues to reduce the volume of onsite legacy mixed waste. 1n 2000, four mixed waste streams
were shipped off-gte for treatment and disposa. BWXTO will continue to explore new trestment options as
they become available to reduce the turnaround times associated with digposition of newly discovered mixed
waste streams.

Toxic Substances Control Act (TSCA)

The god of the Toxic Substances Control Act (TSCA) of 1976 is to protect human hedth and the
environment from unreasonable risks associated with toxic chemica substances. The Act gavethe U. S
EPA authority to govern the manufacture and use of chemicals deemed to present Sgnificant toxicity risks.
Efforts continue to remove TSCA wastes associated with past practices. The two primary components of
this category of waste are polychlorinated biphenyls (PCBs) and asbestos. In 2000, 35,109 pounds of
ashestos and PCB wastes were shipped offsite for disposal.

Polychlorinated biphenyl (PCB)-contaminated materids that are not suspected of being radioactively
contaminated are stored ongite pending their shipment to an EPA-agpproved facility
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for disposal. “Suspect” asbestos and PCB wastes (those wastes originating in RMMAS) are retained onsite
for waste characterization. Radioactively contaminated PCB wastes are dso retained onsite. Disposd
options are currently being explored for PCB-contaminated mixed waste.

The use of asbestos in pipes, panels, and as an additive to didlyl phthalate in parts production has been
discontinued. Residud asbestos is handled, packaged, and shipped offsite to an approved disposd facility in
compliance with TSCA regulations. In 2000, asbestos remova projects associated with building
maintenance, and demolition activities continued. All such projects are carefully monitored by the Industria
Safety & Hedth Group to ensure compliance with TSCA and BWXTO's Safety and Hygiene Manud.

Emergency Planning and Community Right-to-Know Act (SARA TitlellIl)

The reauthorization of CERCLA came in 1986 in the form of the Supefund Amendments and
Reauthorization Act (SARA). The Emergency Planning and Community Right-to-Know (EPCRA) portion
of that legidation is found in Title Il of the Act. SARA Title I, Section 312, requires that dtes handling
“extremey hazardous’ and “hazardous’ substances notify regiond emergency planning agencies. In
compliance with the Act, MEMP annudly reports hazardous chemical inventory data to the State Emergency
Response Commission, the Montgomery/Greene County Information Coordinator, and the City of
Miamisburg Fire Depatment. The inventory information is accompanied by maps showing the specific
locations of the chemicals. In 2000, BWXTO used and/or stored two “extremely hazardous’ and six
“hazardous’ chemicals in excess of EPCRA Section 312 reporting thresholds. See Section 5.3 for more
informetion.

SARA Title 1ll, or EPCRA, Section 313 mandates the annual submisson of a Toxic Chemica Release
Inventory report for stes which manufacture, process, or otherwise use listed toxic chemicas in quantities
greater than specified thresholds. In 2000, BWXTO “otherwise used” ethylene glycol in excess of the
EPCRA Section 313 reporting threshold.

National Environmental Policy Act (NEPA)

The National Environmenta Policy Act (NEPA) of 1969 was established to ensure that consideration is
given to the potentid environmenta impact of federd actions prior to the irretrievable commitment of
resources. DOE has formdized its approach to NEPA by enacting regulations (10 CFR 1021).
Congtruction in the Power Systems Technology area did not need a NEPA review due to previous reviews
conducted when DOE was considering relocating the heat source program to another site.
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Endangered Species Act (ESA)

Provisons of the Endangered Species Act (ESA) of 1973, as amended, prohibit federa departments such as
the DOE from carrying out projects that would destroy or modify a habitat deemed critical to the surviva of
an endangered or threatened species.

MEMP has performed a number of surveys for threatened or endangered species. Two potentiad ESA
compliance issues have been noted. Firgt, an endangered plant species, the Inland rush Juncus interior),
and an endangered bird species, the Dark-eyed junco (Junco hyemalis), have been observed onste. Both
species are listed on the State of Ohio Endangered Species list. Because only one individua of inland rush
was located, it is not considered a viable breeding population at the site. The dark-eyed junco, despite being
a common winter vigtor to Ohio, is not known to breed in southwestern Ohio. Secondly, it has been
determined that the dte is in the habitat range of the federally endangered species of Indiana Bat (Myotis
sodalis). Consultations with the U.S. Fish and Wildlife Service and the Dayton Museum of Naturd History
indicate that the Ste does not provide a suitable habitat for the Indiana bat and no Indiana bats have been
observed onsite.

Nether the solitary stings of the rush and the junco, nor the potential habitat for the Indiana bat, are
expected to affect ongoing or future activities a the Site.

National Historic Preservation Act (NHPA)

The National Historic Preservation Act (NHPA) of 1966, as amended, made the preservation of higtoric,
architectural, and archeologica resources a nationd policy. Consgent with this policy, the federd
government requires that programs it funds or licenses including those in the State of Ohio be reviewed by
the State Higtoric Preservation Office to determine what effects, if any, the planned activities under these
programs will have upon such resources.

At MEMP, two studies were conducted to evauate non-building archeologica resources. These studies
concluded that no significant archeologica resources are located on the Ste. The Ohio Historic Preservation
Office (OHPO) concurred with these conclusions.

An evduation of buildings and structures for their architectura and culturd sgnificance was submitted to the
OHPO in June 1998. The OHPO concluded that the seventeen origind structures are of historic significance
because of their association with the early development of nuclear wegpons (i.e.,, polonium research and
fabrication). Because MEMP will demolish or transfer the digible buildings, DOE initiated discussons with
the OHPO to establish the terms of a Memorandum of Agreement (MOA). The purpose of the MOA isto
mitigate adverse affects to these historic sructures which will result from environmenta restoration activities
and trangition of the Ste.

In early 2000, under the guiddines in the NHPA and the implementing regulations at 36 CFR 800, DOE
approached the Advisory Council on Historic Preservation (ACHP) to resolve a dispute with the OHPO
concerning the disposition of one of the buildings. The dispute was resolved and the ACHP and the DOE
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signed the MOA in October 2000. Under the agreement, mitigation will consst of documentation packages
for the 17 origind buildings and a documentation package for the Site (see Appendix G).

Executive Order 11988, “ Floodplain Management”

A narow aea dong the southwestern border of the gSte lies within the 100-year floodplain. The
southwestern areais primarily located within an undeveloped portion of the Site and is not expected to affect
project activities. A Notice of FHoodplain Involvement was published in the Federa Register in 2000 for the
South Property (Parcd 4) transfer. The trandfer is scheduled to take place in 2001.

Executive Order 11990, “ Protection of Wetlands’

CERCLA ecologica assessments have identified small wetland regions within and around the Ste. MEMP
activities are planned to minimize adverse impacts to these regions. An evaluation must be conducted prior to
any action taken within a floodplain or wetland. A public notice, including a Federa Register Notice
publication, must be employed to notify stakeholders of the action. Authorization to backfill a wetland or
discharge dredged or fill materid into waterways designated as “waters of the United States’ shdl be
secured from the U. S. Army Corps of Engineers (USACE) under Section 404 of the Clean Water Act. A
corresponding Section 401 Water Quality Certification shdl be secured from Ohio EPA, if gpplicable. The
USACE concurred with the updated 1999 MEMP Wetlands Delinestion.

A Notice of Wetlands Involvement for the ingtdlation of a Soils Staging Area was published in the Federd
Register in 2000.

Executive Order 12856, “Federal Compliance with Right-to-Know Laws and Pollution Prevention
Requirements’

Executive Order 12856 mandates compliance with EPCRA (SARA Title I11) reporting requirements for al
federd facilities. In 2000, MEMP submitted an EPCRA Section 312 report for chemicas stored during
caendar year 1999. A EPCRA Section 313 report was required to be submitted for 1999 usage of
ethylene glycol. Datafor 2000 will be reported in 2001 as specified by EPCRA.

The pollution prevention and waste minimization focus has shifted from routine operations to environmenta
restoration. Accomplishments in 2000 included collection of ferrous and non-ferrous metas, white paper,
and toner cartridges for recycling.

2.2 Other Key Environmental Compliance | ssues

Major External Environmental Auditsin 2000
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Ohio EPA RCRA inspection. The annud unannounced RCRA inspection by the Ohio EPA was
conducted in December of 2000. The ingpection focused on RCRA compliance issues. No noncompliances
were identified.

Ohio EPA NPDES permit compliance inspection. The Ohio EPA conducted an NPDES permit
compliance evauation on June 23, 2000. All areasrated were judged to be satisfactory.

Ohio EPA SDWA sanitary survey. The Ohio EPA conducted an SDWA sanitary survey on June 20,
2000. All aspects of the potable water system and the required monitoring were judged to be satisfactory.

2.3 Summary of Permits
BWXTO operaes in compliance with five Sate air permits.  Seventeen additional sources of air emissons

are on regidration datus with the State of Ohio. An NPDES permit and an ATD govern water releases
from the Ste. Hazardous waste activities are governed by a RCRA Part B permit.
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3.0ENVIRONMENTAL PROGRAM INFORMATION

The principd objective of MEMP environmental monitoring programs is to ensure that any threet to
human hedlth or the environment is promptly detected and mitigated. It is MEMP s policy that meeting
this god be viewed as a minimum standard of practice; better performance should dways be pursued.
The philosophy is evident in the extent and scope of MEMP's effluent and environmental monitoring
programs. It is dso supported by MEMP s commitment to successful programsin the areas of:

ALARA (AsLow As Reasonably Achievable),
Regulatory compliance,

Wasgte minimization and pollution prevention,
Environmenta restoration.

3.1 Environmental Monitoring Program

The MEMP environmental monitoring program (BWXTO, 2000) generates data on surface water,
groundwater, sediment, foodstuffs, and air. These media are pathways for migration of hazardous
materias from the Ste to the public. The monitoring program includes effluent monitoring, environmenta
aurvelllance, and meteorologica monitoring.  Effluent monitoring focuses on releases from the gte, i.e,
dack and wastewater discharges. The environmental surveillance program focuses on environmenta
conditions in the area surrounding the site and in locd communities. Meteorologicd monitoring focuses
on wegather conditions which are used to determine the environmental impact from air emissons.

3.2 Effluent Monitoring
Air Emissons

Stacks through which radioactive materials are released are sampled for tritium and/or particulate
radionuclides. These samples are collected to demongtrate compliance with radionuclide NESHAPs
regulations and to provide early warning of abnorma emissons so that timely corrective actions can be
undertaken. An outline of the routine stack radionuclide sampling program is shown in Table 3-1.
Stacks are also equipped with real-time monitors that operate continuoudy. Samples may be collected
a any time if one of the red-time monitors should darm. MEMP dso releases very smdl quantities of
nonradiologica condituents into the aimosphere. Annua nonradiologica emisson rates are caculated
using a materia baance or emission factor gpproach. The releases are governed by State of Ohio EPA
permits and regulations.




Environmental Program Information

Table 3-1. Effluent Monitoringat MEMP

Parameter No. of Sampling Collection
Measured® L ocations Frequency
Air Emissions
HT, HTO 10 Weekly
238py, 239200y, 7 Weekly
233,234U 238U 6 Weekly
Water Effluents

Flow rate 5 Daily

1 When well is pumped
HTO, grossapha 4 Daily
Z38py, 239240py 4 Dally
233,234U 238U 4 Da |y
#5Th, 2°Th,%2Th 4 Dally
pH 1 Daily

3 Weekly

1 1/2 Weeks

1 When well is pumped
Chlorine 1 Daily *
Dissolved oxygen 1 Weekly
Dissolved solids 1 1/2 Weeks
Suspended solids 1 2/Week

2 Weekly

1 1/2 Weeks
COD 1 Weekly
CBODs 1 2/Week

1 Monthly
Fecal coliform 1 Weekly *
Ammonia 1 1/2 Weeks
Oil and grease 1 Monthly

1 Quarterly

8 HTO = Tritium oxide

HT = Elemental tritium

Pu = Plutonium
U = Uranium

Th=Thorium

CBOD; = Five day carbonaceous biochemical oxygen demand
COD = Chemical oxygen demand

* Summer Months; May 1 — October 31
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Table 3-1. Effluent Monitoring at MEM P (continued)

Parameter No. of Sampling Collection
Measured # L ocations Frequency
Water Effluents
Free cyanide 1 Monthly
Cadmium 2 Monthly
Chromium 1 Weekly
2 Monthly
Copper 1 Weekly
2 Monthly
Lead 1 1/2 Weeks
2 Monthly
Mercury 1 Weekly
Nickel 1 1/2 Weeks
2 Monthly
Selenium 1 Monthly
Silver 1 Monthly
Zinc 1 1/2 Weeks
2 Monthly
VOCs 1 Monthly
1 Quarterly
1 When well is pumped
Toxicity testing
Ceriodaphniadubia
acute 1 Quarterly
chronic 1 Quarterly
Pimephales promelas
acute 1 Quarterly
chronic 1 Quarterly

4V OC = Volatile organic compound
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Water Releases

Water rdeased from the dte is dso sampled a the discharge points. Effluents include process
wastewater, sewage water, and sorm water. Extensve sampling and andysis are required to
demondrate compliance with the ste's NPDES permit and the OUL1 ATD. An outline of the effluent
water sampling program is aso shown in Table 3-1.

3.3 Environmental Surveillance

MEMP maintains an extensve environmenta surveillance program desgned to evauate potentia
impacts from the gte on human hedth and the environment. The environmental surveillance program
involves sample collection and andysis of ambient air, regiona water supplies, sediments, ondte and
offgte groundwater, and foodstuffs. This program complements the effluent monitoring program which
focuses on releases from the gte, i.e, stack and water discharges. An outline of the environmenta
aurvelllance program is shown in Table 3-2.

Radionuclides of Concern

The principa radionuclides of concern a& MEMP are tritium and plutonium-238; no other radionuclides
contribute significantly to the dose edtimates for the Ste (see Appendix E). Other radionuclides,
however, have been used at the Ste. Where there is a strong probability of detecting such radionuclides
in the environment, they have been added to the gppropriate sampling schedule. The primary example
is uranium. Because U-234 is a decay product of Pu-238, U-233,234 is a part of MEMP's routine
environmental monitoring program. MEMP analyzes drinking water and river water samples to monitor
the ingrowth of U-233,234. No sgnificant concentrations have been encountered. Radioisotopes of
thorium were aso used higtorically in MEMP operations. To ensure that no significant dose impact
from thorium is occurring, monitoring is performed. These data show that thorium concentrations are a
or very near environmentd levels.

Ambient Air

MEMP maintains a network of ambient ar
aurvelllance gations to monitor the impact of
arborne radiologicd emissons on the loca and
regiond environments. The network includes
both ongte and offsite stations. The number and
placement of offdte dations is based on the
population digribution, the prevaling winds,
and project activity.

Collection of Ambient Air Samples
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Surface Water and Sediment
The Great Miami River and other regiond surface water locations are sampled routindy for

radionuclides. Since plutonium and thorium in river water tends to accumulate in sediments, sediment
samples are collected from these |ocations and andyzed for isotopes of these radionuclides.

Table 3-2. Environmental Surveillanceat MEMP

Environmental Parameter No. of Sampling Collection
Medium Measured 2 Locations” Frequency
Onsite
Ambient air HTO 8 Weekly
238py; 239.240py 8 Weekly
28T, 207 22T 4 Weekly
Particulates 8 Weekly
Drinking water HTO 3 Weekly
238Bpy, 239240py, 3 Monthly
z:y, 8y 3 Monthly
28Th, 20Th,%2Th 3 Monthly
22Ra, ?°Ra 5 Annually
Gross Alpha 5 Annually
Gross Beta 5 Annually
VOCs 5 Quarterly
MCL Inorganics 5 Annually
Nitrate 5 Annually
Lead and Copper 20 Semi-annually
Total coliform 2 e
Groundwater HTO 71° e
238py 239240py 17 e
233’234U, 238U 17 e
28T, 20T h,22Th 16 e
#°Ra, ®Ra 10 e
VOCs 714 e
Inorganics 25 ¢d e

&HTO = Tritium oxide, Pu = Plutonium, U = Uranium, Th = Thorium, Ra= Radium, VOC = Volatile organic
compound

® | ncludes background | ocation when applicable

¢ Groundwater sampling includes wells, capture pits, and seeps
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9 Non-detects are not reported in App. D
€ Sample collection frequency varies
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Table 3-2. Environmental Surveillance at MEMP (continued)

Environmenta Parameter No. of Sampling Collection
Medium Measured 2 Locations " Frequency
Offdite
Ambient air HTO 12 Weekly
238y 239.240py 12 Weekly
28T h, 20Th, 22Th 2 Weekly
Particul ates 12 Weekly
River/stream water HTO 7 Monthly
238py 239240py 6 Monthly
Z3234y 28y 6 Monthly
28Th, 20Th,%?Th 6 Quarterly
River/stream 238py 239240py 7 Quarterly
sediment
28T, 20T h, 22T h 7 Quarterly
Pond water HTO 7 Annually
238py, 239240py 7 Annually
Pond sediment 238py, 239240py 7 Annually
Drinking water HTO 7 Monthly
233y, 239240py, 2 Monthly
w2y, 28y 2 Monthly
28Th, 20Th,%?Th 2 Semi-annually
Groundwater HTO 18 e
238py, 239.240py, 7 e
233,234U 238U 7 e
28Th, 20Th,22Th 7 e
VOCs 13 e
Inorganics 13 e
Foodstuffs HTO 8 Annually
238py, 239240py 3 Annually

8HTO = Tritium oxide, Pu = Plutonium, U = Uranium, Th = Thorium, Ra= Radium, VOC = Volatile organic
compound
®Includes background location when applicable

¢ Groundwater sampling includes wells, capture pits, and seeps

9 Non-detects are not reported in App. D
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€ Sample collection frequency varies
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Foodstuffs

Locdly-grown vegetables are collected and andyzed to estimate a dose via the ingestion pathway from
radionuclides of MEMP origin. Root crops such as potatoes are analyzed since the roots may come
into long-term contact with subsurface plutonium. Tomato samples, conversely, are of use due to their
high water content making them excellent indicators of tritium uptake.

Groundwater

MEMP maintains an extensive groundwater monitoring network designed to provide information on the
impact of gte activities on locd and regiond groundwater. Groundwater samples are collected from
ongte and offste monitoring wells, ongte and offgte production wdls, private wels, and regiond
community water supplies.  Samples are andyzed for radionuclides, volatile organic compounds
(VOCs), and inorganic parameters.

Environmental Leves

To evduate MEMP s impact on the environment, it is necessary to establish background or basdine
levels of contaminants in a variety of media. MEMP accomplishes this task by collecting samples at
locations where the impact from ste discharges is not observable. These locations are usudly in a
direction upwind and at a distance too great to be impacted by the site. Concentrations measured at
these reference locations are referred to as “environmental levels’ in this Report. Measurable
concentrations at these locations are due to naturaly occurring or non-MEMP activities.

34  Meteorological Monitoring

Meteorologicd monitoring provides information on wegther
conditions that can be used to forecast amospheric
disperson following planned or unplanned releases of
arborne materid. Atmospheric dispersgon is a function of
wind speed, wind direction and atmospheric dahility.
Atmospheric sability determinations are made by estimating
the amount of amaospheric turbulence in the laterd wind
direction usng a bi-directiona wind vane. The parameters
which characterize disperson (wind speed, wind direction
and amospheric gability) are closdy monitored at the Ste
with the aid of two meteorologica towers.

50-meter meteorological tower
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3.5 Effluent Treatment and Waste M anagement
Effluent Treatment

Air. High eficiency particulate air (HEPA) filters remove particulate radionuclides from process air
emissons. Air effluents arefiltered fird at their point of origin (e.g., aglove box), and again just before
reaching the release point (i.e, the stack or vent). The filtering system in place a each stack with
particulate emissons is composed of two banks of HEPA filters connected in series. Each filter bank
has anomind collection efficiency of 99.95% for 0.2-micron particles. Tritium is not trapped by HEPA
filters. A chemicd processis used to recover tritium from waste gas sireams.

Water. An ondte sanitary waste trestment plant manages al domestic wastewater generated at the
dte. Treatment is provided via an activated dudge process operated in the extended aeration mode. A
continuous backwash sandfilter serves as tertiary trestment.  The influent and effluent at the sewage
treatment plant are monitored to ensure that radionuclides are not inadvertently discharged to the
environment. All wastewater, after appropriate trestment and monitoring, is discharged to the Greeat
Miami River. Digested dudge from the sanitary treatment plant is managed as Low Specific Activity
(LSA) waste.

Waste M anagement

The waste management focus has shifted from support of routine operaions to environmenta
restoration and dispogition of legacy wastes. In 2000, 129,700 pounds of hazardous and other
regulated wastes were shipped offsite. Of that amount, 65,985 pounds were RCRA-regulated wastes,
35,109 pounds were asbestos and PCB wastes, and 28,606 pounds were other wastes not suitable for
sanitary landfilling.

Hazar dous wastes. BWXTO operates two hazardous waste storage units for the MEMP; oneis used
for hazardous wastes and the other is used for mixed wagtes, i.e., radioactive wastes that are dso
regulated by RCRA. The storage units are operated in accordance with a RCRA Part B permit issued
by the Ohio EPA in October 1996.

Radioactive Wastes. MEMP currently has two disposa options for low-level radioactive wastes.
The waste can be shipped to the Nevada Test Site (NTS) or to Envirocare, a commercid disposal
fadlity. In 2000, 56 truck shipments (77,763 ft%) of low-level waste were shipped to NTS and 8
railroad shipments (16,338 ft*) and 5 truck shipments (4,860 ft3) of low-level waste were shipped to
Envirocare.

Mixed wastes. Hazardous wastes that are radioactively-contaminated are referred to as mixed wastes.
These wastes are stored onsite in a RCRA-permitted facility until treatment/disposal options have been
evauated. In 2000, four mixed waste streams were shipped off-ste for treatment and disposdl.
BWXTO will continue to explore new treatment options as they become available to reduce turnaround
times associated with the disposition of newly discovered mixed waste streams.
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Nonhazar dous solid wastes. Nonhazardous, nonradioactive solid wastes generated by BWXTO are
disposed of in alicensed, permitted sanitary landfill. The volume of materias requiring landfill disposa
has been reduced as aresult of recycling programs for paper and scrap metd.

3.6 Environmental Permits

MEMP activities are routingly measured againgt the compliance requirements of sate air and Sate water
permits. Additionaly, the hazardous waste program operates pursuant to a RCRA Part B permit. Table
3-3 lists permits applicable to MEMP and BWXTO activities.

3.7 Waste Minimization and Pollution Prevention

BWXTO has established programs to reduce the volume and toxicity of hazardous, radioactive, mixed,
and solid waste streams. These goals are accomplished by preventing waste generation, recycling, and
reclamation. Programs include recycling of expended vehicle batteries, scrap metds, white recyclable
paper, and toner cartridges. Recycling bins are dso provided for duminum cans, which are
accumulated and recycled by employees. In 2000, MEMP recycled 16.5 tons of white paper and 347
tons of scrap metdl.

3.8 Environmental Restoration

MEMP's primary focus is environmental restoration of the dte in preparation for trangtion of the
property to the community for economic development. The Site was added to the CERCLA NPL in
1989. DOE, U. S. EPA, and Ohio EPA administer CERCLA activities in accordance with the terms of
a FFA. In 1995, the traditiond CERCLA program a MEMP was reorganized to incresse the
efficiency of the environmenta restoration effort. The resulting process, termed “MOUND 2000,” has
accelerated clean-up of the site so that the land can be released for economic development much more
quickly than originaly planned. The MOUND 2000 processis described in Section 2.1.

E Building and Building 68 were demolished as a CERCLA removd action. The Action Memorandum
was in public review from December 1999 to January 2000. Field work was initiated in mid-April. By
Augug, the demolition of the Structures was complete. Removal of E Building's dab materiad began in
October and will be complete in cdendar year (CY01). Completion of the removd action will be
documented in an On-Scene Coordinator Report in CY 01,

Completion of the PRS99 remova action was documented in an On-Scene Coordinator report (Find,
August 2000). PRS 99, dso known as Area 6 or WD Building Filter Cleaning Wadte, is a former
trench in the parking lot south of GH Building. Sampling performed in February 1999 produced one
sample with an devated (with respect to risk based guideline vaues) concentration of plutonium-238.
Subsequent trenching investigation yielded evidence of greater contamination. A remova action was
peformed in CY99 and subsequent verification sampling documented the remaining plutonium-238
concentration below risk based guiddine values.

3-11



Environmental Program Information

In 2000, severd other key environmenta restoration projects and waste management initiatives were
completed. Descriptions of key accomplishments are provided in the following sections.

3-12



Chapter 3

Table 3-3. Environmental Permits

Operation Permit Type Permit No. Vdid Through  Issuing Agency
9 Standby Power Diesel ar B009 - BO17 permanent Ohio EPA
Generators
SW/R Fumehoods ar PO12, PO14, permanent Ohio EPA
PO15
(registration)
Wastewater Discharge water 11000005*HD 3/31/02 Ohio EPA
(NPDES)
Wastewater Discharge water 1IN90010*AD permanent Ohio EPA
(OULATD)
Building 48 ar POO8 permanent Ohio EPA
(registration)
Crusher ar F003 5/29/01 Ohio EPA
Roadways and Parking ar FOO1 permanent Ohio EPA
Lots (registration)
Underground Line ar BOO8 permanent Ohio EPA
Removal (registration)
(diesel generator)
Gas Dispensing Facility ar G001 permanent Ohio EPA
(registration)
Open Burning ar L etter permit permanent RAPCA
(firetraining) (registration)
Powerhouse ar BOO1 7/131/05 Ohio EPA
Boiler 1 and Boiler 2 BO06
Fuel Oil Storage ar TO05 2/17/01 Ohio EPA
R/SW HEFS Stack ar PO30 1/24/01 Ohio EPA
Hazardous Waste RCRA 05-57-0677 10/18/01 Ohio EPA
Storage operation

& Applied for registration status with Ohio EPA
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OU1 Treatment Systems. OU1 addresses voldile organic chemicds in the groundwater near the
ste'sformer solid waste landfill. Two treatment systems are operating there. A groundwater pump and
treat system is used to creste a hydraulic barrier to contain contaminated groundweter in the vicinity of
the landfill. Groundwater is continuoudy pumped from a series of extraction wells and passed through
an air stripper to reduce VOC concentrations before the water is discharged. The water discharges are
governed by an ATD issued by the Ohio EPA in July 1997. In 2000, approximately 41,800,000
galons of water were treated, removing approximately 3 pounds of VOCs. Since its inception, the
systemn has removed 24 pounds of contaminants.

An ar spargelvapor extraction system
became operational in December 1997. It
sparges (injects) air into the groundwater to
volatize VOCs dready in the groundwater.
Recovery wels above the water table
extract the VOC vapors liberated by air
sparging as well as pulling in VOC vapors
liberated from the soil above the water
table. The captured vapors are passed
through granular activated carbon (GAC) to
absorb the VOCs before the air is vented
to the atmosphere. Since gart-up, the air
sparge/soil  vapor extraction system has
recovered gpproximately 3,698 pounds of
VOCs.

Miami-Erie Canal Project. The Miami-Erie
Cand Project addressed contamination of a
one-mile section of the abandoned cand

within the City of Miamisburg. Clean-up of the
cand to levels condstent with recregtiond use
was completed in May 1998. Panting grass
and trees and congtructing a bike path has
restored the dte. The easement to perform
remediation was cancdlled in May 2000 and no
further environmental monitoring is required. A
CERCLA On-Scene Coordinator Report
documenting the clean-up was issued in May
1999.
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Building demolition projects. E Building and Buildings 67, 68, and 88 were demolished in 2000.

E Building Demolition Project
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Selentec Study. The objective of the Sdentec pilot scale treatability study for transuranic (TRU) soil

was to determine the ability of the ACT*DE*CON process to reduce radionuclide concentrations in
s0il. The process provides a highly selective dissolution of contaminants from the soil by the use of a
chemical wash. The study evauated process effectiveness on MEMP and Nevada Test Site (NTS)

TRU soil. Test runs were completed on nine separate “batches’ of NTS soil. Results indicate that the
process did not effectively remove the plutonium from NTS soils. Test runs performed on Mound soils
indicate that the process could achieve the Ste cleanup god on high fines clay soil. However, it is not
clear that the process would be as effective on natura clay soil.

3.9 Cost Recovery Grant

The Cost Recovery Grant (CRG) represents an added dimension to the environmenta monitoring
programs in place a8 MEMP. The CRG replaced the Agreement-in-Principle grant in July of 1998.
These agreements establish a framework under which the State provides oversght and monitoring
activitiesat MEMP.

Under the CRG, various date agencies review DOE environmentad monitoring (Ohio EPA and Ohio
Department of Hedlth) and emergency management (Ohio Emergency Management Agency) programs.
The agencies perform independent monitoring, data collection, and oversight of project activities.
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3.10 Release of Property Containing Resdual Radioactive Material
Real Property M anagement

Red Property Management is respongble for dl red property issues arisng a Mound. This includes
the preparation of easements for utilities and other purposes on the site, and the disposa of modular and
Butler buildings. Red Propety Management oversees the Facility Information Management System
(FIMS), which is a computerized database that provides DOE/HQ with a summary of rea property
data relaing to MEMP. Because of FIMS requirements, it is necessary to notify the Red Property
Coordinator anytime a trailer or other dructure is leased, purchased, or demolished and when
hazardous substances are moved into or out of a building or structure.

Personal Property Management

Excess persond property is dispositioned in accordance with the 41 CFR Parts 101 and 109 and
Federd Property Management Regulations. Before excess property is made available to other
government agencies through the reutilization process, the property is made available to the MMCIC.
Depending on the type and condition of equipment, and the associated acquisition cost, excess property
is dso made available to DOE facilities through the Energy Asset Disposd system (EADS), Generd
Services Adminigration (GSA) database or gifted to educationd indtitutions. Through access to either
of these two databases, other state and federd entities may acquire property. If other federd or dtate
entities do not acquire property within an dlotted time, the property may then be donated to educational
ingtitutions or digpostioned through auctions. Net proceeds from these auctions are entered into a
Generd Site Fund dedicated exclusvely to MEMP.

No equipment is accepted that has been: 1) exposed to radiological contamination, 2) located insde a
Radioactive Materids Management Area (RMMA\), Radiation Buffer Area (RBA), Contamination Area
(CA) or High Contamination Area (HCA). See Table 3-4 for Radioactive Surface Contamination
Limitsfor Unredtricted Release.

No equipment that has been exposed to heavy metds, beryllium, asbestos or energetic materids
contamination is accepted into excess. The equipment must be evaluated and released by Indudtrid
Hygiene/Safety to Waste Management.
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Table 3-4. Radioactive Surface Contamination Limitsfor Unrestricted Release

Direct Total or Average Maximum Total (Fixed + Removable
Radionuclide @ Total Removable)
(Fixed + Removable) (dpm/100cn?)® (dpm/100cn?)®
(dpm/100 cn)?
Transuranics, 1-125, 1-129, 100 300 20
Ra-226, Ac-227, Ra228,
Th-228, Th-230, Pa-231
Th-natural, Sr-90, 1-131, I- 1,000 3,000 200
133, Ra-223, Ra-224, U-232,
Th-232
U-natural, U-235, U-238 5,000 15,000 1,000
and associated decay
product, alpha emitters
Beta-gamma emitters 5,000 15,000 1,000
(radionuclides with decay
modes other than alpha
emission or spontaneous
fission) except Sr-90 @
Tritium, all forms (surface NA NA 10,000
and subsurface)
Notes:
() Asused in thistable, disintegrations per minute (dpm) means the rate of emission by radioactive material

as determined by correcting the counts per minute measured by an appropriate detector for background,
efficiency, and geometric factors associated with the instrumentation.

2 Where surface contamination by both alpha and beta-gamma-emitting radionuclides exists, the limits
established for alpha and beta-gamma-emitting radionuclides should apply independently.
3 This category of radionuclides includes mixed fission products, including the Sr-90 which is present in

them. It does not apply to Sr-90 which has been separated from other fission products or mixtures where
the Sr-90 has been enriched.

Surplus Property Donationg/Gifts

In accordance with governing documents, BWXTO "gifts’ or "donates’ equipment deemed appropriate
for use in improving math and science curricula or activities for ementary and secondary school
education, or for the conduct of technica and scientific education research activities. Eligible recipients
ae locd (to MEMP) dementary and secondary schools (public and private), encompassing
kindergarten through twelfth grade and non-profit organizations. Excess property screened through the
EADS sysem database is circulated for colleges and universties through the Energy-Reated
Laboratory Equipment (ERLE) program.

2000 Activities. Excess equipment was donated to the First United Methodist Church, Hickorydae
Internationa Heritage Academy, Germantown Police Dept., Stivers School of the Arts, Kettering
Middle School, McGuffey Foundation School, Germantown Chrigtian Schools, Jackson Township,
Bishop Fenwick High School, Chautauqua Baptis Fellowship Park, Chris Memorid Missonary
Baptist Church, and Kinder Elementary School.

3-18




Chapter 3

3.11 Protection of Biota

DOE Order 5400.5 requires that populations of aguatic organisms be protected at a dose limit of 1
rad/day (10 milliGray/day). The draft DOE Technicd Standard, “A Graded Approach for Evaluating
Radiation Doses to Aquatic and Terredtrial Biota (ENVR-0011)" and supporting software (RAD-
BCG) were used in the evduation and reporting of compliance with biota dose limits. The Technica
Standard provides a graded approach for demonstrating compliance with the biota dose limit and for
conducting ecologica assessments of radiological impact. The Manua was developed by DOE through
the Department’s Biota Dose Assessment Committee (BDAC) , an approved committee organized
through the DOE Technica Standards Program. The BDAC is sponsored and chaired by the Office of
Environmenta Policy and Guidance, Air, Water and Radiation Divison.

The supporting software, or “RAD-BCG Cdculator,” provides a semi-automated tool for implementing
screening and andysis methods contained in the DOE Technical Standard, “A Graded Approach for
Evauating Radiation Doses to Aquetic and Terredtrid Biota” Thistool was adso developed through the
BDAC.

Because the biota protection standard is dose-based, a caculationd method was developed to
demondtrate compliance. Because of the inherent complexity of environmental systems and the vast
aray of biotathat can be potentidly exposed to any radionuclide contamination leve, the DOE decided
that a graded approach to eva uate compliance would be appropriate.

The graded gpproach consists of a three-step process which includes data assembly, generd screening,
and andyds. This threetiered scheme helps to ensure that the magnitude of the evaduation effort is
scaled to the likelihood and severity of potentiad environmenta impacts.

In the general screening process, measured environmenta concentrations are compared to very
conservative Biota Concentration Guides (BCGs). The BCGs were set s0 that redl biota exposed to
such concentrations would not be expected to ever exceed the biota dose limits.  Since the screening
limits would be chosen to protect “dl biota, everywhere’ they would, by their nature be restrictive, and
in many circumstances conservative with regards to specific environments.

BCGs that are consdered to be conservatively protective of non-human biota were derived for twenty-
three radionuclides. These radionuclides were selected because they are relatively common congtituents
in past radionuclide releases to the environment from DOE fecilities. An additiona set of BCGs will be
derived for another set of approximately seventy radionuclides, for inclusion in the next verson of the
Technicd Standard.

The results of MEMP s genera screening are shown in Table 3-5. Using release results from caendar
year 2000, MEMP “passed the Ste screen.” Vaues used in the spreadsheet were obtained by
averaging the maximum incrementa concentrations of goplicable radionudides in the Greast Miami River
and river sediment. An additional measure of conservatism was added by including plutonium-2338
release vaues in the input for plutonium-239 in the spreadsheet. MEMP s releases of Pu-238 were
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greater than Pu-239. The spreadsheet did not include a BCG for Pu-238. The program estimated
sediment vauesif not available,

Table 3-5. Aquatic System Data Entry/BCG Worksheet
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4.0 RADIOLOGICAL ENVIRONMENTAL PROGRAM INFORMATION

MEMP activities result in the discharge of radioactive effluents to the air and the Greet Miami River. Limits
on these discharges have been established by DOE and the U. S. EPA. Releases are monitored using a
network of stack and water sample collection devices. In addition, MEMP maintains an extensve
environmentd survelllance program to evaduate the impacts from dte effluents on the environment. The
environmenta  surveillance program involves the collection and andyss of ar, water, sediment,
groundwater, and foodstuff samples from locations ongite and in locd communities. Data generated from
those programs are presented in this Chapter.

4.1 Radionuclide Releasesfrom MEMP
2000 Data

Table 4-1 ligs the quantities of radionuclides released by MEMP into the air and water during 2000. The
unit used to report these quantities is the curie (Ci), a unit of radioactivity equal to 3.7 x 10™ disintegrations
per second. The quantities, or activities, shown in Table 4-1 were measured at the point of release.
Information on effluent monitoring systems used to estimate release levels gppears in Section 4.2 of this
Chapter.

Table4-1. Radiological Effluent Data for 2000

Radionuclide Released to Activity, Ci MEMP Range”®, Ci
Tritium Air 3.8x 10°% 3.8x 10° —8.0x 107
Water 1.7 1.7-25
Plutonium-238 Air 9.4 x 10° 69x 10°—-45x 10°
Water 1.6 x 10 1.6x10*-4.8x 10*
Plutonium-239,240 Air 36x 108 20x 108 -1.0x 107
Water 2.4x 10° 1.7x10°%-36x 10°
Radon-222 Air 3.2 55x 101 —3.2
Uranium-233,234 Air 1.8x 10°® 80x10°-9.2 x 10°
Water 34x 10 34x10%-39x 10*
Uranium-238 Air 1.1x 10% 40x10°-1.1x10°®

2 Tritium released to air consists of:  Tritium oxide, 3.10 x 10° Ci
Elemental tritium, 7.33 x 10* Ci
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® Minimum — Maximum (1996-2000)
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4.2 Effluent Monitoring Program

Effluent monitoring focuses on releases from the Ste, i.e., sack and water discharges. It isMEMP s policy
and philosophy that al releases of effluents from the Ste are ALARA, that is, As Low As Reasonably
Achievable. Release trends are monitored and unexpected increases trigger internd investigations.  Effluent
ar and water sampling locations are shown in Figure 4-1.

Applicable Standards

Guidedlines for concentrations of radionuclides in air are provided in DOE Order 5400.5 (DOE, 1993a).
These guides are based on recommendations in Publications 26 and 30 of the International Commission on
Radiologica Protection (ICRP 1977, 1979). The guides for radionuclide concentrations are referred to as
Derived Concentration Guides, or DCGs. The DCG for a radionuclide is defined as the concentration of
that radionuclide in ar or water which will result in a 50-year committed effective dose equivaent of 100
mrem (1 mSv) if taken into the body by inhalation or ingestion during one year of exposure. DCGs are
included in Appendix A. In addition, the NESHA Ps radionuclide regulations (40 CFR 61, Subpart H) limit
offgte doses from arborne reeases from DOE dtes (excluding radon) to 10 mrem effective dose
equivaent (EDE) per yeer.

Air Emissons

Stacks through which radionuclides are released are sampled. MEMP monitors twelve point sources for
radionuclides, including tritium and isotopes of plutonium and/or uranium. The average annud
concentrations of radionuclide air emissions are shown in Appendix A, Table A-2. Figure 4-2 illugtrates 5-
year trendsin releases of the radionuclides of primary interest, tritium and plutonium-238.

Tritium. In operational areas where a release potential exists, room air and exhaust stacks are
continuoudy monitored for tritium using srategicaly placed ionization chambers. These monitoring sysems
incorporate darms and have been placed to help to locate the source if a release should occur. In most
Stuations, an effluent removal and containment system can be relied upon to prevent or reduce the release
of tritium to the atmosphere.

Plutonium and Uranium. In areas where a release potential exists, ventilation air passes through one or
more HEPA filters before being discharged to the aimosphere. Fixed continuous air samplers and
continuous air monitors with darm systems are used throughout the operational aress to detect arborne
plutonium and/or uranium. These monitoring systems have been designed to ensure that prompt corrective
action can be taken to reduce the magnitude of releases to the atmosphere.
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Radon. Though emission levels are negligible in comparison with naturd radon emanation rates, a radon-
222 release rate has been included in the 2000 effluent data (Table 4-1) in the interest of completeness.
Radon-222 from natura sources, and from past operations involving radium-226 is continually released to
the atmosphere from SW Building via a smdl roof vent. The estimated dose to the public from radon, as
predicted by CAP88-PC, was 0.004 mrem for 2000.

Tritium and plutonium-238 release rates to the amosphere have remained ratively constant over the past
five years and well below regulatory thresholds. Airborne emissions of plutonium-238 were eevated in
1997 because of congruction activities associated with upgrades to the SM/PP stack monitoring system
which were completed in December of 1997.

Water Releases

Sampling for radionuclides is not required by the NPDES permit; however flow-proportiona samples
collected from outfals 601, 602, 002, and 003 (Figure 4-1) are analyzed for tritium and isotopes of
plutonium, uranium, and thorium. Samples are collected daily during the work week. Three 24-hour
samples are collected on Tuesdays, Wednesdays, and Thursdays. One 96-hour (weekend) sample is
collected each Monday. Samples are andlyzed four times a week for tritium. Two-week composte
samples are andyzed for isotopes of plutonium and uranium. The two-week composite samples are dso
andyzed quarterly for isotopes of thorium. Average concentrations of radionuclides in effluent waters are
shown in Appendix A, Table A-3. Figure 4-3 illustrates 5-year trends in releases of the radionuclides of
primary interest, tritium and plutonium-238 to the Great Miami River. Radionuclide releases to water in
2000 were condstent with previous years. Radionuclide concentrations continue to be smal percentages
of the respective DCGs.

4.3 Environmental Occurrences

Under CERCLA and 40 CFR Pat 302, reportable quantity (RQ) levels have been established for
radionuclides and other designated hazardous substances. If a spill or other inadvertent release to the
environment exceeds the RQ, immediate natification of the appropriate federa agencies (e.g., Nationd
Response Center, EPA, or Coast Guard) isrequired. No such releases occurred at MEMP during 2000.
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Figure4-1. Effluent Air and Water Sampling L ocations
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Figure4-2. Tritium and Plutonium-238 Releases from MEMP to the Atmosphere, 1996 - 2000

Tritium
Curies
2000
15001
10001
500—/
792 802 736 804
383
0 T T T T T
199 1997 1998 1999 2000
Plutonium-238
10 *° Curies
100.0+
80.01
60.04
40.01
450
20.04
15, I '
6.9 i 50 11.0 9.4
0.0 T T T T T
1996 1997 1998 1999 2000

4-6



Chapter 4

Figure4-3. Tritium and Plutonium-238 Releasesfrom MEMP to the Great Miami River,

1996 - 2000
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4.4 Environmental Survellance

In the sections that follow, results of the Environmentd Survellance Progran are summarized. The
environmenta surveillance program focuses on environmenta conditions in the area surrounding the site and
inloca communities. Tables of monitoring results are presented in Appendix B.

Applicable Standards

Guiddines for concentrations of radionuclides in air and water are provided in DOE Order 5400.5 (DOE,
1993a). These guides are based on recommendations in Publications 26 and 30 of the Internationa
Commisson on Radiologica Protection (ICRP 1977, 1979). The guides for radionuclide concentrations
are referred to as Derived Concentration Guides, or DCGs. The DCG for aradionuclide is defined as the
concentration of that radionuclide in air or water which will result in a 50-year CEDE of 100 mrem (1 mSv)
if taken into the body by inhdation or ingestion following continuous exposure for one year. DCGs are
included in Appendix B.

Environmental Concentrations

In anumber of the tables, results are
presented as “incremental
concentrations”  The designation
indicatles thaa an  average
background  concentration,  or
“environmenta” concentration, has
been subtracted from those vaues.
Therefore, incremental
concentrations represent estimates of
MEMPs contribution to the
radionuclide content of an
environmenta sample.

Environmenta or reference locations
were podtioned a dtes where
virtudly no impact from the gte
could be measured. The dtes are in the least prevaent wind direction and/or are at substantia distances
rddive to the ste. Environmentd levels for radionuclides in different environment media are shown in
Appendix B, Table B-1.

Radionuclide sample analysis
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With decreasing release rates of radionuclides, it has become increasingly difficult to observe MEMP's
contribution to radionuclide concentrations in the environment. For this reason, many of the tables in
Appendix B report data as “below environmenta levels” In those cases, it is not possible to observe an
incremental concentration. In other words, the radionuclide concentration in the sample was equd to or
less than the background sample.

Lower Detection Limit

All concentrations of radionuclides are determined by subtracting the instrument background and/or reagent
blank from the sample count. The lower detection limit (LDL) is shown for each set of data in this
Chepter. The LDL is the vdue a which the presence of a contaminant can be inferred a the 95%
confidence level. An LDL is caculated from the instrument background or reagent blank results. Much of
the radionuclide data in this report show concentrations that are below the LDL. Most of these data are
incremental concentrations, i.e., the average environmenta concentration has been subtracted from the
result. Mogt of these data lie between true zero and the LDL level and are included for comparative
purposes. (The measured concentration may have exceeded the LDL but, when the environmenta
concentration was subtracted, it fell below the LDL.) Data are reported if the concentration is below the
LDL but exceeds the reagent blank or the instrument background level.

4.5 Ambient Air Sampling Program

Two types of air samples are collected at each
sampling location. A paticulate ar sample is
andyzed for plutonium-238 and plutonium-239,240.
Samples from sdected locations are dso analyzed
for thorium-228, thorium-230, and thorium-232. A
second air sample, collected in a bubbler apparatus,
is andyzed for tritium oxide. In 2000, 20 sampling
dations were in operation: eght ondte and 12
offste. The locations of the Sations are shown in
Figures 4-4 and 4-5, respectively.

Air Sampling Station
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Figure4-4. Onste Ambient Air Sampling L ocations
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Figure4-5. Offste Ambient Air Sampling L ocations

Tritium. Air samples for tritium analyses are collected on a continuous bass. Air is bubbled through 200
mL of ethylene glycol at aflow rate of gpproximately 1000 cnt/min. Ethylene glycol is used as a trapping
solution because it is not subject to loss by evaporation and will not freeze when exposed to winter
sampling conditions. The glycol solutions are changed weekly and represent a sample volume of
approximately 10 ni of ar. An diquot of each glycol solution is then andyzed weekly in a liuid
scintillation counter.

With this technique, tritium oxide rather than dementd tritium is collected. This gpproach is gppropriate
because tritium oxide is the more radiotoxic form of tritium. The dose that would result from a given
release of tritium oxide would be 25,000 times greeter than the dose from the same number of curies of
eementd tritium.

4-11



V\‘ 119

T Background

S.R. 741
¢ /4
\ --
\ -
_—- ’ Miamisburg | -1

/ ¢
4°® 15 .
Germantown ( <
\ e
\ :

Montgomery Countyf

-_
e - -

Franklin 2= L




Radiological Environmental Program Information

Comparisons of Predicted and Measured Tritium Concentrations

For 2000, tritium air concentrations predicted from modeling stack emissons with the EPA CAPS8-PC
disperson modd were compared to ar concentrations observed during routine monitoring. Since
essentidly dl of the impact from plutonium has been observed to be from resuspenson of soil, and
essentialy dl the impact from tritium has been observed to be from stack emissions, the air concentration
comparison was performed for tritium (oxide) only. The predicted average concentration & offgte air
sampling locations was compared with the observed incrementa average concentration for 2000. Figure
4-6 shows the results of the comparison. Four concentrations were above the environmentd level. One
concentration was diminated because its vaue was sgnificantly lower than observed concentrations at
nearby locations. There is no ratio for sampling locations 101, 105, 111, 112, 115, 118, and CLN,
because the observed results were below the environmenta level. This too indicates that observed results
were much lower than those predicted by the modd.

Figure4-6. Predicted and Observed Concentrations of Airborne Tritium in 2000

Ratio: Predicted to Observed Concentration
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Air Sampling Station
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Plutonium. The particulate sample for isotopic plutonium andysis is collected on a 200-mm diameter
fiberglass disc by a continuoudy operating high-volume ar sampler. The air is sampled a an average rate
of 1.3 x 10° c/min (45 ft¥min). The disc is changed weekly and represents a sample volume of
approximately 13,000 nt of air. Each sampler is equipped with a flow meter so location-specific flow
rates can be calculated.

Putonium andysis is peformed on monthly composite samples for each ongte location and for offste
dations closest to the Ste. The remaining samples are composited for quarterly andyss. The anaytica
process for plutonium includes the following basic seps. use of an internd tracer, chemicd trestment,
separaion of plutonium with anion exchange resin, and a pha spectroscopy.

Thorium. Particulate samples from selected air sampling locations are aso andyzed for thorium. The
release of thorium from ground surfaces (resuspension) is possible due to remediation activities at the Site.
The anaytica process for thorium follows the same principles as the plutonium andysis.

Uranium. As seen in Table 4-1, MEMP includes isotopes of uranium in the release data for ar.
However, because the stack emissions of uranium-233,234 and uranium-238 are so low and their dose
contributions are negligible, anbient air monitoring for uranium is not performed in the environmen.

Resultsfor 2000

Radionuclide concentrations measured a environmenta air sampling stations in 2000 are shown in
Appendix B, Tables B-2 through B-5. The results are also presented in terms of the percentage DCG they
represent.  The tables show that air concentrations of tritium oxide averaged less than 0.0045% and
plutonium averaged less than 0.045% of the DCGs established for those radionuclides. In 2000,
concentrations of thorium isotopes averaged less than 0.095% of the respective DCGs.

4.6 Surface Water and Sediment Sampling Program

The Great Miami River and other regiond surface waters are sampled routinely for tritium, isotopes of
plutonium, and isotopes of uranium. Sediment samples are dso collected from these locations and
andyzed for plutonium and thorium isotopes. Sampling locations are shown in Figure 4-7.

Great Miami River and Local Stream. River sampling locations have been sdected according to
guiddines published by the DOE (DOE, 1991). These locations provide samples that are representative of
river water a the point of entry and after considerable mixing with MEMP effluents has occurred.  Tritium,
plutonium-238, plutonium-239,240, uranium-233,234, and uranium-238 samples are collected and
andyzed monthly. Great Miami River samples are andyzed for thorium-228, thorium-230, and thorium-
232 quarterly. A locd stream just northeest of the Site is dso sampled monthly for tritium.
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Figure4-7. Sampling Locationsfor the Great Miami River, Stream, Ponds, and Sediment
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Local surface waters. Ponds in vaious

compass sectors relative to MEMP are sampled River and pond sediments. Many plutonium
annudly. These samples are andyzed for tritium, and thorium solutions, including those used a
plutonium-238, and plutonium-239,240. MEMP, are rdatively insoluble in weter. For this

reason, they are more likely to be found in
sediment than in surface water.  Additiondly,
because of the rdaively long hdf-lives of these
isotopes, they may accumulate in sediments.
Therefore, MEMP samples river and stream
sediments on a quately bass and pond
sediments on an annud basis. The river samples
are then andyzed for plutonium-238, plutonium-
239, 240, thorium-228, thorium-230, and
thorium-232. The samples collected in the ponds
are andyzed for plutonium-238 and plutonium-
239,240.

“..~ Collection of Surface Water Samples

Results for 2000

River and local stream water. Tritium, plutonium, uranium, and thorium concentretions in the Gresat
Miami River are shown in Appendix B, Tables B-6 through B-10. Many measurements were below their
respective environmental levels. Tritium concentretions were less than 0.065% of the DOE DCG.
Average concentrations of plutonium and uranium isotopes were less than 4.02% of the respective DCG
vaues. River samples were dso andyzed for isotopes of thorium quarterly.  Average thorium
concentrations were less than 0.035% of the DOE DCGs.

Pond water. Radionuclide concentrations measured in pond water are shown in Appendix B, Tables B-
11 through B-13. The pond results were less than 0.045% of the DOE DCGs.

Sediment. Plutonium and thorium results for river sediments and plutonium results for pond sediments are
listed in Appendix B, Tables B-14 through B-19. Maximum and average measurements for 2000 are
comparable to those observed in previous years. Since isotopes of plutonium and thorium accumulate in
sediment, concentrations are affected by the movement of sit in water bodies. This accounts for the
varigbility in plutonium concentrations at the various river and pond locations.
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4.7 Foodstuffs

Various locdly grown produce samples and vegetation are collected during the growing season. The
objective of this aspect of the Environmentd Monitoring Program is to determine whether sgnificant
concentrations of radionuclides are present in plant and animd life. In 2000, samples of root crops and
leafy and non-leafy vegetables were collected from a number of regional communities.

Putonium concentrations are determined by ashing the samples, then analyzing the sample using chemica
treatment, separation with anion exchange resin, and apha spectroscopy.  Tritium concentrations are
determined by didilling the water from the sample, then andyzing the didtillate usng liquid scintillation
spectrometry.

Resultsfor 2000

The results for foodstuff analyses are shown in Appendix B, Tables B-20 through B-22. Average
incremental concentrations of tritium, plutonium-238, and plutonium-239,240 were below 55 x 107,
0.025 x 10°, and 0.025 x 10° nCi/g, respectively. Theseresults are dl lower than those of 1999.

4.8 Offsite Dose | mpacts
Dose Estimates Based on M easured Concentr ations

MEMP usad the data presented in this report to estimate maximum doses to an offste individua. The
figure-of-merit used to caculate those doses was the CEDE. CEDE cadculations are required of DOE
feadlities. These cdculaions are dso ussful in evduating the success of ALARA policies. It is the
philosophy of DOE to ensure that al doses from radiation exposure remain ALARA.

To provide an extra degree of conservatiam, dose estimates are often caculated based on maximum
exposure conditions.  This “maximum individud,” as defined for purposes of cdculaing CEDES, is a
hypothetical person who remained a the site boundary 24 hours per day throughout 2000. This individua
was assumed to have:

bresthed exclusively air with radionuclide concentrations corresponding to the location of the maximum
dose,

drawn dl of hisdrinking water from the Miamisburg water supply, and

consumed produce exhibiting the maximum average radionuclide concentrations in samples collected
from the Miamisburg/Miami Township area

The radionuclides and the exposure pathways which contributed to the maximum individua’s CEDES in
2000 are shown in Figure 4-8. Vadues for the CEDES are shown in Table 4-2. More detailed information
on the CEDE cdculations, including the concentration vaues used, is presented in Appendix E.
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Figure 4-8. Exposure Pathways for Dose Calculations Based on Measured Data for 2000

Air
Tritium, Pu-238, Pu-239,240 [™  |nhalaton ____
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Effective Dose
Equivalent

Drinking water
Tritium, Th-230

Ingestion

o

Foodstuffs
Tritium, Pu-238, Pu-239,240

Dose Estimates for NESHAPs Compliance

NESHAPs radionuclide regulations limit offste doses from arborne releases from DOE stes (excluding
radon) to 10 mrem EDE per year. As specified by the EPA, the preferred technique for demondtrating
compliance with this dose standard is a modeled gpproach. A comparison between measured and
modeled doses can be found on page 4-11.

Maximum individual. MEMP uses the EPA computer code CAP88-PC to evauate doses for
NESHAPs compliance. The 2000 input data for the CAP88-PC cdculations are listed in Appendix E.
Basad on the CAP88-PC output, the maximum EDE from dl arrborne releases was 0.03 mrem. This
estimate represents 0.3% of the dose standard.
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Table4-2. Maximum Committed Effective Dose Equivalentsto a Hypothetical Individual

in 2000
Radionuclide Pathway mrem mSv
Tritium Air 0.003 0.00003
Drinking water 0.007 0.00007
Foodstuffs 0.0007 0.000007
Total 0.011 0.00011
Plutonium-238 Air 0.026 0.00026
Drinking water ND ND
Foodstuffs ND ND
Total 0.026 0.00026
Plutonium-239,240 Air ND ND
Drinking water ND ND
Foodstuffs 0.007 0.00007
Total 0.007 0.00007
Thorium-228 Air 0.019 0.00019
Drinking water ND ND
Foodstuffs NA NA
Total 0.019 0.00019
Thorium-230 Air 0.024 0.00024
Drinking water 0.001 0.00001
Foodstuffs NA NA
Total 0.025 0.00025
Thorium-232 Air 0.089 0.00089
Drinking water ND ND
Foodstuffs NA NA
Total 0.089 0.00089
Total 0.177 0.00177

ND indicates that concentrations were not detectable above the environmental level or reagent blanks.
NA = not applicable (not measured).
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Five-Year Trend in Committed Effective Dose Equivalentsto a Hypothetical I ndividual

Figure 4-9 presents a plot showing the 5-year trend in CEDE to a hypotheticd individud. The dose from
MEMP activities in 2000 was a smdl fraction of the 100 mrem DOE dose limit for members of the public.

Figure4-9. Committed Effective Dose Equivalentsto a Hypothetical I ndividual, 1996 - 2000
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Population doses. CAP38-PC aso has the capability of estimating regiond population doses from
airborne rleases. The population, approximately 3,126,615 persons, within a radius of 80 km (50 mi) of
MEMP received an estimated 1.3 person-rem from dte activities in 2000. CAP88-PC arrived at that
vaue by cdculating doses a specific distances and in specific compass sectors relative to MEMP. The
computer code then multiplied the average dose in a given area by the number of people living there. For
example, an average dose of 0.001 rem x 10,000 persons in the area yields a 10 person-rem collective
dose for that region. CAP88-PC then sums the collective doses for the 80-km radium region and reports a
sngle vaue. Additiond dose components from drinking water and radon emissons are added to obtain
this result.

MEMP s dose contribution of 1.3 person-rem can be put in perspective by comparison with background
doses. The average dose from background sources is 300 mrem (0.3 rem) per individua per year. A
background collective dose can be estimated for the 80-km population by multiplying 0.3 rem x 3.127
million persons. The result, about one million person-rem, represents an estimate of the collective dose
from dl background sources of ionizing radiation. MEMP s contribution, 1.3 person-rem, is gpproximately
0.00013% of that vaue.
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5.0 NONRADIOLOGICAL ENVIRONMENTAL PROGRAM INFORMATION

MEMP releases minor quantities of nonradiological congtituents to the environment. These releases are
governed by State of Ohio permits. The primary concern for ar pollutants is particulate matter.
MEMP monitors the impact of nonradiologica arborne releases by measuring airborne particulates at
both ongte and offsite locations. Nonradiologica releases to water are aso subject to extensve
sampling protocols. In 2000, MEMP collected over 1,300 water samples to demonstrate compliance
with the ste€'s Nationd Pollutant Discharge Elimination System (NPDES) permit and Authorization to
Discharge (ATD).

5.1 Air Monitoring Program

Airborne Effluent

The primary source of nonradiological arborne emissons a MEMP is the sseam power plant. The
plant is normaly fueled with natural gas, but under certain circumstances fud oil isused. Fud oil with a
0.1% sulfur content is burned during unusudly cold wegther or if the naturd gas supply to the dte is
interrupted.  Approximately 4315 liters (1140 gallons) of fuel oil and 5,450,000 n? (192,470,000 ft®)
of naturd gas were burned during 2000. Powerhouse emissions are comprised primarily of sulfur
oxides, nitrogen oxides, VOCs, carbon monoxide, lead, and particulates. Airborne effluent rates are
caculated usng a mass baance approach or AP-42 (EPA, 1985) emission factors. Annual emission
rates are presented in Appendix C, Table C-1.

Ambient Air Monitoring

MEMP eva uates particulate concentrations at eight onste and 12 offsite locations. Sampling locations
are shown in Figures 4-4 and 4-5. High-volume particulate air samples are collected weekly by flowing
air through a 200-mm diameter fiberglass filter. The system operates at about 1.3 x 10° cnv/min which
represents a sample volume of 13,000 nT of air per week. By weighing the filter paper before and after
use, it is possble to determine the mass of particulates retained by the filter. The mass loading and
known air volume can then be used to generate concentration vaues. Results for 2000 are presented in
Appendix C, Table C-2.
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Resultsfor 2000

Nonradioactive ar emissons from MEMP in 2000 did not dgnificantly affect ambient air qudity. All
regulated releases were below permit limits, and comparisons of particulate concentrations measured
ondte versus offgte sugget little or no influence by MEMP. The Ohio ambient air qudity standard (50
nmy/nt) is provided as a reference vaue for particulate measurements.  This value is the state goal for
average ambient air qudity over a three-year period. In 2000, average particulate concentrations
measured at ongite sampling locations were below this standard. See Table C-2.

5.2 Water Monitoring Program

MEMP releases wastewater to offdte surface waters via three discharge systems. In 2000, MEMP
discharged an average of 0.73 million gdlons (2.76 million liters) of water per day to the Greast Miami
River. U. S. Geologicd Survey data indicate that the 2000 flow rate in the river averaged 2,084 miillion
gdlons per day (MGD), with minimum and maximum flow raes of 406 MGD and 22,600 MGD,
respectively. The average magnitude of the river flow rate is Sgnificantly greater than that of MEMP's
effluents. Therefore, releases from the Ste can be expected to have a minimal effect on river water
qudlity outsde of the mixing zone.

The ste's wastewater discharges are regulated by the NPDES permit and ATD. The NPDES permit
was mogt recently modified by the Ohio EPA in March of 1998; it is effective until March 2002. The
ATD governs discharges from the CERCLA OU1 groundwater pump and treat syslem. The ATD was
issued July 11, 1997, and will remain in effect for the duration of the project. The NPDES permit and
ATD define discharge limits and monitoring frequencies for the Site' swater effluents.

The ste's NPDES permit requires scheduled collection and analysis of dte effluents at three onsite
locations (Outfdls 601, 602, and 002). FHow-weighted effluent limitations are further imposed for the
combined discharges from Outfalls 601 and 602 (cadculated Outfall 001). Additiond samples are
required for one offdte outfal (604) when operating. The ATD specifies monitoring requirements for
the OU1 pump and treat system. This sampling location is designated Outfal 003. NPDES permit and
ATD sampling locations are shown in Figure 5-1. A brief description of each outfdl follows Figure 5-1.
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Figure5-1. NPDES Permit and ATD Sampling L ocations
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Outfall 601. Outfdl 601 contains the effluent from the sanitary waste treatment plant. FHow-
proportiona, 24-hour composite samples and periodic grab samples are collected at this outfall.
Monitoring requirements for this location focus on conventiond pollutants and heavy metds. The
effluent is dso sampled quarterly for ten pecific volatile organic compounds.

Outfall 602. Outfdl 602 includes stormwater runoff, single-pass cooling water, zeolite softener
backwash, and effluent from the radioactive waste disposa facility. Flow-proportional, 24-hour
composite samples and periodic grab samples are collected at this outfall. Monitoring requirements for
thislocation include oil and grease, chemica oxygen demand, and suspended solids.

Outfall 002. Outfall 002 contains softener backwash, cooling tower blowdown, single-pass cooling
water, and most of the ste's stcormwater runoff. Flow-proportiona, 24-hour composite samples and
periodic grab samples are collected at this outfal. Monitoring requirements for this location focus on
pH and suspended solids.

Outfall 001. Outfal 001 represents the combined effluents of 601 and 602. These discharges are
combined and released to the Great Miami River via a closed pipe. Since sampling is not practicdl,
additiond limits for this outfal are imposed based on flow-weighted caculaions. A composte sample
is generated from samples collected from Outfdls 601 and 602. The concentrations of materids
present in the composite sample represents an estimate of concentrations actualy present in the effluent
discharged through the pipe.

Outfall 604. Outfal 604 isagroundwater well, dso known as Miamisburg Well 2, located west of the
gte. In the past, the well was purged to reduce tritium concentrations. The purged water was directed
through a closed pipe to the Great Miami River. Monitoring of flow rate, pH, and VOCsis required for
discharges from this outfall. The well was last pumped in 1991. In 1998, the closed pipe was removed
and the dectricity was disconnected.

Outfall 003. Outfal 003 is the discharge from the CERCLA OU1 groundwater pump and treat
system. Time-proportional, 24-hour composite samples and periodic grab samples are collected at this
outfdl. Monitoring requirements for this location focus on VOCs and heavy metds.  Biotoxicity tests
are dso performed quarterly each year a this outfal.
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Resultsfor 2000

More than 1,300 samples were andyzed for NPDES and ATD parameters in 2000. Key results are
summarized in Appendix C, Table C-3. Andyticd procedures were consstent with the methods
specified in regulations of the Clean Water Act, 40 CFR 136. Sampling and andytica services were
provided by BWXTO's Environmental Monitoring laboratory and by outside contractors. All such
procedures meet EPA and BWXTO standards for qudity assurance and quality control.

A review of NPDES and ATD performance over the past five years is shown in Figure 5-2. In 2000,
three NPDES total suspended solids (TSS) permit exceedances were recorded. In July, exceedances
of the TSS 30-day average concentration limitation occurred at Outfalls 002 and 602. The cause of the
exceedances was over five inches of rain received in a three-day period, resulting in daily occurrences
large enough to skew the monthly averages. The daily occurrences were exempted due to storm flow
conditions. Monthly averages are not exempted. The other TSS exceedance occurred in November at
Outfall 602 when storm water inlet protection materid faled near a congtruction ste.  In October,
BWXTO reported to the OEPA Hoatline an unauthorized release of ethylene glycol a Outfal 002.
Ethylene glycal is not a permitted priority pollutant in the Ste's NPDES permit. The concentration that
was potentidly released off Site was below the state water quality standard. Also in October, the Ohio
EPA issued a Natice of Violation (NOV) for Outfal 602 regarding acute biotoxicity. The acute
biotoxicity was due to elevated levels of chlorine during Ohio EPA’s permit renewa sampling. No
ATD exceedances occurred in 2000. No enforcement actions were initiated in 2000.

Figure5-2. NPDES and ATD Sampling Profile, 1996 - 2000
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5.3 Submissonsunder SARA Titlelll

Title 111 of the Superfund Amendments and Reauthorization Act (SARA) addresses the emergency
planning and community right-to-know responghilities of facilities handling hazardous substances.
Sections 311 and 312 of Title 11l specify reporting requirements for the use and/or storage of
“extremely hazardous’ and “hazardous’ substances. For facilities subject to Section 311 and 312,
chemica usage, storage, and location information must be submitted to regiond emergency response
agencies before March 1 each year. In 2000, BWXTO used and/or stored two extremely hazardous
substances and Six hazardous substances in excess of reporting thresholds. This information, along with
dte maps showing usage and Storage locations, is reported to the State Emergency Response
Commission, the Miami Vdley Regiond Planing Commisson, and the City of Miamisburg Fire
Department each year. The eight regulated substances handled by BWXTO arelisted in Table 5-1.

Table5-1. 2000 SARA Titlel1l Emergency and Hazar dous Chemical Data

Hazar dous Substances
Died fud Gasoline, unleaded Ethylene glycol
No. 2 fud ail Nitrogen Argon

Extremely Hazar dous Substances

Sulfuric acid Nitric acid

Section 313 of Title 111 specifies reporting requirements associated with the release of toxic chemicas.
For facilities that exceed the reporting threshold, toxic chemica release data must be submitted to the U.
S. EPA before duly 1 each year. In 2000, BWXTO used ethylene glycol in excess of the reporting
threshold and will submit a“Form R” to the Ohio EPA and USEPA in 2001.

5.4 Environmental Occurrences

Under CERCLA and the Clean Water Act, reportable quantity (RQ) levels have been established for
designated hazardous substances. If a saill or other inadvertent release to the environment exceeds the
RQ, immediate notification of the gppropriate federa agencies (eg., Nationd Response Center, EPA,
or Coast Guard) isrequired. No such releases occurred at MEMP during 2000.
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6.0 GROUNDWATER MONITORING PROGRAM

The MEMP dite lies dong and atop of a portion of Ohio's largest sole-source agquifers, the Buried
Vdley Aquifer (BVA). The City of Miamisburg and a number of other communities in the area draw
drinking water from the BVA. MEMP dso relies on the BV A for drinking and process water.

MEMP mantains gpproximately 175 active groundwater monitoring points ondgte and offgte to
characterize the impact operations may have on the BVA. Included in these Stes are three ondite
production wdls, 117 monitoring wells, 38 piezometers, five capture pits, and 13 community water
supplies and private wells. The groundwater monitoring program has been developed to meet Safe
Drinking Water Act (SDWA) monitoring requirements, CERCLA program objectives, and DOE-
mandated practices. This chapter serves as a general summary of the groundwater activities that have
occurred in 2000.

6.1 Regional Hydrogeology
The BVA was designated a sole-source aquifer by the U.S. EPA in May 1988. This digtinction

indicates that the aquifer supplies dl of the drinking water to the communities aboveit. The gpproximate
aerid extent of the BVA isshown in Figure 6-1.

Figure6-1. Location and Extent of the Buried Valley Aquifer
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The aguifer has a north-south orientation and reaches a maximum thickness of about 46 m (150 ft) near
the Great Miami River channd. Groundweter in the area generdly flows south, following the
downstream course of the River. Limited recharge by induced stream infiltration occurs due to the
extendve layers of dayish till in the region, which impede infiltration. The BVA flow sysem is
characterized by glacid outwash depodgts with very high hydraulic conductivity, consequently, the
aquifer is capable of trangmitting large quantities of groundwater. The BVA west of the Steis esimated
to have cdculated transmissvity vaues ranging from 200,000 to 430,000 gdlons per day per foot. The
transmissvity values are based upon hydraulic characterization data obtained from a May 1993 aquifer
pump test.

The BVA is somewhat overdrawn between the cities of West Carrollton and Dayton. Practices
involving relocation of well fields and artificid recharge via infiltration lagoons are in use to reduce the
magnitude of the reversd. There is no evidence that the gradient reversal affects regions south of West
Carrollton such as Miamisburg.  In Miamisburg, pumping does not influence the naturd groundweter
gradient except in the immediate vicinity of the well fields.

Uses of Groundwater in the Vicinity

There are seven municipa water supplies and numerous industrid users within an 8 km (5 mi) radius of
the ste. The locations of public and private water supply and monitoring wells are shown in Figure 6-2.
The only industrid user within 8 km (5 mi) downgradient is the O. H. Hutchings Power Generation
Station. Industrid groundwater users located north (upgradient) of the site are isolated from MEMP by
hydraulic barriers.

The communities of Franklin and Carlide are the first downgradient water supplies. Monitoring efforts
are concentrated in the Miamisburg area due to the relatively dow movement of groundweter. The City
of Miamisburg operates four production wells to the west of the Great Miami River. These wdls are
upgradient and are not expected to be impacted by MEMP. All community production wellsin use are
separated from the Ste by a minimum straight-line distance of 0.8 km (0.5 mi).

In 1992, aresdential well and cistern study (DOE, 1993b) was conducted. A totd of 216 resdentia
wells and 14 cigerns were identified within a two-mile radius of the Ste. Reaults of this sudy are in the
CERCLA Public Reading Room.

6.2 Site Hydrology

As seenin Figure 6-1, a“tongue’ of the BVA underlies the Ste. Within the limits of the property, the
maximum known thickness of the aquifer is about 21 m (70 ft) at the extreme southwest corner of the
gte. Present usage of the BVA by MEMP ranges gpproximately from 1.23 to 2.27 million liters per
day (326,000 to 600,500 gdlons per day). Recharge to the portion of the BVA underlying the ste
primarily arises from infiltration of river water, precipitation, and leskage from vdley wals. These
sources of recharge provide sufficient volumes of weter to balance MEMP s withdrawals.
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As areault of the dramatic changes in eevations associated with dte topography, the Ste has a variety
of groundwater regimes. Typica groundwater elevation contour maps, shown in Figures 6-3 and 6-4,
reflect the two sources of groundwater that are of concern to MEMP, perched water in the bedrock
and the BVA. Groundwater levels vary from eevations near 204 m (670 ft) to agpproximately 267 m
(875 ft). Ondte groundweter levels generdly increase with increasing ground surface devations.
(Ground surface devations are shown on Insart 1-1.) At the lowest Ste devations overlying the BVA,
groundwater is typicaly present at depths between 6 m (20 ft) and 25 ft (7 m) below the surface. The
maximum groundwater level for the perched water in the bedrock beneath the main hill is gpproximately
255 m (835 ft). The ground surface devation for the main hill is gpproximately 268 m (880 ft).

Bedrock permeability. The bedrock flow system is comprised of thick sequences of interbedded
shales and limestones that make-up the topographic bedrock highs known as the Main Hill and SM/PP
Hill. The bedrock is not capable of transmitting large quantities of water due to its low hydraulic
conductivity. Groundwater flow in the bedrock system occurs primarily within an upper fracture
cargpace that extends from the ground surface to a depth of gpproximately 50 ft. The fracture carapace
is characterized by bedrock that contains sufficient interconnected secondary porosity to dlow
transmission of small quantities of groundwater. Permegbility of this cargpace is estimated to range from
40 to 400 L/day/n? (1 to 10 ga/day/ft?). Below it, bedrock permesbility generaly ranges from O to 8
L/day/n? (0 to 0.2 gal/day/ft?). Bedrock groundwater typically discharges as either surface seeps or
into onlapping portions of glacia deposits.

Glacial till and outwash permeability. Hydraulic properties of the glacid tills that form a veneer over
the dte vary depending on the proportions of fine and course-grained materids a a given location.
Vaues of permesbility normally range from 0.0041 to 0.041 L/day/n¥ (0.0001 to 0.001 gal/day/ft?),
dthough vaues up to 2.8 L/day/n (0.07 gal/day/ft?) have been measured in upper weathered zones.
Bdow the glacid till in the lower valey is a zone of glacid outwash composed of sand and gravel. The
permesbility of this zone is estimated to range from 40,700 to 81,000 L/day/n7 (1,000 to 2,000 gal/day
ffit?). Additiona information concerning the site's hydrology can be found in “ Operable Unit 9,
Hydrologic Investigation, 1994” (Bedrock and Buried Valey Aquifer Reports).

Seeps

At points dong the northern and western portions of the hillsde, bedrock is exposed and seep lines
exis. A generdized cutaway depicting this phenomenon is shown in Figure 6-5. Seeps serve as escape
routes for groundwater in the upper eevations of the groundwater regime.

Surface Water Features
There are no perennid streams on the Ste. A naturd drainage area exigts in the deep vdley separating

the two main hills, but water in this area generdly has a short resdence time. The basin is rdatively
smdl and the dopes are relaively steep. Therefore, runoff through Ste drainage featuresis rgpid.
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Figure 6-2. Production and Monitoring Well L ocations
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Figure 6-3. Groundwater Elevationsfor Perched Water in the Bedrock
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Figure6-4. Groundwater Elevationsfor the Buried Valley Aquifer
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Figure 6-5. Geologic Cutaway
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MEMP’s
north hillside area,
showing bedrock layers N
and the Buried Valley Aquifer.

Groundwater runoff travels slowly downhill
through cracks in and between bedrock layers to
the Buried Valley Aquifer and the Great Miami River.
(If pictured above, the river would lie further in the foreground).
When bedrock is suddenly exposed along hillside outcrops,
seeps occur, as pictured above.

6.3 Applicable Standards

Guidelines for concentrations of radionuclides in drinking weater are provided in DOE Order 5400.5
(DOE, 1993). These guides are based on recommendations in Publications 26 and 30 of the
Internationa Commission on Radiological Protection (ICRP 1977, 1979). The guides for radionuclide
concentrations are referred to as DCGs. The DCG for aradionuclide is defined as the concentration of
that radionuclide which will result in a 50-year CEDE of 100 mrem (1 mSv) following continuous
exposure for one year. EPA has aso established a drinking water dose standard of 4 mrem/year for
gpecific combinations of radionuclides and concentration standards, or maximum contaminant levels
(MCLY9), for tritium, radium, and gross dpha

The Nationd Primary and Secondary Drinking Water Standards a so provide MCLs for nonradiologica
parameters. Primary MCLs have been established for avariety of parameters, including volatile organic
compounds (VOCs) and inorganic substances such as metds. Primary MCLs are the maximum
concentrations alowed under the SDWA. Secondary MCLs are guidelines for maximum advisable
concentrations for other contaminants. Maximum concentrations of lead and copper are expressed as
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“action levels” DCGs, MCLs, and action levels are included with the groundwater results presented in
Appendix D.
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6.4 Environmental Concentrations

Each year, samples are collected from a community water supply that is not affected by MEMP
operations. These samples represent background, or “environmenta,” levels for radionuclides. For
drinking water, the environmenta reference location is Tipp City, gpproximately 40 km (25 mi) north of
MEMP. Environmenta concentrations for 2000 can be found in Appendix D, Table D-1.

6.5 Offste Groundwater Monitoring Program

The objectives of the offste groundwater monitoring program are to assure loca resdents and
communities that their drinking water has not been adversaly impacted by plant activities and to provide
an early waning of impacts due to continuing decontamingation and decommissioning activities and
environmenta restoration activities. This program consists of the collection and andysis of samples from
production wells, private wells, regiond drinking water supplies, and BVA monitoring wells. Samples
are andyzed for radionuclides, inorganic substances, and VOCs. A description of the andyticad
procedures used to generate these results can be found in the Environmenta Monitoring Plan
(BWXTO, 2000) and the Groundwater Protection Management Program Plan (DOE, 1997).

Community Water Suppliesand Private Wells

Tritium is the most mobile of the radionuclides rdleased from the dte.  Therefore, private wells
immediately downgradient of MEMP and regionad groundwater supplies are closdy monitored for
tritium. Monthly samples are collected from seven community water supplies and sx private wdls.
Results for 2000 are shown in Appendix D, Table D-2. Average tritium concentrations ranged from
0.09 nCi/L to 0.17 nCi/L, or 0.5% to 0.9% of the MCL, respectively. The results reflect the pattern of
tritium concentrations one would expect: higher averages near the ste (eg., Miamisburg) and lower
averages at greater distances (e.g., Middletown).

The Miamisburg community water supply is dso andyzed for plutonium-238, plutonium-239,240,
uranium-233,234, uranium-238, thorium-228, thorium-230, and thorium-232. Plutonium and uranium
samples are collected monthly, while thorium samples are collected quarterly. Results for 2000 are
shown in Appendix D, Tables D-3 through D-5. Many results for 2000 were comparable to
background levels for these radionuclides; average concentrations were less than 3.1% of the respective
EPA dose standard.

Offste Monitoring Wells

Radionuclides. To provide additiona information on the extent of offgte tritium migration, MEMP
a0 collects groundwater samples from offgte monitoring wells.  The results for 2000 are shown in
Appendix D, Table D-6. Average tritium concentrations ranged from 0.13 nCi/L to 7.33 nCi/L, or
0.7% to 36.7% of the MCL, respectively.
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Monitoring wells dong the western boundary of the Ste are dso andyzed for plutonium-238, plutonium-
239,240, uranium-233,234, uranium-235, uranium-238, thorium-228, thorium-230, and thorium-232.
The results are shown in Appendix D, Tables D-7 through D-9. Average concentrations ranged from
non-detectable to 2.4% of the respective EPA dose standard.

VOCsand Inorganics. Thirteen offste monitoring wells were aso used to evauate concentrations of
VOCsin the BVA. The wdls sampled were analyzed for over 50 organic compounds. Results are
presented in Appendix D, Table D-10. Higtoricad contaminants, such as tetrachloroethene,
trichloroethene, 1,1,1-trichloroethane, were observed in approximatdy hdf of the offdte wells
monitored in 2000. No MCLs were exceeded in 2000. In addition to the historical contaminants,
trihndomethanes (THMs) have been detected in nine of the thirteen monitoring wdls.  THMs
(bromoform,  chloroform, bromodichloromethane, and dibromochloro-methane) ae generdly
conddered disnfection-by-products from chlorination. THMs were introduced into the aguifer as a
result of a vave falure a the old Miamisburg Wl #2. Chlorinated potable water from the City of
Miamisburg leaked into the aquifer for gpproximately nine months before the leak was found.

Inorganic substances are dso evauated in offgte monitoring wells. The metas and other inorganics of
interest are those regulated under the SDWA. In 2000, only those parameters with MCL detectable
concentrations are presented in Appendix D, Table D-11. In 2000, a concentration above primary
MCLs was observed for nickdl. Secondary MCL s were exceeded for duminum, iron, and manganese.
In 1999, a fidd invedtigation was initiated to study the nature and variability of the devated leves of
metals. The study results suggested that turbidity induced by the sampling methodology was the primary
factor for the variability in meta concentrations. Results and sampling recommendations from the fied
investigation can befound in “ Metals Investigation Assessment Report, US Department of Energy,
October, 1999.” A change in sampling methodology will be implemented in calendar year 2001.

6.6 Onste Groundwater Monitoring Program

The objectives of the onste groundwater monitoring program are to assure Site workers that drinking
water is safe for consumption, to assure containment of known groundwater contamination, and to
monitor progress and effectiveness of ongoing groundwater remediation efforts. This program congsts
of routine collection and andyss of samples from production wells and BVA monitoring wells. Samples
are andyzed for radionuclides, inorganic substances, and VOCs. A description of the andytica
procedures used to generate these results can be found in the Environmental Monitoring Plan
(BWXTO, 2000) and the Groundwater Protection Management Program Plan (DOE, 1997).

MEMP Production Wdls

Three ongte production wells provide drinking and process water for the ste. Samples from the
production wells are andyzed for tritium, plutonium-238, plutonium-239,240, uranium-233,234,
uranium-238, thorium-228, thorium-230, and thorium-232. Tritium samples are collected and andlyzed
weekly, plutonium and uranium samples monthly, and thorium quarterly. Results for 2000 ae
summarized in Appendix D, Tables D-12 through D-15. Average tritium concentrations
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observed in 2000 were less than 0.5 nCi/L. This vaue represents less than 2.0% of the MCL.
Average concentrations of other radionuclides measured in 2000 in production wells represented less
than 1.3% of the respective EPA dose standard.

MEMP s production wells are dso analyzed for over 50 organic compounds quarterly each year. The
three halogenated solvents typicaly present in trace concentrations are 1,1,1-trichloroethane,
trichloroethene, and tetrachloroethene. As seen in the offgte monitoring wells, THMs have shown up in
two of the production wells. Since THM concentrations are larger offsite than ondte, results would
indicate that the THMs are being drawn ongte by the production wells large cone of influence as seen in
Figure 6-4. Results for 2000 are shown in Appendix D, Table D-16. The data confirm that the
production wells are congstently below MCLs for organic compounds.

SDWA Compliance Summary

Reaults in this Chapter have been summarized in terms of average concentrations for the year. SDWA
compliance for drinking water supplies, however, is evduated by comparing individua sample results
with applicable MCL vdues. Because the three ondte production wells serve as a drinking water
source for the site, SDWA compliance is determined by an annud running average. Table 6-1 shows
the maximum concentrations of parameters measured in the production wells during 2000. In 2000, no
MCL exceedances were observed in the production wells.

Table6-1. SDWA Compliance Summary

Parameter Maximum Concentration MCL
Tritium 0.8 nCi/L 20 nCi/L
Bromodichloromethane 14 ny/L 100 ny/L
Chloroform 1.1 ng/L 100 ng/L
Dibromochloromethane 0.9 ny/L 100 ny/L
1,1,1-Trichloroethane 2.0 ny/L 200 ny/L
Trichloroethene 1.1 ng/L 5nylL
Tetrachloroethene 0.7 ny/L 5ny/L

MCL = Maximum Contaminant Level (based on EPA Drinking Water Standards)
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The SDWA does not limit the concentrations of most radionuclides individudly (tritium is an exception).
Instead, the dose from specific combinations of radionuclides is limited to 4 mrem/year. In 2000, the
dose from plutonium, uranium, and thorium measured in the ongte production wells was 0.08 mrem.
This represents 2.0% of the dose standard.

To demondtrate compliance with the SDWA, samples are collected from the distribution system. These
samples are andyzed for gross adpha and beta, radium, tritium, tota coliform, lead, copper, nitrate,
inorganics, and volatile organic compounds. No exceedances were observed in 2000.

Ongite Monitoring Wells

Radionuclides. MEMP maintains an extensve network of onste BVA monitoring wdls (Figure 6-2).
Samples from these wels are andyzed for tritium. The results for 2000 are shown in Appendix D,
Table D-17. The maximum average concentration observed in 2000 was 10.25 nCi/L. This vaue
represents 51.2% of the MCL.

Samples from onsite monitoring wells located in the tributary valley are dso andyzed for plutonium-238,
plutonium-239,240, uranium-233,234, uranium-235, uranium-238, thorium-228, thorium-230, thorium-
232, radium-226, and radium-228. Monitoring for these congtituents are part of the PRS 66 fied
investigation. Results for 2000 are shown in Appendix D, Tables D-18 through D-21. In 2000,
average vaues ranged from below detection limits to 48.7% of the respective EPA dose stlandard.

VOCs and Inorganics. Ongte monitoring wels in the upper and lower units of the BVA have been
sampled snce 1988. Results confirm the presence of VOC contamination in the aquifer. The
contamination appears to be greatest in the upper unit of the BVA dong the western boundary,
immediately southwest of the Main Hill.  Generdly, within the Ste boundaries, contamingtion tends to
decrease from west to east and from south to north.

The CERCLA OUL1 project addresses VOC contamination in groundwater near the ste’s former solid
wade landfill. The project is comprised of two dements a groundwater pump and trest system
designed to prevent the migration of VOCs into the aguifer and an ar sparge/soil vapor extraction
system to accelerate the remova of VOCs from the soil.

Onsite monitoring wells are sampled for over 50 organic compounds. Many of the wells are sampled to
evduate contanment of the plume and the effectiveness of the OU1 treatment process. A declining
trend in VOC concentrations has been observed. Results for 2000 are presented in Appendix D, Table
D-22. In 2000, carbon tetrachloride, cis-1,2-dichloroethene, trichloroethene, and tetrachloroethene
exceeded drinking water MCLs. In addition to the historica contaminants, THMs have been detected
in goproximately haf of the ondte monitoring wdls.

Inorganic substances in onsite monitoring wells are aso evduated. The metds and other inorganics of
interest are those regulated under the SDWA. The results are presented in Appendix D, Table D-23.
In 2000, concentrations above primary MCLs were observed for arsenic, chromium, and nickd.
Secondary MCLs were exceeded for aluminum, iron, and manganese. In 1999, a fidd investigation
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was initiated to sudy the nature and variability of the devated levels of metds. The study results
suggested that turbidity induced by the sampling methodology was the primary factor for the variability
in metd concentrations.  Results and sampling recommendations from the fied investigation can be
found in * Metals Investigation Assessment Report, US Department of Energy, October, 1999.” A
change in sampling methodology will be implemented in calendar year 2001.

6.7 Seepsand Capture Pits

Seeps. Tritium has been recognized as a contaminant in the seeps located dong the northwest border
of the Ste 9nce 1986. Since then, tritium has been the focus of extensve sampling activities in that area.
Appendix D, Table D-24 shows concentrations of tritium in seep samplesin 2000. In 2000, the highest
tritium concentrations were associated with Seep 601, consstent with observations in previous years.
The sampling locations are shown on Figure 6-6.

Samples collected in 1988 first confirmed the presence of VOCs in Seeps 0601, 0602, 0605, and
0607 (EG&G, 1991). VOC monitoring results for the seeps in 2000 are presented in Appendix D,
Table D-25. In 2000, trichloroethene and tetrachloroethene were observed at concentrations greater
than the drinking water MCL..

Capture Pits. A number of groundwater collection devices, or “capture pits,” are used on the Main
Hill to isolate and monitor contamination in perched groundwater. These devices have been designed to
collect pockets of shdlow groundwater which may have been contaminated as a result of past
operationa practices. In 2000, samples were collected from the capture pits and analyzed for tritium.
The reaults are shown in Appendix D, Table D-26. The sampling locations are shown on Figure 6-6.

Monitoring in previous years has indicated that the VOC contamination exists in the cgpture pits. The
results are shown in Appendix D, Table D-27. In 2000, trichloroethene was the only compound to
exceed the MCL vaue.
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Figure 6-6. Seep and Capture Pit L ocations
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6.8 Five-Year Trendsfor Welsof I nterest

As seen in the preceding sections of this Chapter, a large volume of groundwater monitoring data is
generated each year. It is important that the data be reviewed for evidence of long-term trends,
especidly in cases where there is some hitory of eevated concentrations of contaminants.  In this
section, five-year trends are presented for certain indicator parameters measured in wells of interest.

Trend Data for Offsite Drinking Water

A primary consderation of the MEMP environmental monitoring program is to ensure that area drinking
water supplies are not adversely affected by activities a the Ste. The most mobile of the condtituents
released to groundwater is tritium.  For this reason, tritium is an excdlent indicator of offSte migration.
Two drinking water sources can be considered key receptor wells. Firdt, the drinking water supply of
the City of Miamisburg is of interest due to the proximity of the City’s wdl fiedds. And second, Well
0904, a private well, is useful as an indicator because it reflects potentia impact to smal drinking water
systems.

Five-year trends for tritium concentrations in the two wells described above are shown in Figure 6-7.
As seenin thefigure, tritium levesin the wells have exhibited little change over the past five years. All of
the vaues are sgnificantly below the MCL for tritium of 20 nCi/L.

Figure 6-7. Annual Average Tritium Concentrationsin Offdsite Drinking Water, 1996 -
2000

Tritium Concentration (nCi/L)

3

—+— Miamisburg nCi/L
—a— Well 0904 nCi/L

0 i i i {
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(MCL for tritium = 20 nCi/L)
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Trend Data for Ondte Production Wellsand Seeps

As previoudy described in this chapter, tritium and certain VOCs have been observed in groundwater
underlying the Site. The seven haogenated solvents typicaly present in trace concentrations are carbon
tetrachloride, chloroform, cis-1,2-dichloroethene, freon, tetrachloroethene, trichloroethene, and 1,1,1-
trichloroethane. Trichloroethene has been the most prevaent contaminant and, therefore, serves as an
“indicator” VOC.

An appropriate ondte indicator wel is Production Well 0076 (also referred to as Well 3) because it
serves as the primary source of drinking water for the site. Other important monitoring points for the
evauation of groundwater conditions are the seeps. Data suggest that Seep 0601 is an gppropriate
location for the observation of long-term trends.

Five-year trend data for Production Well 0076 are shown in Figures 6-8 and 6-9 for tritium and
trichloroethene, respectively. Similarly, Figures 6-10 and 6-11 present five-year trend data for tritium
and trichloroethene at Seep 0601.

Figure 6-8 indicates that tritium levelsin Well 0076 have consstently averaged near 1 nCi/L. Thisvaue
iswel below the gpplicable MCL (20 nCi/L). Trace concentrations of trichloroethene have also been
observed in Well 0076 (Figure 6-9). However, measured concentrations have steedily decreased and
remained well below the gpplicable MCL (5 ng/L).

Figure 6-10 presents tritium concentration data for Seep 0601. Data for the period 1996-2000 show
the yearly average for tritium concentrations ranging from agpproximately 67 nCi/L to 90 nCi/L.
Although the average concentrations have varied over the five-year period shown, tritium vaues have
been consistently near or below the 100 nCi/L leve the last four years. Seep 0601 is aso characterized
by eevated levels of trichloroethene. Additiondly, though not shown in the figure, tetrachloroethene has
aso emerged as a contributor to VOC contamination in this seep.

The risks associated with contamination in the seeps will be evauated under CERCLA and appropriate
remediation actions taken if indicated.
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Figure 6-8. Annual Average Tritium Concentration in Production Well 0076, 1996 - 2000
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Figure 6-9. Annual Average Indicator VOC Concentration in Production Well 0076, 1996-2000
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Figure6-10. Annual Average Tritium Concentration for Seep 0601, 1996 - 2000
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Figure6-11. Annual Average Indicator VOC Concentration for Seep 0601, 1996 - 2000
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7.0 QUALITY ASSURANCE PROGRAMSFOR ENVIRONMENTAL DATA

MEMP participates in quaity assurance (QA) exercises sponsored and/or recognized by the DOE.
Such exercises provide objective evaduations of the vaidity of the environmental data generated by
MEMP. In this Chapter, QA programs involving radiological and nonradiologica anayses of a variety
of environmental media are described. In addition to these externa QA programs, MEMP performs
internd QA studies that make use of reagent blanks, internd standards, and replicate samples. The
environmental manager and daff have developed performance monitoring tools (“metrics’). The
metrics are prepared and reviewed by the Environmentd Data Administrator on a monthly or as-
generated basis. The metrics are a0 reviewed by the Environmental Manager. Trends of concern are
identified and brought to the attention of Senior Management.

Internal QA Program

MEMP employs a qudity-based gpproach to environmentd data.  Such an approach is imperative
because many sample results are a or below the lower detection limit. QA samples, including blanks,
dandards, and replicates, are routindy andyzed to evduae andytica bias and precison. Blank
samples are andyzed to verify the absence of excessive insrument contamination or background levels.
The standard deviation of the blanks is used to caculate the lower limit of detection. Standards and
replicates are used to evauate andytica bias and precison, respectively. QA parameters are closdy
monitored and tracked. Deviations from expected vaues result in areview of anaytica protocol.

External QA Activities

DOE EML Quality Assessment Program. Twice each year MEMP participates in DOE' s Office of
Environmental Management, Quaity Assessment Program conducted by Environmenta Measurements
Laboratory (EML). EML supplies samples containing specific quantities of radionuclides to each
participating lab for radiological andyss. The radionuclides are present as contaminants on air filters,
soil, vegetation, or water. The radionuclide activity present in the sample is not disclosed to the
participating laboratory. A laboratory’s performance is evauated by comparing their results with the
EML reference values.

In the 2000 EML Performance Evduation, four environmentd media were andyzed. The results
reported by MEMP are shown in Table 7-1. EML reference values are dso shown. A useful method
of evduating MEMP s performance is to examine the ratio of MEMP's result to the EML reference
concentration for each environmentd medium. This is shown graphicdly in Figure 7-1. MEMP's
results compared favorably with DOE (EML) reference vaues with an overdl averageratio of 1.00.
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DOE MAPEP Quality Assessment Program. In 2000, MEMP dso participated in the DOE
Radiologica and Environmental Sciences Laboratory Mixed Andyte Performance Evauation Program
(MAPEP). The primary objective of the MAPEP is to foster rdiability and credibility for the andytica
results used in the decision making process, particularly asit relaes to the environment and public hedth
and safety. Participation in MAPEP requires analyss of samples (one water and one soil sample each
year) that contain known concentrations of plutonium and uranium isotopes. The results reported by
MEMP in 2000 and the corresponding MAPEP reference vaues are shown in Table 7-2. The figure-
of-merit used to evauate alaboratory isthe bias, or the difference between the MAPEP reference value
and MEMP result for each andysis, expressed as a percent. MAPEP has established “acceptable,”
“warning,” and “not acceptable’ limits of acceptability for these sudies. These limits have been set a
20 percent and 30 percent bias, respectively. In 2000, MEMP results in dl categories were within
acceptability limits. The results for each environmenta medium are shown graphicaly in Figure 7-2.

NPDES QA Program

National Pollutant Discharge Elimination System (NPDES) permits are used by the EPA to regulate
discharges of water effluents. The permits limit the concentrations of certain wastewater congtituents to
protect the receiving body of water. To ensure that effluent limits are not exceeded, NPDES permits
impose drict requirements for effluent characterization. EPA has required that |aboratories performing
anayses for NPDES parameters participate in QA exercises. These exercises ensure EPA that the
laboratories are producing reliable and accurate data.

Discharge Monitoring Report (DMR) Quality Assessment Program. In 2000, the USEPA did
not conduct the NPDES DMR QA exercise.
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Table7-1. DOE EML Quality Assessment Program Resultsfor 2000: Radionuclidesin
Environmental Samples

Sample Ratio
Type? Date Radionuclide MEMP Result EML " Reference  MEMP/EML
Air filters, March Pu-238 0.08 0.08 1.00
Ba/filter Pu-239 0.09 0.09 101
U-234 0.06 0.06 0.97
U-238 0.06 0.06 0.97
September Pu-238 004 004 0.89
Pu-239 0.07 0.07 0.95
U-234 0.04 0.04 0.98
U-238 0.04 0.04 0.98
V egetation, March Pu-239 14.63 1550 094
Ba/kg
Soil, Bg/kg March Pu-239 7.40 7.00 1.06
U-234 127.09 111.00 115
U-238 127.02 114.00 111
September Pu-239 17.80 16.80 1.06
U-234 138.63 157.00 0.88
U-238 145.00 163.00 0.89
Water, Bg/L March Tritium 73.26 79.40 0.92
Pu-238 110 094 117
Pu-239 107 092 117
U-234 051 048 1.06
U-238 0.50 0.49 102
September Tritium 90.40 91.30 0.99
Pu-238 0.79 0.79 101
Pu-239 059 059 1.00
U-234 0.46 048 0.96
U-238 0.35 037 0.95

2 1Bq=27x10"Ci
® DOE Environmental Measurements Laboratory (EML)
¢ Datahave been rounded.
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Figure 7-1. MEMP Performancein the DOE EML Quality Assessment Program in 2000
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Table 7-2. DOE MAPEP Quality Assessment Results for 2000: Radionuclides in
Environmental Samples

MAPEP" ¢
Sample Radionuclide MEMP Reference Bias (percent)
Type? Result Concentration
Sail Pu-238 0 0 N/A
(Barkg) PU-239/240 7061 744 5.1
U-233,234 85.73 90.00 -4.7
U-238 87.02 93.00 -6.4
Water Pu-238 228 212 73
(Bg/L) Pu-239,240 2.00 1.86 76
U-233,234 102 0.99 33
U-238 100 102 21

21Bg=27x10"Ci
® DOE Mixed Analyte Performance Evaluation Program.
°The biasfor the Pu-238 result is not included due to a zero reference concentration.

Figure 7-2. MEMP Performancein the MAPEP Quality Assessment Program in 2000

MEMP Percent Bias Relative to MAPEP Reference Value

40
Unacceptable
5 e
Acceptable with warning
20
Acceptable
10 > o
L 4
0 *
* o o
-10
-20
Acceptable with warning
e B T
Unacceptable
-40
Soll Water




Quality Assurance Programs for Environmental Data




ACHP
ALARA
APG
ATSDR
ATD
BCG
BDAC
BOD
BVA
BWXTO
CAA
CBOD
CEDE
CERCLA
CFR
COD
CRG
CWA
CWPF
CY
DCF
DCG
DF&O
DMW
DOE
EADS
EDE
EML
EPA
ERLE
ERS
ESA
ESD-LV
FESOP
FFA
FFCA
FFCAct
FWPCA
GAC
GSA
HABS
HAER
HEPA
HQ
HSWA
HT

LIST OF ACRONYMS

Advisory Council on Historic Preservation

As Low As Reasonably Achievable

Andytica Products Group, Inc.

Agency for Toxic Substances and Disease Registry
Authorization to Discharge

Biota Concentration Guide

Biota Dose Assessment Committee

Biochemica Oxygen Demand

Buried Vdley Aquifer

BWXT of Ohio

Clean Air Act

Carbonaceous Biochemica Oxygen Demand
Committed Effective Dose Equivalent
Comprehensive Environmental Response, Compensation, and Liability Act
Code of Federal Regulations

Chemical Oxygen Demand

Cost Recovery Grant

Clean Water Act
Consolidated Waste Processing Facility
Caendar Year

Dose Conversion Factor

Derived Concentration Guide

Director’s Findings and Order

Dilute Mineral Water

U. S. Department of Energy

Energy Asset Disposal System

Effective Dose Equivalent

Environmental Measurements L aboratory

Environmental Protection Agency

Energy-Reated Laboratory Equipment

Effluent Recovery System

Endangered Species Act

National Exposure Research Laboratory, Environmental Sciences Division, Las Vegas

Federally Enforceable State Operating Permit

Federa Facility Agreement

Federa Facility Compliance Agreement
Federd Facility Compliance Act

Federal Water Pollution Control Act

Granular Activated Carbon

Generd Services Adminigtration

Historic American Buildings Survey

Historic American Engineering Record

High Efficiency Particulate Air

Headquarters

Hazardous and Solid Waste Amendments

Tritium, elementa




HTO

IC
ICRP
LC
LDL
LSA
MAPEP
MCL
MEMP
MGD
MHSF
MMCIC
MOA
NCRP
NEPA
NESHAPs
NHPA
NOEC
NOV
NPDES
NPL
NPS
NTS
NVO
OAC
Ohio EPA
OHPO
ou
PCB
PRS
QA
RAPCA
RCRA
RMMA
RQ
SARA
SDWA
STP
S
SWPPP
THMs
TSCA
TU
U.S. EPA
UST
vVOC

Tritium, oxide
LIST OF ACRONYM S (continued)

Inhibiting Concentration
International Commission on Radiologica Protection
Letha Concentration
Lower Detection Limit
Low Specific Activity
Mixed Analyte Performance Evaluation Program
Maximum Contaminant Level
Miamisburg Environmental Management Project
Million Gallons per Day
Moderately Hard Synthetic Freshwater
Miamisburg Mound Community Improvement Corporation
Memorandum of Agreement
National Council on Radiation Protection and Measurements
Nationd Environmental Policy Act
Nationa Emission Standards for Hazardous Air Pollutants
Nationa Historic Preservation Act
No-Observed-Effect Concentration
Notice of Violation
National Pollutant Discharge Elimination System
National Priorities List
National Park Service
Nevada Test Site
Nevada Operations Office of the U. S. DOE
Ohio Adminigtrative Code
Ohio Environmental Protection Agency
Ohio Historic Preservation Office
Operable Unit
Polychlorinated Biphenyl
Potential Release Site
Quality Assurance
Regiona Air Pollution Control Agency
Resource Conservation and Recovery Act
Radioactive Material Management Area
Reportable Quantity
Superfund Amendments and Reauthorization Act
Safe Drinking Water Act
Site Treatment Plan
Standard Units (for pH measurements)
Storm Water Pollution Prevention Plan
Trihalomethanes
Toxic Substances Control Act
Toxicity Units
United States Environmental Protection Agency
Underground Storage Tank
Volatile Organic Compound

Xii
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Appendix A

APPENDIX A
RADIOLOGICAL RELEASE RESULTS

Effluent monitoring focuses on releases from the Site, i.e.,, stack and liquid (wastewater) discharges. Tables
summarizing monitoring results from 2000 are presented in this Appendix. The tables show the average
concentration and a comparison to a DOE standard. For such releases, DCG values are provided for
comparative purposes.
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Radiological Release Results

Table A-1. Radiological Effluent Data for 2000

Radionuclide Released to Activity, Ci MEMP Range®, Ci
Tritium Air 38x 1072 3.8x 10° —8.0 x 10
Water 1.7 1.7-25
Plutonium-238 Air 9.4x 10° 6.9x 10°-45x10°
Water 1.6 x 10 1.6x 10*-4.8x 10*
Plutonium-239,240 Air 36x 108 20x 108 -1.0x 107
Water 2.4 10° 1.7x10°%-36x 10°
Radon-222 Air 3.2 55x 101 -3.2
Uranium-233,234 Air 1.8x 10°% 80x10°-9.2 x10°®
Water 34x10* 34x10%-39x 10*
Uranium-238 Air 1.1x 10% 40x10°-1.1x10°®

3 Tritium released to air consists of:  Tritium oxide, 3.10 x 10° Ci
Elementa tritium, 7.33 x 10* Ci

® Minimum — Maximum (CY 1996 — CY 2000)
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Appendix A

Table A-2. Average Annual Concentration of Radionuclide Air Emissionsin 2000

Stack* Radionuclide Average Concentration
(nCifmL)
HH Tritium 4.86x10°
NCDPF Tritium 102x 107
SM/PP Pu-238 178x 10
Pu-239,240 442 x 10"
U-233234 383x10%8
U-238 104x10%8
SW-1CN Tritium 214x10%
Pu-238 470x 108
Pu-239 574x 10"
U-233234 137x10%
U-238 952x 10%°
T-West Tritium 341x10%
Pu-238 149x 10
Pu-239 315x 10"
U-233234 478x 10"
U-238 397x 10"
T-East Tritium 551x 10
HEFS Tritium 295x 107
Pu-238 343x 10"
Pu-239,240 106x 10%°
U-233234 332x 10"
U-238 543x 10"
WDA Tritium 755x 10
Pu-238 447 x 10
Pu-239,240 351x 10"
U-233234 032x 10"
U-238 151x 1078
WDSS Pu-238 273x 10"
Pu-239,240 337x10%
Building 22 Tritium 1.03x 10°
Building 23 Tritium 199x 108
CWPF Tritium 541x 101
Pu-238 876x 10"
Pu-239,240 246 x 10"
U-233234 589x 10"
U-238 6.84x 10"

* Sampling locations shown in Figure 4-1.




Radiological Release Results

Table A-3. Average Annual Concentration of Radionuclidesin Water Effluentsin 2000

Outfall* Radionuclide Average Concentration Average as a Percent
(nCi/mL) of DOE DCG
602 Tritium 263x 10° 0.13
Pu-238 134x 10" 0.33
Pu-239 508x 10 0.02
U-233234 427x 10" 0.09
Th-228 159x 10™ 0.004
Th-230 182x 10" 0.006
Th-232 7.22x 10* 0.01
002 Tritium 168x 10° 0.08
Pu-238 267x 10" 0.67
Pu-239 249x 10" 0.008
U-233234 412x 10" 0.08
Th-228 198x 10™ 0.005
Th-230 2.81x 10™ 0.009
Th-232 157x 10" 0.03
601 Tritium 540x 10° 0.27
Pu-238 242 x 10 0.06
Pu-239 323x 10" 0.01
U-233234 375x 10" 0.08
Th-228 151x 10% 0.0004
Th-230 250x 10 0.0008
Th-232 140x 10% 0.003
003 Tritium 127x 10° 0.06
Pu-238 226X 10™ 0.01
Pu-239,240 226X 10™ 0.008
U-233234 325x 10" 0.07
Th-228 400x 10" 0.001
Th-230 910x 10" 0.003
Th-232 6.00x 10" 0.001

2 DOE DCG valuesin water:

Tritium = 2 x 10°° nCi/mL
Pu-238 = 4 x 10°® nCi/mL
Pu-239,240 = 3x 10°® nCi/mL
U-233234=5x 10" nCi/mL
Th-228 =4 x 107 nCi/mL
Th-230=3x 10" nCi/mL
Th-232=5x 10° nCi/mL

* Sampling locations shown on Figure 4-1.
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APPENDIX B

ENVIRONMENTAL SURVEILLANCE PROGRAM RESULTS

The environmenta surveillance program focuses on environmenta conditions in the area surrounding the
dte and in locd communities. Tables summarizing monitoring results from 2000 are presented in this
Appendix. In a number of the tables, results are presented as “incremental concentrations” The
designation indicates that an average background concentration, or “environmental” concentration, has
been subtracted from those vaues. Therefore, incrementa concentrations represent estimates of
MEMP's contribution to the radionuclide content of an environmentd sample.  Environmentd
concentrations are shown in Table B-1. Environmental sampling results are organized into tables
showing:

number of samples andyzed during the yesr,
minimum concentration measured,

maximum concentration measured,

average vaue with error limits, and, when appropriate,
acomparison to aDOE or EPA standard.




Environmental Surveillance Program Results

TableB-1. Environmental Concentrations of Radionuclidesin Sample Media in 2000

Radionuclide Number of Average Unit of Measure
Samples Concentration®
Ambient air®
Tritium oxide 47 571+ 252 10" nCifmL
Plutonium-238 4 0.09+0.18 10" nCi/mL
Plutonium-239,240 4 0.76+0.89 10" nCi/mL
Thorium-238 4 518+ 3.1 10" nCi/mL
Thorium-230 4 542+ 257 10" nCi/mL
Thorium-232 4 406+ 195 10" nCi/mL
River water®
Tritium 10 ND 10°® nGi/mL
Plutonium-238 12 ND 10" nCifmL
Plutonium-239,240 12 0.19+3.02 10" nCifmL
Uranium-233,234 12 0.89+ 0.09 10° nGi/mL
Uranium-238 12 0.79+ 0.09 10° nGi/mL
Thorium-228 4 19.15+ 12.33 10" nCifmL
Thorium-230 4 456+ 68.73 10" nCifmL
Thorium-232 4 14.48 + 24.26 10" nCifmL
Pond water®
Tritium 1 ND 10°® nGi/mL
Plutonium-238 1 0.004 + 0.003 10° nGi/mL
Plutonium-239,240 1 0.01+ 0.003 10° nGi/mL
Sediment
Plutonium-238 in river sediment® 4 1242 + 3651 10° nCilg
Plutonium-238 in pond sediment* 1 26+053 10° nCilg
Plutonium-239,240 in river sediment® 4 091+0.76 10° nCilg
Plutonium-239,240 in pond sediment” 1 22+047 10° nCilg
Thorium-228 in river sediment® 4 514.0 + 379.99 10° nCilg
Thorium-230 in river sediment® 4 995.75 + 626.45 10° nCilg
Thorium-232 in river sediment® 4 479.25 + 393.19 10° nCilg
Thorium-228 in pond sediment 1 2340+ 3533 10° nCilg
Thorium-230 in pond sediment 1 531.0+57.33 10° nCilg
Thorium-232 in pond sediment 1 260.0+ 37.33 10° nCilg
Foodstuffs®
Tritium in vegetation 1 0.09+ 002 10° nCi/g
Plutonium-238 in vegetation 2 ND 10° nCilg
Plutonium-239,240 in vegetation 2 ND 10° nCilg

2 Error limits are estimates of the standard error or estimated error at the 95% confidence level.

® Measured 28 mi (45 km) northwest of MEMP.

¢ Measured 25 mi (40 km) upstream of MEMP on the Great Miami River.

4 Measured 25 mi (40 km) northwest of MEMP.
¢ Measured 30 mi (48 km) north of MEMP.

ND indicates that concentration was not detectabl e above the average reagent blanks..
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Table B-2. Incremental Concentrations® of Tritium Oxidein Air in 2000

Number Tritium Oxide Averageasa
of 10" nCi/mL percent of
L ocation* Samples Minimum Maximum Average®® DOE DCG'
Offdite

101 49 e 13.02 e e

102 49 e 2384 234+33 0.002
103 51 e 41.49 126+ 356 0.001
104 51 e 28.63 002+341 0.00002
105 51 e 24.85 e e

111 49 e 14.07 e e

112 51 e 1053 e e

115 51 e 751 e e

118 51 e 13.68 e e

124 51 e 2657 341 £351 0.003
CLN 51 e 24.68 e e

Ongte

211 48 e 43.02 295+ 381 0.003
212 1 e 20.26 442+ 3.32 0.004
213 49 e 2122 351+337 0.004
214 48 e 28.67 20+344 0.002
215 50 e 19.97 249+ 327 0.003
216 49 e 40.15 206+352 0.002
217 50 e 2353 096+32 0.001
218 51 e 33.26 093+37 0.0009

2 Average environmental level shown in Table B-1 subtracted from the data.

® Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.

° LDL for tritium offsitein air is 28 x 10 nCi/mL. The LDL for tritium in onsite air is 23 x 10 nCi/mL. The
LDL for ssample 211 is 26 x 10 nCi/mL. These differences are due to different cal culation methods and

propagation of standard deviations due to the number of bubblersin series.
4DOE DCG for tritium oxidein air is 100,000 x 10™ nCi/mL.

¢ Below environmental level.

* Onsite sampling locations shown on Figure 4-4. Offsite sampling locations shown on Figure 4-5.




Environmental Surveillance Program Results

Table B-3. Incremental Concentrations® of Plutonium-238in Air in 2000

Number Plutonium-238 Averageasa
of 10™® nCi/mL percent of
L ocation* Samples Minimum Maximum Average® DOE DCG'
Offgte

101 4 e 4.70 223+4.03 0.007
102 4 031 113 0.73+0.72 0.002
103 4 041 0.9 0.62 + 0.40 0.002
104 12 e 162 031+034 0.001
105 4 e 0.25 007+0.27 0.0002
111 4 e 0.68 0.15+ 0.60 0.0005
112 4 e 0.07 e e

115 4 e 0.05 e e

118 4 004 0.53 026+ 0.37 0.0009
124 12 0.72 29 155+ 046 0.005
CLN 12 e 155 056+ 0.38 0.002

Ongte

211 12 047 108.03 11.09+ 1942 0.04
212 11 043 422 142+ 0.74 0.005
213 12 3.98 1554 79+234 0.03
214 12 0.14 7.18 174+£1.19 0.006
215 11 0.27 887 300+ 1.86 0.01
215T 12 0.17 16.51 408+ 351 0.01
216 12 103 11.61 411+185 0.01
217 12 e 102 0.33+0.29 0.001
218 12 0.24 42.22 581+734 0.02

# Average environmental level shown in Table B-1 subtracted from the data.
® Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.

° LDL for monthly valuesis 0.5 x 10 *® nCi/mL, for quarterly valuesthe LDL is0.2 x 10 ™ nCi/mL.

4 DOE DCG for plutonium-238in air is 30,000 x 10 *® nCi/mL.

¢ Below environmental level.
T = Supplemental sampling height (2m).

* Offsite sampling locations shown on Figure 4-4. Onsite sampling locations shown on Figure 4-5.
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Table B-4. Incremental Concentrations® of Plutonium-239,240 in Air in 2000

Number Plutonium-239,240 Averageasa
of 10™"® nCi/mL percent of
L ocation* Samples Minimum Maximum Average®® DOE DCG'
Offsite
101 4 e 0.06 e e
102 4 e e e
103 4 e e e
104 12 e 135 e e
105 4 e 0.61 e e
111 4 e 0.35 e e
112 4 e 034 e e
115 4 e e e
118 4 e e e e
124 12 e 045 e e
CLN 12 e 034 e e
Onsite
211 12 e 0.66 e e
212 1 e 305 017+1.13 0.0009
213 12 e 0.38 e e
214 12 e 0.27 e e
215 1 e e e e
215T 12 e 0.87 e e
216 12 e 0.75 e e
217 12 e 132 e e
218 12 e 0.96 e e

2 Average environmental level shown in Table B-1 subtracted from the data.
® Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.

° LDL for monthly valuesis 0.4 x 10 *® nCi/mL, for quarterly valuesthe LDL is0.1 x 10 *® nCi/mL.

4 DOE DCG for plutonium-239,240in air is 20,000 x 10 ™ nCi/mL.

° Below environmental level.
T = Supplemental sampling height (2m).

* Onsite sampling locations shown on Figure 4-4. Offsite sampling locations shown on Figure 4-5.




Environmental Surveillance Program Results

Table B-5. Incremental Concentrations? of Thorium-228, Thorium-230, and Thorium-232 in

Air in 2000
Number Thorium-228 Averageasa
of 10" nCi/mL percent of
L ocation* Samples Minimum Maximum Average”® DOE DCG
Offgte
124 12 g 11.96 262+ 372 0.007
Ongte
213 12 g 254 743+5.38 0.02
215T 12 0.03 9.58 284+ 354 0.007
216 12 g 8.82 457+ 361 0.01
218 12 g 577 227+ 333 0.006
Number Thorium-230 Averageasa
of 10" nCi/mL percent of
L ocation* Samples Minimum Maximum Average™® DOE DCG
Offsite
124 12 g 10.33 274+ 345 0.007
Ongte
213 12 g 24.83 902+6.11 0.02
215T 12 g 12.02 272+ 368 0.007
216 12 g 1359 551+ 365 0.01
218 12 g 3.89 121+ 267 0.003
Number Thorium-232 Averageasa
of 108 nCi/mL percent of
L ocation* Samples Minimum Maximum Average®® DOE DCG
Offgte
124 12 g 797 196+ 248 0.03
Ongte
213 12 g 211 6.60+4.73 0.09
215T 12 g 7.62 172+254 0.02
216 12 g 11.04 410+ 301 0.06
218 12 g 405 104+222 0.01

? Average environmental level shown in Table B-1 subtracted from the data.
® Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.

° LDL for Th-228 for monthly valuesis 1.0 x 10 ™ nCi/mL, for quarterly valuesthe LDL is0.3 x 10 *® nGi/mL.
4| DL for Th-230 for monthly valuesis 1.3 x 10 ™ nCi/mL, for quarterly valuesthe LDL is0.08 x 10 ™ nCi/mL.
¢ LDL for Th-232 for monthly valuesis 0.5 x 10 *® nCi/mL, for quarterly valuesthe LDL is 0.1 x 10 *® nCi/mL.

" DOE DCG for thorium-228 and thorium-230 in air is 40,000 x 10 *® nCi/mL. The DOE DGC for thorium-232 inairis
7,000 x 108 nCi/mL.
9 Below environmental level.

T = Supplemental sampling height (2m).
* Offsite sampling locations shown on Figure 4-4. Onsite sampling locations shown on Figure 4-5.
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Table B-6. Concentrations? of Tritium in the Great Miami River and Stream in 2000

Number Tritium Averageasa
of 10° nCi/mL Percent of
L ocation* Samples Minimum  Maximum Average®® DOE DCG'
2 10 e 004 e e
4 10 e 017 e e
5 10 e 042 e e
7 10 e 4.89 117+115 0.06
8 10 e 0.22 e e
Mound Ave Storm ° e 041 013+012 0.01
% Average environmental level below reagent blanks.
® Error limits are estimates of the standard error of the estimated mean at the 95 % confidence level.
° LDL for tritium in water is0.55 x 10 nCi/mL.
4 DOE DCG for tritium in water is 2,000 x 10°® nCi/mL.
° Below reagent blanks.
* Sampling locations shown on Figure 4-7.
Table B-7. Concentrations® of Plutonium-238 in the Great Miami River in 2000
Number Plutonium-238 Averageasa
of 10" nCi/mL percent of
L ocation* Samples Minimum Maximum Average”® DOE DCG'
2 12 237 312+ 437 0.01
4 12 e 238 413+5.63 0.01
5 12 e 9.7 e e
7 12 e 16496.8 1602.7 + 2996.48 401
8 12 e 820 1337+ 1875 004

2 Average environmental level below reagent blanks.

® Error limits are estimates of the standard error of the estimated mean at the 95 % confidence level.
° LDL for plutonium-238in river water (including suspended sediment) is 28.0 x 10™ nCi/mL.

4 DOE DCG for plutonium-238 in water is 40,000 x 102 nCi/mL_.

®Below reagent blanks.
* Sampling locations shown on Figure 4-7.




Environmental Surveillance Program Results

Table B-8. Incremental Concentrations® of Plutonium-239,240 in the Great Miami River in

2000
Number Putonium-239,240 Averageasa
of 10" nCi/mL percent of
L ocation* Samples Minimum Maximum Average™® DOE DCG'
2 12 e 411 e e
4 12 e 421 e e
5 12 e 221 e
7 12 e 53521 4951+ 978 0.17
8 12 e 1781 e e

 Average environmental level shown in Table B-1 subtracted from the data.

® Error limits are estimates of the standard error of the estimated mean at the 95 % confidence level.
° LDL for plutonium-239,240 in river water (including suspended sediment) is 17.3 x 10™ nCi/mL.

4 DOE DCG for plutonium-239,240 in water is 30,000 x 102 nCi/mL.

¢ Below environmental level.

* Sampling locations shown on Figure 4-7.
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Table B-9. Incremental Concentrations? of Uranium-233,234 and Uranium-238 in the Great
Miami River in 2000

Number Uranium-233,234 Averageasa
of 10° nCi/mL percent of
L ocation* Samples Minimum Maximum Average’® DOE DCG'
2 12 e 0.2 e e
4 12 e 046 e e
5 12 e 0.005 e e
7 12 e 0.09 e e
8 12 e 0.03 e e
Number Uranium-238 Averageasa
of 10° nCi/mL percent of
L ocation* Samples Minimum Maximum Average® DOE DCG’
2 12 e 0.29 e e
4 12 e 0.23 e e
5 12 e 0.004 e e
7 12 e 08 e e
8 12 e 0.04 e e

 Average environmental level shown in Table B-1 subtracted from the data.

® Error limits are estimates of the standard error of the estimated mean at the 95 % confidence level.
° LDL for uranium-233,234 and uranium-238 is 0.02 x 10°° nCi/mL.

4 DOE DCG for uranium-233,234 in water is 500 x 10°° nCi/mL. The DOE DCG for uranium-238 in water is
600 x 10° nCi/mL_.
¢ Below environmental level.

* Sampling locations shown on Figure 4-7.




Environmental Surveillance Program Results

Table B-10. Incremental Concentrations® of Thorium-228, Thorium-230, and Thorium-232 in

the Great Miami River in 2000

Thorium-228
Number Value?"© Averageasa
of 10" nCi/mL percent of
L ocation* Samples Minimum Maximum Average DOE DCG'
2 4 e 6.85 e e
4 4 e 105 e e
5 4 e 87.05 21.0+ 77.56 0.005
7 4 e 85.85 208+ 73.34 0.005
8 4 e 37.85 10.75+ 38.07 0.003
Thorium-230
Number Value*"* Averageasa
of 10" nCi/mL percent of
Location* Samples Minimum Maximum Average DOE DCG'
2 4 e e e e
4 4 e 54 e e
5 4 e 46.8 1225+ 90.24 0.004
7 4 e e e e
8 4 e 484 175+ 86.77 0.0006
Thorium-232
Number Value*®* Averageasa
of 10" nCi/mL percent of
L ocation* Samples Minimum Maximum Average DOE DCG’
2 4 e 10.73 e e
4 4 e e e e
5 4 e 36.73 1385+ 39.15 0.03
7 4 e 64.53 6.58 + 66.41 0.01
8 4 e 26.53 303+ 3592 0.006

2 Average environmental level shown in Table B-1 subtracted from the data.

® Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.
° LDL for thorium-228 in river water is 29.6 x 102 nCi/mL. The LDL for thorium-230in river water is 42.8 x
10% nCi/mL. TheLDL for thorium-232 in river water is 21.7 x 102 nCi/mL.

4 DOE DCG for thorium-228 in water is 400,000 x 10°*? nCi/mL. DOE DCG for thorium-230 in water is 300,000 x 10

2 Ci/mL. DOE DCG for thorium-232 in water is 50,000 x 10°*2 nCi/mL.

¢ Below environmental level.

* Sampling locations shown on Figure 4-7.
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TableB-11. Concentrations? of Tritium in Pond Water in 2000

Number Tritium Vaueasa
of Value’® percent of
L ocation* Samples 10° nCi/mL DOE DCG'
11 1 e e
12 1 e e
14 1 e e
15 1 e e
17 1 e e
18 1 e e

% Average environmental level below reagent blanks.
® Estimated error at the 95% confidence level.

° LDL for tritium in pond water is 0.55 x 10°® nCi/mL.

¢ DOE DCG for tritium in water is 2,000 x 10° nCi/mL.
¢ Below reagent blanks

* Sampling locations shown on Figure 4-7.

TableB-12. Incremental Concentrations? of Plutonium-238 in Pond Water in 2000

Number Plutonium-238 Vaueasa
of Value’® percent of
L ocation* Samples 10" nCi/mL DOE DCG'
11 1 23x42 0.006
12 1 e e
14 1 e e
15 1 e e
17 1 170172 004
18 1 30+44 0.008

% Average environmental level shown in Table B-1 subtracted from the data.
® Estimated error at the 95% confidence level.

° LDL for plutonium-238 in pond water is 28.0 x 10'*? nCi/mL.

¢ DOE DCG for plutonium-238 in water is 40,000 x 10 nCi/mL.

¢ Below environmental level.

* Sampling locations shown on Figure 4-7.
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Environmental Surveillance Program Results

Table B-13. Concentrations?® of Plutonium-239,240 in Pond Water in 2000

Number Plutonium-239,240 Vaueasa
of Value’® Percent of
L ocation* Samples 10" nCi/mL DOE DCG'
11 1 e e
12 1 e e
14 1 e e
15 1 e e
17 1 68+7.1 0.02
18 1 e e

@ Average environmental level below reagent blanks.

® Estimated error at the 95% confidence level.

° LDL for plutonium-239,240 in pond water is 17.3 x 10 nCi/mL.

4 DOE DCG for plutonium-239,240 in water is 30,000 x 102 nCi/mL.
¢ Below reagent blanks.

* Sampling locations shown on Figure 4-7.
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Table B-14. Incremental Concentrations? of Plutonium-238 in River and Stream Sedimentsin

2000
Number Plutonium-238
of 10° nCi/g
L ocation* Samples Minimum Maximum Average"*
2 4 d 4579 1456 + 51.53
4 4 130.99 158.39 147.79+41.88
5 4 d 53.79 12.56 + 57.96
7 4 377.99 3112.69 1660.16 + 1895.09
8 4 15.59 138.69 7414+ 92.30
Mound Ave Storm 4 74.29 25559 126.61+ 142.43

# Average environmental level shown in Table B-1 subtracted from the data.

® Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.
° LDL for plutonium-238 in river sediment is 3.2 x 10° nCi/g.

4 Below environmental level.

* Sampling locations shown on Figure 4-7.

Table B-15. Incremental Concentrations? of Plutonium-238 in Pond Sedimentsin 2000

Number Plutonium-238
of Vaue’®

L ocation* Samples 10° nCilg
11 1 17+£071
12 1 d
14 1 d
15 1 16+074
17 1 236+ 1.98
18 1 09+ 0.67

& Average environmental level shownin Table B-1 subtracted from the data.
® Estimated error at the 95% confidence level.

° LDL for plutonium-238 in pond sediment is 2.9 x 10° nCi/g.

4 Below environmental level.

* Sampling locations shown on Figure 4-7.
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TableB-16. Incremental Concentrations? of Plutonium-239,240 in River and Stream
Sedimentsin 2000

Number Plutonium-239,240
of 10° nCilg
L ocation* Samples Minimum Maximum Average®®
2 4 d 229 037+231
4 4 169 2.69 234+1.04
5 4 0.39 4.69 220+323
7 4 139 19.09 9.59 +1385
8 4 d 049 d
Mound Ave Storm 4 049 599 352 +371

 Average environmental level shown in Table B-1 subtracted from the data.

® Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.
° LDL for plutonium-239, 240 in river sediment is 2.5 x 10° nCi/g.

4 Below environmental level.

* Sampling locations shown on Figure 4-7.

TableB-17. Incremental Concentrations? of Plutonium-239,240 in Pond Sedimentsin 2000

Number Plutonium-239,240
of Vaue’®
L ocation* Samples 10° nCilg
11 1 02+0.72
12 1 d
14 1 d
15 1 2.8+0.93
17 1 d
18 1 d

% Average environmental level shown in Table B-1 subtracted from the data.

P Estimated error at the 95% confidence level.
° LDL for plutonium-239, 240 in pond sediment is 2.2 x 10° nCi/g.

¢ Below environmental level.
* Sampling locations shown on Figure 4-7.
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Table B-18. Incremental Concentrations? of Thorium-228, Thorium-230, and Thorium-232 in
River and Stream Sedimentsin 2000

Number Thorium-228
of 10° nCilg
L ocation* Samples Minimum Maximum Average®®
2 4 d 104.0 d
4 4 d 187.0 d
5 4 d 2770 52.25+ 452,57
7 4 d 2920 136.0 £ 454.15
8 4 d 30 d
Mound Ave Storm 4 d 1930 50.25+ 42454
Number Thorium-230
of 10° nCilg
L ocation* Samples Minimum Maximum Average’®
2 4 d 206.25 d
4 4 d 43825 66.0 + 756.04
5 4 d 547.25 76.0+ 804.55
7 4 d 502.25 173.25 + 800.07
8 4 d d d
Mound Ave Storm 4 d d d
Number Thorium-232
of 10° nCilg
L ocation* Samples Minimum Maximum Average®®
2 4 d 129.75 d
4 4 d 221.75 3.75+464.13
5 4 d 224.75 57.75+ 43533
7 4 d 214.75 1015+ 432.28
8 4 d d d
Mound Ave Storm 4 40.75 96.75 69.75+ 39542

 Average environmental level shown in Table B-1 subtracted from the data.
® Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.

° LDL for thorium-228 in river sediment is48.1 x 10° nCi/g. The LDL for thorium-230 inriver sedimentis  12.4x
10° nCi/g. The LDL for thorium-232 in river sediment is 15.1x 10°° nCi/g.

 Below environmental level.
* Sampling locations shown on Figure 4-7.
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Environmental Surveillance Program Results

TableB-19. Incremental Concentrations? of Thorium-228, Thorium-230, and
Thorium-232 in Pond Sedimentsin 2000

Number Thorium-228
of Value’®
L ocation* Samples 10° nCi/g
11 1 496.0+ 80.2
12 1 4410+ 1219
14 1 67.0+534
15 1 556.0+ 82.6
17 1 20+ 486
18 1 180.0+ 585
Number Thorium-230
of Vaue**!
L ocation* Samples 10° nCi/g
11 1 896.0+ 1294
12 1 8200+ 1934
14 1 520+ 835
15 1 751.0+11.99
17 1 d
18 1 2080+ 889
Number Thorium-232
of Value*"*
L ocation* Samples 10° nCi/g
11 1 541.0+ 853
12 1 618.0+ 143.0
14 1 360+ 54.7
15 1 4420+ 782
17 1 d
18 1 d

2 Environmental level shown in Table B-1 subtracted from the data.
® Estimated error at the 95% confidence level.

° LDL for thorium-228 in pond sediment is48.1 x 10°nCi/g. The LDL for thorium-230 in pond sediment is
12.0x 10°nCi/g. The LDL for thorium-232 in pond sediment is 15.1 x 10°nCi/g.

4 Below environmental level.

* Sampling locations shown in Figure 4-7.
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Table B-20. Incremental Concentrations? of Tritium in Foodstuffs® in 2000

Number Tritium
of 10° nCilg

Location Samples Vaue Minimum  Maximum Average®®
Brookville 1 0.001 £ 0.03
Calide 1 f
Centerville 1 f
Germantown 2 f 0.002 f
Miami
Township 1 f
Miamisburg 7 f 0.14 0.05+0.07
Springboro 1 0.05+0.03
Troy 1 f

# The environmental level shown in Table B-1 subtracted from the data.

® Tomato samples were analyzed.

¢ In cases where only one sample was collected, minimum, maximum, and average values do not apply.
4 Error limits are estimated error at the 95% confidence level.

® The LDL for tritium in foodstuffsis 1.5 x 10°° nCi/g..

" Below environmental level.
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Environmental Surveillance Program Results

Table B-21. Concentrations? of Plutonium-238 in Foodstuffs® in 2000

Number Plutonium-238
of 10° nCi/g

Location Samples Vaue Minimum  Maximum Average™®
Brookville 1 0.04+0.03
Calide 1 f
Centerville 1 f
Germantown 2 f 0.07 0.02+0.03
Miami
Township 2 f f f
Miamisburg 3 f 0.07 f
Springboro 1 0.07+0.03

4Environmental level below background.

® Potatoes, beets, cabbage, and pepper samples were analyzed.

¢ In cases where only one sample was collected, minimum, maximum, and average values do not apply.
4 Error limits are the estimated error at the 95% confidence level.

® The LDL for plutonium—238 in foodstuffsis 0.23 x 10° nCi/g.

" Below background.

Table B-22. Concentrations? of Plutonium-239,240 in Foodstuffs® in 2000

Number Plutonium-239,240
of 10° nCilg

Location Samples Value® Minimum  Maximum Average™®
Brookville 1 0.04+0.03
Calide 1 011+ 0.04
Centerville 1 0.08+ 0.06
Germantown 2 f 0.03 002+ 004
Miami
Township 2 f f f
Miamisburg 3 f 004 0.01+0.06
Springboro 1 0.03+£0.02

4Environmental level below background.

® Potatoes, cabbage, beets and pepper samples were analyzed.

¢ In cases where only one sample was collected, minimum, maximum, and average values do not apply.
4 Error limits are the estimated error at the 95% confidence level.

® The LDL for plutonium—239,240 in foodstuffsis 0.17 x 10° nCi/g..

" Below background.
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APPENDIX C

NONRADIOLOGICAL MONITORING RESULTS

Effluent and environmentd samples are andyzed for nonradiologicd parameters. Tables summarizing
monitoring results from 2000 are presented in this Appendix. Nonradiologica airborne effluent rates
are caculated using a mass baance approach and the annua emission rate is reported as a percent of
the applicable EPA standard. The remainder of the tables show:

number of samples andyzed during the yesr,
minimum concentration measured,
maximum concentration mesasured,

average value, and, when appropriate,
acomparison to a DOE or EPA standard.

Table C-1. Nonradiological Air Emissions Data for 2000

Pollutant Emission Rate (tons/yr) Emission Threshold % of Standard
Limit (tonslyr) @

Total suspended 83 100 83
particul ates
Sulfur dioxide 0.2 100 0.2
Nitrogen oxides 143 100 143
VOCs 06 100 06
Carbon monoxide 39 100 39

& Threshold limits defined in 40 CFR Part 70 and Ohio Administrative Code 3745-77, Title V Permits
® Emission rates are calculated using a material balance approach or AP-42 (EPA, 1985) emission factors.
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Nonradiological Monitoring Results

Table C-2. 2000 Particulate Air Concentrations

Number Particulate Concentration Arithmetic
Sampling of (ny/nt) Average®®
L ocation* Samples Minimum Maximum (my/nt)
Offdite
101 51 19 14 30+2
102 51 14 11 23+2
103 51 14 36 24+2
104 51 18 47 2812
105 51 15 62 26+2
11 50 20 62 33+2
112 50 18 50 29+2
115 51 15 50 2512
118 51 17 47 272
119°¢ 49 17 47 272
124 51 17 56 31+2
CLN 50 19 51 HA+2
Onsite
211 51 18 45 29+2
212 38 18 47 28+2
213 48 21 117 2+6
214 47 16 38 2512
215 46 20 71 3b6t4
215T 51 16 9 3H6+5
216 48 17 63 3H+3
217 51 17 11 2812
218 51 17 138 305

Values are weekly averages. Error limits are estimates of the standard error of the estimated mean at the
95% confidence level.

Ohio ambient air quality standard is 50 ng/nT (3-year average).

Background location.

* Sampling locations shown on Figures 4-4 and 4-5 for onsite and offsite sampling stations, respectively.
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Table C-3. NPDES Permit and ATD Data for 2000

NPDES Permit Limit

No. of Annual Highest Monthly
Sampling Location * Samples  Minimum  Maximum Averag Monthly Daily Average
e Average
Outfall 601 Parameters
Flow rate, MGD a 0.011 0.225 0.045 0.064 n/a n/a
pH, s.u. 203 7.07 8.60 7.79 8.00 6.5-9.0 n/a
Chlorine: total d] mg/L 103 <0.01 0.05 <0.01 <0.01 n/a n/a
Suspended solids, mg/L 104 <1 12.0 17 36 30 15
Fecal coliform *, n/100mL 27 1 170 7° 26° 2000 1000
Ammonia, mg/L asN 26 <0.30 0.52 <0.30 <0.30 n/a n/a
CBODs mg/L 104 <4 10.0 <4 4.0 15 10
Oil and greaseb, mg/L 4 <5 <5 <5 <5 n/a n/a
Cadmium, my/L 12 <1 <1 <1 <1 n/a n/a
Chromium, nmg/L 12 <2 <2 <2 <2 n/a n/a
Copper, nmg/L 26 <5 82.6 35.6 82.6 n/a n/a
Nickel, ng/L 12 <5 9.0 <5 9.0 n/a n/a
Lead, ng/L 12 <1 2.1 <1 2.1 n/a n/a
Zinc, ng/L 12 <50 67 <50 67 n/a n/a
VOCs " 4 ND 5.6 2.05 5.6 n/a n/a
Outfall 602 Parameters
Flow rate, MGD a 0.000 0.540 0.061 0.123 n/a n/a
pH, s.u. 51 7.10 8.80 8.36 8.60 6.5-9.0 n/a
Suspended solids . ma/L 50 <1 93.0 14.2 310 45 30
Chemical oxygen demand, mg/L 50 <1 1650 138 431 n/a n/a
Oil and grease, mg/L 12 <5 6.0 <5 6.0 10 n/a
& Continuous. " Chloroform results reported (no other compounds
detected).
® Quarterly samples collected in Mar., Jun., Aug., Dec. " Sampling locations shown on Figure 5-1.
¢ Limit n/aif >0.25inches of rainfall 2 days during the ND = below minimum detection limit.
week.
4 Summer months only (May 1 through October 31). MGD = million gallons per day.
¢ Average reported as a geometric mean. n/a= not applicable, no permit limits.
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Nonradiological Monitoring Results

Table C-3. NPDES Permit and ATD Data for 2000 (continued)

NPDES Permit Limit

No. of Annual Highest Monthly
Sampling L ocation* Samples  Minimum  Maximum Averag  Monthly  Daily Average
e Average

Outfall 002 Parameters
Flow rate, MGD a 0.016 1.920 0.396 0.653 n/a n/a
pH, s.u. 53 7.00 851 7.81 8.10 6.5-9.0 n/a
Suspended solids ", mg/L 51 <10 117.0 15.4 34.8 45 30
Outfall 001 Parameters
Flow rate, MGD a 0.013 0.720 0.103 0.186 n/a n/a
pH, s.u. 27 7.30 8.70 8.21 8.50 6.5-9.0 n/a
Cyanide, ng/L 12 <5 <5 <5 <5 n/a n/a
Cadmium, ng/L 12 <1 <1 <1 <1 n/a n/a
Chromium, ng/L 12 <2 <2 <2 <2 n/a n/a
Copper, ng/L 12 20.0 84.4 424 84.4 120 n/a
Nickel, ng/L 12 <5 24.8 6.1 24.8 n/a n/a
Lead, ng/L 12 <1 3.4 1.1 34 n/a n/a
Zinc, mg/L 12 <50 57.0 <50 57.0 n/a n/a
& Continuous. MGD = million gallons per day.
¢ Limit n/aif > 0.25inches of rainfall 2 days during the n/a = not applicable, no permit limits.

week.

" Sampling locations shown on Figure 5-1.
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Table C-3. NPDES Permit and ATD Data for 2000 (continued)

ATD Limit
No. of Annual Highest Monthly
Sampling L ocation* Samples  Minimum  Maximum Averag Monthly  Daily Average
e Average

Outfall 003 Parameters
Flow rate, MGD a 0.035 0.165 0.123 0.143 n/a n/a
pH, s.u. 54 7.54 8.23 7.83 8.10 6.5-9.0 n/a
Dissolved oxygen, mg/L 53 9.53 12.10 10.36 11.50 n/a n/a
Dissolved solids, mg/L 26 388.5 800.0 663.6 723.5 n/a n/a
Suspended solids, mg/L 26 <1 15 <1 <1 45 30
CBODs, mg/L 12 <4 8.0 <4 8.0 n/a n/a
Mercury, mg/L 52 <0.2 <0.2 <0.2 <0.2 22 0.023
Selenium, ng/L 12 <5 <5 <5 <5 n/a n/a
Silver, ng/L 12 <05 <05 <05 <05 n/a n/a
Chromium, ng/L 52 <2 <2 <2 <2 9800 1100
Copper, ng/L 52 <5 <5 <5 <5 120 65
Nickel, ng/L 27 <5 6.3 <5 <5 n/a n/a
Lead, ng/L 27 <1 1.8 <1 <1 n/a n/a
Zinc, mg/L 27 <50 <50 <50 <50 n/a n/a
VOCs', ng/L 12 ND ND ND ND 10 5
Bis (2-ethylhexyl) phthalate®, 4 <5 <5 <5 <5 n/a n/a
ngy/L
Ceriodaphnia dubia®

acute, TU 4 ND ND ND ND 1.0 n/a

chronic, TU 4 ND 2.8 0.7 2.8 2.8 n/a
Pimephal es promelas

acute, TU 4 ND ND ND ND 10 n/a

chronic, TU 4 ND ND ND ND 2.8 n/a

& Continuous.

b Quarterly samples collected in Mar., Jun., Aug., Dec.

- Chloroform results reported (no other compounds

detected).

* Sampling | ocations shown on Figure 5-1.

MGD = million gallons per day.

ND = below minimum detection limit.
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Nonradiological Monitoring Results

TU = toxicity units. n/a= not applicable, no permit limits.
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APPENDIX D

GROUNDWATER MONITORING RESULTS

Groundwater samples are collected from ongte and offsite drinking water supplies, monitoring wells, and
seeps. These samples are andyzed for radionuclides, volatile organic compounds (VOCs), and inorganic
substances. Results of groundwater monitoring activities in 2000 are presented in this Appendix. DOE or
EPA sandards for drinking water are dso provided for comparison. Such standards are established to
protect drinking water supplies.

It should be noted that for monitoring wells, these standards are provided for reference only since these
wells do not serve as sources of drinking water.

Radionudlide reaults tables show the number of samples andyzed during the year, minimum and maximum
concentrations measured, and the average vaue with error limits. Because of the large volume of
nonradiological data for ongte monitoring wells, VOC and inorganic results have been summarized.
Generdly, data for monitoring wells have only been included in the tables if detectable levels of VOCs or
inorganics were observed during one of the sampling events (dl VOCs are included; only inorganic
parameters which have been assigned an MCL are included).
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Groundwater Monitoring Results

Table D-1. Environmental Concentrations of Radionuclidesin Groundwater in 2000

Average
Radionuclide Number of Samples Concentration ®° Unit of Measure

Tritium 10 c c

Plutonium-238 12 0.002 + 0.003 10° nCi/ml
Plutonium-239,240 12 0.001 + 0.003 10° nCi/ml
Uranium-233,234 12 052+ 0.06 10° nCi/ml
Uranium-238 12 047+ 0.06 10° nCi/ml
Thorium-238 4 002+ 004 10°° nCifm
Thorium-230 4 c 10° nCi/ml
Thorium-232 4 0.004 = 0.016 10° nCi/ml

& Measured 25 mi (40 km) north of MEMP in Tipp City.
P Error limits are estimates of the standard error at the 95% confidence level.
° Below reagent blanks.
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Table D-2. Tritium Concentrationsin Offsite Drinking Water and Private Wellsin 2000

Number Tritium Averageasa

Sampling Historic of nCi/L % of the EPA

Location* Designation Samples Minimum Maximum Average °* Standard ©
0904 J1 5 f 021 009+ 011 05
0907 B-H 4 f 0.26 010+ 0.19 05
(09099 MCD 7 f 050 017+0.16 09
Franklin® 1 f 011 f f
Germantown 9 1 f 0.10 f f
Miamisburg ° 11 f 034 016+ 0.11 0.8
Middletown ° 10 f 0.09 f f
Springboro ° 1 f 0.19 f f
W. Carrollton® 10 f 0.16 f f

¢ The EPA standard for tritium in drinking water is 20 nCi/L.
" Below the blank value.
9 Municipality drinking water supply.

* Well locations shown on Figure 6-2.

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Estimated error at the 95% confidence level.

Error limits are estimates of the standard error of the estimated mean at the 95 % confidence level.

LDL for tritiumin private well water is0.46 nCi/L. LDL for tritium in community drinking water is 0.44 nCi/L.




Groundwater Monitoring Results

Table D-3. Plutonium Concentrationsin Offsite Drinking Water in 2000

Number Plutonium-238 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Minimum Maximum Average ®° Standard
Miamisburg 12 d 0.008 0.0002 + 0.002 0.01
Number Plutonium-239,240 Averageasa
Sampling of 10° nCi/mL % of the EPA
Location* Samples Minimum Maximum Average ®° Standard °
Miamisburg 12 d 0.011 0.0008 + 0.003 0.07

& Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.
® LDL for plutonium-238is0.03 x 10° nCi/mL. LDL for plutonium-239,240is0.03x 10° nCi/mL.

¢ The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for plutonium-238 and plutonium-239,240 are 1.6 x 10 nCi/mL and 1.2 x 10° nCi/mL, respectively.

Below reagent blank.
* Well locations shown on Figure 6-2.
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Table D-4. Uranium Concentrationsin Offste Drinking Water in 2000

Number Uranium-233,234 Averageasa
Sampling of 10° nCi/mL % of the EPA
Location* Samples Minimum Maximum Average ®® Standard ©
Miamisburg 12 0.49 0.77 062+ 0.04 31

Number Uranium-238 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Minimum Maximum Average ®® Standard °
Miamisburg 12 042 0.77 052+ 0.06 22

& Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.

® | DL for uranium-233,234is0.04 x 10° nCi/mL. LDL for uranium-238is0.03 x 10° nCi/mL.

¢ The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for uranium-233,234 and uranium-238 are 20 x 10°° nCi/mL and 24 x 10° nCi/mL, respectively.

* Well locations shown on Figure 6-2.




Groundwater Monitoring Results

Table D-5. Thorium Concentrationsin Offste Drinking Water in 2000

Number Thorium-228 Averageasa
Sampling of 10° nCi/mL % of the EPA
Location* Samples Minimum Maximum Average ®° Standard ©
Miamisburg 4 d 0.014 d d
Number Thorium-230 Averageasa
Sampling of 10° nCi/mL % of the EPA
Location* Samples Minimum Maximum Average®” Standard ©
Miamisburg 4 d 0.012 0.003+ 0.016 0.03
Number Thorium-232 Averageasa
Sampling Of 10° nCi/mL % of the EPA
L ocation* Samples Minimum Maximum Average *° Standard
Miamisburg 4 d 0.005 0.002+ 0.004 01

2 Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.
® | DL for thorium-228is1.18 x 10° nCi/mL. LDL for thorium-230is0.10 x 10° nCi/mL. LDL for thorium-232 is 0.16 x
10° nCifmL.

¢ The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for thorium-228, thorium-230, and thorium-232 are 16 x 10°° nCi/mL, 12 x 10° nCi/mL, and 2 x 10°
nCi/mL, respectively.

¢ Below reagent blank.

* Well locations shown on Figure 6-2.
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Table D-6. Tritium Concentrationsin Offsite Monitoring Wellsin 2000

Number Tritium Averageasa

Well of nCi/L % of the EPA
|.D.* Samples Vaue? Minimum Maximum Average® Standard ¢
0123 1 0.83 4.2
0127 4 e 0.79 0.39+ 045 20
0128 4 e 0.71 0.33+£0.39 17
0302 4 124 195 155+0.32 7.8
0303 4 6.30 754 6.92+ 051 34.6
0304 4 329 364 345+015 173
0330 4 e 041 023+017 11
0342 4 0.40 10.80 315+510 15.7
0343 4 6.60 7.90 733055 36.7
0376 4 e 0.58 026024 13
0377 4 e 0.72 0.35+0.32 18
0378 1 0.88 44
0383 4 e 042 020+023 10
0386 4 e 1.06 040+ 0.46 20
0387 4 e 0.36 013+0.17 0.7
0383 3 e 0.29 016+ 0.15 0.8

4 e 101 033+ 048 17
0392 1 e 0.0

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.
LDL for tritium in monitoring wellsis 0.5 nCi/L.

¢ The EPA standard for tritium in drinking water is 20 nCi/L.

¢ Below the blank value.

* Well locations shown on Figure 6-2.

D-7



Groundwater Monitoring Results

Table D-7. Plutonium Concentrationsin Offsite Monitoring Wellsin 2000

Number Plutonium-238 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0303 4 0.005¢ 0.014° 0.008 + 0.004 05
0376 4 0.007 0.030° 0.018+ 0.011 16
0377 4 0.010¢ 0.037 0.021 + 0011 13
0383 4 0.005¢ 0.015 0.009 + 0.005 05
0386 1 0.006° 04
0387 1 0.006° 04
0388 2 0.016 0.021° 0.019 + 0.004 12
Number Plutonium-239 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0303 4 0.005¢ 0.008° 0.006 + 0.001 05
0376 4 0.005¢ 0.024° 0.012 + 0.008 10
0377 4 0.007¢ 0.018° 0.013 + 0.005 11
0383 4 0.010¢ 0.024° 0.017 + 0.017 14
0386 1 0.006° 05
0387 1 0.017¢ 14
0388 2 0.008¢ 0.024° 0.016 + 0.011 13

Error limits are one standard deviation of the estimated mean.

In cases where only one sample was collected, minimum, maximum, and average values do not apply.

The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The

dose standard concentrations for plutonium-238, and plutonium-239,240 are 1.6 x 10° nCi/mL and 1.2

x 10° nCi/mL, respectively.
¢ Below theindicated LDL.

* Well locations shown on Figure 6-2.
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Table D-8. Uranium Concentrationsin Offsite Monitoring Wellsin 2000

Number Uranium-233,234 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0303 4 0.013 0.021 0.017 £ 0.004 01
0376 4 0194 0.279 0.226 + 0.038 11
o377 4 0133 0.198 0.172+0.028 09
0383 4 0454 0543 0.488 £ 0.039 24
0386 1 0.387 19
0387 1 0.275 14
0388 2 0.323 0.362 0.343+0.028 17
Number Uranium-235 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0303 4 0.003 0.018¢ 0.011 + 0.008 0.1
0376 4 0.008 0.027 0.018 + 0.009 01
o377 4 0.007 0.022 0.018 £ 0.007 01
0383 4 0.020 0.030 0.025+ 0.004 01
0386 1 0.018 01
0387 1 0.021° 0.1
0388 2 0.012 0.020 0.016 £ 0.006 01

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Error limits are one standard deviation of the estimated mean.

The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for uranium-233,234, uranium-235, and uranium-238 are 20 x 10°° nCi/mL, 24 x 10° nCi/mL, and 24
x 10° nCi/mL, respectively.

¢ Below theindicated LDL.

* Well locations shown on Figure 6-2.




Groundwater Monitoring Results

Table D-8. Uranium Concentrationsin Offsite Monitoring Wellsin 2000 (continued)

Number Uranium-238 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0303 4 0.007 0.023 0.015 £+ 0.007 01
0376 4 0.183 0254 0.209 £ 0.032 09
o377 4 0.145 0182 0.159 + 0.017 0.7
0383 4 034 0477 0418+ 0.078 17
0386 1 0.292 12
0387 1 0.233 10
0388 2 0.264 0271 0.268 + 0.005 11

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Error limits are one standard deviation of the estimated mean.

The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for uranium-233,234, uranium-235, and uranium-238 are 20 x 10°° nCi/fmL, 24 x 10° nCi/mL, and 24
x 10° nCi/mL, respectively.

¢ Below theindicated LDL.

* Well locations shown on Figure 6-2.
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Table D-9. Thorium Concentrationsin Offste Monitoring Wellsin 2000

Number Thorium-228 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0303 4 0.003 0.130 0.053+ 0.055 03
0376 4 0.015 0.056 0.031+0.018 0.2
0377 4 0018 0.116 0.057 + 0.043 04
0383 4 0.007¢ 0.031¢ 0.014+ 0011 01
0386 1 0.009 01
0387 1 0.019¢ 01
0388 2 0.036 0073 0.055+ 0.026 03
Number Thorium-230 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum Maximum Average® Standard °
0303 4 0.010 0.0%4 0.039 + 0.039 03
0376 4 0.009¢ 0.066 0.036 + 0.027 03
0377 4 0.009¢ 0.040 0.017 + 0.016 01
0383 4 0.006° 0.022 0.012 + 0.007 01
0386 1 0.015 01
0387 1 0.019¢ 0.2
0388 2 0.024° 0.030 0.027 + 0.004 0.2

In cases where only one sample was collected, minimum, maximum, and average values do not apply.

Error limits are one standard deviation of the estimated mean.

The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose
standard concentrations for thorium-228, thorium-230, and thorium-232 are 16 x 10 nCi/mL, 12 x 10° nCi/mL,
and 2 x 10° nCi/mL respectively.

¢ Below theindicated LDL.

* Well locations shown on Figure 6-2.
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Groundwater Monitoring Results

Table D-9. Thorium Concentrationsin Offsite Monitoring Wellsin 2000 (continued)

Number Thorium-232 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0303 4 0.015 0.027° 0.019 + 0.005 10
0376 4 0.008° 0.031° 0.018+ 0.011 09
0377 4 0.009° 0.024° 0.015 + 0.007 08
0383 4 0.006° 0.025° 0.012 + 0.009 06
0386 1 0.002 01
0387 1 0.007¢ 04
0388 2 0.009° 0.024° 0.017 + 0.011 08

# In cases where only one sample was collected, minimum, maximum, and average values do not apply.

Error limits are one standard deviation of the estimated mean.

The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose

standard concentrations for thorium-228, thorium-230, and thorium-232 are 16 x 10°° nCifmL, 12 x 10° nCi/mL,
and 2 x 10° nCi/mL respectively.

4 Below theindicated LDL.

* Well locations shown on Figure 6-2.
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Appendix D

Table D-10. VOC Concentrationsin Offsite Monitoring Wellsin 2000

Wl Number ngy/L
of

I.D.* Compound Samples  Vaue?® Minimum Maximum Average® MCL

0123 None detected 1 d

0302 None detected 1 d

0303 None detected 4 d d

0343 None detected 1 d

0376  Bromodichloromethane 4 1.60 2.90 198+ 0.62 100
Chloroform 4 d 2.50 150+ 1.07 100
Dibromochloromethane 4 d 3.30 115+ 156 100
1,1,1-Trichloroethane 4 d 0.30 0.08% 0.15 200

0377 Bromodichloromethane 4 1.70 3.10 263+ 0.66 100
Chloroform 4 1.40 250 1.80+ 0.50 100
Dibromochloromethane 4 1.20 3.30 215+ 101 100
1,1,1-Trichloroethane 4 d 240 0.80+ 1.09 200

0378 Bromodichloromethane 1 1.30 100
Chloroform 1 150 100
1,1,1-Trichloroethane 1 340 200

0383 Bromodichloromethane 4 240 550 398+ 1.29 100
Bromoform 4 d 6.70 383+ 298 100
Chloroform 4 1.30 2.80 213+ 0.74 100
Dibromochloromethane 4 1.70 10.0 650+ 354 100
Tetrachloroethene 4 0.58 1.80 112+ 051 5
1,1,1-Trichloroethane 4 d 041 0.10+ 0.21 200

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.
° No MCL assigned.
¢ Results below the method detection limit.
MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).
* Well locations shown on Figure 6-2.
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Groundwater Monitoring Results

Table D-10. VOC Concentrationsin Offsite Monitoring Wellsin 2000 (continued)

Wl Number ngy/L
of
I.D.* Compound Samples  Vaue?® Minimum Maximum Average® MCL
0386 Bromodichloromethane 1 2.80 100
Bromoform 1 3.60 100
Chloroform 1 0.88 100
Dibromochloromethane 1 5.60 100
Tetrachloroethene 1 270 5
Trichloroethene 1 0.78 5
0387 Bromodichloromethane 1 2.00 100
Chloroform 1 150 100
Dibromochloromethane 1 230 100
0388 Bromodichloromethane 3 1.70 1.90 177+ 012 100
Chloroform 3 0.86 310 202+ 112 100
Tetrachloroethene 3 d 0.66 040+ 0.35 5
1,1,1-Trichloroethane 3 d 0.59 020+ 0.34 200
0389  Bromodichloromethane 1 320 100
Chloroform 1 150 100
Dibromochloromethane 1 450 100
0392  Bromodichloromethane 1 2.80 100
Bromoform 1 4.60 100
Chloroform 1 140 100
Dibromochloromethane 1 6.20 100
Tetrachloroethene 1 0.58 5

a

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
® Error limits are one standard deviation of the estimated mean.

¢ No MCL assigned.

¢ Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).

* Well locations shown on Figure 6-2.
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Appendix D

Table D-11. Inorganic Concentrationsin Offsite Monitoring Wellsin 2000

Wl Number ngy/L
of
I.D.* Compound Samples  Vaue?® Minimum Maximum Average® MCL
0123  Aluminum 1 925 50-200°
Manganese 1 471 50¢
0302  Aluminum 1 50.0 50-200°
Barium 1 372 2000°¢
Iron 1 2200 300°
Manganese 1 417 50¢
0303  Aluminum 4 106 130 441+ 574 50-200°
Barium 4 227 249 237+ 90 2000°¢
Chromium 4 g 80.7 202+ 404 100°¢
Iron 4 4850 7470 5957 + 1110 300¢
Manganese 4 393 426 404+ 154 50¢
0343  Aluminum 1 1340 50-200°
Iron 1 7930 300°
Lead 1 56 15
Manganese 1 517 50¢
0376  Aluminum 4 10.6 84.8 337+ 344 50-200°¢
Iron 4 816 156 111+ 318 300¢
Lead 4 21 294 92+ 135 15"
Nickel 4 56.2 172 104 + 49.6 100°¢
0377  Aluminum 4 g 927 285+ 440 50-200°¢
Iron 4 173 547 327+ 185 300¢
Manganese 4 125 419 281+ 121 50¢
Nickel 4 104 219 145+ 531 100°¢

b

C

d

Primary Maximum Contaminant Level.
Secondary Maximum Contaminant Level.

Error limits are one standard deviation of the estimated mean.

¢ The secondary MCL for aluminum is arange; final MCL values have not been established.

f Action level.

9 Results below the method detection limit.
MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).

* Well locations shown on Figure 6-2.

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
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Groundwater Monitoring Results

TableD-11. Inorganic Concentrationsin Offsite Monitoring Wellsin 2000 (continued)

Wl Number ngy/L
of
I.D.* Compound Samples  Vaue?® Minimum Maximum Average® MCL
0378  Aluminum 1 710 50-200°°
0383  Aluminum 4 10.6 939 383+ 381 50-200°°
Iron 4 146 252 80.0+ 1148 300¢
Nickel 4 81 789 335+ 319 100°¢
0386 Manganese 1 159 50¢
Nickel 1 104 100°¢
0387  Aluminum 1 29.6 50-200°¢
Chromium 1 396 100°
Iron 1 653 300
Manganese 1 62.7 50¢
Nickel 1 888 100°¢
0388  Aluminum 3 106 520 293+ 210 50-200°¢
0389  Aluminum 1 289 50-200°
0392  Aluminum 1 329 50-200°¢
Chromium 1 383 100°
Iron 1 597 300
Manganese 1 701 50¢
Nickel 1 96.6 100°¢

In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.

C

Primary Maximum Contaminant Level.
¢ Secondary Maximum Contaminant Level.

¢ The secondary MCL for aluminum isarange; final MCL values have not been established.
" Action level.

9 Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).

* Well |ocations shown on Figure 6-2.
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Table D-12. Tritium Concentrationsin Onste Production Wdlsin 2000

Number Tritium Averageasa
Well Historic of nCi/L % of the EPA
|.D.* Designation Samples Minimum Maximum Average *° Standard °
0071 1 42 d 0.85 0.29+ 0.06 15
0271 2 411 0.01 0.88 0.33+ 0.06 17
0076 3 42 d 181 0.38+ 0.09 19

& Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.

® | DL for tritium in onsite well water is0.44 nCi/L.

¢ The EPA standard for tritium in drinking water is 20 nCi/L.

4 Below reagent blank.
* Well locations shown on Figure 6-2.
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Groundwater Monitoring Results

Table D-13. Plutonium Concentrationsin Onsite Production Wédlsin 2000

Number Plutonium-238 Averageasa
Well Historic of 10° nCi/mL % of the EPA
I.D.* Designation Samples Minimum  Maximum Average *° Standard °
0071 1 16 d 0.008 0.0007 + 0.002 004
0271 2 16 d 0.008 0.002 £ 0.002 013
0076 3 16 d 0.009 0.002 £ 0.002 013

Number Plutonium-239,240 Averageasa
Well Historic of 10° nCi/mL % of the EPA
I.D.* Designation Samples Minimum Maximum Average ®” Standard ¢
0071 1 16 d 0.011 d d
0271 2 16 d 0.006 0.00005 £ 0.002 0.004
0076 3 16 d 0.011 d d

b

Error limits are estimates of the standard error of the estimated mean at the 95 % confidence level.

LDL for plutonium-238is0.03 x 10° nCi/mL. LDL for plutonium-239,240is0.03 x 10°° nCi/mL.

The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for plutonium-238, and plutonium-239,240 are 1.6 x 10° nCi/mL and 1.2 x 10° nCi/mL, respectively.

Below reagent blank.

Well locations shown on Figure 6-2.
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Table D-14. Uranium Concentrationsin Onsite Production Wdlsin 2000

Number Uranium-233,234 Averageasa
Well Historic of 10° nCi/mL % of the EPA
I.D.* Designation Samples Minimum Maximum Average *° Standard °
0071 1 16 013 0.27 0.19+0.02 10
0271 2 16 0.17 0.30 0.22+0.02 11
0076 3 16 0.19 0.30 0.25+0.02 13
Number Uranium-238 Averageasa
Well Historic of 10° nGi/mL % of the EPA
|.D.* Designation Samples Minimum Maximum Average®” Standard ¢
0071 1 16 0.10 0.28 0.16 £ 0.02 0.7
0271 2 16 015 0.28 020+ 0.02 0.8
0076 3 16 0.16 031 0.24 £ 0.02 10

Error limits are estimates of the standard error of the estimated mean at the 95 % confidence level.
LDL for uranium-233,234is0.04 x 10° nCi/mL. LDL for uranium-238is0.03 x 10°° nCi/mL.
The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard

concentrations for uranium-233,234 and uranium-238 are 20 x 10° nCi/mL and 24 x 10° nCi/mL, respectively.

* Well locations shown on Figure 6-2.
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Groundwater Monitoring Results

Table D-15. Thorium Concentrationsin Onste Production Wdlsin 2000

Wl Historic Number Thorium-228 Averageasa
of 10° nCi/mL % of the EPA
I.D.* Designation Samples Minimum Maximum Average ®® Standard °
0071 1 8 d 0.08 0.01+0.02 0.06
0271 2 8 d 0.03 0.005+0.01 0.03
0076 3 8 d 0.02 0.006 = 0.005 004
Wl Historic Number Thorium-230 Averageasa
of 10° nCi/mL % of the EPA
I.D.* Designation Samples Minimum Maximum Average ®° Standard °
0071 1 8 d 0.010 d d
0271 2 8 d 0.009 d d
0076 3 8 d 0.050 0.008+ 0.01 0.07
Wl Historic Number Thorium-232 Averageasa
of 10° nGi/mL % of the EPA
I.D.* Designation Samples Minimum Maximum Average ®° Standard °
0071 1 8 d 0.006 d d
0271 2 8 d 0.020 0.0008 = 0.006 004
0076 3 8 d 0.008 0.002 = 0.003 01

& Error limits are estimates of the standard error of the estimated mean at the 95% confidence level.

® | DL for thorium-228is 1.2 x 10° nCi/mL. LDL for thorium-230is0.10 x 10° nCi/mL. LDL for thorium-232is0.2 x 10°

nCi/mL.

¢ The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose
standard concentrations for thorium-228, thorium-230, and thorium-232 are 16 x 10° nCi/mL, 12 x 10°, and 2 x
10° nCi/mL, respectively.

¢ Below reagent blank.

* Well locations shown on Figure 6-2.
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Table D-16. VOC Concentrationsin Onsite Production Wdlsin 2000

Well Historic Number of ng/L

I.D.* Designation Compound Samples Minimum  Maximum  Average® MCL

0071 1 Bromodichloromethane 5 b 14 0.7+ 05 100
Chloroform 5 05 11 08+ 0.2 100
Dibromochloromethane 5 b 09 02+ 04 100
Trichloroethene 5 b 0.6 01+03 5
1,1,1-Trichloroethane 5 16 20 19+ 0.2 200

0271 2 Bromodichloromethane 5 b 0.7 02+03 100
Chloroform 5 b 06 01+03 100
Tetrachloroethene 5 b 0.7 01+03 5
Trichloroethene 5 b 0.7 01+03 5
1,1,1-Trichloroethane 5 14 20 1.7+ 03 200

0076 3 Trichloroethene 5 b 11 0.7+ 04 5
1,1,1-Trichloroethane 5 b 0.6 01+03 200

& Error limits are one standard deviation of the estimated mean.

® Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Drinking Water Standards).
* Well locations shown on Figure 6-2.
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Groundwater Monitoring Results

TableD-17. Tritium Concentrationsin Onsite Monitoring Wellsin 2000

Number Tritium Averageasa

Wl of nCi/L % of the EPA
I.D* Samples Vaue? Minimum  Maximum Average"® Standard °
0063 4 e 0.90 032+ 042 16
0111 2 e 047 024+ 0.33 12
0117 1 426 213
0119 2 0.63 0.85 0.74+ 0.16 37
0125 2 102 149 126+ 0.33 6.3
0158 1 0.95 48
0305 4 e 054 0.28+ 0.29 14
0308 1 6.62 331
0313 4 e 0.55 027+ 031 13
0314 2 0.38 250 144+ 150 72
0315 2 e 0.09 0.05+ 0.06 0.2
0317 4 e 110 0.67 = 047 33
0319 4 e 121 0.77 + 0.56 39
0320 4 041 103 0.67+ 0.28 34
0326 1 0.18 0.9
0344 1 102 51
0345 2 e 0.80 040+ 057 20
0346 2 0.83 5.50 317+ 330 158
0347 4 e 0.89 050+ 0.37 25
0353 2 e 0.52 0.26+ 0.37 13
034 1 0.58 29
0356 4 031 0.90 0.62+ 024 31
0370 4 047 171 112+ 052 5.6
0373 4 048 142 108+ 042 54
0374 4 117 2.36 164+ 056 82
0379 2 123 233 178+ 0.78 89
0382 2 e 0.10 0.05+ 0.07 0.3
0395 1 0.19 10
0397 4 e 041 014+ 019 0.7
0400 4 e 1.00 042+ 046 21
0402 3 e 040 0.26+ 0.23 13
0410 4 14 4.08 268+ 1.00 134
0411 4 057 091 0.75+ 014 38
0415 4 e 170 0.56 + 0.80 28

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Error limits are one standard deviation of the estimated mean.

LDL for tritium in monitoring wellsis 0.5 nCi/L.

4 The EPA standard for tritium in drinking water is 20 nCi/L.

¢ Below the blank value.

* Well locations shown on Figure 6-2.
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Table D-17. Tritium Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Number Tritium Averageasa

Well of nCi/L % of the EPA
I.D.* Samples Vaue? Minimum  Maximum Average*® Standard ¢
0416 4 e 0.82 0.36+ 042 18
0417 4 e 048 022+ 0.20 11
0418 4 e 0.81 037+ 043 19
0419 4 147 311 229+ 067 114
0420 4 e 0.28 013+ 0.12 0.6
0421 2 011 0.36 024+ 0.18 12
0422 4 e 0.55 0.23+ 0.27 11
0423 4 e 0.48 021+ 024 11
0424 4 e 0.65 025+ 0.29 12
0425 4 e 0.77 0.28+ 0.36 14
0430 4 9.25 11.02 1025+ 0.73 512
0431 4 4.32 4.96 466+ 0.28 233
POO1 4 e 4.35 150+ 1.96 75
P002 4 179 4.25 285+ 1.23 14.2
PO03 4 e 0.28 012+ 014 0.6
PO05 4 0.62 1.65 116+ 042 58
PO15 4 1.36 253 202+ 049 101
P025 2 e 057 0.29+ 040 14
Po27 4 0.12 112 059+ 043 30
PO31 4 e 0.76 049+ 0.35 25
PO43 4 105 153 128+ 021 6.4
PO44 4 0.25 1.00 052+ 0.35 2.6
PO45 4 0.12 0.69 049+ 0.25 24
PO46 2 0.26 0.89 058+ 045 29

LDL for tritium in monitoring wellsis 0.5 nCi/L.

¢ Below the blank value.
* Well locations shown on Figure 6-2.

The EPA standard for tritium in drinking water is 20 nCi/L.

Error limits are one standard deviation of the estimated mean.

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
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Groundwater Monitoring Results

Table D-18. Plutonium Concentrationsin Onsite Monitoring Wellsin 2000

Number Plutonium-238 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0111 2 0.007¢ 0.016° 0.012 + 0.006 07
0119 2 0.007¢ 0.020¢ 0.014 + 0.009 08
0125 1 0.005¢ 03
0158 1 0.006¢ 04
0314 2 0.005¢ 0.015¢ 0.010 + 0.007 06
0315 2 0.006¢ 0.007¢ 0.007 + 0.001 04
0319 1 0.014° 09
0320 1 0.013¢ 08
0344 1 0091 5.7
0345 2 0.006¢ 0.018° 0.012 + 0.008 08
0346 2 0.006¢ 0.022¢ 0014 + 0.011 09
0354 1 0.005¢ 03
0356 1 0.065 41
0395 1 0071 4.4
0400 1 0.023¢ 14
0430 4 0.005¢ 0.006¢ 0.006 + 0.001 03
0431 4 0.006° 0.019° 0.012 + 0.007 07

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Error limits are one standard deviation of the estimated mean.

The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for plutonium-238, and plutonium-239,240 are 1.6 x 10°° nCi/mL and 1.2 x 10° nCi/mL, respectively.

¢ Below theindicated LDL.
* Well locations shown on Figure 6-2.
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Table D-18. Plutonium Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Number Plutonium-239 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0111 2 0.005° 0.007¢ 0.006 + 0.001 05
0119 2 0.020¢ 0.020¢ 0.020 + 0.000 17
0125 1 0.005¢ 04
0158 1 0.016° 13
0314 2 0.005° 0.005¢ 0.005 + 0.000 04
0315 2 0.006¢ 0.024° 0.015 + 0.013 13
0319 1 0.018° 15
0320 1 0.013¢ 11
0344 1 0.006¢ 05
0345 2 0.006¢ 0.007¢ 0.007 + 0.001 05
0346 2 0.022¢ 0.023¢ 0.023 + 0.001 19
0354 1 0.005¢ 04
0356 1 0.008 0.7
0395 1 0.022¢ 18
0400 1 0.008° 0.7
0430 4 0.005¢ 0.014° 0.008 + 0.004 06
0431 4 0.006¢ 0.018° 0.009 + 0.006 08

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Error limits are one standard deviation of the estimated mean.

The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for plutonium-238, and plutonium-239,240 are 1.6 x 10°° nCi/mL and 1.2 x 10° nCi/mL, respectively.

¢ Below theindicated LDL.
* Well locations shown on Figure 6-2.
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Groundwater Monitoring Results

Table D-19. Uranium Concentrationsin Onsite Monitoring Wellsin 2000

Number Uranium-233,234 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0111 2 0.269 0.353 0.311 £ 0.059 16
0119 2 0312 0.315 0.314 £ 0.002 16
0125 2 1973 2435 2204+ 0.327 11.0
0158 1 0.145 0.7
0314 2 0.762 0.928 0.845+0.117 42
0315 2 0.293 0414 0.354 £ 0.086 18
0319 1 0553 28
0320 1 0221 11
0344 1 0150 08
0345 2 0.156 0.224 0.190+ 0.048 10
0346 2 0.286 0.327 0.307 £ 0.029 15
0354 1 0.316 16
0356 1 0.727 36
0395 1 0.889 44
0400 1 1952 9.8
0430 4 0171 0222 0.194 + 0.021 10
0431 4 0553 0.590 0574 £ 0.019 29

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.

¢ The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for uranium-233,234, uranium-235, and uranium-238 are 20 x 10° nCi/mL,
24x 10° nCi/mL, and 24 x 10° nCi/mL, respectively.

¢ Below theindicated LDL.

* Well locations shown on Figure 6-2.
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Table D-19. Uranium Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Number Uranium-235 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0111 2 0013 0.037 0.025+ 0.017 01
0119 2 0.018 0.027 0.023+ 0.006 01
0125 2 0.074 0.115 0.095+ 0.029 04
0158 1 0.020° 0.1
0314 2 0.026 0.026 0.026 + 0.000 01
0315 2 0.026 0.043 0.035+ 0.012 01
0319 1 0018 01
0320 1 0.024° 01
0344 1 0.015¢ 01
0345 2 0.008 0011 0.010+ 0.002 01
0346 2 0.286 0.327 0.307 + 0.029 15
0354 1 0.027 01
0356 1 0.039 0.2
0395 1 0.099 04
0400 1 0.109 05
0430 4 0171 0.222 0.194+0.021 10
0431 4 0.015 0.032 0.025+ 0.008 01

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.

¢ The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for uranium-233,234, uranium-235, and uranium-238 are 20 x 10° nCi/mL,
24x 10° nCi/mL, and 24 x 10° nCi/mL, respectively.

4 Below theindicated LDL.

* Well locations shown on Figure 6-2.
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Groundwater Monitoring Results

Table D-19. Uranium Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Number Uranium-238 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0111 2 0.203 0.224 0.214 £ 0.015 09
0119 2 0.267 0.276 0.272 £ 0.006 11
0125 2 1464 1767 1616+ 0214 6.7
0158 1 0134 0.6
0314 2 0.499 0.6%4 0597 +£0.138 25
0315 2 0218 0.286 0.252 £ 0.048 11
0319 1 0.316 15
0320 1 0184 08
0344 1 0.107 04
0345 2 0114 0.165 0.140 £ 0.036 0.6
0346 2 0.205 0.233 0219+ 0.020 09
034 1 0191 08
0356 1 0.602 25
0395 1 0.678 28
0400 1 2.023 84
0430 4 0111 0.148 0.133+0.018 0.6
0431 4 0.428 0.469 0.447 £ 0.017 19

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.
® Error limits are one standard deviation of the estimated mean.

¢ The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard
concentrations for uranium-233,234, uranium-235, and uranium-238 are 20 x 10° nCi/mL,
24x 10° nCi/mL, and 24 x 10° nCi/mL, respectively.

¢ Below theindicated LDL.

* Well locations shown on Figure 6-2.
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Table D-20. Thorium Concentrationsin Onsite Monitoring Wellsin 2000

Number Thorium-228 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0111 2 0.009 0.029¢ 0019+ 0.014 01
0119 2 0.006 0.007¢ 0.007 + 0.001 01
0125 1 0.008° 01
0158 1 0.008° 01
0314 2 0.065 0970 0.518 + 0.640 32
0315 2 0.005 0.009 0.007 + 0.003 01
0319 1 0.008° 01
0320 1 0.035¢ 0.2
0344 1 0.147 09
0345 2 0.006¢ 0.009¢ 0.008 + 0.002 01
0346 2 0.006 0012 0.009 + 0.004 01
0354 1 1.763 110
0356 1 0214 13
0395 1 0.195 12
0430 4 0013 0.035¢ 0.023+ 0.010 01
0431 4 0011¢ 0.050 0.030+ 0.016 0.2

Error limits are one standard deviation of the estimated mean.

In cases where only one sample was collected, minimum, maximum, and average values do not apply.

The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose

standard concentrations for thorium-228, thorium-230, and thorium-232 are 16 x 10°° nCifmL, 12 x 10° nCi/mL,
and 2 x 10° nCi/mL, respectively.

4 Below theindicated LDL.

* Well locations shown on Figure 6-2.
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Groundwater Monitoring Results

Table D-20. Thorium Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Number Thorium-230 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0111 2 0012 0.021¢ 0.017 + 0.006 01
0119 2 0013 0.030 0.022+0.012 0.2
0125 1 0.009 01
0158 1 0.003 01
0314 2 0.048 0.223 0.136+0.124 11
0315 2 0.005 0.025 0.015+ 0.014 01
0319 1 0012 01
0320 1 0.009° 0.1
0344 1 0.079 0.7
0345 2 0.017 0.025° 0.021 + 0.006 0.2
0346 2 0011 0.020 0.016 + 0.006 01
0354 1 0473 39
0356 1 0.059 05
0395 1 0177 15
0430 4 0011 0.044 0.023+0.015 0.2
0431 4 0.021 0.111 0.050 + 0.041 04

In cases where only one sample was collected, minimum, maximum, and average values do not apply.

Error limits are one standard deviation of the estimated mean.

The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose
standard concentrations for thorium-228, thorium-230, and thorium-232 are 16 x 10 nCi/mL, 12 x 10° nCi/mL,
and 2 x 10° nCi/mL, respectively.

¢ Below theindicated LDL.

* Well locations shown on Figure 6-2.
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Table D-20. Thorium Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Number Thorium-232 Averageasa
Sampling of 10° nCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard ©
0111 2 0.008° 0.008° 0.008 + 0.000 04
0119 2 0.005¢ 0.007¢ 0.006 + 0.001 03
0125 1 0.008° 04
0158 1 0.008° 04
0314 2 0017 0078 0.048+ 0.043 24
0315 2 0.002 0.009¢ 0.006 + 0.005 03
0319 1 0.008° 04
0320 1 0.009¢ 05
0344 1 0.049 25
0345 2 0.006¢ 0.009¢ 0.008 + 0.002 04
0346 2 0.005¢ 0016 0.011 + 0.008 05
0354 1 0973 487
0356 1 0014 0.7
0395 1 0.033¢ 17
0430 4 0.004 0.015¢ 0.011 + 0.005 06
0431 4 0.010¢ 0.061 0.024 + 0025 12

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.

¢ The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose
standard concentrations for thorium-228, thorium-230, and thorium-232 are 16 x 10°° nCi/mL, 12 x 10° nCi/mL,
and 2 x 10° nCi/mL respectively.

¢ Below theindicated LDL.

* Well locations shown on Figure 6-2.
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Table D-21. Radium Concentrationsin Onsite Monitoring Wellsin 2000

Number Radium-226 Averageasa
Sampling of pCi/mL % of the EPA
L ocation* Samples Vaue? Minimum  Maximum Average® Standard
0111 2 0.271 0.549 0410+ 0.197 82
0119 2 0.556 0.672 0.614 + 0.082 12.3
0125 2 0.126¢ 0.247 0.187 + 0.086 37
0314 2 0.398 0.745 0572+ 0.245 114
0315 2 0.227 0.252¢ 0.240+ 0.018 48
0345 2 0.208 0.247¢ 0.228 £ 0.028 46
0346 2 0412 0.776 059 + 0.257 11.9
039%5 1 0.492 9.8
0430 1 2.050 410
0431 1 0.600 120
Number Radium-228 Averageasa
Sampling of 10° nCi/mL % of the EPA
Location* Samples Vaue® Minimum Maximum Average® Standard ©
0111 2 0.658 1.580° 1119+ 0652 224
0119 2 1310 1.450° 1.380+ 0.099 276
0125 2 0.623 1.600° 1112 + 0.691 22
0314 2 1470 1.500 1485+ 0.021 29.7
0315 2 0510 1.310° 0.910 + 0.566 182
0345 2 0.773 1.500° 1137+ 0514 227
0346 2 0.755 1530 1143+ 0548 229
0395 1 1.630° 326
0430 1 2.300 46.0
0431 1 1.230 24.6

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.

¢ The EPA standard for radium in drinking water is 5 pCil/L.

¢ Results below the method detection limit.
* Well locations shown on Figure 6-2.
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TableD-22. VOC Concentrationsin Onsite Monitoring Wellsin 2000

Wl Number ngy/L
of

|.D.* Compound Samples  Vaue? Minimum Maximum Average b MCL

0063 Bromodichloromethane 4 d 2.50 123+ 142 100
Chloroform 4 d 2.20 1.06+ 091 100
Dibromochloromethane 4 d 1.90 0.83+ 0.97 100
Tetrachloroethene 4 5.10 6.70 575+ 0.75 5
Trichloroethene 4 2.70 3.9 3.38+ 050 5
1,1,1-Trichloroethane 4 d 0.60 015+ 0.30 200

0111  Chloroform 2 2.00 2.00 2.00+0.00 100

0117  None detected 1

0119 None detected 2 d d

0125 None detected 2 d d

0158 None detected 1

0305 Bromodichloromethane 4 d 1.60 0.95+ 0.68 100
Chloroform 4 0.78 1.70 127+ 041 100
Dibromochloromethane 4 d 1.70 1.00+ 0.72 100
Tetrachl oroethene 4 1.70 4,90 290+ 142 5
Trichloroethene 4 140 5.20 313+ 1.65 5
1,1,1-Trichloroethane 4 047 150 0.82+ 047 200

0308 None detected 1

0313 Bromodichloromethane 4 d 240 133+ 1.00 100
Chloroform 4 d 2.00 118+ 0.87 100
Dibromochloromethane 4 d 240 090+ 1.15 100
Tetrachloroethene 4 290 6.30 415+ 149 5
Trichloroethene 4 1.30 2.90 205+ 0.68 5
1,1,1-Trichloroethane 4 d 0.42 021+ 0.24 200

0314 Nonedetected 2 d d

a

b

¢ No MCL assigned.

4 Results below the method detection limit.

Error limits are one standard deviation of the estimated mean.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).
* Well locations shown on Figure 6-2.

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
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Table D-22. VOC Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

wdll Number ngy/L
of

I.D.* Compound Samples  Vaue? Minimum Maximum Average® MCL

0315 Bromodichloromethane 2 1.70 1.90 180+ 0.14 100
Chloroform 2 0.70 150 110+ 057 100
Dibromochloromethane 2 140 150 145+ 0.07 100
Carbon Tetrachloride 2 1.20 1.80 150+ 042 5
Trichloroethene 2 3.80 3.80 3.80+ 0.00 5

0317 1,1,1-Trichloroethane 4 d 0.65 0.16+ 0.33 200

0319 None detected 4 d d

0320 None detected 4 d d

0326 None detected 1 d

0344 None detected 1 d

0345 None detected 2 d d

0346 None detected 2 d d

0347 Carbon Tetrachloride 1 6.00 5
Trichloroethene 1 280 5

0353 None detected 2 d d

0354 None detected 1 d

0356 None detected 1 d

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.
¢ No MCL assigned.

4 Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).
* Well locations shown on Figure 6-2.
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Table D-22. VOC Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Wl Number ngy/L
of

I.D.* Compound Samples  Vaue?® Minimum Maximum Average® MCL

0370  Bromodichloromethane 4 d 1.20 0.60+ 0.69 100
Carbon Tetrachloride 4 d 1.10 028+ 055 5
Chloroform 4 0.82 2.20 153+ 0.72 100
Dibromochloromethane 4 d 1.80 0.78+ 0.92 100
cis-1,2-Dichloroethene 4 d 110 0.28+ 0.55 70
Tetrachloroethene 4 34.0 36.0 313+ 377 5
Trichloroethene 4 830 9.80 895+ 0.62 5
1,1,1-Trichloroethane 4 d 0.45 011+ 023 200

0373  Carbon Tetrachloride 4 d 150 095+ 0.67 5
Chloroform 4 d 2.00 0.63+ 0.95 100
Dibromochloromethane 4 d 0.75 0.19+ 0.38 100
Tetrachloroethene 4 840 16.0 114+ 348 5
Trichloroethene 4 330 7.10 475+ 1.64 5

0374  Chloroform 4 d 1.80 086+ 0.75 100
cis-1,2-Dichloroethene 4 9.50 16.0 121+ 278 70
Tetrachloroethene 4 2.80 7.40 463+ 1.98 5
Trichloroethene 4 1.30 5.80 348+ 221 5
1,1,1-Trichloroethane 4 d 0.38 010+ 0.19 200
Vinyl Chloride 4 d 0.38 010+ 0.19 2

0379  Trichloroethene 2 d 1.40 0.70+ 0.99 5

0382 None detected 2 d d

0395  None detected 1

0397 Bromodichloromethane 4 d 390 178+ 1.62 100
Chloroform 4 d 270 126+ 114 100
Dibromochloromethane 4 d 1.60 0.75+ 0.87 100
cis-1,2-Dichloroethene 4 d 480 208+ 245 70
Tetrachloroethene 4 3.60 5.40 468+ 0.85 5
Trichloroethene 4 2.00 270 228+ 031 5
1,1,1-Trichloroethane 4 d 0.62 0.25+ 0.30 200

a

¢ No MCL assigned.

4 Results below the method detection limit.

Error limits are one standard deviation of the estimated mean.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
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* Well locations shown on Figure 6-2.

Table D-22. VOC Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

wdll Number ngy/L
of

I.D.* Compound Samples Vaue®  Minimum Maximum Average® MCL

0400 None detected 4 d d

0402  None detected 3 d d

0410 Chloroform 4 0.76 150 107+ 032 100
cis-1,2-Dichloroethene 4 400 74.0 520+ 151 70
trans-1,2-Dichloroethene 4 d 1.20 0.30+ 0.60 70
Tetrachloroethene 4 210 6.90 408+ 211 5
Trichloroethene 4 10.0 29.0 18.0+ 8.04 5
Toluene 4 d 3.80 0.95+ 1.90 1000
Freon 4 d 340 085+ 1.70 c

0411 cis-1,2-Dichloroethene 4 d 3.00 195+ 1.34 70
Trichloroethene 4 130 220 16.3+ 4.03 5
Toluene 4 d 240 060+ 1.20 1000

0415 Bromodichloromethane 4 1.20 220 153+ 0.46 100
Chloroform 4 d 250 128+ 1.02 100
Dibromochloromethane 4 d 240 123+ 1.00 100
Tetrachloroethene 4 1.20 210 163+ 044 5
Trichloroethene 4 2.00 250 230+ 0.24 5
1,1,1-Trichloroethane 4 d 042 019+ 022 200

0416  Bromodichloromethane 4 2.00 4,00 310+ 0.89 100
Chloroform 4 d 1.60 098+ 0.71 100
Dibromochloromethane 4 1.70 270 215+ 042 100
Tetrachloroethene 4 d 091 063+ 042 5
Trichloroethene 4 d 1.20 0.30+ 0.60 5
1,1,1-Trichloroethane 4 d 043 0.19+ 0.22 200

a

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Error limits are one standard deviation of the estimated mean.

¢ NoMCL assigned.

¢ Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).

* Well locations shown on Figure 6-2.

b
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Table D-22. VOC Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Wl Number ngy/L
of

I.D.* Compound Samples  Vaue?® Minimum Maximum Average® MCL

0417 Bromodichloromethane 4 1.10 210 1.60+ 0.48 100
Chloroform 4 0.66 230 131+ 0.71 100
Dibromochloromethane 4 d 1.80 110+ 0.77 100
Dibromomethane 4 d 1.30 0.33+ 0.65 c
Tetrachloroethene 4 d 140 093+ 0.63 5
Trichloroethene 4 d 120 055+ 0.64 5
1,1,1-Trichloroethane 4 d 0.65 025+ 031 200

0418 Bromodichloromethane 4 d 220 135+ 097 100
Chloroform 4 04 2.00 141+ 052 100
Dibromochloromethane 4 d 1.40 0.98+ 0.67 100
Tetrachloroethene 4 150 9.20 403+ 350 5
Trichloroethene 4 2.00 330 268+ 0.56 5
1,1,1-Trichloroethane 4 0.77 1.40 109+ 031 200

0419 Carbon Tetrachloride 4 130 1.90 170+ 0.28 5
Chloroform 4 150 2.60 185+ 051 100
Freon 4 d 240 160+ 1.10 c
cis-1,2-Dichloroethene 4 550 400 199+ 14.7 70
Tetrachloroethene 4 7.20 12.0 9.80+ 1.97 5
Trichloroethene 4 19.0 30.0 240+ 4.97 5
1,1,1-Trichloroethane 4 d 0.36 0.09+0.18 200

0420 Bromodichloromethane 4 d 380 228+ 165 100
Bromoform 4 d 2.80 0.70+ 1.40 100
Chloroform 4 d 230 115+ 1.08 100
Dibromochloromethane 4 d 440 208+ 1.86 100
Tetrachloroethene 4 350 440 400+ 0.39 5
Trichloroethene 4 d 1.60 1.08+ 0.74 5
1,1,1-Trichloroethane 4 d 044 0.18+ 0.22 200

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.
¢ No MCL assigned.

4 Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).
* Well locations shown on Figure 6-2.
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Table D-22. VOC Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Wl Number ngy/L
of
I.D.* Compound Samples  Vaue?® Minimum Maximum Average® MCL
0421  Bromodichloromethane 2 150 1.60 155+ 0.07 100
Chloroform 2 d 1.40 0.70+ 0.99 100
Dibromochloromethane 2 1.90 340 265+ 1.06 100
Tetrachloroethene 2 0.66 110 0.88+ 0.31 5
Trichloroethene 2 d 0.96 0.48+ 0.68 5
1,1,1-Trichloroethane 2 d 0.30 015+ 021 200
0422  Bromodichloromethane 4 d 350 193+ 155 100
Bromoform 4 d 1.20 0.30+ 0.60 100
Chloroform 4 d 240 1.00+ 1.20 100
Dibromochloromethane 4 d 380 193+ 1.73 100
Tetrachloroethene 4 340 4.30 383+ 040 5
Trichloroethene 4 120 2.80 195+ 0.66 5
1,1,1-Trichloroethane 4 d 0.49 012+ 0.25 200
0423  Bromodichloromethane 4 d 270 108+ 1.32 100
Chloroform 4 d 150 094+ 0.67 100
Dibromochloromethane 4 d 310 113+ 147 100
Tetrachloroethene 4 270 390 325+ 049 5
Trichloroethene 4 d 2.80 173+ 1.21 5
1,1,1-Trichloroethane 4 d 0.32 0.15+ 0.17 200
0424  Bromodichloromethane 4 120 1.80 143+ 0.29 100
Chloroform 4 0.83 1.30 106+ 0.23 100
Dibromochloromethane 4 d 1.80 115+ 0.83 100
Tetrachloroethene 4 058 0.96 0.78+ 0.18 5
Trichloroethene 4 d 1.30 063+ 0.72 5
1,1,1-Trichloroethane 4 0.73 1.60 110+ 0.37 200
0425 Bromodichloromethane 4 d 1.70 113+ 0.76 100
Chloroform 4 d 130 0.88+ 0.59 100
Dibromochloromethane 4 d 2.00 123+ 0.88 100
Tetrachloroethene 4 0.73 130 095+ 0.25 5
1,1,1-Trichloroethane 4 0.57 1.20 0.82+ 0.30 200

b

¢ No MCL assigned.
¢ Results below the method detection limit.
MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).
* Well locations shown on Figure 6-2.

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Error limits are one standard deviation of the estimated mean.
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Table D-22. VOC Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Wl Number ngy/L
of

|.D.* Compound Samples  Vaue? Minimum Maximum Average b MCL

0430 None detected 4 d d

0431 None detected 4 d d

PO01  Bromodichloromethane 4 d 1.60 0.75+ 0.87 100
Chloroform 4 d 1.70 0.58 + 0.80 100
Dibromochloromethane 4 d 1.30 0.60+ 0.70 100
Carbon Tetrachloride 4 d 1.40 0.35+ 0.70 5
Tetrachloroethene 4 d 410 285+ 193 5
Trichloroethene 4 d 4.20 273+ 187 5

P0O02 Tetrachloroethene 1 550 5
Trichloroethene 1 3.60 5

PO03  Bromodichloromethane 4 d 2.30 138+ 1.03 100
Chloroform 4 d 2.70 128+ 148 100
Dibromochloromethane 4 d 240 110+ 1.28 100
Tetrachl oroethene 4 2.60 450 383+ 0.87 5
Trichloroethene 4 1.10 2.50 1.95+ 0.60 5
1,1,1-Trichloroethane 4 d 0.35 0.09+ 0.18 200

PO05 Carbon Tetrachloride 4 d 1.60 113+ 0.75 5
Chloroform 4 d 240 084+ 113 100
Dibromochloromethane 4 d 120 0.30+ 0.60 100
Tetrachloroethene 4 7.00 120 9.88+ 253 5
Trichloroethene 4 270 6.00 445+ 1.38 5

PO15 Chloroform 4 d 2.00 1.30+ 0.89 100
cis-1,2-Dichloroethene 4 220 3.00 280+ 040 70
Tetrachloroethene 4 5.00 6.00 540+ 049 5
Trichloroethene 4 16.0 25.0 188+ 4.19 5
1,1,1-Trichloroethane 4 d 0.32 0.09+ 0.16 200

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.
® Error limits are one standard deviation of the estimated mean.
¢ No MCL assigned.

4 Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).
* Well locations shown on Figure 6-2.
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Table D-22. VOC Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Wl Number ngy/L
of

I.D.* Compound Samples  Vaue?® Minimum Maximum Average® MCL

P025 Bromodichloromethane 2 d 2.00 100+ 141 100
Chloroform 2 d 1.70 0.85+ 1.20 100
Dibromochloromethane 2 d 150 0.75+ 1.06 100
1,1,1-Trichloroethane 2 1.10 1.10 110+ 0.00 200

P027  Bromodichloromethane 4 d 1.30 0.58 + 0.68 100
Chloroform 4 d 1.30 0.60+ 0.70 100
Dibromochloromethane 4 d 1.00 0.25+ 0.50 100
Tetrachloroethene 4 0.40 0.96 0.76 £ 0.25 5
Trichloroethene 4 d 1.10 0.28+ 0.55 5
1,1,1-Trichloroethane 4 0.89 2.10 132+ 055 200

P031 Chloroform 4 d 350 110+ 1.66 100
Dibromochloromethane 4 d 1.30 0.33+ 0.65 100
Tetrachloroethene 4 0.93 1.80 146+ 0.37 5
Trichloroethene 4 1.30 3.00 195+ 0.73 5
1,1,1-Trichloroethane 4 0.68 6.70 269+ 278 200

P043  None detected 4 d d

P044  Chloroform 4 d 1.80 045+ 0.90 100
1,1,1-Trichloroethane 4 150 3.20 250+ 0.74 200

P045 None detected 4 d d

P046  Chloroform 2 0.84 0.85 0.85+ 0.01 100
Tetrachloroethene 2 0.46 0.72 059+ 0.18 5
Trichloroethene 2 250 440 345+ 134 5

a

b

C

d

In cases where only one sample was collected, minimum, maximum, and average values do not apply.

Error limits are one standard deviation of the estimated mean.
No MCL assigned.
Results below the method detection limit.
MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).
* Well locations shown on Figure 6-2.
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Table D-23. Inorganic Concentrationsin Onsite Monitoring Wellsin 2000

Wl Number ny/L
of
I.D.* Compound Samples  Vadue®  Minimum  Maximum Average® MCL
0111  Aluminum 2 38.2 50.9 446+ 90 50-200°¢
Chromium 2 7.3 145 109+ 5.1 100°
Iron 2 373 157 97.2+ 846 300°
0119  Aluminum 2 356 484 420+ 9.1 50-200 ©
Iron 2 1080 1280 1180 + 141 300°
Manganese 2 395 442 419+ 33 50¢
0125  Aluminum 3 274 1390 483+ 785 50-200 °
Chromium 3 29 121 70+ 47 100°¢
Iron 3 108 1230 419+ 703 300°
Manganese 3 g 232 7.8+ 133 50¢
0158  Aluminum 3 309 3160 1080 + 1801 50-200 ©
Arsenic 3 32 933 314+ 537 50°
Barium 3 717 239 130+ 945 2000°
Chromium 3 g 316 106 + 182 100°¢
Iron 3 170 192000 64892 + 110086 300°
Lead 3 23 134 60+ 64 15'
Manganese 3 3L3 204 90.0+ 98.7 50¢
Nickel 3 26 182 635+ 103 100°
Zinc 3 25 265 106+ 138 5000
0315  Aluminum 2 37.7 483 430+ 75 50-200 ©
0319  Aluminum 4 17.1 980 450+ 378 50-200°
Iron 4 159 288 217+ 640 300°
Manganese 4 341 434 382+ 436 50¢
Nickel 4 89.3 126 115+ 175 100°¢

b

C

d

Primary Maximum Contaminant Level.
Secondary Maximum Contaminant Level.

Error limits are one standard deviation of the estimated mean.

¢ The secondary MCL for aluminum is arange; final MCL values have not been established.

" Action level.
9 Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).

* Well locations shown on Figure 6-2.

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
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Table D-23. Inorganic Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Wl Number ny/L
of
I.D.* Compound Samples  Vadue®  Minimum  Maximum Average® MCL
0320 Aluminum 4 10.6 87.2 389+ 347 50-200 ©
Chromium 4 g 795 234+ 377 100°¢
Iron 4 191 908 276 + 426 300¢
Lead 4 21 32 25+ 05 15
Manganese 4 12.1 109 451+ 438 50¢
Nickel 4 123 410 247+ 124 100°
0344  Aluminum 1 120 50-200 ¢
Barium 1 427 2000°
Iron 1 4110 300¢
Manganese 1 102 50¢
0345 Aluminum 2 385 53.0 458+ 10.3 50-200 ©
Chromium 2 6.3 239 151+ 124 100°
Iron 2 161 402 282 + 170 300¢
Lead 2 23 31 27+ 06 15"
Manganese 2 239 283 26.1+ 3.1 50¢
Nickel 2 311 469 300+ 112 100°¢
0346  Aluminum 2 305 50.3 404+ 140 50-200°
Iron 2 1010 1180 1095+ 120 300¢
Manganese 2 410 44 412+ 03 50¢
0347  Aluminum 1 27.1 50-200 ¢
Iron 1 104 300¢
Nickel 1 352 100°¢
0353  Aluminum 2 38.2 40.3 393+ 15 50-200 ¢
Iron 2 1120 1580 1350 + 325 300¢
Manganese 2 95.1 127 11+ 226 50¢
Nickel 2 26.6 160 933+ M3 100°¢

b

C

d

Primary Maximum Contaminant Level.
Secondary Maximum Contaminant Level.

Error limits are one standard deviation of the estimated mean.

In cases where only one sample was collected, minimum, maximum, and average values do not apply.

¢ The secondary MCL for aluminum isarange; final MCL values have not been established.

" Action level.
9 Results below the method detection limit.
MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).
* Well |ocations shown on Figure 6-2.
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Table D-23. Inorganic Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Wl Number ny/L
of
I.D.* Compound Samples  Vadue®  Minimum  Maximum Average® MCL
0354  Aluminum 1 3160 50-200°
Iron 1 4460 300¢
Manganese 1 313 50¢
0356  Aluminum 1 705 50-200°
Iron 1 829 300¢
Manganese 1 192 50¢
0379  Aluminum 2 26.0 306 283+ 33 50-200°
Chromium 2 16 189 95.3+ 1325 100°¢
Iron 2 257 3160 1709 = 2053 300¢
Manganese 2 6.3 15.8 111+ 67 50¢
Nickel 2 58.1 129 936+ 50.1 100°¢
0382  Aluminum 2 20.1 103 61.6 + 58.6 50-200 ¢
Barium 2 326 329 328+ 21 2000°
Iron 2 112 374 243+ 185 300¢
Manganese 2 215 24.7 231+23 50¢
0395 Manganese 1 17.6 50¢
Nickel 1 365 100°
Zinc 1 325 5000 ¢
0400  Aluminum 4 106 308 139+ 124 50-200°°
Chromium 4 g 130 62.0+ 70.7 100°¢
Iron 4 184 2580 1179+ 1320 300¢
Lead 4 2.1 11.6 46+ 47 15'
Manganese 4 133 54.4 352+ 190 50¢
Nickel 4 117 34 177+ 865 100°
Zinc 4 19 484 238+ 192 5000 ¢

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.

¢ Primary Maximum Contaminant Level.
Secondary Maximum Contaminant Level.

¢ The secondary MCL for aluminum is arange; final MCL values have not been established.

d

" Action level.

9 Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).
* Well locations shown on Figure 6-2.
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Table D-23. Inorganic Concentrationsin Onsite Monitoring Wellsin 2000 (continued)

Wl Number ny/L
of
I.D.* Compound Samples  Vadue®  Minimum  Maximum Average® MCL
0402  Aluminum 3 10.6 236 112+ 114 50-200 ¢
Chromium 3 g 376 132+ 212 100°¢
Iron 3 16.4 501 192 + 268 300¢
Manganese 3 g 17.3 6.2+ 96 50¢
0410 Manganese 1 343 50¢
0411  Aluminum 4 171 621 251+ 290 50-200°
Chromium 4 13 290 141+ 161 100°
Copper 4 13 275 91+ 124 1300
Iron 4 133 6090 2177 + 2863 300¢
Lead 4 21 6.3 33+ 20 15f
Manganese 4 71 1500 424+ 721 50¢
Nickel 4 109 539 203+ 248 100°
Zinc 4 35 24.6 109+ 95 5000 ¢
0430  Aluminum 4 171 84.6 50.3+ 295 50-200°
Iron 4 3320 3590 3415+ 128 300¢
Manganese 4 97.0 105 100+ 35 50¢
0431  Aluminum 4 17.1 721 369+ 243 50-200 ¢
Iron 4 087 1200 1114+ 101 300¢
Manganese 4 40.0 411 403+ 05 50¢
PO15  Aluminum 3 145 63.3 416+ 248 50-200°©
Iron 3 108 197 843+ 99.1 300¢
PO3L  Aluminum 2 63.6 4570 2317 + 3187 50-200°
Iron 2 124 9310 4717 + 6496 300¢
Lead 2 23 31 27+ 06 15°
Manganese 2 25 150 763+ 104 50¢
Zinc 2 206 369 288+ 115 5000 ¢

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Error limits are one standard deviation of the estimated mean.

Primary Maximum Contaminant Level.

Secondary Maximum Contaminant Level.

¢ The secondary MCL for aluminum is arange; final MCL values have not been established.

" Action level.

9 Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards).

b

C

d
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* Well |ocations shown on Figure 6-2.
Table D-24. Tritium Concentrationsin Seepsin 2000

Number Tritium Averageasa
Seep Historic of nCi/L % of the EPA
I.D*  Designation  Samples Vaue? Minimum  Maximum Average"* Standard ¢
0601 001 326 20.37 1116 66.71+ 20.81 334
0602 002 1 12.88 64
0603 003 1 011 0.6
0605 005 2 33.76 44.00 3888+ 7.24 14
0606 006 0 -
0607 007 24 9.17 21.05 1494+ 315 4.7
0608 008 2 9.33 11.65 1049+ 1.64 53
0609 009 1 e 0

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.
® Error limits are one standard deviation of the estimated mean.

¢ LDL for tritium in seep water is 0.5 nCi/L.

¢ The EPA standard for tritium in drinking water is 20 nCi/L.

¢ Below the blank value.

* Seep locations are shown on Figure 6-6.
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Table D-25. VOC Concentrationsin Seepsin 2000

Number
Seep of ny/L
[.D.* Compound Samples Vaue? Minimum  Maximum Average® MCL
0601 cis-1,2-Dichloroethene 4 c 2.00 1.03+0.83 70
Tetrachloroethene 4 120 18.0 138+ 287 5
Trichloroethene 4 3.20 6.20 495+ 142 5
0602 cis-1,2-Dichloroethene 1 1.70 70
0603 None detected 1 c
0605 cis-1,2-Dichloroethene 2 1.10 210 1.60+0.71 70
Trichloroethene 2 170 230 200+ 042 5
0606 Not sampled 0
0607 Chloroform 4 c 1.10 043+ 053 100
cis-1,2-Dichloroethene 4 c 1.00 0.25+ 050 70
Trichloroethene 4 c 250 148+ 1.05 5
0608 None detected 2 c c
0609 None detected 1 c

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.

¢ Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Drinking Water Standard).

* Seep locations are shown on Figure 6-6.
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Table D-26. Tritium Concentrationsin Capture Pitsin 2000

Capture Number Tritium Average asa%

Pt Historic of nCi/L of the EPA

I.D*  Designation Samples Minimum Maximum Average ®° Standard

0712 PO12 37 e 273 133+ 057 6.7

0713 PO13 2 110 3983 199.7 £ 280.9 999

0714 PO14 39 521 85.24 59.01+19.15 295

0725 WO005 37 081 369 223+080 112

0726 WO006 38 256 3169 1120+ 97.97 560

0727 WO007 2 231 158.08 80.0+ 110.2 401

In cases where only one sample was collected, minimum, maximum, and average values do not apply.
Error limits are one standard deviation of the estimated mean.

LDL for tritium in seep water is 0.5 nCi/L.

The EPA standard for tritium in drinking water is 20 nCi/L.

¢ Below the blank value.

* Capture Pit locations are shown on Figure 6-6.
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TableD-27. VOC Concentrationsin Capture Pitsin 2000

Capture Number
Pit of ng/L

[.D.* Compound Samples Vaue? Minimum Maximum  Average® MCL

0712 cis-1,2-Dichloroethene 2 c 1.30 0.65+0.92 70
Trichloroethene 2 c 120 0.60+0.85 5

0713 Tetrachloroethene 2 c 052 0.26+0.37 5

0714 None detected 2 c c

0725 Trichloroethene 1 150 5

0726 cis-1,2-Dichloroethene 2 2.00 440 320+ 170 70
trans-1,2-Dichloroethene 2 c 120 0.60+ 0.85 70
Tetrachloroethene 2 c 0.24 012+ 017 5
Trichloroethene 2 270 330 300+4.2 5

0727 Tetrachloroethene 2 c 240 120+ 1.70 5

% In cases where only one sample was collected, minimum, maximum, and average values do not apply.

® Error limits are one standard deviation of the estimated mean.

¢ Results below the method detection limit.

MCL = Maximum Contaminant Level (based on EPA Drinking Water Standard).

* Capture pit locations are shown on Figure 6-6.
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APPENDIX E
DOSE ASSESSMENT METHODOLOGY
E.1 Exposure Routes

Members of the public receive radiation doses via various exposure pathways. For radionuclides
discharged to the atmosphere, a person may inhae or be immersed in airborne radionuclides. Other
routes of arborne exposure include ground depostion of radionuclides and consumption of food
products that were contaminated by airborne releases. For radionuclides released to water, a person
may consume contaminated water or fish. The other potential water-based exposure pathways (e.g.,
swimming and boating) generdly do not add sgnificantly to the dose.

E.2 Dose Calculations Based on M easured Data

For DOE reporting requirements, doses are presented as 50-year committed effective dose equivaents
(CEDES). The CEDE is the totd dose equivdent that will be received by an individud over a 50-year
time period as a result of one year of exposure to ionizing radiation. The tota CEDE reported for
MEMP is the sum of the CEDEs from the air, drinking water, and foodstuff pathways.

CEDEs for tritium, plutonium-238, plutonium-239,240, thorium-228, and thorium-230 were calculated
for 2000. (Concentrations of other radionuclides were below background levels or were too smdl to
affect the overd| dose) The CEDEs are evauated usng environmenta monitoring data measured on
and near the Ste. A CEDE for a given radionuclide is caculated as shown below. Specific input values
for 2000 are shown in Table E-1. The CEDEsfor dl radionuclides are then summed to provide asingle

vaue for reporting purposes.

CEDE=4C - I, - DCF
1

where CEDE = totd committed effective dose equivaent, mrem.

é = summation over the exposure pathways 1 through p.
1

C, = maximum average concentration of the radionudclide.
I, = anud intake of the environmental medium.

DCF = dose conversion factor for the radionuclide and intake type.
E-1
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Table E-1. Factors Used to Calculate 2000 CEDESs

Radionuclide Concentration® L ocation* Dose Conversion
Factor, mrem/ nCi
Tritium
Air 351 x 10* nCi/mL 213 6.3x 102 (a)
Drinking water 016 x10° nCi/mL Miamisburg 6.3x 10
Foodstuffs 0.05x10° nCi/mL Miamisburg 6.3x 10
Plutonium-238
Air 80x 10™ nCi/mL 213 38x10°(b)
Drinking water ND Miamisburg ND
Foodstuffs ND Miamisburg ND
Plutonium-239,240
Air ND 213 ND
Drinking water ND Miamisburg ND
Foodstuffs 001 x 10° nCi/g Miamisburg 218x10°(b)
Thorium-228
Air 7.43x 10" nCi/mL 213 31x10°
Drinking Water ND Miamisburg ND
Foodstuffs NA
Thorium-230
Air 9.02x 10" nCi/mL 213 32x10°
Drinking Water 0.003x 10 nCi/mL Miamisburg 53x 107
Foodstuffs NA
Thorium-232
Air 6.6x 10" nCi/mL 213 16x10°
Drinking Water ND Miamisburg ND
Foodstuffs NA

® Represents the average radionuclide concentrations in air corresponding to the location of the maximum offsite
dose, average incremental radionuclide concentrations from the Miamisburg water supply, and average produce
concentrations from the Miamisburg area.

ND = concentrations not detectable above the environmental level or reagent blanks.

NA = not applicable (not measured).

* Air sampling locations shown on Figure 4-4.

Annual Intake Rates:

Air 8400 n?
Drinking water 730L
Foodstuffs 260 kg

(a) To calculate the CEDE, the dose factor shown in the table is multiplied by 1.5 to include absorption of tritium
through the skin.

(b) Plutonium releases from MEMP are believed to be insoluble (Class Y). However, to provide a reasonabl e degree
of conservatism in the dose estimates, the Pu-238 and Pu-239 dose factors are averages of Class W and Class
Y values.
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E.3 Dose Calculationsfor NESHAPs Compliance

To demongrate compliance with the requirements of the Nationd Emisson Standards for Hazardous
Air Pollutants (NESHAPS, 40 CFR 61, Subpart H), MEMP performs additional dose calculations each
year for dl arborne releases. As approved by the EPA, the computer code CAP88-PC is used to
calculate those doses.

The CAP88-PC computer modedl is a set of computer programs, databases, and associated utility
programs for estimation of dose and risk from radionuclide emissonsto air. CAP88-PC was developed
by the U.S. EPA to demongtrate compliance with the Nationd Emisson Standards for Hazardous Air
Pollutants (NESHAPs) or radionuclides under 40 CFR Part 61, Subpart H.

Whenever available, MEMP uses site-gpecific data as input to the code. Meteorologica data measured
ongte are used to evaluate transport and disperson. Stack specific release rates are used as shown
below (Table E-2). Table E-2 dso ligs the rdlevant stack information used for the 2000 CAP88-PC
runs.
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Table E-2. 2000 CAP88-PC Input Data

@

Stack Stack Height Stack Diameter Exit velocity Radionuclide(s) 2000 Release Rate
(meters) (meters) (meters/sec) (Cilyr)

HH 34 1.7 1.3 H-3 4.6 x 10°
NCDPF 41 0.6 27.2 H-3 2.5x 10!
SM/PP 60 1.8 5.5 Pu-238 7.8x 10
Pu-239 2.0x 10
U-233,234 1.7 x 10
U-238 4.6x 1070
SW-ICN 46 0.9 13.4 H-3 5.8 x 10°
Pu-238 1.3x 10
Pu-239 1.6 x 101
U-234 3.7x10%
U-238 2.6x 101
T-WEST 60 2.4 14.1 H-3 6.9 x 10*
Pu-238 3.0x 10"
Pu-239 6.4x 10
U-234 9.7x 10
U-238 8.0x 10®
T-EAST 60 1.8 8.4 H-3 3.7x10%
HEFS 46 1.9 10.5 H-3 2.8 x 10?
Pu-238 3.2x 10
Pu-239 1.0x 10
U-234 3.1x10%
U-238 5.1x 101
WDSS 16 0.3 12.6 Pu-238 7.7x 1010
Pu-239 9.5x 10
WDA 9 1 10.7 H-3 2.0x 10
Pu-238 1.2 x 10
Pu-239 9.3x 10®
U-233,234 2.5x 10
U-238 4.0x 107
BLDG 22 7 0.9 0(a) H-3 1.2x10™
BLDG 23 2 0.3 0(a) H-3 8.9x 10™
BLDG 124 9 0.8 11.6 H-3 1.0 x 10
(CWPF) Pu-238 1.6 x 10
Pu-239 4.6x 1070
U-234 1.1x 10
U-238 1.3x 10

No credit taken for exit velocity due to orientation of the building vent.
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APPENDIX F
PRINCIPLES OF RADIATION
The Atom
All substances are composed of atoms. Atoms are exceedingly smdl with an average diameter of only
about 0.000,000,001 inch. To put this in perspective, approximately 100,000 atoms lying side by side

in a graight line touching one another would span the thickness of a sheet of thin paper. Atoms are
composed of three basic parts:

nucleus (protons and neutrons)

electrons,
protons, and
neutrons

Atom Moded orbitals

Protons and neutrons compose the part of an alom caled the nucleus. The protons have a postive
electricad charge while the neutrons have no dectricd charge. Protons and neutrons are Smilar in mass
and are condderably more massive than eectrons (gpproximately 1,800 times as massive). Therefore
the nucleus contains nearly al of the mass of the atom. The eectrons, which carry a negative dectrica
charge, orbit the nucleus. Typicdly, the number of protons (positive charges) in the nucleus is equivaent
to the number of dectrons (negative charges) in the orbits, thus creating an atom that is dectricaly
neutra (no net charge).

The atomic number is an identifying characteristic of an dement and equas the number of protonsin the
atomic nucleus of an atom. Each eement has an associated atomic number that serves as an identifier.
For example, hydrogen has an atomic number of one corresponding to one proton in the nucleus (the
hydrogen atom aso has an dectron that orbits the nucleus thus keeping the atom dectricdly neutrd).
Putonium, a much more massive atom, has an atomic number of 94 corresponding to 94 protonsin the
nucleus and 94 dectrons orbiting the nucleus to maintain dectrica neutrdity.

The sum of the protons and neutrons in an atom’s nucdleus is caled the mass number. Although the
number of protonsin the nucleus will dways be the same for any given dement, the number of neutrons
in the nucleus can vary. For example, most hydrogen atoms have a nucleus composed of asingle proton
with no neutrons giving it a mass number of 1. Hydrogen atoms with mass number two are known as
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deuterium and have both a proton and a neutron in the nucleus. Tritium, aform of hydrogen important to
past MEMP operations, has a nucleus composed of one proton and two neutrons. As can be seen
from this example, dl three forms of hydrogen have exactly one proton in the nucleus, but have differing
numbers of neutrons. Chemicdly, these three forms of hydrogen dl behave in a smilar manner. These
forms of hydrogen dl having the same aomic number but different mass numbers are known as

isotopes.

The radionuclides that are of concern a& MEMP are:

Radionuclide Mass Number Half-Life (years)
plutonium-2338 (94 protons + 144 neutrons = mass number 238) 87.7
plutonium-239 (94 protons + 145 neutrons = mass number 239) 24,100
plutonium-240 (94 protons + 146 neutrons = mass number 240) 6,560
uranium-233 (92 protons + 141 neutrons = mass number 233) 1.6x 10°
uranium-234 (92 protons + 142 neutrons = mass number 234) 25x 10°
uranium-235 (92 protons + 143 neutrons = mass number 235) 7.1x10°
uranium-238 (92 protons + 146 neutrons = mass number 238) 45x 10°
thorium-228 (90 protons + 138 neutrons = mass number 228) 19
thorium-230 (90 protons + 140 neutrons = mass number 230) 75x 10°
thorium-232 (90 protons + 142 neutrons = mass number 232) 1.4 x 10"
hydrogen-3 (tritium) (one proton + two neutrons = mass number 3) 12.3

Radioactivity and Radiation

The atomic nucleus is held together by exceedingly strong forces of attraction which act indiscriminatdy
between its protons and neutrons, protons and protons, neutrons and neutrons. Certain isotopes,
because of their own physcd makeup, are ungable. This ingability is due to an unbaanced ratio
between the number of protons and the number of neutrons. This ingability in the nucleus causes the
atom to change spontaneoudly to a more stable, less energetic state. This spontaneous change is called
radioactivity and the atom is said to decay or disntegrate. Radiaion is the particles and energy
associated with the radioactivity. The three mgjor types of radiation are dpha, beta, and gamma.
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When a radioactive atom decays, its nucleus changes and the resultant aom generdly is no longer the
same kind of atom; it transforms into an eement of different aomic number. As noted above, the
radioactive decay is brought about by ingtability in the nucleus. By the process of radioactive decay the
atom drives to achieve a more gable configuration. The ultimate stable configuration is not dways
reached in decay trandformation. In fact, the new dement, caled a “daughter” resulting from the
radioactive decay may be more ungtable than the “parent.” Ultimately the origind radionuclide will be
transformed into a sable dement through a series of transformations. The decay sequence from
radioactive parent to radioactive daughter is caled a radioactive decay chain. The time required for
one-hdf of dl the aoms of a radionuclide to decay is cdled its “hdf-life” The hdf-life is an average
vaue for any very large number of atoms. It does not accurately apply to asmal number of atoms.

Each aom essntidly takes its own time to decay and there is no predicting when its ingability will
cause it to do so. Radionuclides with short haf-lifes such asiodine-131 (used in medica radiotherapy)
decay away rapidly and may not pose as much of an environmental concern as along lived (long half-
life) radionuclide like plutonium-239 which may remain in the environment for many thousands of years.

As noted above, there are three primary types of radiation:

dpha
beta

gamma

Alpha particles result when the ungtable nucleus of a radionuclide gects a particle congsting of two
protons and two neutrons. The resulting particle has a net positive charge and will therefore react with
any atoms that are nearby (i.e. with the negative eectronic charges of the orbitd eectrons or the
positive eectronic charge of the protons in the nucleus). These interactions cause the dpha particle to
give up some of the origina energy it contained when gected from the nucleus. In fact there are enough
atoms within the thickness of an ordinary sheet of paper to react with and bring to rest most apha
particles. The dpha particle will therefore not penetrate solid materid to any dgnificant depth. If an
dpha paticle is rdeased indde the human body (by means such as inhding radioactive particles), the
emitted dpha particle will be brought to rest rgpidly within a samdl volume of human tissue. Thus dl of
the energy of the dpha paticle is rdeased within a smdl volume of tissue and cdlular damage can
occur. Isotopes of plutonium and uranium are examples of radionuclides used by MEMP that decay by
emitting dpha particles.

Beta paticles result when the ungtable nucleus of a radionuclide gects a particle conggting of a
negatively charged eectron. As with dpha particles, the charged beta particle interacts with any atoms
that are nearby thus losng some of itsinitid energy. However, because beta particles have only hdf the
charge of an dpha particle and are gected from the nucleus with a much greater velocity, most can
penetrate solids more reedily than dpha particles. Tritium is an example of a radionuclide used by
MEMP that decays by emitting a very low-energy beta particle.
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Gamma rays, unlike dpha and beta particles, are not physicd particles. Insead a gamma ray is a
package of energy that behaves as though it were a particle. Gamma rays are exactly the same in nature
as vigble light, heat waves, radio waves, radar rays and x-rays. They have very short wavelengths that

are typicdly shorter than those of most x-rays and are generdly more energetic than x-rays. The

penetrating power of x-raysiswdl known and snce gamma radiation is very much like the radiation of

x-rays, the penetrating power of gamma radiation is dso very high. Gamma rays can pass through the

human body giving up smal amounts of energy aong the way. Many radionuclides emit both dpha and

gamma or beta and gamma radiation upon decay. Isotopes of plutonium are examples of radionuclides
used by MEMP that decay by emitting both dpha and gamma radiation.

Units of M easur ement

Radioactivity is typicaly measured in terms of “activity.” Activity corresponds to the number of atomic
nucle of any particular radionuclide that decay over a specified time intervd. A “curi€’ (Ci) is a unit

typicaly used to define activity. One curie is equd to the amount of radioactive materid that decaysat a
rate of 37 billion atoms per second. This disntegration rate is amogt exactly the rate a which one gram
of radium-226 decays. As noted earlier, each radioactive isotope follows its own specific decay
schedule in accordance with its hdf-life. As a result, for a given quantity of materid (eg. one gram),
different radionuclides will vary in the number of nucla that will disntegrate over a given time period.
Therefore equa masses of different radionuclides have varying activity levels that are dependent on each
radionuclide' s hdf-life. As an example, one gram of radium-226 (radium-226 has a hdf-life of 1,600
years) is equivaent to one curie of activity. It would take about 1.5 million grams of uranium-238 (half-

life 4.5 hillion years) to have an activity of one curie. In other words it would take 1.5 million grams of
uranium-238 to yield 37 hillion disntegrations per second. As can be seen from the example,
radionuclides that decay rapidly (short hdf-lives) have rdatively high activity levels compared to
radionudlides that have very long haf-lives,

It should be noted that a curie is only related to the number of disntegrations that occur in a given time
frame and does not indicate the biological damage that the radionuclide could cause if it comes into
contact with a person. That is to say that one curie of tritium is not equivaent to one curie of plutonium-
238 in terms of the biologicd effect on living tissue. The activity levels of radionudides in the
environment due to MEMP activities operations are typicdly very smdl fractions of a curie. A
convenient way to express these very amdl curie fractions is introducing two additiond units the
microcurie (mCi) (one millionth of a curie) and the picocurie (pCi) (one trillionth of a curie). These units
are used throughout this Report.
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Radiation Dose

Radiation dose is a measure of the amount of energy delivered to a body. As noted in the previous
section, for a given activity levd, different radionudides will vary in ther ability to cause biologica
damage (eg., a agiven activity level, dpha radiation is more damaging than beta). A “dose equivaent”
is a means of comparing the dose resulting from exposure to various radionuclides. The Roentgen
Equivdent Man (rem) is the unit used to express the dose equivdent. A rem is defined as the dose,
measured in terms of a specific amount of energy, which produces the biologica equivaent to that
produced by the same amount of x-ray energy. The rem dlows for a direct comparison of the potentia
damage that may be caused by exposure to various radionuclides. The higher the rem value, the greater
the potentid for biologicd damage.

Dose can be viewed in severd different ways and is typicaly reported with respect to either a specific
organ, an effective dose, a committed effective dose, or awhole body dose. Each dose measure will be
discussed below.

The organ dose is the estimated dose recelved by a specific organ due to exposure to radiation.
Certain radionuclides may tend to accumulate within specific organs of the body. Critica organs can be
identified based on the chemigiry of the radionuclide, the amount of radiation, the sengtivity of the organ
to radiation, and the importance of the organ to the body.

The effective dose estimates the hedlth risk that a radiation dose poses to an individua. The effective
dose is cdculated by summing the weighted organ dose for each organ. The weighted organ dose is
amply the origind calculated organ dose multiplied by an importance factor that takes into account the
relative risk to the exposed organ.

Some radionuclides assmilated into the body can remain in the body for long periods of time. When
particulate materid (eg., dust) contaminated with plutonium is breethed, the plutonium is deposited in
the lung tissue. The plutonium will dowly be removed from the body - the origind quantity will be
reduced over time due to radioactive decay and biologicd factors. The plutonium is continualy emitting
dphaand gammaradiation while in the body. The individud is therefore exposed to this radiation for the
remainder of hislife (or gpproximately 80 years).

The committed effective dose equivalent indicates the totd dose over the individud’s projected
remaning lifetime (assumed to be 50 years) which results from an intake during one year. The
committed effective dose equivaent (CEDE) expresses the dose of internal radiation received when an
individud has ingested, inhaled or absorbed a radionuclide that will remain ingde the body. It is dso
expressed in rem or Sieverts.
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Dose Dueto Exposure to Background Radiation Sources

Every day our bodies absorb ionizing radiation. Most of it comes from naturd sources. Consumer
products and medica procedures that use radiation are other common sources of ionizing radiation.

Natural Sources. Natura radiation comes from two sources. cosmic and terrestrial. Cosmic radiation
results when energetic particles from outer space, traveling at nearly the speed of light, collide with
nucle in our atmosphere, creating showers of radioactive particles that continue towards earth. The
average annud dose equivaent recaived from cosmic radiation is 26 mrem for an individud living a sea
level. Because coamic radiation disspates as it travels through the amaosphere, individuds living at
lower dtitudes receive less dose from this source than those living at higher dtitudes.

Terrestrid radiation results when radionuclides that are a naturd part of the earth’s rocks and soils emit
ionizing radiation. Because the concentrations of these radionuclides vary geographicaly, an individud’s
exposure depends on his location. The average annuad dose equivaent from terrestrid radiation for an
individud living inthe U. S, is 28 mrem.

Besides absorbing radiation from externd radionuclides, we can dso absorb radiation internally when
we ingest radionuclides dong with the food, milk, and water we ingest or dong with the air we inhde.
Oncein our bodies, radionuclides follow the same metabolic paths as nonradioactive forms of the same
elements (if there is one). The length of time a particular radionuclide remains and emits radiation
depends on whether the body eiminates it quickly or stores it for a long period, and on how long it
takes for the radionuclide to decay into a nonradioactive form. The principa source of internd
exposure in the U. S. is believed to be radon. Inhalation of radon contributes about 200 mrem to the
average annua dose equivdent from internd radiation. Other radionuclides present in the body
contribute gpproximately 39 mrem.

Consumer Products. Many familiar consumer products emit ionizing radiaion. Some must emit
radiation to perform thelr functions, e. g., smoke detectors and airport x-ray baggage inspection
systems. Other products, eg., TV sets, emit radiaion only incidentaly to performing their functions.
The average annud effective dose equivdent to an individua from consumer products ranges from 6 to
12 mrem.

Medical Uses. Radiation is a tool for diagnosing and treating diseese. The average annud dose
equivadent for an individud inthe U. S. from medicd uses of radiation, not including thergpeutic uses, is
53 mrem.
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Radiation Environment at MEMP

On average the annud radiation dose due to background radiation to a person living in the United States
is about 300 millirem. The total contribution to this dose due to MEMP activities in 2000 was 0.18
mrem, or avery smal fraction of the dose recelved from background.

MEMP s dose contribution for 2000 was well within dl gopplicable guiddines, limits, and regulatory
gandards. These guiddines, limits and standards are levels which present very low risk to individuas
near the ste. MEMP, like dl DOE dites, strives to keep worker and public doses as low as reasonably
achievable.
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APPENDIX G

MEMORANDUM OF AGREEMENT

The origind seventeen buildings condructed a Mound to support the polonium mission have been
determined to be digible for placement on the Nationd Register of Historic Places, because of the
contribution of the activities in those buildings to the development of nuclear power and to the
development of the nuclear indudtry in the United States. Under the Mound Exit Project (MEP), the
gtewill be trandferred, and the saventeen Nationa Register digible buildings will either be transferred or
demolished. The trandfer and or demalition of federally owned Nationd Regigter digible buildingsis a
potentiad adverseimpact, as defined by the NHPA and the implementing regulations of that Act.

An MOA has been negotiated between the DOE and the ACHP to mitigate this potential adverse
impact caused by MEP activities to Mounds Nationd Regiger digible structures. As dated in the
MOA, the origind seventeen buildings that were associated with Mounds origing polonium mission will
be adversdly impacted as a consequence of Mound's environmenta restoration activities and the
subsequent transfer of the property. The MOA defines mitigation for potentid adverse activities on
building operations and building digpostion-grouping bas's, asfollows:

1. Thefirg grouping is operations rdated buildings that will be demolished or transferred. This
group includes B, E, HH, I, M, R, and T Buildings.

MITIGATIVE ACTIVITIES. Mitigative measures for these buildings is a multi-phased
process that proceeds as follows: 1) Before demoalition begins, a physical description of the
gtructure and a collection of photographs as the building exists today is compiled. 2) A
“Higoric American Buildings Survey” or HABS Levd |l documentation package that
contains specific information pertaining to that structure is prepared. These documentation
packages will be submitted to the NPS for incluson in the HABSHAER archive and to the
OHPO. The documentation standards to be used are derived from the Secretary of Interior
gandards and guiddines for higtoric building documentation.

2. The second grouping is support-type structures that will be (or have been) dther
demolished or transferred. This group includes A, C, G, GH, H, P, PH, SD, W, and WD
Buildings

MITIGATIVE ACTIVITIES. Mitigaive measures for these buildings includes color
photographs, floor plans, a physica description of the building and a description of the
building’s higtoric function within the Mound plant will be prepared. This package shdl be
submitted to the OHPO.
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A HABS Levd 1l documentation package that discusses the Mound site and its historic perspective is
aso to be prepared. This documentation package, titled the overview package, will dso be submitted
to the NPS for incluson in the HABSHAER archive and to the OHPO. A video tape production of
Mounds history is aso to be prepared for submittal to the OHPO.
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