Contents

Message from the Laboratory DIr€CLOT ......iciiiieiiiiiieciiesie ettt et e ettt te e e steesneesste e sseeeneesseneneenneeans iii
EXECULIVE SUMIMAIY ...t b e s a e e b e s n e e s ae e s n e e s e e s n e e saneeennesane s %
Y e QT 1TV =T Lo o 0 =Y o TR Xvii
LIST OF FIQUIES ...t e s e e s e e e e e e s e e e e e e s e e e e e ae e e e smeeene e e e seeennas XXV
[T o) B -] o] L= PSR P PSPPSR PPPRPRN XXVii

CHAPTER 1: INTRODUCTION

1.1 Laboratory IMISSION ......ceiuieuietieiienitete ettt sttt ettt et es et ese e sttt e s et et saeeaeeseenbeeseenteeneenteeneenneenes 1-1
LN 5 1] 10) 7SS R ST SR 1-2
1.3 Research and DISCOVETIES ......eeuiruieeiiiieieitiete ettt ettt ettt e st e te e e e es e teeneesseeneeeneenes 1-4
1.4 Facilities and OPEIatiONS. .........ecueruieruerieieeeeeteeteeteeteeteeteesteeneeseeeeesseesesseensesseenseeseenseeneanseeneenneenes 1-4
1.5 Location, Local Population, and Local ECONOMY .........ccccvviririirininininiiiicicicieeccecee e 1-5
1.6 Geology and HydrolOZY .......ccuieieiieieiieie ettt sttt sse e e e enes 1-8
L7 CIIMALE ...ttt ettt b bbbt bt bt s bt sttt et et ettt et eaeebe b b 1-10
1.8 INALUIAL RESOUTICES ...eiiieiiiiiieeieet ettt ettt sttt st ettt ettt ebe b 1-11
1.9 CUltural RESOUTICES ......cueeuiiiiiiieiiitietietesie sttt ettt ettt sttt st sttt ettt ettt ebe b 1-13
References and BibliOZraphy ........c.ccviiieriiiieiiieieiieieete ettt ettt b e e sneesaesneennas 1-13

CHAPTER 2: ENVIRONMENTAL MANAGEMENT SYSTEM

2.1 Integrated Safety Management, ISO 14001, and OHSAS 18001 ......ccceevvevuiiieirieieieieereeeeeeen 2-2
2.2 Environmental, Safety, Security, and Health POIICY .........cccoeoiiiiiiiniiiieeeeeeee, 2-5
2.3 PLANIINE ..ottt ettt ettt h bt et h et e h et e h e et eh e e bt e ne e be e sttt enteeneenes 2-5
2.3.1 Environmental ASPECLS .......ccueiiiieiieieitieie ittt ettt ettt ettt ettt see et st eneens 2-5
2.3.2 Legal and Other REQUITEMENTS ........coruiiiieieiieieeiieie ettt eneens 2-6
2.3.3 ObjectiVes and TarELS ......c.eeuertieieetieieeiiete ettt ettt ettt ene et e st e st eee st eneeeneesaeeneas 2-6
2.3.4 Environmental Management Programs ...........c.ccocoiiiieiiiienieiesieie e 2-6
2.3.4.1 COMPLANCE......couiiiriiriiitiietece ettt ettt ettt e 2-7

2.3.4.2 Groundwater PrOtECTION ..........ccuevieiiiiiiiiiiniincrtcetenere et e 2-7

2.3.4.3 'Waste Management ..........ccceereiirieerieriienieeieesiteeite sttt e steebee st ebee st ebeesane s 2-7

2.3.4.4 Pollution Prevention and MINimiZation ..........c..coceeererenienienienieieeeeeeeeee e 2-8

2.3.4.5 Water CONSEIVALION ....ecvervirieieienienieiieiteit et ettt sttt sttt sttt ettt eieeaeebeeneenes 2-14

2.3.4.6 Energy Management and CONSEIVAION ...........ccecveeeerverierreeeenreeeenseeeesseeseesseennes 2-15

2.3.4.7 Natural and Cultural Resource Management Programs.............cccoevvevvenvevennnnnnn. 2-17

2.3.4.8 Environmental ReStOration.........c.ocveieirieiiiiiiieiesie e 2-18

2.3.4.9 EPA Performance Track Program.............cccoeuiveeriieieriieienieeiesieeeeeve e 2-19

2.4 Implementing the Environmental Management SyStem............ccccoeiririrenenenenieieeeieeeeeenas 2-21

Xix 2007 SITE ENVIRONMENTAL REPORT BROOKHEVEN

NATIONAL LABORATORY



NATIONAL LABORATORY

2.4.1 Structure and ResponSibility .........ccoiiieriiiiriieiecieeeee et 2-21

2.4.2 Communication and Community INVOIVEMENt ........c.coevviviinieniiiiiiniiiiininceesc e 2-21
2.4.2.1 Communications FOTUMS ........cceooiriiriiiieiiiiee e e 2-21

2.4.2.2 Community Involvement in Cleanup Projects ..........cccceevveieniecieniecienieeeeee 2-22

2.4.3 Monitoring and MeEaSUICMENL. ...........ccueruirierrieieetieieetieteeeeesseeeesseeaesseessesseesesseesesssensenns 2-22
2.4.3.1 Compliance MONITOTING ......cceervreiirrieieerieieseenieeeesseeaesseeseeseessesseessesseensesseensenses 2-23

2.4.3.2 Restoration MONIEOTING .......ccvevvieiirrieieeeieiesitenieseesteseessesetesseessesseessesseessesseensennas 2-25

2.4.3.3 Surveillance MONItOTING. ......c.ccvvevirrieieiieieieerieeeesreeeesteeeeesseessesseessesseessesseesseseas 2-25

2.4.4 EMS ASSESSIMEILS ....c..eiutiiiiiiieiiiittete sttt eit ettt ettt ste et ebe et ebtenaeeseesaeestesbeeatesbeenbesbeenneeae 2-25

2.5 Environmental Stewardship at BNL ..........cccooiiiiiiiiiiiiiciceceeeeeeee e 2-26
References and BiblIOZIaphY .........ccviiiiiiiiiiiiiiiecie ettt ettt be e saeesaesaeessesaeas 2-27

CHAPTER 3: COMPLIANCE STATUS

3.1 Compliance With REQUITCIMENLS ........ecouiruieiieiieieeiieit ettt neesse e e sse e enas 3-1
3.2 Environmental PEIMILS........ccociriiriiiiiiiiiiiiici ettt 3-2
3.2.1 EXISHNG PEIMILS ...c.uiiiiiiiiiieiiieie ittt ettt st se e sbeesaesseenaesseensesseensesseensenns 3-2
3.2.2 New or Modified Permits..........ccccoeiriiiiiniininiieieieee e 3-7
3.2.2.1 Wild Scenic Recreational RIVETS ACE .......ccevueieieieieieiiieiiseseeeese e 3-7

3.2.2.2 Air EMISSIONS PEITNILS ...cuiitiiiiiiiitiiiiiiiieiesieieee et 3-7

3.2.2.3 CERCLA PEIIILS ..ueeuieiieiieiieiieteeteete sttt ettt sttt st nee 3-7

3.3 INEPA ASSESSITIENS ....eiiiiiiiiiietieiieiteeiteete ettt ettt ettt ettt e e bt es e s bt e s e st e et e e bt et e e st enteeseenaeeneenaes 3-7
3.4 Preservation LegiSIation..........co.iiiiiiiiiiiiiieieiec e e e 3-7
3.5 CLRAN AL ACT. .ttt ettt ettt b et b et e bt et b et e h et e n et enee et e nnes 3-8
3.5.1 Conventional Air POIULANS. ........coouiiiiiiiiieieee e 3-8
3.5.1.1 Boiler EMISSIONS ....coiuieiiiiieiiiiieieeiieieeie ittt sttt sbe e e e ene 3-8

3.5.1.2 Ozone-Depleting SUDStANCES. ... .c.ccuveiuieieriieieeiieieeieee et 3-9

3.5.2 Hazardous Air POIULANES ........c.oiuiiiiiiieieiieeeee ettt 3-9
3.5.2.1 Maximum Available Control Technology .........c.ccccccueeieiiiiniinininieninenecreeen 3-9

3.5.2.2 ASDESEOS .ttt ettt 3-9

3.5.2.3 Radioactive Airborne EMiSSIONS ........coererieriiiinieieiiieieieiseseeese e 3-9

3.6 ClEAN WALET ACE ...ttt ettt sttt sttt ettt et et b ettt sbe bt s b bt b naen 3-10
3.6.1 Sewage Treatment PIant ............ccooiiiiiieiiiiccceee ettt 3-10
3.6.1.1 Chronic TOXICItY TESTINE ....cceevveeieriieieriieieeieie ettt et ereesae e sreenaesreesseneeas 3-14

3.6.2 Recharge Basing and StOrMWALET ........c.cccvevieviiiieriiiieieieeie et sre e sreesseereesneenas 3-14

3.7 Safe DIinKing Water ACt......cc.icieriieieiieiecieeeeete ettt ettt et steesaeste s e s seesseeseesseeseessesseesseessesseas 3-14
3.7.1 POtable WALET ...c..eeiiiiiiiiiieitiete ettt ettt sttt ettt et st e 3-16
3.7.2 Cross-Connection CONTIOL ........co.eeiiiiiiiiiiiiiieieric ettt 3-16
3.7.3 Underground Injection Control............ccieiiiieiinieiiiiee e 3-18

3.8 Preventing and Reporting SPills ........ccueoiiiiiiiiieiiiee e 3-22
3.8.1 Preventing Oil Pollution and SPills .........cccooieiiiiiiiiiei e 3-22

2007 SITE ENVIRONMENTAL REPORT XX



3.8.2 Emergency Reporting ReqUITCMENTS ........c.oeueeiuieiiriieieeiieie et 3-22

3.8.3 Spills and REIEASES ......ccueruiiiiiiiiiiiieieietct ettt 3-23
3.8.4 Major Petroleum Facility LICENSE ....c..cceeiruiriririiririniinienestcteeeteceee et 3-23
3.8.5 Chemical BUIK STOTraZE ......ccoueiuieieiiieieeiieteeiest ettt ettt sttt et enneenes 3-25
3.8.6 County Storage REQUITCINENLS ..........ccverieriieieiieiieiieieeieeteeeesae st eseesaesseeeaesseenaesseensenseenes 3-25

3.9 RCRA REQUITCINICILS. ... .eeuiiitieieeiieieeiteteeeteteetesteestesseessesseessesssessesssesseessessaensesseensesseassesssessesnees 3-26
3.10 Polychlorinated Biphenyls..........cccoiiieiiriiiieiieiieieee ettt se s 3-26
BLT POSHICIARS .ttt h ettt bttt ettt b et eae 3-27
3.12 Wetlands and RIVET PEIMILS .......co.eiiiiriiiieieieieieee et 3-27
3.13 Endangered SPECIES ACt......cueuiiieriieiieitieieiteeteereete et esesreesseeseesaeessesseessesseessesseessesseeseeseesseeneas 3-27
3.14 External Audits and OVETSIZNT ......c.cccvevvieiiiiieiieiieieee ettt re e ereesaeenees 3-28
3.14.1 Regulatory AZency OVErSIZL........ccoiiieiiiiiiiieiiiieieit ettt 3-28
3.14.2 DOE AsSessmMeNnts/INSPECLIONS. ......ceuiruietirtietieiieniieiiesteeeesteeste et siee e eieesbeenee st eneeseeenes 3-29
3.14.2.1 Environmental Multi-Topic ASSESSMENL........cceeriieierieiieniieieseeie e 3-30

3.14.2.2 Nevada Test Sit€ INSPECTION . .....ccuiiriiriieieiiieiieeiete ettt 3-31

3.15 Enforcement Actions and AGIECMENLS. ......cc.eeruiruieierieieeierteeiesie ettt ete et eee et e e eeeseeeneeseeenees 3-31
References and BibliOZraphy .......cc.ooieiuieieiiieieie ettt e sne s 3-31

CHAPTER 4: AIR QUALITY

4.1 Radiological EMISSIONS. .....c.eeitieiiiiieiiiteeie ettt ettt ettt et esaeeseesneeneeebeenaeeneans 4-1
4.1.1 Brookhaven Medical Research Reactor...........cccoiiiiiiiiiiiiieiieeee e 4-1
4.1.2 High FIux Beam REACTOT ........ccuieiiiiieiieiicie ettt 4-3
4.1.3 Brookhaven Linac ISOtope ProdUCET .........cc.coueiiiiiiiiininiiiseereceeeeeecee e 4-4
4.1.4 Evaporator FACIIILY ....c.cccveruieiiieieeii ettt ettt nneenees 4-4
4.1.5 Target Processing LabOTatory ..........cccceeierierierieiiesieeiesieeitesie et ste et esesseeeeeseeaesaeenaeeenes 4-4
4.1.6 Additional MINOT SOUICES........ccirtiriirieriiieieieieiieit ettt sttt sttt ettt nes 4-5
4.1.7 Nonpoint Radiological EMiSSiOn SOUICES ..........cccverviiieriirieriieienieeieeieeteeeeeeeeeesae e sae e 4-5

4.2 FaCility IMONTEOTIIE .. .ecveeuvieeieiieiiesieetieeteete et eieseeestesetesteesaesbeessesseesseeseessesseensesssessesssesseessesseensenseans 4-5

4.3 Ambient Al MONTEOTINE ....cvivvieeiiiiieiiieieeie ettt ste et e ste et e sre e b e eteeseeteessesseesseeseesseesaesseessesseessenseens 4-5
4.3.1 Gross Alpha and Beta Airborne ACHVILY ......ccvevveiieriiiieriieieiieeeesieee ettt ee e 4-6
4.3.2 ATTDOINE TIIEIUIN -.utiniiiieiieit ettt ettt ettt st ettt et et et e s e e st eneeseebeeneseeees 4-7

4.4 Nonradiological Airborne EmiSSIONS ......ccueiueeriiiiiriiieriieiieiteeieste et 4-8

References and BiblIOZraphy .......cc.oouieiiiieiieiee ettt 4-10

CHAPTER 5: WATER QUALITY

5.1 Surface Water MoNitoring PrOGIam ...........ccccvvivieiiieieniieiiiieeieee ettt sre e sve s eae e 5-1

5.2 Sanitary System EfIUCHES .....c.cooiiiiiiiiiie e 5-2

5.2.1 Sanitary System Effluent-Radiological Analyses ...........cccceviriiniiiiiniiienieienceesceieiee 5-3

5.2.2 Sanitary System Effluent-Nonradiological ANalySes.........cccceeveririieniineneeiiieiesceeeiene 5-7

5.3 Process-SPecific WaStEWaLET.......cc.eeiiiiieieitieieetiete ettt ettt st ettt et e eteeneeeeeenee 5-8
xxi 2007 SITE ENVIRONMENTAL REPORT BROOKHFRAEN

NATIONAL LABORATORY



5.4 ReEChArZE BaSINS .. .eouiiiiieiieitieieeie ettt ettt ettt ettt e st e nte e e eeeeneennean 5-11
5.4.1 Recharge Basins — Radiological ANalySes.........ccceeerieiiiienieiierieeieieee e 5-12
5.4.2 Recharge Basins — Nonradiological ANalyses .........c.ccoevueieieirininiininenenieseneseesieieneens 5-13
5.4.3 Stormwater ASSESSINENL .....c..ceuiiuieiiriietieieettee ettt ettt et sttt saeebesesebe e s e bt eanesaeennenae 5-13

5.5 Peconic RIVEr SUIVEIIANCE .......coueiiiiiiiiiiciieii ettt 5-18
5.5.1 Peconic River — Radiological ANalySes........c.ccerieriirieriiiieieeiesie et 5-18
5.5.2 Peconic River — Nonradiological ANALYSEs .........ccccverieriiiienieiienieeieieeiesie e 5-20

References and BibliOZraphy ........c.ccviiieriiiiiriiiieie ettt eseessessaesseensesseas 5-24

CHAPTER 6: NATURAL AND CULTURAL RESOURCES

6.1 Natural Resource Management Proram ...........coocvevieierieieniee et 6-1
6.1.1 Identification and MapPPINg..........ccceieerierieriieierieeeerteetesteeee e eaesseenaesseenaesseensesseensesseensenns 6-1
6.1.2 Habitat Protection and Enhancement...........c..coooevieriiiiiiiiiiiiiiicccese e 6-2

6.1.2.1 Salamander Protection EffOrts...........ccoceviririiiiniinieiiiiccncceeeeeee e 6-3
6.1.2.2 Eastern BoX TUItIE.......ccooiiiiiiiiiii i 6-3
6.1.2.3 Other SPECICS....eoviiiiiiieieiietectieieetete ettt et e eteeseeteeaesseessessaesseessesseessesseessesseensenns 6-4
6.1.3 Population ManagemeNt ............ceecveiuieiirieriieieiteeeesteeeesreeeesseeseesseessesseessesseessessaessesseesenns 6-5
6.1.3.1 WIld TUIKEY ..ottt 6-5
6.1.3.2 White-Tailed DEET .......cceeuieiiiiieiiitiite ittt e 6-5
6.1.4 Compliance Assurance and Potential Impact ASSESSMent.........cccoevuerieriirienienienieieneeiene 6-6

6.2 Upton Ecological and Research ReSEIrve .........ccooieiiiiiiiiiiiiiieee e 6-6

6.3 Monitoring Flora and Fauna ...........cccooiiiiiiiiii e 6-7
6.3.1 DEET SAMPIING ....eeniiiiiiie ettt e sttt e st e et e bt e e bt et esbe et e e seenteeneenneene 6-8

6.3.1.1 Cs-137 in White-Tailed Deer........cccveiuieiiiiieiieiieieeee et 6-8
6.3.1.2 Strontium-90 in Deer BONE ........ccceeiiiiiiiiiieeee e 6-13
6.3.2 Small Mammal SAMPIINEZ .....eovveieieiieiieiieiese ettt e e ens 6-13
6.3.3 Other Animals SamPIEd.........ccceiieiiiiieiieieiee et 6-14
6.3.4 FiSh SAMPIING .....ooovieiiiiiieie ettt ettt sttt e s et e esa e teessesseenseeseenneens 6-14
6.3.4.1 Radiological Analysis Of Fish .........ccccoviiiiiiiiiirieicceeee e 6-14
6.3.4.2 Fish Population ASSESSMENL .........ccveuerrierierrieieeiieieeeieteeeeseeseesseeeesseeaesseessenseas 6-15
6.3.4.3 Nonradiological Analysis of Fish..........cccccovviiiiiiiiiiiiiiiccee e 6-15
6.3.5 AQUALIC SAMPIING.....coiiiiiiiiieiicieie ettt ettt et e ste et e e e b e etaebeessebeessesseessesreenseens 6-21
6.3.5.1 Radiological ANALYSIS.........ccverieriiiieiiiieieeteete ettt sre e sae e sbeesseseeas 6-21
6.3.5.2 Metals in AQUAtIC SAMPIES.....c.eevviiuiiiiirieiieiieieeie ettt sse e 6-24
6.3.5.3 Pesticides and PCBs in Aquatic Samples ........ccooveierieniiniiniiieniiene e 6-24
6.3.6 Peconic River Post-Cleanup MONItOrINg ........cccevueeierirrieiieienieie e 6-24
6.3.6.1 Sediment SAMPIINE «...eoveriiiieiieie ettt 6-25
6.3.6.2 Water Column SampPling ........ccceoeiieiiiiieieniieeeieee et 6-26
6.3.6.3 Fish SamPIINg.......coooiiiiiiiieeee e et 6-26
6.3.6.4 Wetland SAmPIING .......ccoeiiiiiriiiiiieee et 6-26
BROOKHAWEN 2007 SITE ENVIRONMENTAL REPORT xxii

NATIONAL LABORATORY



6.3.7 Vegetation SAMPLINE ... ..ooieieiieieiieeeiiete ettt ettt st e et eteesaesteeneeeteeneeeneenes 6-26

6.3.7.1 Garden Vegetables..........coeriiiiiiiiiiiiiiieiesesceeese ettt 6-26

6.3.7.2 Grassy PLANtS .......cccoeririiriiniiiicceetee sttt 6-27

6.4 Other MONIEOTING ......eeveeiieieieieie et eiete ettt ettt e st eeesseessesseesseeseesseessenseensesseenseeseanseeneenseenees 6-27
6.4.1 SO1l SAMPIING....c.vieiiiieiieiieie ettt ettt e st etesseessessae s e esaesseensenseensenseenes 6-27
6.4.2 Basin SEAIMENTS. .......coueruiriiieieieteet ettt sttt ettt et et et ebe bt besbesaeas 6-27
6.4.3 Chronic TOXICIEY TESES ...veeuieieruieieiieieeiierteete ettt este et esaesseeaesseessesssesseesaesseessenseessenseenns 6-29
6.4.4 Radiological and Mercury Monitoring of Precipitation .............cccevevverieecieneeieneeieenenn, 6-29

6.5 WILALIFE PIOGIAMS ....ocviiiiiiiiiiieie ettt ettt sae et e be e b e eba e b e esaesseeseesseeseeseeneas 6-30
6.6 Cultural ReSOUICE ACHIVITIES .....euirtitiitirtiteieieieteie ettt sttt ettt eseeaeeee e 6-32
References and BiblIOZIapIY .......cc.cciiiiiiiiiiiiiiiieiecit ettt ettt e raesae e saeenees 6-32

CHAPTER 7: GROUNDWATER PROTECTION

7.1 The BNL Groundwater Protection Management Program............c..cccevueveerieeeenieeeenieeeesreeeeeneenns 7-1
T 1T PIEVEILION .ottt ettt ettt sttt st e et e e e st e st e st e st eneene et e ebesneanenes 7-1
7. 1.2 IMIONTEOTIIIZ ..ttt ettt ettt et ettt et te e e e te e b e ete e s e eseesseesaesseessesseessesseessesssessesseessenseans 7-2
713 RESTOTATION ..ottt ettt ettt et e e bttt ese e bt e eseeemtesbeesaesbeennenneens 7-2
7.1.4 COMMUINICATION. ...ttt ettt ettt ettt ettt et e et e e et etees e bt eseenbeemeeseeemeesbeenaeaneensenneans 7-2
7.2 Groundwater Protection Performance ............cooeoveieieieieieieee e 7-2
7.3 Groundwater MONTEOTING .....ccueiieriieierieete ittt ettt ettt e sttt st e e st et eeseeteeseeeeeneeneeenes 7-3
7.4 Supplemental Monitoring of Water SUpply WIS .........cccorieiiieiiee e 7-3
7.4.1 Radiological RESUILS .......ccuiiiiiiiieii ettt s eneens 7-7
7.4.2 Nonradiological RESUILS........cc.couiiiiiiiiiiiiii e 7-7
7.5 Environmental Surveillance Program .............occociiieiiiiiinieesieeseee e 7-8
7.6 Long Term Response Actions Groundwater Monitoring Program.............cccocceevveienieieneeiennnne. 7-9
7.7 Groundwater Treatment SYSTEIMS .......cvecvieieriieieriieieee et ete st ete e e steebesseesseeseenseeseesesseenseenees 7-10
References and BiblIOZraphy .......cc.cciiiiieieiiieieiieiesit ettt sttt e s e esaesneenaenneenees 7-12

CHAPTER 8: RADIOLOGICAL DOSE ASSESSMENT

8.1 Direct Radiation MONItOTING.........cecuertieieeeieiietieteeterteetesteseesteestesteessesseessesseessesseensesseensesseensesnees 8-2
8.1.1 AmDIent MONILOTINE .....eoviiiieiieiietieiieie et et et et et et e e seeeaesseesbessaeseeseenseesaenseesseseessenseenes 8-2
8.1.2 Facility Area MONILOTING ......ccueeiiiieiireieieetieie et ete et eteseeeae e esaessaebessaeseeseeseesseseessenseenes 8-4

8.2 DIOSE MOAEIING......cviiuieiieiieiieiiecte ettt ettt ettt et ettt esbe et esbeesa e beessesseessesseesseeseensesseensesssensensees 8-7
8.2.1 D0Se MOdeling PrOram.......ccecviruieiiriieieeiieieeie ettt sttt ste st beesaesseesseseessesseens 8-7
8.2.2 Dose Calculation Methods and Pathways...........cccceeieviiiiiniiieniiiieieeece e 8-9

8.2.2.1 Maximally Exposed Individual ...........cccoovviviiiiiiiiiiiieie e 8-9

8.2.2.2 Effective D0ose EQUIVAIENL........cccuiiiiiiiiiiiieciecieeceeeee et 8-9

8.2.2.3 Dose Calculation: Fish INGeStiON ........cccceceeriiiiniiiiiiiiieieeeeecee e 8-9

8.2.2.4 Dose Calculation: Deer Meat INGESTON .....c.cccvereeeieriieieiieieiieeeeeee e 8-9

8.3 Sources: Diffuse, FUZItive, “Other”.........oocioiiiiieiee et 8-9
xxiii 2007 SITE ENVIRONMENTAL REPORT BROOKHEVEN

NATIONAL LABORATORY



NATIONAL LABORATORY

8.3.1 Medical Department ..........cceeueiuieiieiieieeie ettt ettt enes 8-10

8.3.2 Waste LOAdING ATCA.......eeoueiiieieeiieieetiete ettt ettt ettt et e e et e e s e te et eeeeeneeeneeneeenes 8-10
8.4 DO0SE from POINt SOUICES .....c.viiiieiieiieiieiet ettt ettt et et e e st essesneesseenaennean 8-11
8.4.1 Brookhaven Linac ISOtOpe ProdUCET ........c.ccveiiriieiiiieie e 8-11
8.4.2 High Flux Beam ReEaCtOT ........c.ccieiiiiiiiieieiieieet et 8-11
8.4.3 Brookhaven Medical Research Reactor..........c.eeuevierieiiiiiiiiiiiiiicceccncscese e 8-11
8.4.4 Unplanned ReEICASES. .......ccueiieriiiieiieieiieiestt ettt ettt sttt eeseenseeseenseenas 8-11
8.5 DOSE fTOM INGESTION. .. .ecuiiitieiiiitieiietietiet ettt ettt ettt e e b e s ta et e esaesseessesseessesseessesseensesseessesssesseas 8-11
8.6 Dose to Aquatic and Terrestrial Biota.........cccevvieriiiiiriiiieiicieieeeeseeeeee e 8-12
8.7 CUMUIALIVE DIOSE ...ttt ettt sttt sttt ettt ae et beebe et be st e te b nnen 8-12
References and BiblIOZIaphY .........ccviiiiiiiiiiiiiiiecie ettt ettt be e saeesaesaeessesaeas 8-13

CHAPTER 9: QUALITY ASSURANCE

9.1 Quality Program EISIMENTS........c.cooiiiiiiiieiiiieie ettt eae 9-1

9.2 Sample Collection and Handling .............ccooeiioiiiiiiiiieieeee et 9-2

9.2.1 Field Sample Handling ...........cccooieiiiirieiiee ettt 9-3

9.2.1.1 Custody and DOcUMENtAtION ........ccervirrerierieriiieieieieieteeee e 9-3

9.2.1.2 Preservation and ShIPMENt..........ccoeririirieniiniiiiieieieieteeee e 9-3

9.2.2 Field Quality Control SAMPIES .........ccceerieiieriiiieiieeieeeiee ettt 9-3

9.2.3 Tracking and Data Management............cccccueruerierieeieniieienieeiesteeeesseeeesseeseseessesseessessnensens 9-5

0.3 SAMPIE ANALYSIS....vieeieiietietieieeieeie et ete sttt e et et e et be et eteesee e st esseeseensessaesessaeseensesseenseeseensenseenseans 9-5

0.3.1 QUANTICALIONS .....eoviieiiietie ettt ettt et et e et et e e aeeeteeereeetaeeabeesaseeaseesaseenseenanas 9-5

9.4 Verification and Validation of Analytical RESUILS .........c.ccieiieiiiiiiieiiiee e 9-5

9.4.1 ChecKing RESUILS ......cviiiieiiiieiiciieie ettt ettt sreessesreesessaesseesnensens 9-6

9.5 Contract Analytical Laboratory QA/QC ..........ooouiiiiiiieiiiiieieee ettt eseeae s e 9-6

9.6 Performance or Proficiency Evaluations...........cccoccviiuieiiiiieiieieieeieie et 9-6

9.6.1 Summary of Test RESUILS ......couiiiiiiiiiiie e e 9-7

9.6.1.1 Radiological ASSESSIMENLS .......cccuiruieriirieitieientieieeteeieeeee e eiee st eiee st eeee st e e eeeenee e 9-7

9.6.1.2 Nonradiological ASSESSIMENLS ......cc.eerueruieriieieriieieetierie et eee st eeesieeeeesbeeeeseeeneeene 9-7

0.7 AUAILS ettt ettt ettt ettt b et et eaa et e n s e n e eeten e sttt Reene ettt e ebe et ebesesensenes 9-7

LR 7033 1e] 1813 T ) SRS SSSPSRT 9-9

References and BibliOZraphy ......cccooieoierioiieiieie ettt sne e 9-9

P oY o T aTo [ b QA € [o 17 Y YA USSP A-1

Acronyms and ADDIEVIAtioNS ........oi i eaee A-1

TECNNICAI TEIMNS <.ttt ettt h bt ea e h e bt e s e e bt e s e ebe e et eaeeaneeanesneeanesmeenennean A-4

Appendix B: Understanding Radiation .........cooceiiiiiiiiiie ettt st st B-1

Appendix C: Units of Measure and Half-Life PEriods .........ccccceiieiiiiiiiniiieseeiee e C-1

Appendix D: Federal, State, and Local Laws and Regulations Pertinent t0 BNL........c.ccovoeeriiiiineiennienn. D-1
2007 SITE ENVIRONMENTAL REPORT XXiv



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

Figure 2-1a.
Figure 2-1b.
Figure 2-1c.
Figure 2-1d.
Figure 2-1e.

Figure 2-1f.
Figure 2-2.
Figure 2-3.

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

Figure 3-7.

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

Figure 5-1.
Figure 5-2.
Figure 5-3.

Figure 5-4.
Figure 5-5.

List of Figures

Major Scientific FACilities @t BNL.......cvoiieeieeiiie ettt e s sseesee b e eneennee s 1-6
Major Support and Service Facilities at BNL. ......ccccceeiiiiiiiniin e 1-8
BNL Groundwater FIOW IMap. ...oooueiiiiiiie ettt ettt 1-9
BINL WiINd ROSE (2007). ..o e ee e ettt e e e e e e e e et e e s e e s e s e e e e e e s saaaa s eeseseesesssansannassessaeennnns 1-10
BNL 2007 Monthly Mean Temperature versus 59-Year Monthly Average. ........cccccevueennnne 1-11
BNL 2007 Annual Mean Temperature Trend (59 YEars). .....ccccceeecuereieeeeeiieecereeeeeeeeseee s 1-11
BNL 2007 Monthly Precipitation versus 59-Year Monthly Average

BNL 2007 Annual Precipitation Trend (59 YEars). ...ccceiiiieeeiiee e 1-12
Hazardous Waste Generation from Routine Operations, 1998 — 2007. .........ccceccerieerieernuenn. 2-8
Mixed Waste Generation from Routine Operations, 1998 — 2007. .......ccccevreeereeeereeesnenn. 2-8
Radioactive Waste Generation from Routine Operations, 1998 — 2007. ......ccccccceevvrerrernnnnnn 2-8
Hazardous Waste Generation from ER and Nonroutine Operations, 1998 — 2007. ............. 2-9
Mixed Waste Generation from ER and Nonroutine Operations, 1998 — 2007............ccceu.... 2-9
Radioactive Waste Generation from ER and Nonroutine Operations, 1998 - 2007............. 2-9
BNL Water Consumption Trend, 1998-2007.................

BNL Building Energy Performance, 1998—2070. .....c..cceierrriiriesiieeniie e siee e 2-17

Maximum Concentrations of Copper Discharged from the BNL Sewage Treatment

Plant, 20032007 ......ceiuerueeriereertereerteeeestee b eae e teeaeaabe e e e eae e bt eae e st et e saeeeesaeeeesae e be st e bennrenbeen 3-12
Maximum Concentrations of Iron Discharged from the BNL Sewage Treatment

Plant, 2003-2007.......cceiiiieeeeiieeeieie e ettt e eeteeesse e e e teeeeanseeeaaeeaeaseeeaaseeeaneeeaasteeeaneeeaneeeeanreeaanns 3-12
Maximum Concentrations of Lead Discharged from the BNL Sewage Treatment Plant,
200372007 ..eueeteeueeeteeeeet e et et e et e ettt et e et eeaaeeeeeae e EeeaeeaEeeaeeteeneeeReeeeeneeseeneeaneeeesneenesanan 3-12
Maximum Concentrations of Mercury Discharged from the BNL Sewage Treatment

Plant, 20032007 ......cccuereeiuereeetertesre ettt r s st e e na e e e et e e sa e r e s e r e n e renarenreea 3-13
Maximum Concentrations of Nickel Discharged from the BNL Sewage Treatment

Plant, 20032007 ... .ceiueeeeieeeereeeeeateeeeaueeteeueeeeeaeease e eeeseaeeeneeaseeneeaaeeaeeeaeeaseeneeeeeneenseeneeareans 3-13
Maximum Concentrations of Silver Discharged from the BNL Sewage Treatment Plant,
200372007 ...ttt a £ b e h e £ e eh e e eh e e b e R e e R e e et eae e et eaeenae e nae e e naean 3-13
Maximum Concentrations of Zinc Discharged from the BNL Sewage Treatment Plant,
200372007, e e e e e e e e e e e e e e e e e e e a____———_—_eereeeteeteeaeaeaeaaeaeaeaaaaa e nnnnnnnrnrnrnneree 3-14
Air Emission Release Points Subject 10 Monitoring. .....c.cooeviiieeieien e 4-2
High Flux Beam Reactor Tritium Emissions, Ten-Year Trend (1998-2007).......ccccceeverriuernuenn. 4-3
BNL On-Site Ambient Air Monitoring STations...........ccoiiiiiiiiiiee e 4-6
Airborne Gross Beta Concentration Trend Recorded at Station P7.........c.ccoceeieeiiiiieenienns 4-8
Schematic of BNL's Sewage Treatment Plant (STP). ....cceoiiiiiiiiiieree e 5-2
Tritium Concentrations in Effluent from the BNL Sewage Treatment Plant (2007). ............ 5-4

Sewage Treatment Plant/Peconic River Annual Average Tritium Concentrations
(1993-2007)

Tritum Released to the Peconic River, 15-Year Trend (1993-2007)........cc..........
Cesium-137 in the BNL Sewage Treatment Plant Influent and Effluent (1993-2007). ........ 5-6
XXV 2007 SITE ENVIRONMENTAL REPORT

BROOKHFAVEN

NATIONAL LABORATORY



Figure 5-6. BNL Recharge Basin/Outfall LOCatiONS. ........cceiiiieriiiiieieneeeeeete et 5-10

Figure 5-7. Schematic of Potable Water Use and FIOw at BNL. ........cccooiiiiiiiiiieiiee e 5-11
Figure 5-8. Sampling Stations for Surface Water, Fish, and Shellfish...........cccccoiiiiiiieniiiiecee e 5-19
Figure 6-1. Deer Sample Locations, 2003—2007. ........ccccueruierueerieernieesreenseesreesieesseeseessessseeesseeseessseessesnne 6-9
Figure 6-2. Comparison of Cs-137 Average Concentrations in Deer, 2007. .......cccooeereeeereeneeneeneseeneeeaens 6-12
Figure 6-3. Trend of Cs-137 Concentrations in Deer Meat at BNL and Within 1 Mile of BNL,

19982007 ...uteeueeeteeeeeee ettt ree et st st b e b eh R R R e et R e et ea e e Rt eae e eae e e nae e beene e ne e e reea 6-12

Figure 7-1. Groundwater Flow and Water Table Elevation (December 2007) with Supply and

Remediation WellS SHOWN. ..ottt s 7-4
Figure 7-2. EXtENT OF VOC PIUMIES. ...cc.viiiieeiee ettt ettt s sttt e st e s e sateesseesnseesneeeseesnseenseesnneenne 7-5
Figure 7-3. Extent of Radionuclide PIUMES. .......oouiiiiiiiiee ettt st 7-6
Figure 7-4. Locations of BNL Groundwater Remediation Systems. ...........cccooiriiiirir e 7-11
Figure 8-1. ON-Site TLD LOCAtIONS. .eciiiiiiiiiie ittt st e et s e e e st e e e e ne e e sneeas 8-2
Figure 8-2. Off-Site TLD LOCATIONS. ..coitiiiieiieesieeeiiee sttt stee sttt ettt nae e st e st e st e e s seeebe e saaeeneesaeeebeesneeenee 8-3
Figure 9-1. Flow of Environmental Monitoring QA/QC Program Elements.........ccccovueeeeeiieeieesieeeseeseeenns 9-2
Figure 9-2. Summary of Scores in the Radiological Proficiency Evaluation Programs. .........cccccceeveeriuennne 9-8
Figure 9-3. Summary of Scores in the Nonradiological Proficiency Evaluation Programs. ..........ccccceeuu..e. 9-8

BROOKHEVEN 2007 SITE ENVIRONMENTAL REPORT Xxvi

NATIONAL LABORATORY



Table 2-1

Table 2-2.
Table 2-3.
Table 2-4.
Table 2-5.

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

Table 3-6.

Table 3-7.
Table 3-8.

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

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

Table 5-9.

Table 6-1.

Table 6-2.
Table 6.3.
Table 6-4.
Table 6-5.

List of Tables

Elements of the Environmental Management System (EMS) and their Relationship
to OHSAS 18001 and Integrated Safety Management (ISM) — Review of EMS

IMPlemMeNtation @t BNL. .....c.ciiiiiiiiiie ettt n e e e e neennne e 2-2
BNL Pollution Prevention, Waste Reduction, and Recycling Programs. ..........cccoceeeevieennee. 2-10
BNL Recycled Program SUMMAIY......o.c e iieeieesieesieeeeesiteessee e ssseesssesssessseesseesnseesneessessaee 2-15
Summary of BNL 2007 Environmental Restoration Activities. .........ccccoreirieiiiieinceneee 2-19
Summary of BNL 2007 Sampling Program Sorted by Media. ......cccccevveeriiriiiecieeiee e 2-23

Federal, State, and Local Environmental Statutes and Regulations Applicable to BNL........ 3-2
BNL ENVIroNmMENtal PEIMITS. ...coceiiiiiieie ettt e e e e e e e e e e e e e e e e e e e e asan s e e e ereeeeeeaeaeas 3-5
Analytical Results for Wastewater Discharges to Sewage Treatment Plant Outfall 001..... 3-11

Analytical Results for Wastewater Discharges to Outfalls 002, 005 — 008, and 010. ........... 3-15
Potable Water Wells and Potable Distribution System: Analytical Results

(Maximum Concentration, Minimum pH Value)........cccveiiiriiiieeeie e 3-17
Potable Water Wells: Analytical Results for Principal Organic Compounds,

Synthetic Organic Chemicals, Pesticides, and Micro-Extractables.........ccccccoeeeiiiinienniienns 3-19
Summary of Chemical and Oil SPill REPOITS. .....covuiiriiiiiieiiie e e 3-24
Existing Agreements and Enforcement Actions Issued to BNL, with Status. .......c..ccccc...... 3-30
Airborne Radionuclide Releases from Monitored Facilities. .........ccccevveeieriieenieeciee e 4-3
Gross Activity in Facility Air Particulate FIers. .......oceviieiiie i 4-7
Gross Activity Detected in Ambient Air Monitoring Particulate Filters

Ambient Airborne Tritium Measurements in 2007. ........coooceeereiieeeeiee e e e esee e seee e seee e 4-8
Central Steam Facility Fuel Use and Emissions (1996 — 2007).......cccceveerrueerereneesesenieeseeeeens 4-9
Tritium and Gross Activity in Water at the BNL Sewage Treatment Plant (STP). ........cccecueu.e 5-5
Gamma-Emitting Radionuclides and Sr-90 in Water at the BNL Sewage Treatment Plant... 5-8
BNL Sewage Treatment Plant (STP) Water Quality and Metals Analytical Results. ............... 5-9
Radiological Analysis of Samples from On-Site Recharge Basins at BNL..........ccccccevceeriennne. 5-12
Water Quality Data for BNL On-Site Recharge Basin Samples.......ccccoeveerieriennieinieeneeenn, 5-14
Metals Analysis of Water Samples from BNL On-Site Recharge Basins. ........cccccccvevvernennne. 5-15

Radiological Results for Surface Water Samples from the Peconic and Carmans Rivers..... 5-20

Water Quality Data for Surface Water Samples Collected along the Peconic and
(@ T T T T YT SRR 5-21

Metals Analysis in Surface Water Samples Collected along the Peconic and
(@ T T T T A= T PP 5-22

New York State Threatened, Endangered, Exploitably Vulnerable, and Species of

Special CoNCEIN @t BNL. ..ottt ettt b e et e e b e b e nneesareas 6-2
Radiological Analyses of Deer Tissue (Flesh, Liver, BONE).......cccccvevieeceeeieecieesee e 6-10
Radiological Analyses of Fish from the Peconic River System. ........ccccceveeiieenenciiesieeeiee e 6-15

Metals Analyses of Fish from the Peconic River System and Carmans River, Lower Lake. .. 6-16

Pesticide and PCB Analyses of Fish from the Peconic River System and Carmans River,
LOWET LAKE. ... e s 6-22

XXVil 2007 SITE ENVIRONMENTAL REPORT

BROOKHFAVEN

NATIONAL LABORATORY



Table 6-6. Radiological Analyses of Aquatic Vegetation and Sediment from the Peconic River

and Carmans River System, LOWEr Lake. ......coouiiiiiiiiieciie et 6-24
Table 6-7. Metals Analyses of Aquatic Vegetation and Sediment from the Peconic River System

and Carmens RIVEr, LOWETE LAKE. ...uuueeeeiieieieeeeeeeee et e e e e e e e e e e e e e e e e e e e e nnnnes 6-25
Table 6-8. Radiological Analyses of Garden Vegetables, Grassy Vegetation, and Associated Soils. .... 6-27
Table 6-9. Metals Analyses of Basin SEAIMENT.......cccuiiiiiiiiiie e 6-28
Table 6-10. Semi-Volatile Organic Compounds Analyses of Basin Sediments. .........ccccceererceneenenieennenne 6-29
Table 7-1.  Summary of BNL Groundwater Monitoring Program, 2007. ........ccceccueeieeniieeieesieeseeeseeeneeenn 7-2
Table 7-2. Potable Well Radiological Analytical RESUILS. ......coceviiiiiiiiiiieiee e 7-7
Table 7-3. Potable Water Supply Wells Water Quality Data..........ccoceeiirieenerieeree e 7-8
Table 7-4. Total Metals Concentration Data for Potable Water Supply Well Samples. .......c.ccccveeveennenn. 7-9
Table 7-5. BNL Groundwater Remediation Systems Treatment Summary for 1997 through 2007...... 7-12
Table 8-1. On-Site Direct Ambient Radiation Measurements.........ccccerueireeiieniieerie e 8-4
Table 8-2. Off-Site Direct Radiation MeEasUrE€mMENTS. ........cceruiriiireerieeeere et e ee e sreeas 8-6
Table 8-3. Facility Area MONITOIING . ..coiiiiiieeee ettt s r e st e s seesneeesbeeeneennee s 8-7
Table 8-4. MEI Effective Dose Equivalent From Facilities or Routine Processes. .......c.cccoveerveeriereieennnennn 8-8
Table 8-5. BNL Sit€ DOSE SUMMAIY. ....ciiuiiiitieiiieitie ettt et seesse e sse e e se e saee e saeeease e sseeeseeeneeeneeeneenares 8-13

BROOKHAWEN 2007 SITE ENVIRONMENTAL REPORT xxviii

NATIONAL LABORATORY





