SRR-CWDA-2013-00058

Revision 1
Dose Calculation Methodology
for Liquid Waste Performance Assessments
at the Savannah River Site
July 2014

Prepared by: Savannah River Remediation LLC s R R ) Savannah River

Closure and Waste Disposal Authority ( Remediation
Alken’ SC 29808 A URS COMPANY TEAMED WITH BECHTEL | CH2M HILL | BEW | AREVA

Prepared for U.S. Department of Energy Under Contract No. DE-AC09-09SR22505



Dose Calculation Methodology for
Liquid Waste Performance Assessments
at the Savannah River Site

SRR-CWDA-2013-00058
Revision 1
July 2014

APPROVALS

Preparer:

Sy P hF—C

Steve Hommel
WDA Assessments
Savannah River Remediation LLC

Reviewers (per S4 ENG.51):

D g

Bavid Walkins
WDA Assessments
Savannah River Remediation LLC

Barry Lester
WDA Assessments
Savannah River Remediation LLC

Management Review:

e

Kent Rosenberger
WDA Assessments
Savannah River Remediation LLC

7/31/14

Date

/ f///y

Date

=~ /31/)Y

Date

9/9 /2014
"Dhte



Dose Calculation Methodology for SRR-CWDA-2013-00058
Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014

REVISION SUMMARY

DATE OF
REV. # DESCRIPTION ISSUE
0 Initial Issue 22 May 2013
1 Revisions to: 31 July 2014

e improve documentation of assumptions,

e improve documentation of parameter development,

e apply a more consistent approach to the development of
parameter values (e.g., ensure all parameter values
developed based on consistent application of
assumptions), and

e correct errors identified in Revision 0.




Dose Calculation Methodology for SRR-CWDA-2013-00058

Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014
TABLE OF CONTENTS
TABLE OF CONTENTS. ...ttt ettt et sttt et b et et e sttt seeenbeeneesneenee 4
LIST OF FIGURES ..ottt ettt sttt et enae s e seessaeseeseensessaensennnens 8
LIST OF TABLES ...ttt ettt sttt ettt st be ettt sbeenesanens 9
ACRONYMS/ABBREVIATIONS. ... .ottt sttt st 11
L.O00 INEEOAUCTION . ..cutiiiie ettt ettt et e ettt e s e et e et e ebeesaseenseesneeens 12

1.1 Human Receptor DEfINILIONS. ...........c.cccceeveeieieiieeieeieeeie et eee e saaeeneens 12
1.2 EXPOSUFE SCONANTOS. ......c..eveeeeiiee et et e e e e et e e e et eeeeanneeeens 14
1.3 Contaminant and Dose Process OVerview ..............cccccuceeieceniieniiieseeneee e 15
2.0  Methodology History and APProach ...........cccceeeeieeeiiieniiieeciie et 18
2.1 Guidance for Reading the FOrMUIAS.................cc.cccociviiiiiniiiiiiiiiieitet e 18
3.0  MOP at the 100-Meter Well Dose Pathways...........cceeeiieiieiiieniieiieeie e 20
3.1  MOP at the 100-Meter Well, Ingestion Dose Pathways ...............cccccccoeeveveeiineennnann. 20
3.1.1 Ingestion of Water (MOP at the 100-Meter Well)........cccoevieriiiiiiiiiiniiiieeieeee 21
3.1.2  Ingestion of Soil (MOP at the 100-Meter Well) ..........ccoceeiiiniiiniiiiiiieieieeee 22
3.1.3 Ingestion of Produce (MOP at the 100-Meter Well) ........cccevciieiiiiiiininniiiieee 24
3.1.4 Ingestion of Meat (MOP at the 100-Meter Well) ........ccccoeiiiniiiiiiniiiieeeiee 26
3.1.5 Ingestion of Milk (MOP at the 100-Meter Well).........ccoceeviiniiiniiniiieieiieeieee 28
3.1.6 Ingestion of Poultry (MOP at the 100-Meter Well).........cccccoerviinieniniiniincnicnnne 29
3.1.7 Ingestion of Egg (MOP at the 100-Meter Well) .......ccccooeviiniiiinicniniiniineccnene 30
3.1.8  Ingestion Of FiSh ....cooiiiiiiiiiie et 32

3.2 MOP at the 100-Meter Well, Direct Exposure Dose Pathways...............c.cc.ccccccoon... 32
3.2.1 Direct Exposure from Irrigated Soil (MOP at the 100-Meter Well)..........c..cccueueee. 33
3.2.2 Direct Exposure from Showering (MOP at the 100-Meter Well)...........cccceevvvennnn. 34
3.2.3 Direct Exposure from SWIMMING ........c.ccccoveeeriiieiiieniieeeieeeiee e 35
3.2.4 Direct Exposure from Boating..........ccccuveiiiiiiiiiiiiiieniieeciieecee e 35

3.3 MOP at the 100-Meter Well, Inhalation Dose Pathways ..............cccccccoueeeceeeiinennnnnann, 36
3.3.1 Inhalation of Water during Irrigation (MOP at the 100-Meter Well)....................... 37
3.3.2 Inhalation of Dust from Irrigated Soil (MOP at the 100-Meter Well)...................... 37
3.3.3 Inhalation during Showering (MOP at the 100-Meter Well).........cccccoveniinienennene 38
3.3.4 Inhalation during SWIMMING .......ccccecveririiiriinieiene et 39

4.0  MORP at the Stream Dose Pathways ..........ccccuieriiiiiiiiiieiieieeeeeeee e 41
4.1  MOP at the SL, Ingestion DoSe PAtRWQYS .............ccc.ccccueeveeeesiieeiieeeiiee e 41
4.1.1 Ingestion of Water (MOP at the SL)........cccovviriiiiiiiieiice e 42

Page 4 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058

Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014
4.1.2 Ingestion of S0il (MOP at the SL) ......cccieiiiiiiiiiieiee e 42
4.1.3 Ingestion of Produce (MOP at the SL) ....cccooviiiiiiiiiiiiieieceeeeeeee e 43
4.1.4 Ingestion of Meat (MOP at the SL) .....cccoeviiiiiiiiiiiiieieceee e 43
4.1.5 Ingestion of Milk (MOP at the SL)......cccceoviiiiiiiiiieiienieeeee e 44
4.1.6 Ingestion of Poultry (MOP at the SL)......ccceeiieriiiiiiieciee e 45
4.1.7 Ingestion of Egg (MOP at the SL) ......ccoiiiiiiiiiiiiiciieeeeeee e 45
4.1.8  In@estion OF FiSh .....cooiiiiiiiiiiiie e 46

4.2 MOP at the SL, Direct Exposure Dose PAthWays..............ccccccceevcueemiieeeiieeniieenneeenns 46
4.2.1 Direct Exposure from Irrigated Soil (MOP at the SL)......ccccccovieviieeeiiiecieeeieeee 46
4.2.2 Direct Exposure from Showering (MOP at the SL).........ccovveviiieiiieeieeeieeeeeee 47
4.2.3 Direct Exposure from SWImMMING ..........cccccveeeiiieriiieeniieenreeeseeeeseeeeeieeeeneeesveeesnnes 47
4.2.4 Direct Exposure from BOating..........ccccviiiiiiiiiiiiieiiie et 47

4.3 MOP at the SL, Inhalation Dose PAthwWays ..............cccccoueeieieioieiiianieie e, 47
4.3.1 Inhalation of Water during Irrigation (MOP at the SL).......cccceoviiviiinieniiieieieee, 48
4.3.2 Inhalation of Dust from Irrigated Soil (MOP at the SL).......cccccceeviiiviiiiieniieienen. 48
4.3.3 Inhalation during Showering (MOP at the SL).......cccccceriiiniiiiiiniiiieceeeee e, 49
4.3.4 Inhalation during SWIMIMING ..........cccveeruierieeriienieeiieeie et eteeiee e eseeeeeeessaeeseenenes 49

5.0  Acute THI DOSE PathWays .......ccccuieiiiiiiieiieiiicieeeie ettt eteesiveesveessneesaeseneens 50
5.1 Acute THI, Ingestion DoSe PAtRWAYS ...............cccoeveuieeiiieiiieeeiieeeiee e 50
5.2 Acute IHI, Direct Exposure Dose PathWays...............cccccccooeeueiveiiieenciiaiienieaiieeeenen 51
5.3 Acute IHI, Inhalation DoSe PAtAWAYS ............cccccoouiemiieeiiiieeiiieeciee e 52
6.0  Chronic THI D0S€ Pathways.........cccoeviieiiiiiiiiiecie ettt 54
6.1 Chronic IHI, Ingestion DoSe PAtRWQYS ...............cccoueeeeeeascieiiieeeiieeecieeeieeeae e 54
6.1.1 Ingestion of Water (Chronic THI) ........cccooviieiiiieiiiecieeceeeeeeeeee e 55
6.1.2 Ingestion of Soil (Chronic THI)......c.cccoouiiiiiiiieiiieieeee e 56
6.1.3 Ingestion of Produce (Chronic THI) .........cccvvieiiiiiiiiiieee e 57
6.1.4 Ingestion of Meat (Chronic THI) ........cccuvieiiiieiiiieieeeeeeeee e e 59
6.1.5 Ingestion of Milk (Chronic THI) .......cccviieiiiiiiieeeeeeeeeee e 61
6.1.6  Ingestion of Poultry (Chronic THI) ........ccccuiieeiiiiniiiiiieee e 63
6.1.7 Ingestion of Egg (Chronic THI)......c.cccoouiiiiiiieiiiiee e 66
6.1.8  Ingestion OFf FiSh ......coiiiiiiiiccee et e 68

6.2  Chronic IHI, Direct Exposure Dose PathWays...............cccccccovcemiieniiioinieeninienieeen 68
6.2.1 Direct Exposure from Irrigated Soil (Chronic THI) .........cccceeviiiiiiiiiiieiiieieeee 68
6.2.2 Direct Exposure from Showering (Chronic IHI) .........cccccoeviiniiiiiiiiiiieieieeieee 70
6.2.3 Direct Exposure from SWIMMING ..........ccccveviieiiierieiiiienieeieesreeniee e eieeseeeseesaneens 70

Page 5 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058

Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014
6.2.4 Direct Exposure from BOating...........ccceeeiiiriiiiiiinieiiieieeieesie e 70

6.3 Chronic Intruder Inhalation Dose PathWays...............ccceueeueeecieescieeiiieeeiee e 71
6.3.1 Inhalation of Water during Irrigation (Chronic THI).........cccccceviiviiiinciieniieeiee e, 71
6.3.2 Inhalation of Dust from Irrigated Soil (Chronic IHI) ........ccccooovviviiiiiiiiiiiieeee 72
6.3.3 Inhalation during Showering (Chronic THI) .........ccccooiiiiiiiiiiiiiieeeeeeee e 73
6.3.4 Inhalation during SWIMMING ........cc.eeeeiiieeriiieeriieeriieeeieeeseee et e esereesraeeeaaeesseeeenens 74

7.0 ParameEters . ....cco.uiiiiiiie et et s 75
7.1 Do0Se CONVEISION FACIOTS ..........cccuiiuiiiiiiiiiiiiiiic ettt 75
7.2 UPDLAKE PAVAMELEYS ...ttt e e 81
7.2.1 Human Uptake Parameters ..........cccoceeriiviiriiniiiiinienieectcieceseesie e 81
7.2.2  Other Uptake Parameters .........ccccecueriiriiiiiiriinieieneeneeeeeseee st 82

7.3 Transfer Coefficients for Biotic ACCUMUIALION .................ccoovveeeiiaiiiiiieieeieeeeeen 83
7.3.1 Soil-to-Plant Transfer CoeffiCients..........ccoevuirieriiriiiniieieceeceeeee e 85
7.3.2 Feed-to-Meat Transfer COeffiCIents. ........cevverueeiirieniirierieeeeee e 87
7.3.3  Feed-to-Milk Transfer CoeffiCients .........ccoevuerieriiriiinierieeieeeeeeeee e 89
7.3.4 Feed-to-Poultry Transfer Coefficients ..........cccevieeiieiieeiiieieeieeiecie e 89
7.3.5 Feed-to-Egg Transfer CoeffiCients ..........ccueviieriieiiieiiieieeeecie e 91
7.3.6  Water-to-Fish Transfer CoeffiCients .........ccoceveeriiriienieneiieeeeeeeeeee e 93

7.4 Exposure and Inhalation PArameters ...................ccccoovvuveeiiueeeieeesirieeeieeeeieeeeieee e, 95
7.5 PRYSICAl PAVAMEIETS ..ottt 97
7.5.1  Soil Buildup Parameters ...........cccceevuiieiienieiiieiie et cre et esieesteesiee v essaeennaens 97
7.5.2  Crop and Gardening Parameters ..........c.ccecveriieiiierieeiiienieeieesee e eseeereesvesseeseneens 98
7.5.3  Drilling Parameters .........ccccuieeuieiiieiiieiieeieeeieeieeeieesieeeveesteessaeenseesseesseessseensaesnsaens 99

7.6 Local Fraction (Productivity) PArameters ..................ccccocevueeecveesiueeeniieeesireeesseesnneeens 99
7.7 Distribution Coefficients (Kus).........ccoouvuuuimiiiiieiieeiieeie et 100
B0 COMNCIUSION ..ttt ettt et at e et e st e et e s et e e beesateenbeesaeeenseas 103
L ) 53 (3 1 SRS T PSPPSRI 104
APPENDIX A. ASSUMPTIONS ...ttt 108
APPENDIX B. DEVELOPMENT OF SELECT PARAMETERS.......ccoooiiiiiiiieeees 112
Bl.  Human Uptake Parameter: Water Consumption Rate ..................ccccocceevievincencennns 112
B2, Human Uptake Parameter: Soil and Dust Consumption Rate ................cc.cccoeeeu... 114
B3.  Human Uptake Parameter: Produce Consumption Rate...............c..cccccoccevcirccnacnnnn 114
B4.  Human Uptake Parameter: Meat Consumption Rate..................cccceceveevcveenieeennenann. 116
B5.  Human Uptake Parameter: Milk Consumption Rate..............c..ccccccccouveniivvinienicnnns 118

Page 6 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058

Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014
B6.  Human Uptake Parameter: Poultry Consumption Rate ..............cccccccoceeveveevievennenann. 120
B7. Human Uptake Parameter: Egg Consumption Rate..................cccccoccevveeriaoeniienennns 121
BS8.  Human Uptake Parameter: Fish CONSUMPLION .............ccccuveveueeeiciieeeiieeiieeeeieeesiieens 121
BY9.  Human Uptake Parameter: Inhalation Rate....................ccccccooenciiniiiiniiinininianns 123
B10.  Fraction of Time in GArden ...............c.cccccueieuieeiiiieeie et 124
Bl1.  Fraction of Time il SAOWET .............cccciiiioiiiiiiiiiiiiieteeet et 124
B12.  Fraction of Time SWIMING.............ccccveiiiieeieeeie ettt e e e eiaeesnee e 126
B13.  Fraction of Time Spent DFilling...............cccccociiviiiiiiiiiiiiiiiniiinee e 126
BI4.  WEIl DEPIN ...ttt et e e e e 126
Bl15.  Additional Internal DCFS .............ccccooiiiiiiiiiiiiiiii et 128
APPENDIX C. BIOSPHERE DOSE CONVERSION FACTORS FROM REVISED DOSE
CALCULATION METHODOLOGY ....ooittiiiieiiete ettt ettt sttt st 135
APPENDIX D. ASSESSMENT OF REVISED DOSE CALCULATION METHODOLOGY
ON EXISTING PAS AND SAS .ttt ettt e s 143
DI, FTF D0S€ COMPAYTSON .......ccueeiieiiiiiriiiiiiisiei ettt ettt 143
D2, HTF D0OS€ COMPATISON ........c.eeeiiiiaiiiieiie ettt ettt 145
D3, SDF D0S€ COMPATISON .......cc.ueevieiiiiiniiiiiiiiiieie ettt 145
D4.  Summary of Dose COMPATISONS ............ccccueiuiiiiiiiiiiieit ettt 148

Page 7 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058

Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014
LIST OF FIGURES
Figure 1-1: Contamination Process OVETVIEW .........c.cccuiiiieriiieiiieniieeiieenieeieeseveesieeseeeaeesnseeenas 15
Figure 1-2: Do0Se Pathway OVEIVIEW ......cc.uieeciiiiiiiieciieeciee ettt eiee e seeesveeesveeesaaeesseeesnnee e 17
Figure 7.3-1: Transfer Coefficient Data Development, Diagram 1...........ccceviieiieniienienieenen. 84
Figure 7.3-2: Transfer Coefficient Data Development, Diagram 2 ...........cccceeeeiveeiiieecieenneene 85
Figure B1-1: Total Water Ingestion Rate — Distribution Curve ..........ccceceeverienieneeiicneenennns 113
Figure B3-1: Total Produce Consumption Rate — Distribution Curve ...........ccccceeeeveeecrveennnenn. 116
Figure B4-1: Total Terrestrial Livestock Meat Consumption Rate — Distribution Curve......... 117
Figure B5-1: Total Milk Consumption Rate — Distribution Curve...........cccccvveevveeecrieencreeennnennn 119
Figure B8-1: Total Fish Consumption Rate — Distribution Curve..........cccoeceeevvienreeiieneeeneenne. 122
Figure B9-1: Human Inhalation Rate — Distribution Curve............cccceeeiveeniveenieeeieeeeeeeenn 124
Figure B11-1: Fraction of Time Spent Bathing or Showering — Distribution Curve................. 125
Figure B14-1: Well Depth Sampling CompariSOn..........c.ccecveeeriieerieeeniieerieeesieeeiveeeeveee e 128

Figure D1-1: 100-Meter MOP Dose Comparison Using Concentrations from the Tank 5 and 6
FTF Special Analysis, Evaluation Case (0-50,000 Years) ........cccccveerereeerveeennne. 144
Figure D1-2: 100-Meter MOP Dose Comparison Using Concentrations from the Tank 5 and 6
FTF Special Analysis, Composite Sensitivity Study (0-50,000 Years).............. 144
Figure D2-1: 100-Meter MOP Dose Comparison Using Concentrations from the HTF PA, Base
Case (0-50,000 YAIS) ..ecevrreerrrreeirieeeiiieesiiieesieeesteeesueeesseeessseeessseessseesseeessseens 145
Figure D3-1: 100-Meter MOP Dose Comparison Using Concentrations from the FY2013 SDF
Special Analysis, Evaluation Case (0-50,000 Years) ........ccccveevveeeruieencueeenneennns 146
Figure D3-2: 100-Meter MOP Dose Comparison Using Concentrations from the FY2014 SDF
Special Analysis, Evaluation Case (0-50,000 Years) ........ccccveevveeeruieeniuieenneennns 147

Page 8 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058

Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014
LIST OF TABLES
Table 1.0-1: Current Liquid Waste Performance ASSESSMENtS .........cceevverierieerienieneenieneeneenne 12
Table 1.1-1: Definition of Human Receptors ..........cccueeriiieiiiiiiiie et e 14
Table 2.1-1: Formula Nomenclature OVEIVIEW ..........cccerverieriiriinienienienitenieeie st 19
Table 7.1-1: Internal and External DCFS.......c.cooiiiiiiiiiiieeeeee e 76
Table 7.1-2: Radionuclides Assumed to be in Secular Equilibrium for Liquid Waste PAs........ 80
Table 7.2-1: Human Uptake Parameters...........cccviiiiiiiiiiieeeiieeciee et eveeesvee e 81
Table 7.2-2: Other Uptake Parameters..........cccueviieiiiiniiiiiieiieeieesiie ettt 82
Table 7.2-3: Uptake Fractions for Biotic RECEPLOTS ......cuvvevviiiriiiiiiieeciieeciee et 83
Table 7.3-1: Soil-to-Plant Transfer Coefficients (UNitless)........c.cccevvreeviieecieeeiieeeiieecieeeeieeeae 86
Table 7.3-2: Feed-to-Meat Transfer Coefficients (YI/KZ) ....ccoveeeveeerieeeriieeieeeieeeiee e 88
Table 7.3-3: Feed-to-Milk Transfer Coefficients (YI/L)......cccoocieviiniiieniieniieiecieeeeceeieeeine 90
Table 7.3-4: Feed-to-Poultry Transfer Coefficients (YI/Kg) ..c..eeeevveeeieieniieiiieeciee e 91
Table 7.3-5: Feed-to-Egg Transfer Coefficients (YI/Kg)......cceevvieriiiiiieniiiniienieeieeieeeee e 92
Table 7.3-6: Water-to-Fish Transfer Coefficients (L/KZ) .....ccceevvieeiiiieiiieeieecieeeeeeeee e 94
Table 7.4-1: Exposure and Inhalation Parameters ...........ccocveeiierieniiieniienieeiecieee e 95
Table 7.5-1: S01l Parameters. .........ooiuiiiiiiiiiiiieeiie ettt st et e 97
Table 7.5-2: Crop and Gardening Parameters...........ccccvevvieruieriieniieeiieiieeieeniee e esieeereeseneeneens 98
Table 7.5-3: Drilling Parameters........c.ceeiiieeiiiieiiee ettt estee et ereeeae e eeve e e aae e ssaeesree e e 99
Table 7.6-1: Recommended Fractional Values for Local Productivity ............cccceeeeivenieeneennen. 100
Table 7.7-1: Recommended Sandy Soil K; Values ........cccccccvveiiiiiiiiicieiecee e 101
Table 7.7-2: K, Variability in Sandy S0il.........ccceviiiiiiiiiiiiiieieiieeceee e 102
Table A-1: Description of Assumptions Supporting the Dose Calculation Methodology ........ 108

Table B1-1: Recommended Deterministic Values for Water Consumption Rates of Various
POPUIALIONS....ceciieeiie et e e 113

Table B2-1: Recommended Deterministic Values for Soil Consumption Rates of Various
POPUIALIONS....ccciiieeiiiece e e e 114

Table B3-1: Recommended Deterministic Values for Produce Consumption Rates of Various
POPUIALIONS....ceciiieeiiecee e e e 115

Table B4-1: Recommended Deterministic Values for Terrestrial Livestock Meat Consumption
Rates of Various Populations..........ccceccuveeeiieeniiiiiciieecieecee e 117

Table B5-1: Recommended Deterministic Values for Milk Consumption Rates of Various

Page 9 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058

Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014
POPULALIONS. ....eiiiiiieiieceee ettt ettt en 119
Table B6-1: Recommended Deterministic Values for Poultry Consumption Rates of Various
POPULALIONS. .....eiiiiiieiiecieee ettt ettt en 120
Table B7-1: Recommended Deterministic Values for Egg Consumption Rates of Various
POPULALIONS. ...ttt ettt et et eareen 121
Table B8-1: Recommended Deterministic Values for Fish Consumption Rates of Various
POPULALIONS.....eiiiiiieiieceee ettt ettt et enreen 122
Table B9-1: Recommended Deterministic Values for Human Inhalation Rates of Various
POPULALIONS. ...c.eiiiiiieiiecieee ettt ettt ens 123
Table B11-1: Recommended Deterministic Values for the Fraction of Time Spent Bathing or
Showering, Various PoOpulations............cceccueeiieniieniieniieieeieeeeee e 125
Table B12-1: Recommended Deterministic Values for the Fraction of Time Spent Swimming,
Various POPULAtioNS ........coeiieiiiiiieiieeie ettt 126
Table B15-1: Alternative Internal DCFS......c..cooiiiiiiiiiiie e 129
Table C-1: Biosphere Dose Conversion Factors for Ingestion Pathways for Select Radionuclides
............................................................................................................................. 136
Table C-2: Biosphere Dose Conversion Factors for Exposure and Inhalation Pathways for Select
RAAIONUCIIAES......eeeiieiiieiee et 139
Table D-1: Peak D0S€ COMPATISONS ......cceuveeiieriieeiieriieeiieeiieeteeseteeteeseeeeseessseeseessseenseesssessens 148

Page 10 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058
Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014

BDCF
DCF
DOE
EDF
EPA
FTF
GM
GSD
HTF
ICRP
IHI
INEEL
LADTAP
MOP
N/A
PA

SD
SDF
SL

TC

ACRONYMS/ABBREVIATIONS

Biosphere Dose Conversion Factor

Dose Conversion Factor

U.S. Department of Energy

Effective Dose Factor

U.S. Environmental Protection Agency

F-Tank Farm

Geometric Mean

Geometric Standard Deviation

H-Tank Farm

International Commission on Radiological Protection
Inadvertent Human Intruder

Idaho National Engineering and Environmental Laboratory
Liquid Annual Dose to All Persons

Member of the Public

Not Applicable

Performance Assessment

Standard Deviation

Saltstone Disposal Facility

Seepline (used to indicate stream water at the point of groundwater confluence)

Transfer Coefficient (or Transfer Factor)
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1.0 INTRODUCTION

The purpose of this report is to describe dose calculations and document recommendations for
dose calculation parameters for use in Liquid Waste performance assessments (PAs) at the U.S.
Department of Energy (DOE) Savannah River Site. The methodology described herein builds on
the dose calculations and methods applied within the current Liquid Waste PAs: the HTF PA, the
FTF PA, and the SDF PA. This methodology is not intended to invalidate or supersede existing
PAs, rather this report provides recommendations for process improvements based on recent
information and improved systemic understanding. Table 1.0-1 provides a list of each current
Liquid Waste PA.

Table 1.0-1: Current Liquid Waste Performance Assessments

Facility | Document ID Revision | Title
HTF SRR-CWDA-2010-00128 1 Performance Assessmeqt for the H-Area Tank
Farm at the Savannah River Site
FTF SRS-REG-2007-00002 1 Performance Agsessmpnt for the F-Tank Farm at
the Savannah River Site
SDF SRR-CWDA-2009-00017 0 Performance Assessment for the Saltstone

Disposal Facility at the Savannah River Site

The calculations described in this report may be used to determine radiological doses to two
types of hypothetical receptors: the Member of the Public (MOP) and the Inadvertent Human
Intruder (IHI). These receptors receive dose via exposure pathways. A set of exposure pathways
that contribute to dose is called an exposure scenario.

Sections 1.1, 1.2, and 1.3 below, provide a high-level definition of the human receptors,
description of the exposure scenarios that are assumed in this dose calculation methodology, and
an overview of the contaminant and dose processes, respectively. Section 2 of this report
provides an overview of the methodology described herein and a brief history of the evolution of
Liquid Waste PA dose calculations. Section 2.1 is a primer for reading the equations contained
within this report. Sections 3 through 6 provide all of the dose equations needed to determine
doses based on each exposure scenario. Finally, Section 7 provides a complete listing of
recommended parameter values and distributions to use in future dose calculations.

Appendix A describes the various assumptions that were applied to ensure that this methodology
is internally consistent. Appendix B provides additional details of the development for select
parameters, providing additional transparency and traceability. Appendix C provides biosphere
dose conversion factors (BDCFs) that result from applying the dose methodology defined here to
unit concentrations (i.e., 1.0 pCi/L for each radionuclide). Appendix D compares dose results
from previous dose methodologies to this revised approach.

1.1  Human Receptor Definitions

The two hypothetical human dose receptors discussed in this report are the MOP and the IHI.
These receptors were developed according to guidance provided in DOE Guide 435.1-1, Section
IV.P.(2).
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“[P]erformance measures ... shall be based on reasonable activities in the critical group
of exposed individuals. Unless otherwise specified, the assumption of average living
habits and exposure conditions in representative critical groups of individuals projected
to receive the highest doses is appropriate.”

The guide defines the critical group as “the portion of the exposed population likely to receive
the highest dose”. For the purpose of this dose methodology, the critical group for the MOP
shall be defined as typical persons who use water from a contaminated well (either along the
100-meter boundary of the source of the contamination or at the nearest downgradient stream).
Similarly, the critical group for the IHI shall be defined typical persons who use water from a
contaminated well is within the 100-meter boundary of the source of the contamination.

Additionally, DOE Guide 435.1-1 also indicates that performance assessments “shall use DOE-
approved coefficients (dose conversion factors) for internal and external exposure of reference
adults.” The latest DOE-approved dose coefficients are found within the DOE Standard:
Derived Concentration Technical Standard. [DOE-STD-1196-2011] This DOE technical
standard further explains that the dose coefficients were developed based upon the concept of a
“Reference Person” using age- and gender- dependent intake rates for ingestion of water and
inhalation of air. Therefore, rather than assuming adult-specific values, the critical group shall
be interpreted as being an age- and gender- weighted Reference Person.

The MOP and IHI are both assumed to be “typical” future persons, as defined by Site Specific
Reference Person Parameters and Derived Concentration Standards for the Savannah River
Site:

“The typical person is a hypothetical reference person that is typical of the entire
population group and it is established at the 50th percentile (median) of the national
data... The median (as opposed to the mean) is better suited for skewed distributions,
which are typical for human intake rates, to derive at central tendency since it is much
more robust and sensible.” [SRNL-STI-2013-00115]

Using median data is also consistent with the DOE Standard: Derived Concentration Technical
Standard which used median data to derive the applicable dose coefficients. [DOE-STD-1196-
2011]

Table 1.1-1 summarizes the definition of each human receptor.
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Table 1.1-1: Definition of Human Receptors

Characteristic MOP IHI
Demographic of Age- and Gender- Weighted Reference Person
Receptor
Location of At the 100-meter boundary
-OR - Within the 100-meter boundary
Receptor

At the nearest downgradient stream

Behaviors of the

Receptor Typical (median) living habits

1.2 Exposure Scenarios

For dose calculations, two MOP exposure scenarios are considered: (1) the MOP at the 100-
Meter Well and (2) the MOP at the Stream. The MOP at the 100-Meter Well is a modeling
scenario that assumes the MOP uses water from a well that has been drilled 100 meters away
from the contaminated source. The MOP uses the contaminated water in a number of ways (e.g.,
as a drinking source, for showering, for irrigating crops, etc.). Section 3 provides the
recommended dose methodology for calculating dose to the MOP at the 100-Meter Well.

The MOP at the Stream is a similar modeling scenario, however the contaminated water source
is from a stream that is down-gradient from the contaminated source. Section 4 provides the
recommended dose methodology for calculating dose to the MOP at the Stream.

The IHI is an assumed future person who lives at or very near the contaminated source and uses
water from a well that has been drilled within the 100-meter boundary of the facility. For dose
calculations, two IHI scenarios are considered: (1) the Acute IHI and (2) the Chronic IHI. The
Acute [HI scenario assumes that the IHI receptor is the driller of the 1-meter well. The acute IHI
receptor comes into direct contact with contaminated drill cuttings for a relatively short amount
of time. Section 5 provides the recommended dose methodology for calculating dose to the
Acute IHI.

The Chronic IHI scenario is similar to the MOP scenarios but includes contributions from the
contaminated drill cuttings as well as the higher concentrations of contaminants from the closer
well. Section 6 provides the recommended dose methodology for calculating dose to the
Chronic IHI.

Note that upon closure of liquid waste facilities, the stabilized contaminant materials will be
protected by significant, long lasting materials which are clearly distinguishable from the
surrounding soil and make drilling an improbable scenario based on regional drilling practices.
Regional drilling conditions are such that a well driller would stop operations and move their
drilling location upon encountering barriers, such as the closure cap erosion barrier, steel or
concrete roof, or grout. As such, modeling scenarios which incorporate contaminant
concentrations from drill cutting pulled directly from the waste form do not reflect expected
future conditions but are provided as alternative scenarios used to inform decision-making.
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1.3 Contaminant and Dose Process Overview

Figure 1-1 illustrates the process through which contaminants may be collected into the
biosphere (i.e., received by the MOP or IHI receptors). Once the contaminated media interacts
with the environmental collectors (i.e., soil, air, well water, and surface water), the radioactive
material then becomes accessible for accumulation and uptake within the biosphere where it
becomes a dose risk.

Figure 1-1: Contamination Process Overview

Facility
Source (FTF, HTF
or SDF)
\ v
Modes of Release \(la Drill Groundwater
Release Intrusion Release
(Acute and Chronic IHI) (MOP and Chronic IHI)
9
%‘.
ve Flow
. . . A 4 A 4
Contaminated Drill Cuttings Seepline
Media (Acute and Chronic IHI) Well(s) .
Discharge
w)
O
b= \ 4 v
= Well Water -1 | Surface Water -
(=] 1 1
i s
Collectors Soil Irrigation i E
(MOP and < 1 i
- ] 1
ChromcIIHI only) . i Vaporization i
P Air e
Aerosol

FTF = F-Tank Farm
HTF = H-Tank Farm
SDF = Saltstone Disposal Facility

For the purposes of liquid waste performance assessments at the Savannah River Site, the MOP
and THI receptors are expected to receive dose from various dose pathways. At a high level, all
the dose pathways fall into three categories: the ingestion dose pathway, the inhalation dose
pathway, and the external exposure dose pathways. The total dose to the MOP or the IHI is the
sum of the dose from each of these dose pathway categories.
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The calculations herein define each of these pathways and provide calculations for determining
dose impacts for specific pathways that provide input to the three dose pathway categories.
Figure 1-2 illustrates the various pathways through which a human receptor receives a dose.

Sections 3 through 6 provide descriptions of how each of these pathways are applied for
determining dose based on the exposure scenarios discussed in Section 1.2. Included in the
discussion are details of which environmental collectors (i.e., soil, air, well water, and surface
water) are used as inputs to each pathway.

Dose pathways that are not included are considered negligible or non-applicable. For example,
the ingestion of contaminated grains and cereals is non-applicable because it is assumed, based
on current land usage in the area, that only fruits and vegetables will be grown at the Savannah
River Site.
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Figure 1-2: Dose Pathway Overview
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* Pathways related to drill cuttings only apply to IHI scenarios.
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20 METHODOLOGY HISTORY AND APPROACH

The methodology described herein builds on the dose calculation methods applied within the
current Liquid Waste PAs (as listed in Table 1.0-1). The equations are generally based on
equations found in the Liquid Annual Dose to All Persons (LADTAP) model or in the PA for the
Idaho National Engineering and Environmental Laboratory (INEEL) Tank Farm. [WSRC-STI-
2006-00123, DOE/ID-10966] While these documents were used as guides for the formulas,
ultimately the basis for all the formulas can be traced to Regulatory Guide 1.109.

The major differences in the methods described herein relative to the current Liquid Waste PAs
are:

(1) Previous input parameters sometimes applied values that were specific to adults (or adult
groups), rather than using the more appropriate age- and gender- weighted values as is
consistent with the definition of the critical group (as given in Section 1.1);

(2) The vegetable ingestion pathway has been modified to include the ingestion of both fruit
and vegetables and redefined as a “produce” or “plant” ingestion pathway;

(3) The poultry and egg ingestion pathways have been updated to conservatively include the
uptake of soil with the fodder;

(4) For meat, milk, poultry, and egg ingestion pathways, the chronic IHI dose scenario has
been updated to incorporate the effects of contaminants from drill cuttings being taken up
by fodder that is then ingested by terrestrial livestock and poultry;

(5) The soil exposure and dust inhalation pathways for the chronic IHI dose scenario have
been updated to incorporate the effects of contaminants from drill cuttings distributed
into a local garden;

(6) A pathway for external water exposure while showering or bathing has been added.

(7) The leafy vegetable retention fraction for iodine was corrected (from 0.25 to 1.0) to
reflect the footnote from Table 3-2 of the reference document. [WSRC-STI-2007-00004,
Rev. 4]

(8) Recommendations for updated input parameter values are provided based on the recent
Exposure Factors Handbook prepared by the U.S. Environmental Protection Agency
(EPA) and information from related literature reviews. [EPA-600-R-090-052F]

The differences identified above as items 1 through 7 are generally expected to increase dose
results; however the new recommended parameter values (item 8) are generally expected to
reduce the dose results. Appendices C and D incorporate all items (1 through 8), applying the
dose methodology described within this report to the contaminant concentrations from current
Liquid Waste PAs to assess the overall impact of these changes.

2.1  Guidance for Reading the Formulas

Due to the large number of equations provided within this report, Table 2.1-1 is provided as a
primer to introduce readers to some of the naming conventions used within the formulas. This
table doesn’t include all of the formula nomenclature used within this report, as each equation
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provides an adequate description of each parameter. Instead, this table provides examples of the
more commonly used terms as an introduction.

Table 2.1-1: Formula Nomenclature Overview

Formula Symbol
(example)

Description

CSL

C denotes concentration. Concentrations are expressed as pCi/L or kg/L. The subscript
following the C provides additional information to the reader about which concentration is
being expressed in the formula. In this example, the concentration in stream water at the
seepline (SL) is shown.

DMOP ,100

D denotes dose. Typically doses shall be expressed as mrem/yr, except for acute doses,
which are expressed as mrem. The subscript following the D provides additional information
to the reader about what type of dose pathway is being expressed in the formula. In this
example, the total dose to the MOP receptor at the 100-meter well is shown.

DCF

ing

DCF denotes a dose conversion factor (DCF). DCFs are used to convert activities to dose
and are expressed as mrem/pCi. Because the human body responds to different radionuclides
in different ways, based on the exposure pathway (i.e., ingestion, inhalation, and external
exposure), DCFs are pathway-specific. This is the DCF for human ingestion.

EDF

H 20ing

EDF denotes the effective dose factor (EDF). EDFs are typically expressed as
(Lxmrem)/(pCixyr) such that multiplying the EDF by the concentration gives the dose. For
acute doses, the EDFs are expressed as (Lxmrem)/(pCi). This example expressed the EDF
for water ingestion.

wash

F denotes a fraction. Fractions are unitless values from 0 to 1. In dose formulas fractions are
used to modify the equations based on the influences of various factors. The example shown
here is used to modify the produce dose by applying the fraction of material deposited on
leaves that is retained after washing.

0 fod ,MEAT

QO denotes animal consumption (or uptake) of water, fodder, or soil. Typically, this is
expressed as L/d or kg/d. This example shows the consumption of fodder by sources of meat
(i.e., terrestrial livestock meat such as beef, pork, etc.).

TCEGG

TC denotes transfer coefficients (TC) or transfer factors. These are expressed as d/kg or d/L.
Transfer coefficients represent the uptake of contaminants through various pathways. These
are element-specific values. This example shows the transfer coefficient for eggs, which is
used to convert consumed (or uptake) mass into a unitless multiplier.

US OIL

U denotes human consumption or uptake and is expressed as this is expressed as L/d or kg/d.
This example is used to express the inadvertent consumption of soil and dust used in the
ingestion pathway dose equations.
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3.0 MOP AT THE 100-METER WELL DOSE PATHWAYS

The following MOP exposure pathways were used in calculating the dose to the MOP receptor
with 100-meter well water as a primary water source. The stream is a secondary water source for
the pathways involving swimming, boating, and fish ingestion. All transfer times are assumed to
be negligible due to the long-term analysis of the PAs. Unit conversions are not explicitly stated
in the equations, but are implied.

The dose to the MOP at the 100-meter well is determined according to Equation 3-1:

DMOP,IOO = DM()P,IOO,ing + DMOP,IOO,exp + DM()P,]OO,inh (Eq' 3_ 1)
where:
D yop 100 = total dose to the MOP at the 100-meter well (mrem/yr)
D yop 00 ing = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion (see Equation 3.1-1)
D y0p 100 exp = dose to the MOP at the 100-meter well (mrem/yr) due to exposure (see Equation 3.2-1)
D 00 100, in = dose to the MOP at the 100-meter well (mrem/yr) due to inhalation (see Equation 3.3-1)

3.1 MOP at the 100-Meter Well, Ingestion Dose Pathways

The following text defines the parameter D from Equation 3-1. The ingestion dose to

MOP ,100 ,ing

the MOP at the 100-meter well is determined according to Equation 3.1-1:

Do 100.ns = Prtor.100.1120mg T Patop.100.s01ing + Prior.100,pLating
+ DMOP,IOO,MEATing + DMOP,IOO,M[LKing + DMOP,IOO,POULTRYing (Eq. 3.1-1)
+ DMOP,IOO,EGGing + DSL,FISHing
where:
D y0p 100.ng = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion
D 1o 1001120 = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of water from
T the 100-meter well
D yviop 100 501Ling = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of soil that has
T been irrigated with water from the 100-meter well
D 100 100 pLaNTIng = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of produce
T (both fruits and vegetables) irrigated from the 100-meter well water
D = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of meat (i.e.,

MOP ,100 ,MEATing . .
" terrestrial livestock meat such as beef, pork, veal, etc.) that eats fodder watered by
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and drinks water from the 100-meter well

D ior 100 MiLKing = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of milk that
T comes from livestock that eats fodder watered by and drinks water from the 100-
meter well
D = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of poultry

MOP ,100,POULTRYi . . . .
" (including chicken, turkey, etc.) that eats fodder watered by and drinks water from

the 100-meter well

D viop 100 £GGine = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of eggs that
e come from poultry that eats fodder watered by and drinks water from the 100-
meter well
D = dose (mrem/yr) due to ingestion of fish that came from stream water near the

SL ,FISHing .
contaminated SL

Note that the equations described below conservatively assume instant transport and preparation
of foods. For example, rather than modeling a lag period of a few days from the time that meat
is slaughtered until it is consumed, the meat is consumed instantly. Given the relatively long
durations considered for Liquid Waste PA modeling, this conservative assumption is expected to
have a negligible impact on results.

3.1.1 Ingestion of Water (MOP at the 100-Meter Well)

The exposure pathway for water ingestion assumes the MOP receptor uses a well as a
drinking water source that is located 100 meters from the contaminated source. The
incidental ingestion of water from showering and during recreational activities is assumed
negligible when compared to ingestion of drinking water. The dose from consumption of
drinking water shall be calculated according to Equation 3.1-2:

(Eq. 3.1-2)

DMOP,IOO,HZOing = CGW,IOO X EDFHZOing

where:

D y0p 100.1120img = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of water
T from the 100-meter well

Cow 100 = radionuclide concentration in groundwater from the 100-meter well (pCi/L), as
' determined from an appropriate contaminant transport model
EDF ,,, Oing = effective dose factor for ingestion of contaminated groundwater

(Lxmrem)/(pCixyr), defined in Equation 3.1-2a, below

The EDF for ingestion of drinking water shall be calculated as:
EDF 11506 =U o XDCFing X Flpeal 1120 (Eq. 3.1-2a)

where:
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EDFHZOMg = effective dose factor for ingestion of contaminated groundwater
(Lxmrem)/(pCixyr)
UH20 = human consumption rate of water (L/yr), Table 7.2-1
DCF ,, = dose conversion factor for ingestion of contaminated groundwater (mrem/pCi),
¢ Table 7.1-1
F oot 1120 = fraction of consumed water that comes from the local water source (unitless),
' Table 7.6-1

3.1.2 Ingestion of Soil (MOP at the 100-Meter Well)

The soil ingestion pathway assumes the soil is irrigated with groundwater from the 100-meter
well and the MOP receptor in turn consumes the contaminated soil. This formula was
derived following the approach of the previous pathway calculations. A soil buildup factor
was applied to account for the buildup of radionuclide concentration in the soil from
successive years of irrigation. The radionuclide concentration in the soil and the dose is
calculated using the following formula:

D = Cop 100 X EDF g0, (Eq.3.1-3)

MOP ,100,SOILing

where:

D 10p 100 501Ling = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of soil that
T has been irrigated with water from the 100-meter well

Cow 100 = radionuclide concentration in groundwater from the 100-meter well (pCi/L),
' as determined from an appropriate contaminant transport model
EDF g1, = effective dose factor for ingestion of soil contaminated by groundwater

(Lxmrem)/(pCixyr), defined in Equation 3.1-3a, below

The EDF for soil ingestion shall be calculated as:

EDF soy10 = SOIL x 1y x DCF,, XU 50y, (Eq. 3.1-3a)
where:

EDF OlLing = effective dose factor for ingestion of soil contaminated by groundwater
(Lxmrem)/(pCixyr)

SOIL = radionuclide deposition and buildup rate in the soil ((m*xyr)/kg) as defined by
equations 3.1-3b and 3.1-3c, below

]RF = functional irrigation rate (m/yr) as defined by Equation 3.1-3d, below

DCF = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1

ing

Page 22 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058

Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014
USO]L = human consumption rate of soil (kg/yr), Table 7.2-1

The SOIL parameter from Equation 3.1-3a (above) is defined as follows:
(1 _ e—(ﬂﬁh ) )

SOIL = (Eq. 3.1-3b)
P s X (ﬂ“t + /IL )
where:
SOIL = radionuclide deposition and buildup rate in the soil ((m*xyr)/kg)
Ai = radiological decay constant (1/yr) [In(2)/half-life of radionuclide ]
AL = leachate impact on buildup of radionuclides in soil (1/yr), as described in
Equation 3.1-3¢c
t = buildup time of radionuclides in soil (yr), Table 7.5-1
P = surface soil density (kg/m?), Table 7.5-1
Ss
Equation 3.1-3b uses:
PR+1,. —ER
L= AE (Eq. 3.1-3¢)
d gy X (M Cyu % ps x Kd, )
where:
AL = leachate impact on buildup of radionuclides in soil (1/yr)
PR = precipitation rate (m/yr), Table 7.5-1
]RF = functional irrigation rate (m/yr) as defined by Equation 3.1-3d, below
ER = evapotranspiration rate (m/yr), Table 7.5-1
dt'” = depth of tilling for agriculture or gardening (m), Table 7.5-2
MC ; = soil moisture content (unitless), Table 7.5-1
D = dry bulk density of soil (kg/m’), Table 7.5-1
Kd = soil distribution coefficients for radionuclide i (L/kg), Table 7.7-1

i

The functional irrigation rate /. from Equations 3.1-3a and 3.1-3c is defined as:

Page 23 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058

Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014
I =(IRxF,) (Eq. 3.1-3d)
where:
Ly = functional irrigation rate (m/yr)
IR = irrigation rate (m/yr), Table 7.5-1

A = fraction of the time produce is irrigated (unitless), Table 7.5-2
Note that the soil buildup equation (Eq. 3.1-3b) accounts for radiological decay (with the

radiological decay constant: 4;). However, as a modeling simplification this equation does
not account for radiological ingrowthnor the removal of mass due to weathering.

3.1.3 Ingestion of Produce (MOP at the 100-Meter Well)

The dose to the MOP receptor from ingestion of contaminated produce (including leafy
vegetables, other vegetables, and fruit) is calculated assuming two contamination exposure
pathways: (1) direct deposition of contaminated irrigation water on plants and (2) root uptake
of contaminated irrigation water in soil. The irrigation water is from the 100-meter well.
The dose is calculated using Equation 3.1-4:

DMOP,lOO,PLANT[ng = CGW,IOO x EDFPLANTing x Flocal ,PLANT (Eq' 3'1'4)
where:

D y0p 100 pLANTing = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of produce
T (both fruits and vegetables) irrigated from the 100-meter well water

Cow 100 = radionuclide concentration in groundwater from the 100-meter well (pCi/L),
' as determined from an appropriate contaminant transport model
EDF 1, inrim = effective dose factor for ingestion of plants contaminated by groundwater
¢ (Lxmrem)/(pCixyr), defined in Equation 3.1-4a, below
F oo pLant = fraction of consumed produce grown locally (unitless), Table 7.6-1

The EDF for MOP plant ingestion shall be calculated as:

EDFPLANTing =L pp X B, xU,p % DCFing (Eq 3'1'43)
where:
EDF o, v = effective dose factor for ingestion of plants contaminated by groundwater
¢ (Lxmrem)/(pCixyr)
IRF = functional irrigation rate (m/yr) as defined by Equation 3.1-3d, above

Page 24 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058

Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014
P = radionuclide uptake, deposition and retention rate in plants ((m*x<yr)/kg), as

defined in Equation 3.1-4b, below

UP = human consumption rate of plants or produce (kg/yr), Table 7.2-1

DCF = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1

ing

The plant intake parameter P, from Equation 3.1-4a is defined as:

P, =(LEAFxF, xF,,,)+ ROOT (Eq. 3.1-4b)
where:
P. = radionuclide uptake, deposition and retention rate in plants ((m*xyr)/kg)
LEAF = radionuclide deposition and retention rate on produce leaves ((m*xyr)/kg), as
defined in Equation 3.1-4c, below

Fl ’ = fraction of produce that is leafy (unitless), Table 7.5-2

eaq,
F = fraction of material deposited on leaves that is retained after washing

wash (unitless), Table 7.5-2
ROOT = radionuclide uptake through produce roots ((m*xyr)/kg), as defined in

Equation 3.1-4d, below

The LEAF and ROOT parameters from Equation 3.1-4b are defined by the following
equations, where:

Fxlize )

LEAF = (Eq. 3.1-4c)
Y x4
g e
where:
LEAF = radionuclide deposition and retention rate on the produce leaves ((m’xyr)/kg)
F = fraction of material deposited on leaves that is retained (unitless), Table 7.5-2
\
A = weathering and radiological decay constant (1/yr), as defined in Equation 3.1-
¢ 4e, below
¢ = time produce is exposed to irrigation (yr), Table 7.5-2
Y = crop and garden production yield (kg/m?), Table 7.5-2
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and:
ROOT=(F,,, xRy, x SOIL)+(F, .., % Ry, x SOIL) (Eq. 3.1-4d)
where:
Eeaf_ = fraction of produce that is leafy, Table 7.5-2
ronleaf = fraction of produce that is not leafy (1.0 — Fj,)

ROOT = radionuclide uptake through produce roots ((m*xyr)/kg)

R, = soil to vegetation ratio (unitless), Table 7.3-1

SOIL = radionuclide deposition and ((m*xyr)/kg), as defined in Equation 3.1-3b,

above

Finally, the weathering and radiological decay parameter A, from Equation 3.1-4c is defined

as:
A=A +A, (Eq. 3.1-4e)
where:
le = weathering and radiological decay constant (1/yr)
/11_ = rladiological decay constant (1/yr) [In(2)/half-life of radionuclide ], Table 7.5-
y) = weathering decay constant (1/yr), Table 7.5-1

3.1.4 Ingestion of Meat (MOP at the 100-Meter Well)

The meat ingestion pathway assumes that terrestrial livestock drinks contaminated stock
water and consumes fodder irrigated with contaminated water. The stock water and
irrigation water is from the 100-meter well. The fodder is contaminated from direct
deposition of contaminated irrigation water on plants and from deposition of contaminated
irrigation water in soil followed by root uptake by plants. The buildup of radionuclide
concentration in the soil from successive years of irrigation is accounted for. The
radionuclide concentration in fodder from deposition and root uptake is calculated as well.

For the purpose of this calculation, meat (or terrestrial livestock) includes all meat that is not
classified as poultry or fish. This includes beef, pork, veal, and other game.
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After livestock consumes contaminated water and fodder, the MOP receptor consumes the
contaminated meat. The dose from ingesting contaminated meat is calculated using the
following formula:

D viop 100 MEATIng = Cow 100 X EDF \ipiting X Frocat mear (Eq. 3.1-5)
where:
= dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of meat

(i.e., terrestrial livestock meat such as beef, pork, veal, etc.) that eats fodder
watered by and drinks water from the 100-meter well

DMOP ,100,MEATing

Cow 100 = radionuclide concentration in groundwater from the 100-meter well (pCi/L),
' as determined from an appropriate contaminant transport model
EDF ., Ting = effective dose factor for ingestion of terrestrial livestock meat contaminated
by groundwater (Lxmrem)/(pCixyr), as defined in Equation 3.1-5a, below
F ot viiar = fraction of terrestrial livestock raised locally (unitless), Table 7.6-1

The EDF for meat ingestion shall be calculated as:

EDF,\ 14110 :( w20meaT T (FOd XD i MEAT XFﬁ;d,MEAT)) (Eq. 3.1-5a)
XTCyar XU pppar XDCF;ng o
where:

EDF ., Ting = effective dose factor for ingestion of terrestrial livestock meat contaminated
by groundwater (Lxmrem)/(pCixyr)

Q120 4t = consumption rate of water by terrestrial livestock (L/yr), Table 7.2-2

Fod = terrestrial livestock or poultry intake of contaminated feed/fodder (m*/kg), as
defined in Equation 3.1-5b, below

O i wipar = consumption rate of fodder by terrestrial livestock (kg/yr), Table 7.2-2

F g vigar = fraction of terrestrial livestock intake from field/pasture that is irrigated with
water from the contaminated well (unitless), Table 7.2-3

TC = transfer coefficient for terrestrial livestock (including beef, pork, veal, etc.)

MEAT (yr/kg), Table 7.3-2
U = human consumption rate of meat (i.e., terrestrial livestock meat such as beef,
MEAT pork, veal, etc.) (kg/yr), Table 7.2-1
DCF = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1

ing
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The Fod parameter from Equation 3.1-5a is defined by Equation 3.1-5b. This equation also
uses equations 3.1-3d and 3.1-4b, as follows:

Fod=1,,xP, (Eq. 3.1-5b)
where:
Fod = terrestrial livestock or poultry intake of contaminated feed/fodder (m*/kg)
IRF = functional irrigation rate (m/yr) as defined by Equation 3.1-3d, above

= radionuclide uptake and deposition and retention rate in plants ((m*xyr)/kg),
as defined in Equation 3.1-4b, above

3.1.5 Ingestion of Milk (MOP at the 100-Meter Well)

After milk cows (or other milk-producing livestock) consume contaminated water and
fodder, the MOP receptor consumes the contaminated milk. The dose from ingestion of
contaminated milk is calculated using the following formula:

D x F

local ,MILK

= Copy 100 X EDF (Eq. 3.1-6)

MOP ,100 ,MILKing MILKing

where:

D yiop 100 MiLKin = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of milk that
T ¢ comes from livestock that eats fodder watered by and drinks water from the
100-meter well

Cow 100 = radionuclide concentration in groundwater from the 100-meter well (pCi/L),
' as determined from an appropriate contaminant transport model
EDF 10 = effective dose factor for ingestion of milk contaminated by groundwater
(Lxmrem)/(pCixyr), as defined in Equation 3.1-6a, below
F = fraction of milk-producing livestock raised locally (unitless), Table 7.6-1

local ,MILK

The EDF for milk ingestion shall be calculated as:
EDF, MILKing — ( wromik (F od x Qﬁ;d,M[LK xF fod MILK ))

U (Eq. 3.1-6a)
XTC) i % (ﬂj x DCF,,,
milk
where:
EDF e = effective dose factor for ingestion of milk contaminated by groundwater
¢ (Lxmrem)/(pCixyr)
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0120wk = consumption rate of water by milk producing livestock (L/yr), Table 7.2-2

Fod = terrestrial livestock or poultry intake of contaminated feed/fodder (m*/kg), as
defined in Equation 3.1-5b, above

O ot vk = consumption rate of fodder by milk producing livestock (kg/yr), Table 7.2-2

F i sk = fraction of milk-producing livestock fodder consumption from field/pasture
o that is irrigated with water from the contaminated well (unitless), Table 7.2-3

= Transfer coefficient for milk (yr/L), Table 7.3-3

T CMILK (yrL)

UM[LK = human consumption rate of milk (kg/yr), Table 7.2-1

Yo, = milk density (kg/L) , Table 7.2-1 (table note)
milk

DCF = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1

ing

3.1.6 Ingestion of Poultry (MOP at the 100-Meter Well)

The poultry and egg exposure pathways assume poultry and egg-producing livestock drink
contaminated stock water and consume fodder irrigated with contaminated water. The stock
water and irrigation water is from the 100-meter well. The fodder is contaminated from
direct deposition of contaminated irrigation water on plants and from deposition of
contaminated irrigation water in soil followed by root uptake by plants. For conservatism, it
is also assumed that poultry directly ingest contaminated soil in addition to the stock water
and fodder. The dose from ingestion of contaminated poultry is calculated using the
following formula:

D yvop 100 PovitrYing = Cow 100 % EDF povirrying X Flocar poviry (Eq. 3.1-7)

where:

D ior 100 POULTRYing = dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of poultry
T (including chicken, turkey, etc.) that eats fodder watered by and drinks water
from the 100-meter well

Cow 100 = radionuclide concentration in groundwater from the 100-meter well (pCi/L),
| as determined from an appropriate contaminant transport model
EDF 1001 1rying = effective dose factor for ingestion of poultry contaminated by groundwater
(Lxmrem)/(pCixyr), as defined in Equation 3.1-7a, below
F = fraction of poultry raised locally (unitless), Table 7.6-1

local ,POULTRY

The EDF for poultry ingestion shall be calculated as:
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QHZO,POULTRY + (FOd x Qfod,POULTRY X Ffod,POULTRY )

EPErourmmne =| | (sorx 1 F ) Eq.3.1-7

+ X RF x QSOIL,POULTRY X SOIL,POULTRY ( q -1 a)
x TCPOULTRY x UPOULTRY x DCEng
where:
EDF 1001 1rying = effective dose factor for ingestion of poultry contaminated by groundwater

(Lxmrem)/(pCixyr)

QH 20,POULTRY

Fod

Q fod ,POULTRY

F

= consumption rate of water by poultry (L/yr), Table 7.2-2

terrestrial livestock or poultry intake of contaminated feed/fodder (m’/kg), as
defined in Equation 3.1-5b, above

consumption rate of fodder consumed by poultry (kg/yr), Table 7.2-2

fraction of poultry fodder consumption from field/pasture that is irrigated

d ,POULTRY . . .
% with water from the contaminated well (unitless), Table 7.2-3

SOIL = radionuclide deposition and buildup rate in the soil (m*xyr)/kg) as defined
by Equation 3.1-3b

[RF = functional irrigation rate (m/yr) as defined by Equation 3.1-3d, above

Oson rovirmy = consumption rate of soil by poultry (kg/yr), Table 7.2-2

Fsou roviiry = fraction of poultry soil intake from field/pasture that is irrigated with water
' from the contaminated well (unitless), Table 7.2-3

TC ppuiny = transfer coefficient for poultry (yr/kg), Table 7.3-4
UPOULTRY = human consumption rate of poultry (kg/yr), Table 7.2-1
DCF = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1

ing

3.1.7 Ingestion of Egg (MOP at the 100-Meter Well)

After egg-producing livestock consumes the contaminated water and fodder, the MOP
consumes the contaminated eggs. The dose from ingestion of contaminated eggs is
calculated using the following formula:

D (Eq. 3.1-8)

MOP ,100,EGGing — Cow 100 X EDF £66ing X Flocal GG

where:
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D

CGW ,100

EDF

EGGing

F

local , EGG

MOP ,100 ,EGGing

dose to the MOP at the 100-meter well (mrem/yr) due to ingestion of eggs that
come from poultry that eats fodder watered by and drinks water from the 100-
meter well

radionuclide concentration in groundwater from the 100-meter well (pCi/L),
as determined from an appropriate contaminant transport model

effective dose factor for ingestion of eggs contaminated by groundwater
(Lxmrem)/(pCixyr), as defined in Equation 3.1-8a, below

fraction of eggs raised locally (unitless), Table 7.6-1

The EDF for egg ingestion shall be calculated as:

where:

EDF

EGGing

QH 20,EGG

Fod

0 fod ,EGG

F

fod ,EGG

SOIL

IRF
QSOIL LEGG

F

SOIL ,EGG

TCEGG

UEGG

EDF

EGGing

3 (QH20,EGG + (FOd XQ i 566 * Fpoa poc )j

+ (SOIL X1 pp X Qson poe % Fson ree ) (Eq. 3.1-82)

XTC e XU poe x DCF,

ing

effective dose factor for ingestion of eggs contaminated by groundwater
(Lxmrem)/(pCixyr)

consumption rate of water by eggs (L/yr), Table 7.2-2

livestock and poultry intake of contaminated feed/fodder (m*/kg), as defined
in Equation 3.1-5b, above

consumption rate of fodder consumed by eggs (kg/yr), Table 7.2-2

fraction of egg intake from field/pasture that is irrigated with from the
contaminated well (unitless), Table 7.2-3

radionuclide deposition and buildup rate in the soil ((m*xyr)/kg) as defined by
Equation 3.1-3b

functional irrigation rate (m/yr) as defined by Equation 3.1-3d, above

consumption rate of soil by eggs (kg/yr), Table 7.2-2

fraction of egg soil intake from field/pasture that is irrigated with from the
contaminated well (unitless), Table 7.2-3

transfer coefficient for eggs (yr/kg), Table 7.3-5

human consumption rate of eggs (kg/yr), Table 7.2-1
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DCF = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1

ing

3.1.8 Ingestion of Fish

The fish ingestion route assumes fish are caught from a contaminated stream at the point of
highest concentration, and the MOP receptor in turn consumes the contaminated fish. The
dose from consumption of fish shall be calculated according to Equation 3.1-9:

Dy risting = Cg % EDF rising % Flocar rrsu (Eq. 3.1-9)
where:
Dy risting = dose to (mrem/yr) due to ingestion of fish that came from stream water near the
' contaminated SL
C = radionuclide concentration in stream water at the contaminated SL (pCi/L), as
St determined from an appropriate contaminant transport model
EDF 11ge = effective dose factor for fish ingestion (Lxmrem)/(pCixyr), as defined in
¢ Equation 3.1-9a, below
F = fraction of consumed fish that are fished locally (unitless), Table 7.6-1

local ,FISH

The EDF for fish ingestion shall be calculated as:

EDF g1y = TC 1y XU s x DCF, ) (Eq. 3.1-9a)
where:
EDF 116, = effective dose factor for fish ingestion (Lxmrem)/(pCixyr)
TCF[SH = Transfer coefficient (or bioaccumulation factor) for fish (L/kg), Table 7.3-6
UF[SH = human consumption rate of fish (kg/yr), Table 7.2-1
DCF = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1

ing

3.2 MOP at the 100-Meter Well, Direct Exposure Dose Pathways

The following text defines the parameter D from Equation 3-1. The direct exposure

MOP ,100 ,exp

dose to the MOP at the 100-meter well is determined according to Equation 3.2-1:

DMOP,IOO,eXp = DMOP,IOO,SOIL exp + DMOP,IO(),SHOWER LeXp + DSL,SWIM exp + DSL,BOAT exp (Eq' 3'2-1)
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where:
D yviop 100 exp = dose to the MOP at the 100-meter well (mrem/yr) due to exposure
D = dose to the MOP at the 100-meter well (mrem/yr) due to direct exposure to soil

MOP ,100,SOIL ..
o irrigated from the 100-meter well

D o 100 stowir op dose to the MOP at the 100-meter well (mrem/yr) due to direct exposure while
T ' showering or bathing in water from the 100-meter well

J) - = dose (mrem/yr) due to direct exposure from swimming in stream water at the
' contaminated SL

Dy sour exp = dose (mrem/yr) due to direct exposure from boating in stream water at the
’ contaminated SL

Note that direct exposure from fishing at the shoreline of a contaminated stream is considered
negligible relative to the other exposure pathways and is not included in this methodology.

3.2.1 Direct Exposure from Irrigated Soil (MOP at the 100-Meter Well)

The exposure pathway from direct contact with contaminated soil assumes the soil is
irrigated with groundwater from the 100-meter well and the MOP receptor in turn is exposed
during time spent caring for a garden. The radionuclide concentration in the soil and the
exposure dose is calculated using the following formula:

(Eq. 3.2-2)

DMOP,IOO,SOIL exp CGW,IOO x EDF g exp

where:

D yviop 100 5011 exp = dose to the MOP at the 100-meter well (mrem/yr) due to direct exposure to
T soil irrigated from the 100-meter well

Cow 100 = radionuclide concentration in groundwater from the 100-meter well (pCi/L),
' as determined from an appropriate contaminant transport model
EDF = effective dose factor for external exposure to soil (Lxmrem)/(pCixyr), as

SOLL exp defined in Equation 3.2-2a, below

The EDF for external exposure to soil shall be calculated as:

EDF g op = SOIL x I, x DCF X F, , % pg (Eq. 3.2-2a)
where:
EDF g1 o = effective dose factor for external exposure to soil (Lxmrem)/(pCixyr)
SOIL = radionuclide deposition and buildup rate in the soil ((m*xyr)/kg) as defined by

Equation 3.1-3b
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IRF = functional irrigation rate (m/yr) as defined by Equation 3.1-3d, above
DCF ,, = dose conversion factor for external exposure (m*xmrem)/(pCixyr) Table 7.1-1

F, = fraction of the time the MOP spends in the contaminated garden (unitless),
N Table 7.4-1
O = dry bulk density of soil (kg/m®), Table 7.5-1

3.2.2 Direct Exposure from Showering (MOP at the 100-Meter Well)

The direct contact exposure pathway from showering and bathing assumes the MOP receptor
receives dose from washing in water from the 100-meter well. The dose is calculated using
the following formula:

(Eq. 3.2-3)

DMOP,IOO,SHOWER exp = CGW,IOO X EDFSHOWER L,exp

where:

D 400 100.5H0WER oxp = dose to the MOP at the 100-meter well (mrem/yr) due to direct exposure
T ' while showering or bathing in water from the 100-meter well

Cow 100 = radionuclide concentration in groundwater from the 100-meter well (pCi/L),
' as determined from an appropriate contaminant transport model
EDF o0 o = effective dose factor for external exposure to water while showering or

bathing (Lxmrem)/(pCixyr), as defined in Equation 3.2-3a, below

The EDF for external exposure to water while showering or bathing shall be calculated as:

EDF gomir exp = F) suower % OF syower X DCF,, (Eq. 3.2-3a)
where:
EDF ¢ 0wer o = effegtive dose factor fo.r external exposure to water while showering or
bathing (Lxmrem)/(pCixyr)
F, svower = fraction of time spent showering or bathing (unitless), Table 7.4-1
GF, SHOWER = geometry factor for showering or bathing (unitless), Table 7.4-1
DCF = dose conversion factor for immersion in water (m*xmrem)/(pCixyr), Table

imm 7.1-1
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3.2.3 Direct Exposure from Swimming

The direct contact exposure pathway from swimming assumes the MOP receptor receives
dose from swimming in a contaminated stream at the point of highest concentration. The
dose from swimming exposure shall be calculated according to Equation 3.2-4:

DSL,SW[M exp CSL x EDFSWIM exp (Eq' 3'2'4)
where:
Dy s o = dose (mrem/yr) due to direct exposure from swimming in stream water at the
’ ’ contaminated SL
C = radionuclide concentration in stream water at the contaminated SL (pCi/L), as
SL determined from an appropriate contaminant transport model
EDF g, o = effective dose factor for external exposure to water while swimming
(Lxmrem)/(pCixyr), as defined in Equation 3.2-4a, below
The EDF for external exposure to water while swimming shall be calculated as:
EDFSWIM exp = Ft,SWIM x GFSWIM X DCFimm (Eq' 3'2_4a)
where:
EDF g, o = effective dose factor for external exposure to water while swimming
(Lxmrem)/(pCixyr)
y — = fraction of time per year spent swimming (unitless), Table 7.4-1
G FSW[M = geometry factor for swimming (unitless), Table 7.4-1
DCF = dose conversion factor for immersion in water (m*xmrem)/(pCixyr), Table 7.1-
mm
1

3.2.4 Direct Exposure from Boating

The direct contact exposure pathway from boating assumes the MOP receptor receives dose
from activities at a contaminated stream. The dose from boating exposure shall be calculated
according to Equation 3.2-5:

D x EDF (Eq. 3.2-5)

SL,BOAT exp CSL BOAT exp

where:

Dy pour exp = dose to (mrem/yr) due to direct exposure from boating in stream water at the
’ contaminated SL
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CSL = radionuclide concentration in stream water at the contaminated SL (pCi/L), as

determined from an appropriate contaminant transport model

EDF 50,7 oo = effective dose factor for external exposure to water while boating
(Lxmrem)/(pCixyr), as defined in Equation 3.2-5a, below

The EDF for external exposure to water while boating shall be calculated as:

EDF po,1 exp Ft,BOAT X GF o0 x DCF,,, (Eq- 3-2'53)
where:
EDF 3641 exp = effective dose factor for external exposure to water while boating
(Lxmrem)/(pCixyr)
F, sour = fraction of time per year spent boating (unitless), Table 7.4-1
GFyour = geometry factor for boating (unitless), Table 7.4-1
DCE,,, = cliose conversion factor for immersion in water (m*xmrem)/(pCixyr), Table 7.1-

3.3  MORP at the 100-Meter Well, Inhalation Dose Pathways

The following text defines the parameter D from Equation 3-1. The inhalation dose to

MOP ,100 ,inh

the MOP at the 100-meter well is determined according to Equation 3.3-1:
(Eq. 3.3-1)

DMOP,lOO Jinh = DMOP,IOO,IRR[nh + DMOP,lOO,DUSTinh + DMOP,IOO,SHOWERinh + DSL,SW]M[nh

where:

D iop 100 i = dose to the MOP at the 100-meter well (mrem/yr) due to inhalation

= dose to the MOP at the 100-meter well (mrem/yr) due to inhalation while

DMOP ,100 ,/RRinh L . .
irrigating gardens or crops with water from the 100-meter well

D op 100 pUSTINN = dose to the MOP at the 100-meter well (mrem/yr) due to inhalation of dust and
T soil that has been contaminated due to irrigation with water from the 100-meter
well
D = dose to the MOP at the 100-meter well (mrem/yr) due to inhalation while

MOP ,100 ,SHOWERinh . . .
showering or bathing in water from the 100-meter well

Dy, swmtim = dose (mrem/yr) due to inhalation while swimming in stream water at the
' contaminated SL
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3.3.1 Inhalation of Water during Irrigation (MOP at the 100-Meter Well)

The exposure pathway from inhalation during irrigation assumes soil is irrigated with
groundwater from the 100-meter well and the MOP receptor is exposed by breathing while
the garden is irrigated but only during time spent caring for a garden. The dose is calculated
using the following formula:

(Eq. 3.3-2)

DMOP,lOO,IRRinh = CGW,IOO x EDFIRRinh

where:

D yiop 100 1R = dose to the MOP at the 100-meter well (mrem/yr) due to inhalation while
T irrigating gardens or crops with water from the 100-meter well

Cow 100 = radionuclide concentration in groundwater from the 100-meter well (pCi/L),
' as determined from an appropriate contaminant transport model
EDF i = effective dose factor for inhalation of water during irrigation
mn

(Lxmrem)/(pCixyr), as defined in Equation 3.3-2a, below

The EDF for inhalation of water during irrigation shall be calculated as:

U, xF,,xMC, x ARF x DCF,,

EDF iy = (Eq. 3.3-2a)
P20
where:
EDF ppi = effective dose factor for inhalation of water during irrigation
" (Lxmrem)/(pCixyr)
U, = air intake (m’/yr), Table 7.2-1
F, = fraction of the time the MOP spends in the garden (unitless), Table 7.4-1
MC . = water contained in air at ambient conditions (kg/m’), Table 7.4-1
ARF = airborne release fraction (unitless), Table 7.4-1
DCF,, = dose conversion factor for inhalation (mrem/pCi), Table 7.1-1
Lo = water density (kg/L), Table 7.5-3

3.3.2 Inhalation of Dust from Irrigated Soil (MOP at the 100-Meter Well)

The dose pathway associated with inhalation of dust and soil that has been irrigated assumes
that dust and soil has been irrigated with groundwater from a 100-meter well and that the
MOP receptor is exposed by breathing dust during time spent caring for a garden. This
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formula was derived following the approach of previous pathway calculations. The dose is
calculated using the following formula:

where:

D

MOP ,100 ,DUSTinh

CGW,IOO

EDF

DUSTinh

MOP ,100,DUSTinh = CGW ,100

x EDF (Eq. 3.3-3)

DUSTinh

dose to the MOP at the 100-meter well (mrem/yr) due to inhalation of dust
and soil that has been contaminated due to irrigation with water from the 100-
meter well

radionuclide concentration in groundwater from the 100-meter well (pCi/L),
as determined from an appropriate contaminant transport model

effective dose factor for inhalation of dust and soil (Lxmrem)/(pCixyr), as
defined in Equation 3.3-3a, below

The EDF for inhalation of dust and soil shall be calculated as:

EDFDUSTinh

where:

EDFDUSTmh

U

air

L

soil

SOIL

IRF

F

t.g

D CF:'nh

= Uair X Lsoil X SO]L X IRF X Fr,g X DCFinh (Eq' 3'3_3a)

effective dose factor for inhalation of dust and soil (Lxmrem)/(pCixyr)
air intake (m*/yr), Table 7.2-1
soil loading in air while working in a garden (kg/m®), Table 7.4-1

radionuclide deposition and buildup rate in the soil ((m*xyr)/kg) as defined by
Equation 3.1-3b

functional irrigation rate (m/yr) as defined by Equation 3.1-3d, above

fraction of the time the MOP spends in the garden (unitless), Table 7.4-1

dose conversion factor for inhalation (mrem/pCi), Table 7.1-1

3.3.3 Inhalation during Showering (MOP at the 100-Meter Well)

The showering inhalation dose pathway assumes the MOP receptor is exposed by breathing
humid air within the shower. The source of water for the shower is the 100-meter well. The
dose is calculated using the following formula:

DMOP,]OO,SHOWERinh = CGW,IOO x EDFSHOWERinh

(Eq. 3.3-4)
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where:
D = dose to the MOP at the 100-meter well (mrem/yr) due to inhalation while

MOP ,100 ,SHOWERinh . . .
showering or bathing in water from the 100-meter well

Cow 100 = radionuclide concentration in groundwater from the 100-meter well (pCi/L),
' as determined from an appropriate contaminant transport model
EDF g 0mmimh = effective dose factor for inhalation of water while showering or bathing
n

(Lxmrem)/(pCixyr), as defined in Equation 3.3-4a, below

The EDF for inhalation of water while showering or bathing shall be calculated as:

U i X F, syower X MC gyoppr X ARF x DCF,,

EDF goppim =——— (Eq. 3.3-4a)
Pu2r0
where:
EDF g 0merin = effective dose factor for inhalation of water while showering or bathing
" (Lxmrem)/(pCixyr)
U . = air intake (m*/yr), Table 7.2-1
arr
F,, SHOWER = fraction of time per year spent showering or bathing (unitless), Table 7.4-1
— . . . .. 3 ~
M CSH OWER water contained in air under shower conditions (kg/m’), Table 7.4-1
ARF = airborne release fraction (unitless), Table 7.4-1
DCF,, = dose conversion factor for inhalation (mrem/pCi), Table 7.1-1
Lo = water density (kg/L), Table 7.5-3

3.3.4 Inhalation during Swimming

The swimming inhalation pathway assumes that water from a stream has been contaminated
by groundwater and that the receptor inhales saturated air. For simplicity and conservatism,
the moisture contained in the inhaled air is assumed to be from groundwater. The dose is
calculated using the following formula:

DSL,SWIM[nh = Cg X EDF g1, (Eq- 3.3-5)
where:

Dy, i = dose (mrem/yr) due to inhalation while swimming in stream water at the
’ contaminated SL
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CSL = radionuclide concentration in stream water at the contaminated SL (pCi/L), as

determined from an appropriate contaminant transport model

EDF. = effective dose factor for inhalation of water while swimming
SWIMink (Lxmrem)/(pCixyr), as defined in Equation 3.3-5a, below

The EDF for inhalation of water while swimming shall be calculated as:

Uair X E,SWIM X MCair X ARF X DCEnh

EDF gy = (Eq. 3.3-5a)
P20
where:
EDF. = effective dose factor for inhalation of water while swimming
SWiMinh (Lxmrem)/(pCixyr)
U . = air intake (m*/yr), Table 7.2-1
air
P = fraction of time per year spent swimming (unitless), Table 7.4-1
MC . = water contained in air at ambient conditions (kg/m’), Table 7.4-1
arr
ARF = airborne release fraction (unitless), Table 7.4-1
DCF;nh = dose conversion factor for inhalation (mrem/pCi), Table 7.1-1
Liro = water density (kg/L), Table 7.5-3
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40 MOP AT THE STREAM DOSE PATHWAYS

The following MOP exposure pathways were used in calculating the dose to the MOP receptor
with stream water near the contaminated SL as a primary water source. As with the 100-meter
well calculations, all transfer times are assumed to be negligible due to the long-term analysis of
the PAs.

The dose to the MOP at the SL is determined according to Equation 4-1:

D yop SL DMOP,SL,ing + DMOP,SL,exp + DMOP,SL,inh (Eq~ 4'1)
where:
D yop 51 = total dose to the MOP at the SL (mrem/yr)
Do .s1.ing = dose to the MOP at the SL (mrem/yr) due to ingestion (see Equation 4.1-1)
D yop s exp = dose to the MOP at the SL (mrem/yr) due to exposure (see Equation 4.2-1)
D yvop st ik = dose to the MOP at the SL (mrem/yr) due to inhalation (see Equation 4.3-1)

4.1 MOP at the SL, Ingestion Dose Pathways

The following text defines the parameter D from Equation 4-1. The ingestion dose to

MOP ,SL ,ing
the MOP at the SL is determined according to Equation 4.1-1:
DMOP,SL,ing = DMOP,SL,HZOing + DMOP,SL,SOILing + DMOP,SL,PLANTing
+ DMOP,SL,MEATing + DMOP,SL,MILKz‘ng + DMOP,SL,POULTRYing (Eq. 4.1-1)
+ DMOP,SL,EGGing +D SL,FISHing
where:
D ysop 51.ne = dose to the MOP at the SL (mrem/yr) due to ingestion
Dyor s H20ing = dose to the MOP at the SL (mrem/yr) due to ingestion of water from stream water
o at the contaminated SL
D yop st soming = dose to the MOP at the SL (mrem/yr) due to ingestion of soil that has been
o ) irrigated with water from stream water at the contaminated SL
D yiop st pLanting = dose to the MOP at the SL (mrem/yr) due to ingestion of produce irrigated from
o stream water at the contaminated SL water
D = dose to the MOP at the SL (mrem/yr) due to ingestion of meat (i.e., terrestrial

MOP ,SL ,MEATi) .
" livestock meat such as beef, pork, veal, etc.) that eats fodder watered by and
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drinks water from stream water at the contaminated SL

Door st MiLKing = dose to the MOP at the SL (mrem/yr) due to ingestion of milk that comes from
o livestock that eats fodder watered by and drinks water from stream water at the
contaminated SL

D y0p s1.pouLrYing = dose to the MOP at the SL (mrem/yr) due to ingestion of poultry (including
o chicken, turkey, etc.) that eats fodder watered by and drinks water from stream
water at the contaminated SL

D yop st £GGing = dose to the MOP at the SL (mrem/yr) due to ingestion of eggs that come from
o poultry that eats fodder watered by and drinks water from stream water at the
contaminated SL

Dy ristiing = dose (mrem/yr) due to ingestion of fish that came from stream water near the
' contaminated SL, as defined in Equation 3.1-9 (see Section 3.1.8)

Note that the equations described below conservatively assume instant transport of foodstuffs.
For example, instead of a period of a few days from the time that meat is slaughtered until it is
consumed, the meat is consumed instantly. Given the long time durations expected for PA
modeling, this conservative assumption is expected to have a negligible impact on results.

4.1.1 Ingestion of Water (MOP at the SL))

The exposure pathway for water ingestion assumes the MOP receptor uses water from the
stream at the SL as a drinking source. The incidental ingestion of water from showering and
during recreational activities is assumed negligible when compared to ingestion of drinking
water. The dose from consumption of drinking water shall be calculated according to
Equation 4.1-2:

DM()P,SL,HZ()ing = CSL x EDFHZ()ing (Eq' 4'1'2)
where:
D yop 51120 = dose to the MOP at Fhe SL (mrem/yr) due to ingestion of water from stream
water at the contaminated SL
CSL = radionuclide concentration in stream water at the contaminated SL (pCi/L), as

determined from an appropriate contaminant transport model

EDF ... = effective dose factor for ingestion of contaminated groundwater
¢ (Lxmrem)/(pCixyr), defined in Equation 3.1-2a (see Section 3.1.1)

4.1.2 Ingestion of Soil (MOP at the SL)

Exposure pathway from ingestion of soil assumes the soil is irrigated with groundwater from
the SL and the MOP receptor in turn consumes the contaminated soil. This formula was
derived following the approach of the previous pathway calculations. A soil buildup factor
was applied to account for the buildup of radionuclide concentration in the soil from
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successive years of irrigation. The radionuclide concentration in the soil and the dose is
calculated using the following formula:

Dyop si.soming = Cso X EDF gy (Eq. 4.1-3)

where:

D yop st soiing = dose to the MOP at the SL (mrem/yr) due to ingestion of soil that has been
o irrigated with water from stream water at the contaminated SL

CSL = radionuclide concentration in stream water at the contaminated SL (pCi/L), as
determined from an appropriate contaminant transport model

ED FSOILing = effective dose factor for ingestion of soil contaminated by groundwater
(Lxmrem)/(pCixyr), defined in Equation 3.1-3a (see Section 3.1.2)

4.1.3 Ingestion of Produce (MOP at the SL)

The dose to the MOP receptor from ingestion of contaminated produce (including leafy
vegetables, other vegetables, and fruit) is calculated assuming two contamination exposure
pathways: (1) direct deposition of contaminated irrigation water on plants and (2) root uptake
of contaminated irrigation water in soil. The irrigation water is from the SL. The dose is
calculated using Equation 4.1-4:

D MOP SL,PLANTing — CSL x EDF PLANTing X F local ,PLANT (Eq' 4'1'4)
where:
D yop st pranting = dose to the MOP at the SL (mrem/yr) due to ingestion of produce that has
o been irrigated with stream water from the contaminated SL

C = radionuclide concentration in stream water at the contaminated SL (pCi/L), as

SL determined from an appropriate contaminant transport model
EDF 1 i 1ing = effective dose factor for ingestion of produce contaminated by groundwater

(Lxmrem)/(pCixyr), defined in Equation 3.1-4a (see Section 3.1.3)

F ot prant = fraction of total produce grown locally (unitless), Table 7.6-1

4.1.4 Ingestion of Meat (MOP at the SL)

The meat ingestion pathway assumes that terrestrial livestock drinks contaminated stock
water and consumes fodder irrigated with contaminated water. The stock water and
irrigation water is from the SL. The fodder is contaminated from direct deposition of
contaminated irrigation water on plants and from deposition of contaminated irrigation water
in soil followed by root uptake by plants. The buildup of radionuclide concentration in the
soil from successive years of irrigation is accounted for. The radionuclide concentration in
fodder from deposition and root uptake is calculated as well.
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For the purpose of this calculation, meat (or terrestrial livestock) includes all meat that is not
considered poultry or fish. This includes beef, pork, veal, and other game.

Following the terrestrial livestock consumption of the contaminated water and fodder, the
MOP receptor consumes the contaminated meat. The dose from ingesting contaminated
meat is calculated using the following formula:

(Eq. 4.1-5)

D vop st mzating = Cg x EDF MEATing X Flocal pear

where:

D yop st wzazing = dose to the MOP at the SL (mrem/yr) due to ingestion of meat (i.e., terrestrial
o ) livestock meat such as beef, pork, veal, etc.) that eats fodder watered by and
drinks water from stream water at the contaminated SL water

C . = radionuclide concentration in stream water at the contaminated SL (pCi/L), as
5 determined from an appropriate contaminant transport model

EDF ., Ting = effective dose factor for ingestion of terrestrial livestock meat contaminated
by groundwater (Lxmrem)/(pCixyr), as defined in Equation 3.1-5a (see
Section 3.1.4)

F ot viar = fraction of terrestrial livestock raised locally (unitless), Table 7.6-1

4.1.5 Ingestion of Milk (MOP at the SL)

Following the livestock consumption of the contaminated water and fodder, the MOP
receptor consumes the contaminated milk from the livestock cattle. The dose from ingestion
of contaminated milk is calculated using the following formula:

(Eq. 4.1-6)

DMOP,SL,MILKing = CSL x EDFMILKing x Flocul,MILK

where:

Door st MiLKing = dose to the MOP at the SL (mrem/yr) due to ingestion of milk that comes
o from milk-producing livestock that eats fodder watered by and drinks water
from stream water at the contaminated SL

C = radionuclide concentration in stream water at the contaminated SL (pCi/L), as
St determined from an appropriate contaminant transport model

EDF ;i = effective dose factor for ingestion of milk contaminated by groundwater
¢ (Lxmrem)/(pCixyr), as defined in Equation 3.1-6a (see Section 3.1.5)

Foout sk = fraction of milk-producing livestock raised locally (unitless), Table 7.6-1
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4.1.6 Ingestion of Poultry (MOP at the SL)

The poultry and egg ingestion pathways assume poultry drink contaminated stock water and
consume fodder irrigated with contaminated water. The stock water and irrigation water is
from the SL. The fodder is contaminated from direct deposition of contaminated irrigation
water on plants and from deposition of contaminated irrigation water in soil followed by root
uptake by plants. For conservatism, it is also assumed that poultry directly ingest
contaminated soil in addition to the stock water and fodder. The dose from ingestion of
contaminated poultry is calculated using the following formula:

D =C, x EDF x F

local ,POULTRY

MOP ,SL,POULTRYing POULTRYing (Eq. 4.1 -7)

where:

D \op s1.pouvttrying = dose to the MOP at the SL (mrem/yr) due to ingestion of poultry (including
o chicken, turkey, etc.) that eats fodder watered by and drinks water from
stream water at the contaminated SL

CSL = radionuclide concentration in stream water at the contaminated SL (pCi/L),
as determined from an appropriate contaminant transport model

EDF 1001 1rying = effective dose factor for ingestion of poultry contaminated by groundwater
(Lxmrem)/(pCixyr), as defined in Equation 3.1-7a (see Section 3.1.6)

Feas pouLTRY = fraction of poultry raised locally (unitless), Table 7.6-1

4.1.7 Ingestion of Egg (MOP at the SL)

Following the poultry consumption of the contaminated water and fodder, the MOP
consumes the contaminated eggs. The dose from ingestion of contaminated eggs is
calculated using the following formula:

DMOP,SL,EGGing = CSL x EDFEGGing x Flncal,EGG (Eq 41_8)

where:

D yop st £GGing = dose to the MOP at the SL (mrem/yr) due to ingestion of eggs that come from
o poultry that eats fodder watered by and drinks water from stream water at the
contaminated SL

CSL = radionuclide concentration in stream water at the contaminated SL (pCi/L), as
determined from an appropriate contaminant transport model

EDF 161, = effective dose factor for ingestion of eggs contaminated by groundwater
(Lxmrem)/(pCixyr), as defined in Equation 3.1-8a (see Section 3.1.7)

) - = fraction of eggs produced locally (unitless), Table 7.6-1
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4.1.8 Ingestion of Fish

The fish ingestion route assumes fish are caught from a stream contaminated stream at the
point of highest concentration, and the MOP receptor in turn consumes the contaminated
fish. The dose from consumption of fish shall be calculated according to Equation 3.1-9 (see
Section 3.1.8).

4.2 MOP at the SL, Direct Exposure Dose Pathways

The following text defines the parameter D from Equation 4-1. The direct exposure

MOP ,SL ,exp
dose to the MOP at the SL is determined according to Equation 4.2-1:
DMOP,SL,cxp = DMOP,SL,SOIL op T DMOP,SL,SHOWER op T DSL,SWIM op T DSL,BOAT exp (Eq' 4.2- 1)
where:
D o st e = dose to the MOP at the SL (mrem/yr) due to exposure
D viop 1501 exp = dose to the MOP at the SL (mrem/yr) due to direct exposure to soil irrigated from
o stream water at the SL
D yop sisuower exp dose to the MOP at the SL (mrem/yr) due to direct exposure while showering or
o ' bathing in water from stream water at the SL
D sws exp = dose (mrem/yr) due to direct exposure from swimming in stream water at the
' contaminated SL, as defined in Equation 3.2-4 (see Section 3.2.3)
Dy sour exp = dose (mrem/yr) due to direct exposure from boating in stream water at the

contaminated SL, as defined in Equation 3.2-5 (see Section 3.2.4)
Note that direct exposure from fishing at the shoreline of a contaminated stream is considered
negligible relative to the other exposure pathways and is not included in this methodology.
4.2.1 Direct Exposure from Irrigated Soil (MOP at the SL)

The exposure pathway from direct contact to contaminated soil assumes the soil is irrigated
with groundwater from the SL and the MOP receptor in turn is exposed during time spent
caring for a garden. The radionuclide concentration in the soil and the exposure dose is
calculated using the following formula:

DMOP,SL,SOIL exp = CSL x EDFSOIL exp (Eq' 4'2-2)

where:

D yop st 5011 oxp = dose to the MOP at the SL (mrem/yr) due to direct exposure to soil irrigated
o from water at the SL

C = radionuclide concentration in stream water at the contaminated SL (pCi/L), as
St determined from an appropriate contaminant transport model
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EDF = effective dose factor for external exposure to soil (Lxmrem)/(pCixyr), as

SOIL exp defined in Equation 3.2-2a (see Section 3.2.1)

4.2.2 Direct Exposure from Showering (MOP at the SL)

The direct contact exposure pathway from showering and bathing assumes the MOP receptor
receives dose from washing in water from the SL. The dose is calculated using the following

formula:
DMOP,SL,SHOWER exp CSL x EDFSHOWER Lexp (Eq' 4'2'3)
where:
D o st stower exp = dose tolthe'MOP at the SL (mrem/yr.) due to direct exposure while showering
or bathing in water from the contaminated SL
C = radionuclide concentration in stream water at the contaminated SL (pCi/L),
St as determined from an appropriate contaminant transport model
pprop P
EDF o0 o = effective dose factor for external exposure to water while showering or
' bathing (Lxmrem)/(pCixyr), as defined in Equation 3.2-3a (see Section

3.2.2)

4.2.3 Direct Exposure from Swimming

The direct contact exposure pathway from swimming assumes the MOP receptor receives
dose from swimming in a contaminated stream at the point of highest concentration. The

dose from swimming exposure shall be calculated according to Equation 3.2-4 (see Section
3.2.3).

4.2.4 Direct Exposure from Boating

The direct contact exposure pathway from boating assumes the MOP receptor receives dose
from swimming in a contaminated stream at the point of highest concentration. The dose
from boating exposure shall be calculated according to Equation 3.2-5 (see Section 3.2.4).

4.3  MOP at the SL, Inhalation Dose Pathways

The following text defines the parameter D from Equation 4-1. The inhalation dose to

MOP ,SL ,inh

the MOP at the SL is determined according to Equation 4.3-1:

D (Eq. 4.3-1)

MOP ,SL ,inh = DMOP,SL,[RRinh + DMOP,SL,DUSTinh + DMOP ,SL ,SHOWERinh + DSL,SWIMinh

where:

D yiop st.mn = dose to the MOP at the SL (mrem/yr) due to inhalation
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D viop st imRimh = dose to the MOP at the SL (mrem/yr) due to inhalation while irrigating gardens
o or crops with water from the contaminated SL
= dose to the MOP at the SL (mrem/yr) due to inhalation of dust and soil that has

D yviop st..pustinn . L ) .
been contaminated due to irrigation with water from the contaminated SL

D viop st srowsrin = fiose to the MOP at SL (rprem/yr) due to inhalation while showering or bathing
in water from the contaminated SL
Dy, swimtim = dose (mrem/yr) due to inhalation while swimming in stream water at the

contaminated SL , as defined in Equation 3.3-5 (see Section 3.3.4)

4.3.1 Inhalation of Water during Irrigation (MOP at the SL)

The exposure pathway from inhalation during irrigation assumes soil is irrigated with
groundwater from the contaminated SL and the MOP receptor is exposed by breathing while
the garden is irrigated but only during time spent caring for a garden. The dose is calculated
using the following formula:

D yiop si.arinn = C sz X EDF iy, (Eq. 4.3-2)

where:

D o st mrimn = dose to the MOP at the SL (mrem/yr) due to inhalation while irrigating
o gardens or crops with water from the contaminated SL

C . = radionuclide concentration in stream water at the contaminated SL (pCi/L), as
5 determined from an appropriate contaminant transport model

EDF . . = effective dose factor for inhalation of water during irrigation
[RRinh (Lxmrem)/(pCixyr), as defined in Equation 3.3-2a (see Section 3.3.1)

4.3.2 Inhalation of Dust from Irrigated Soil (MOP at the SL)

The dose pathway associated with inhalation of dust and soil that has been irrigated assumes
that dust and soil has been irrigated with water from the contaminated SL and that the MOP
receptor is exposed by breathing dust during time spent caring for a garden. This formula
was derived following the approach of previous pathway calculations. The dose is calculated
using the following formula:

(Eq. 4.3-3)

DMOP,SL,DUSTinh = CSL x EDFDUST[nh

where:

D vior st pusTinn = dose to the MOP at the SL (mrem/yr) due to inhalation of dust and soil that
o has been contaminated due to irrigation with water from the contaminated SL
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CSL = radionuclide concentration in stream water at the contaminated SL (pCi/L), as

determined from an appropriate contaminant transport model

EDF.. = effective dose factor for inhalation of dust and soil (Lxmrem)/(pCixyr), as
DUSTinh defined in Equation 3.3-3a (see Section 3.3.2)

4.3.3 Inhalation during Showering (MOP at the SL)

The showering inhalation dose pathway assumes the MOP receptor is exposed by breathing
humid air within the shower. The source of water for the shower is the stream at the
contaminated SL. The dose is calculated using the following formula:

DMOP,SL,SHOWERinh = CSL X EDFSHOWERinh (Eq 43_4)

where:

D ) = dose to the MOP at SL (mrem/yr) due to inhalation while showering or
MOP ,SL ,SHOWERinh . . .
bathing in water from the contaminated SL

CSL = radionuclide concentration in stream water at the contaminated SL (pCi/L), as
determined from an appropriate contaminant transport model

EDF ' = effective dose factor for inhalation of water while showering or bathing
SHOWERinh (Lxmrem)/(pCixyr), as defined in Equation 3.3-4a (see Section 3.3.3)

4.3.4 Inhalation during Swimming

The swimming inhalation pathway assumes that water from a stream has been contaminated
by groundwater and the receptor inhales saturated air. For simplicity and conservatism, the
amount of moisture contained in the inhaled air is assumed to be groundwater. The dose is
calculated using Equation 3.3-5 (see Section 3.3.4).
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5.0 ACUTE IHI DOSE PATHWAYS

The acute IHI scenario assumes that (1) a drill is installed that penetrates the closed liquid waste
facility and (2) the IHI receptor, in turn, is exposed to ingestion and inhalation of dust and
material from drill cuttings, and direct exposure through handling the contaminated drill cuttings.

The following THI exposure pathways were used in calculating the acute dose to the IHI receptor
from contaminated drill cuttings. The dose to the acute IHI is determined according to Equation
5-1:

D IHIA D IHIA ing +D THIA exp +D THIA ,inh (Eq- 5- 1)
where:
D, = total dose to the acute IHI (mrem)
D 1114 g = dose to the acute IHI (mrem) due to ingestion (see Equation 5.1-1)
D 14 exp = dose to the acute IHI (mrem) due to exposure (see Equation 5.2-1)
D = dose to the acute IHI (mrem) due to inhalation (see Equation 5.3-1)

ITHIA ,inh

5.1 Acute IHI, Ingestion Dose Pathways

The following text defines the parameter D from Equation 5-1. The acute IHI ingestion

IHIA ,ing
dose is due to the resuspension of material during drilling activities. The acute IHI ingestion
dose is determined according to Equation 5.1-1:

D g ing = Cra X EDF (Eq. 5.1-1)
where:
D 14 ing = dose to the acute IHI (mrem) due to ingestion
CIHIA = radionpclide concentration in contaminated drill cuttings (pCi/m’), defined in
Equation 5.1-1b, below
EDF = effective dose factor for ingestion of contaminated drill cutting (Lxmrem)/(pCi),

i s defined in Equation 5.1-1a, below

The EDF for ingestion of dust from drill cuttings shall be calculated as:
F  xlyr)xU, . xDCF,
EDFy, 00 = (g 1)Uy = (Eq. 5.1-1a)
Ps
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where:

EDF ,,, ing = effective dose factor for ingestion of contaminated drill cutting (Lxmrem)/(pCi)

F,, = fraction of time exposed to drill cuttings (unitless), Table 7.4-1

U ; = human consumption rate of soil (kg/yr), Table 7.2-1

So1
DCFmg = ingestion dose conversion factor (mrem/pCi), Table 7.1-1
Ds = dry bulk density of soil (kg/m®), Table 7.5-1

The drill cutting concentration can be determined as a function of the maximum drill core
activity and the geometry of the drilled well:

Act
Cra = o (Eq. 5.1-1b)
Welldiam
| ——2 | xwell,
2 *
where:
C = radionuclide concentration in contaminated drill cuttings (pCi/m"®)
IHIA
Act = maximum drilled core activity or mass (pCi), defined prior to dose calculation
max based on the inventory from the source of the contaminated drill cuttings
Welldiam = well diameter (m), Table 7.5-3
well = well depth (m), Table 7.5-3

dep

5.2  Acute IHI, Direct Exposure Dose Pathways

The following text defines the parameter D from Equation 5-1. The acute IHI direct

IHIA ,exp
exposure dose is due to direct contact with contaminated material during drilling activities. The
acute THI exposure dose is determined according to Equation 5.2-1:

D x EDF (Eq. 5.2-1)

IHIAexp — C]HIA THIA ,exp

where:

D, o = dose to the acute IHI (mrem) due to exposure
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C radionuclide concentration in contaminated drill cuttings (pCi/m®), see Equation
THIA 5.1-1b, above

effective dose factor for direct exposure of contaminated drill cuttings
(Lxmrem)/(pCi), defined in Equation 5.2-1a, below

EDF

IHIA ,exp

The EDF for direct exposure to drill cuttings shall be calculated as:

EDF ,,, .., = (F,, x1yr)x DCF (Eq. 5.2-1a)
where:
EDF ,,, .. = effective dose factor for direct exposure of contaminated drill cuttings
o (Lxmrem)/(pCi)
F, = fraction of time exposed to drill cuttings (unitless), Table 7.4-1
DCF = dose conversion factor for external exposure (m*xmrem)/(pCixyr), Table 7.1-1

exp

5.3  Acute IHI, Inhalation Dose Pathways

The following text defines the parameter D from Equation 5-1. The acute IHI inhalation

IHIA ,inh
dose is due to the resuspension of material during drilling activities. The acute IHI inhalation
dose is determined according to Equation 5.3-1:

DIHIA,inh = Cyy X EDF 1, inh (Eq- 5.3-1)
where:
Y2 - = dose to the acute IHI (mrem) due to inhalation
C = radionuclide concentration in contaminated drill cuttings (pCi/m’), see Equation
IHIA 5.1-1a (above)
EDF = effective dose factor inhalation of dust from contaminated drill cuttings

IHIA ,inh

(Lxmrem)/(pCi), defined in Equation 5.3-1a, below

The EDF for inhalation of dust from drill cuttings shall be calculated as:

F Xl r XL'oi XUairXDCEn
EDF;HIA,inh :( bd 7 ) spl ! (Eq. 5.3-1a)

where:
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EDF ., i = effective dose factor inhalation of dust from contaminated drill cuttings
' (Lxmrem)/(pCi)
F, = fraction of time exposed to drill cuttings (unitless), Table 7.4-1
L ; = soil loading in air while working in a garden (kg/m?), Table 7.4-1
N
U . = air intake (m*/yr), Table 7.2-1
amrr
DCF. , = dose conversion factor for inhalation (mrem/pCi), Table 7.1-1
m
D = dry bulk density of soil (kg/m’), Table 7.5-1
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6.0 CHRONIC IHI DOSE PATHWAYS

Provided below are the individual elements of the Chronic IHI biotic pathways. The chronic
intruder exposure pathways detailed below are used in calculating the dose to the chronic
intruder receptor with a hypothetical 1-meter well water as a primary water source. The stream
is the secondary water source for the pathways involving swimming, boating, and fish ingestion.
All transfer times are assumed negligible due to the long-term analysis of the PA.

The chronic dose to the IHI is determined according to Equation 6-1:

D HIC D IHIC ,ing +D THIC ,exp +D THIC ,inh (Eq- 6'1)
where:
Dy = total dose to the chronic IHI (mrem/yr)
D ¢ ing = dose to the chronic IHI (mrem/yr) due to ingestion (see Equation 6.1-1)
D ¢ exp = dose to the chronic IHI (mrem/yr) due to exposure (see Equation 6.2-1)
D = dose to the chronic IHI (mrem/yr) due to inhalation (see Equation 6.3-1)

IHIC ,inh

6.1  Chronic IHI, Ingestion Dose Pathways

The following text defines the parameter D from Equation 6-1. The ingestion dose to the

[HIC ,ing

chronic IHI is determined according to Equation 6.1-1:

DIHIC,ing = DIHIC,HZOing + DIHIC,SOILing + DIHIC,PLANTing

+ DIH[C,MEATing + D]H[C,MILKing + D[H]C,P()ULTRYing (Eq' 6.1- 1)
+D [HIC EGGing T D SL,FISHing
where:

D 11c ine = dose to the chronic IHI (mrem/yr) due to ingestion

D e 1120ing = dose to the chronic IHI (mrem/yr) due to ingestion of water from the 1-meter well

D e soring = dose to the chronic IHI (mrem/yr) due to ingestion of soil that has been irrigated

' with water from the 1-meter well
D = dose to the chronic IHI (mrem/yr) due to ingestion of produce (both fruits and

IHIC ,PLANTI) .. .
e vegetables) irrigated from the 1-meter well water and contaminated by the

deposition of drill cuttings
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D

D

D

D

D

IHIC ,MEATing

IHIC ,MILKing

IHIC ,POULTRYing

IHIC ,EGGing

SL,FISHing

dose to the chronic IHI (mrem/yr) due to ingestion of meat (i.e., terrestrial
livestock meat such as beef, pork, veal, etc.) that eats fodder watered by and
drinks water from the 1-meter well and contaminated by the deposition of drill
cuttings

dose to the chronic IHI (mrem/yr) due to ingestion of milk that comes from
livestock that eats fodder watered by and drinks water from the 1-meter well and
contaminated by the deposition of drill cuttings

dose to the chronic IHI (mrem/yr) due to ingestion of poultry (including chicken,
turkey, etc.) that eats fodder watered by and drinks water from the 1-meter well
and contaminated by the deposition of drill cuttings

dose to the chronic IHI (mrem/yr) due to ingestion of eggs that come from
poultry that eats fodder watered by and drinks water from the 1-meter well and
contaminated by the deposition of drill cuttings

dose to the chronic THI (mrem/yr) due to ingestion of fish that came from stream
water near the contaminated SL, as defined in Equation 3.1-9 (see Section 3.1.8)

SRR-CWDA-2013-00058
Revision 1

Note that the equations described below conservatively assume instant transport of foodstuffs.
For example, instead of a period of a few days from the time that meat is slaughtered until it is
consumed, the meat is consumed instantly. Given the long time durations expected for PA
modeling, this conservative assumption is expected to have a negligible impact on results.

6.1.1 Ingestion of Water (Chronic IHI)

The drinking water exposure route assumes a well 1-meter from the source is used by the IHI
receptor as a drinking water source. The incidental ingestion of water from showering and
during recreational activities is assumed negligible when compared to ingestion of drinking
water. The dose from consumption of drinking water is calculated using the following

formula;

where:

D

IHIC ,H 20ing

C]H] C

EDF

H 20ing

D[H[C,H20ing = CIHIC x EDFHZO;‘ng (Eq 6.1-2)

dose to the chronic THI (mrem/yr) due to ingestion of water from the 1-meter
well

radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
determined from an appropriate contaminant transport model

effective dose factor for ingestion of contaminated groundwater
(Lxmrem)/(pCixyr), defined in Equation 3.1-2a (see Section 3.1.1)
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6.1.2 Ingestion of Soil (Chronic IHI)

The soil ingestion exposure pathway assumes soil is contaminated from two contamination
sources: (1) the soil is irrigated with groundwater from the 1-meter well and (2) deposition of
contaminated drill cuttings in the garden soil, as follows:

D IHIC ,SOILing — D IHIC ,H 20SOILing +D THIC ,DrillSOILi ng (Eq' 6.1-3 )
where:
D e soiing = dose to the chronic IHI (mrem/yr) due to ingestion of soil
D e i20s01ing = dose to the chronic IHI (mrem/yr) due to ingestion of soil that has been
' irrigated with water from the 1-meter well
D ¢ priusorti ng = dose to the chronic IHI (mrem/yr) due to ingestion of soil that has been
' contaminated by drill cuttings
The dose from ingestion of soil irrigated by 1-meter well water, D, ,,050m » 85 Used in

Equation 6.1-3, is determined according to the following:
(Eq. 6.1-3a)

D IHIC ,H20SOILing C e X EDF SOILing

where:

D ) = dose to the chronic IHI (mrem/yr) due to ingestion of soil that has been
IHIC,H20SOILing . .
irrigated with water from the 1-meter well

C = radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
Hie determined from an appropriate contaminant transport model
EDF ¢, = effective dose factor for ingestion of soil contaminated by groundwater

(Lxmrem)/(pCixyr), defined in Equation 3.1-3a (see Section 3.1.2)

Similarly, dose from ingestion of soil contaminated by drill cuttings, D,H,QDri,,SOIMg, is

determined according to Equation 6.1-3b:

DIHIC ,DrillSOILi ng = C]Hl,g x EDFIHI,SOILing (Eq 61_3b)
where:
D . ' = dose to the chronic IHI (mrem/yr) due to ingestion of soil that has been
IHICDrillSOILig contaminated by drill cuttings
C = radionuclide concentration in the garden from contaminated drill cuttings
IHLg (pCi/m’), as defined by Equation 6.1-3¢ (below)
EDFE _ = effective dose factor for ingestion of soil contaminated by drill cuttings
IHL,SOILing (Lxmrem)/(pCixyr), defined in Equation 6.1-3d, below
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The IHI drill cuttings are assumed to be mixed into the volume of the garden:

C —& (E 6.1-3 )
IHLg A N dn.” q. 6.1-3¢

garden

where:
C = radionuclide concentration in the garden from contaminated drill cuttings
IHLg (pCi/m?)
Act = maximum drilled core activity or mass (pCi), defined prior to dose calculation
max based on the inventory from the source of the contaminated drill cuttings
= garden area (m?), Table 7.5-2
Agarde.
d = depth of tilling for agriculture or gardening (m), Table 7.5-2
till

The EDF for ingestion of soil and dust contaminated by drill cuttings shall be calculated as:

F;,g XUsoil XDCF;ng
EDF}H],SO]Ling = (Eq. 6.1-3d)
Ps
where:
EDF ' = effective dose factor for ingestion of soil contaminated by drill cuttings
IHI,SOILing (Lxmrem)/(pCixyr)
= fraction of the time the IHI spends in the garden (unitless), Table 7.4-1
L.g
U = human consumption rate of soil (kg/yr), Table 7.2-1
soil
DCE = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1
ing
D = dry bulk density of soil (kg/m’), Table 7.5-1
S

6.1.3 Ingestion of Produce (Chronic IHI)

The chronic dose to the IHI receptor from ingestion of contaminated produce (including leafy
vegetables, other vegetables, and fruit) is calculated assuming two contamination sources: (1)
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the soil is irrigated with groundwater from the 1-meter well and (2) deposition of
contaminated drill cuttings in the garden soil, as follows:

DIHIC ,PLANTing = (D]HIC ,H 20PLANTing + D]HIC ,DrillPLANT ing )X FIHI Jlocal ,PLANT (Eq 6 1 -4)
where:
D 1 pLanting = dose to the chronic IHI (mrem/yr) due to ingestion of produce
D e 1 20pLaNTing = floge to the .chronic IHI (mrem/yr) due to ingestion of produce that has been
irrigated with water from the 1-meter well
D e prnprant ing = dose to 'the chronic IHI (mrem/yr) due to ingestion of produce that has been
contaminated by drill cuttings
F it tocal .pLaNT = fraction of consumed produce grown locally (unitless), Table 7.6-1
The dose from ingestion of plants contaminated by groundwater D ;. ,,0pvm, 18 calculated
using the following formula:
D [HIC ,H2O0PLANTing C e x EDF PLANTing (Eq 6. 1_4a)
where:
D = dose to the chronic IHI (mrem/yr) due to ingestion of produce that has been

[HIC,H2OPLANTing irrigated with water from the 1-meter well

C = radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
IHIc determined from an appropriate contaminant transport model
EDF = effective dose factor for ingestion of plants contaminated by groundwater
PLANTing : : : :
(Lxmrem)/(pCixyr), defined in Equation 3.1-4a (see Section 3.1.3)
The dose from ingestion of plants contaminated by drill cuttings D, ,.upivrie 1S Calculated

using the following formula:
D[H[C DrillPLANT ing — CIHI PR EDF ,PLANTing (Eq 6'1'4b)
where:

D 1 pritbrant ing = dose to the chronic IHI (mrem/yr) due to ingestion of soil that has been
’ contaminated by drill cuttings

Crn g = radionuclide concentration in the garden from contaminated drill cuttings
' (pCi/m?), as defined by Equation 6.1-3¢ (above)
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EDF = effective dose factor for ingestion of plants contaminated by drill cuttings

[HI.PLANTing (Lxmrem)/(pCixyr), defined in Equation 6.1-4c, below

The EDF for the dose from ingestion of plants contaminated by drill cuttings shall be
calculated as:

EDF _ (RSmV x U, x DCF (Eq. 6.1-4¢)

IHI ,PLANTing

Ps
where:
EDF ' = effective dose factor for ingestion of plants contaminated by drill cuttings
[H[,PLANng (Lerem)/(pclxyr)
RSt , = soil to vegetation ratio (unitless), Table 7.3-1
(o]
U = human consumption rate of plants or produce (kg/yr), as defined in Equation
P 3.1-4e (see Section 3.1.3)
DCF = ingestion dose conversion factor (mrem/pCi), Table 7.1-1
ing
O = dry bulk density of soil (kg/m’), Table 7.5-1

6.1.4 Ingestion of Meat (Chronic IHI)

The meat ingestion pathway assumes that terrestrial livestock drinks contaminated stock
water and consumes fodder irrigated with contaminated water. The stock water and
irrigation water is from the 1-meter well. The fodder is contaminated from direct deposition
of contaminated irrigation water on plants, from deposition of contaminated irrigation water
in soil followed by root uptake by plants, and from drill cuttings. The buildup of
radionuclide concentration in the soil from successive years of irrigation is accounted for.
The radionuclide concentration in fodder from deposition and root uptake is calculated as
well.

For the purpose of this calculation, meat (or terrestrial livestock) includes all meat that is not
considered poultry or fish. This includes beef, pork, veal, and other game.

Following the terrestrial livestock consumption of the contaminated water and fodder, the
IHI receptor consumes the contaminated meat. The dose from ingesting contaminated meat
is calculated using the following formula:

D (Eq. 6.1-5)

IHIC ,MEATing = (DIHIC ,H 20MEATing + D]H]C ,DrillMEATi ng )X FIHI Jocal ,MEAT

where:
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D = dose to the chronic IHI (mrem/yr) due to ingestion of meat (i.e., terrestrial

IHIC ,MEATing .
livestock meat such as beef, pork, veal, etc.)

D i 1oomEdt = dose to the chronic IHI (mrem/yr) due to ingestion of meat (i.e., terrestrial
: e livestock meat such as beef, pork, veal, etc.) that has been irrigated with water
from the 1-meter well

D e prin _ = dose to the chronic IHI (mrem/yr) due to ingestion of meat (i.e., terrestrial
[HIC DrillMEATi ng livestock meat such as beef, pork, veal, etc.) that has been contaminated by
drill cuttings

F]H” EAT = fraction of consumed terrestrial livestock raised locally (unitless), Table 7.6-1
Jocal,
The dose from ingestion of meat that has been contaminated by groundwater D ;. ,/ouzzine 18

calculated using the following formula:
(Eq. 6.1-5a)

DIHIC ,H 2 OMEATing = CIHIC x EDF MEATing

where:

D e 1 20mEATing = dose to the chronic IHI (mrem/yr) due to ingestion of meat (i.c., terrestrial
’ livestock such as beef, pork, veal, etc.) that has been irrigated with water from
the 1-meter well

C = radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
IHIC determined from an appropriate contaminant transport model
EDF ., Ting = effective dose factor for ingestion of terrestrial livestock meat contaminated

by groundwater (Lxmrem)/(pCixyr), as defined in Equation 3.1-5a (see
Section 3.1.4)

The dose from ingestion of meat contaminated by drill cuttings D . 1s calculated

IHIC ,DrillMEATi n,

using the following formula:

DIH[C,DrillMEATing = CIH[C,g X EDFIH],MEATing (Eq. 6.1-5b)
where:
D ‘ . = dose to the chronic IHI (mrem/yr) due to ingestion of meat (i.e., terrestrial
IHIC, Dril MEATing livestock meat such as beef, pork, veal, etc.) that has been contaminated by
drill cuttings
C = radionuclide concentration in the garden from contaminated drill cuttings
IHLg (pCi/m’), as defined by Equation 6.1-3¢ (above)
EDF = effective dose factor for ingestion of terrestrial livestock meat contaminated

[HI ,MEATing by drill cuttings (Lxmrem)/(pCixyr), as defined in Equation 6.1-5¢, below
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The EDF for the dose from ingestion of meat contaminated by drill cuttings shall be
calculated as:

EDFIHI,MEAT[ng = ((Q/bd,MEAT x (RStoV x SOIL )X F/deHI MEAT )x (PR + 1 — ER ))

(Eq. 6.1-5¢)
X TCMEAT x UMEAT X DCF[ng
where:
EDF ‘ = effective dose factor for ingestion of terrestrial livestock meat contaminated
[HI,MEATing by drill cuttings (Lxmrem)/(pCixyr)

Q = consumption rate of fodder by terrestrial livestock (kg/yr), Table 7.2-2
fod ,MEAT

RSt p = soil to vegetation ratio (unitless), Table 7.3-1

(7
SOIL = radionuclide deposition and ((m*xyr)/kg), as defined in Equation 3.1-3b (see
Section 3.1.3)

F = fraction of terrestrial livestock intake from field/pasture that is contaminated
JodIHLMEAT by drill cuttings (unitless), Table 7.2-3

PR = precipitation rate (m/yr), Table 7.5-1

I = functional irrigation rate (m/yr) as defined by Equation 3.1-3d (see Section
RE 3.1.2)

ER = evapotranspiration rate (m/yr), Table 7.5-1

TC = transfer coefficient for meat (i.e., terrestrial livestock meat such as beef, pork,

MEAT veal, etc.) (yr/kg), Table 7.3-2

U = human consumption rate of meat (i.e., terrestrial livestock meat such as beef,
MEAT pork, veal, etc.) (kg/yr), Table 7.2-1

DCF = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1

ing

6.1.5 Ingestion of Milk (Chronic IHI)

Following the livestock consumption of the contaminated water and fodder, the IHI receptor
consumes the contaminated milk from the livestock cattle. The dose from ingestion of
contaminated milk is calculated using the following formula:

D]HIC,M]LKing = (D [HIC,H2OMILKing +D IHIC,DrillMILKing ) xF, IHI Jocal, MILK (Eq. 6.1-6)

where:
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D e MiLKing = dose to the chronic IHI (mrem/yr) due to ingestion of milk
D = dose to the chronic IHI (mrem/yr) due to ingestion of milk that has been

IHIC ,H 2 OMILKii .. .
" irrigated with water from the 1-meter well

) — ng = dose to the chronic IHI (mrem/yr) due to ingestion of milk that has been
’ contaminated by drill cuttings

F ot tocat ik = fraction of consumed milk produced locally (unitless), Table 7.6-1

The dose from ingestion of milk contaminated by groundwater D .. ..oy, 18 calculated

using the following formula:

DIHIC,H 20MILKing — C[H[C x EDFMILKing (Eq 6.1-621)
where:
D ' = dose to the chronic IHI (mrem/yr) due to ingestion of milk that has been
[HIC,H20MILKing irrigated with water from the 1-meter well
C = radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
[Hic determined from an appropriate contaminant transport model
EDFMILKing = effective dose factor for ingestion of milk contaminated by groundwater
(Lxmrem)/(pCixyr), as defined in Equation 3.1-6a (see Section 3.1.5)
The dose from ingestion of milk contaminated by drill cuttings D, ,.unumx: . 18 calculated

using the following formula:

DIHIC,DriZlMILth = CIH]C,g X EDEH[,M]LKing (Eq. 6.1-6b)

where:

D e prinniiki ng = dose to the chronic IHI (mrem/yr) due to ingestion of milk that has been
' contaminated by drill cuttings

C = radionuclide concentration in the garden from contaminated drill cuttings
“ (pCi/m®), as defined by Equation 6.1-3¢ (above)

EDF ,; woixin = effective dose factor for ingestion of milk contaminated by drill cuttings
' ¢ (Lxmrem)/(pCixyr), as defined in Equation 6.1-6¢, below

The EDF for the dose from ingestion of milk contaminated by drill cuttings shall be
calculated as:
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EDFIHI,MILKing = ((Qfod,MlLK x (RSmV x SOIL )X F/bd MILK )X (PR + IRF —ER ))
U (Eq. 6.1-6¢)
x TCM[LK x | - | DCFing
P milk
where:
D270) Qu— = effective dose factor for ingestion of milk contaminated by drill cuttings
' (Lxmrem)/(pCixyr)
Qf MK = consumption rate of fodder by milk-producing livestock (kg/yr), Table 7.2-2
oa,
RSt p = soil to vegetation ratio (unitless), Table 7.3-1
o
SOIL = radionuclide deposition and ((m*<yr)/kg), as defined in Equation 3.1-3b (see
Section 3.1.3)
F gk = fraction of milk-producing livestock intake from field/pasture that is
’ contaminated by drill cuttings (unitless), Table 7.2-3
PR = precipitation rate (m/yr), Table 7.5-1
I = functional irrigation rate (m/yr) as defined by Equation 3.1-3d (see Section
RE 3.1.2)
ER = evapotranspiration rate (m/yr), Table 7.5-1
TC ik = transfer coefficient for milk-producing livestock (yr/kg), Table 7.3-3
U = human consumption rate of milk (kg/yr), Table 7.2-1
MILK
Doite = milk density (kg/L) , Table 7.2-1 (table note)
mi
DCF = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1

ing

6.1.6 Ingestion of Poultry (Chronic IHI)

The poultry and egg ingestion pathways assume poultry drink contaminated stock water and
consume fodder irrigated with contaminated water. The stock water and irrigation water is
from the 1-meter well. The fodder is contaminated from direct deposition of contaminated
irrigation water on plants and from deposition of contaminated irrigation water in soil
followed by root uptake by plants and from drill cuttings. For conservatism, it is also
assumed that poultry directly ingest contaminated soil in addition to the stock water and
fodder. The dose from ingestion of contaminated poultry is calculated using the following
formula:
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D[H[C,POULTRYing = (DIH]C,H2OPOULTRYirg + ZDIHIC,DrillPOULTRYing)>< FIHI,loca/,POULTRY (Eq 6. 1'7)

where:

dose to the chronic IHI (mrem/yr) due to ingestion of poultr
D ¢, pour trving ( yr) g poultry

= dose to the chronic IHI (mrem/yr) due to ingestion of poultry that has been

D A
IHIC H20POULIRYing irrigated with water from the 1-meter well

D = dose to the chronic IHI (mrem/yr) due to ingestion of poultry that has been
IHIC , DrillPOULT R¥ing . . .
contaminated by drill cuttings

= fraction of consumed poultry raised locally (unitless), Table 7.6-1

F}Hl,local,POULTRY

The dose from ingestion of poultry contaminated by groundwater D, .»oro0mmyin ¢ 1S

calculated using the following formula:

DIHIC,HZOPOULTRYirg = Cye ¥ EDF}’OULTRYing (Eq. 6.1-7a)

where:

D e maoroviiryn ¢ Fio'se to the.chromc IHI (mrem/yr) due to ingestion of poultry that has been
irrigated with water from the 1-meter well

= radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
C g
1HIc determined from an appropriate contaminant transport model
EDF 1 ey = effective dose factor for ingestion of poultry contaminated by groundwater
e (Lxmrem)/(pCixyr), as defined in Equation 3.1-7a (see Section 3.1.6)
The dose from ingestion of poultry contaminated by drill cuttings D, p.rovrr ryine 19

calculated using the following formula:

DIH]C,DrillPOULZRYing = CIHIC,g X EDEHI,POULTRYing (Eq. 6.1-7b)

where:

D = dose to the chronic THI (mrem/yr) due to ingestion of poultry that has been
IHIC ,DrillPOULT RYing . . .
contaminated by drill cuttings

C = radionuclide concentration in the garden from contaminated drill cuttings
L. (pCi/m’), as defined by Equation 6.1-3¢ (above)
EDF = effective dose factor for ingestion of poultry contaminated by drill cuttings

IHI ,POULTRYing

(Lxmrem)/(pCixyr), as defined in Equation 6.1-7c, below
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The EDF for the dose from ingestion of poultry contaminated by drill cuttings shall be
calculated as:

EDF _ (((Qﬁ)d,POULTRY X (RSmV x SOIL)X Ffod,POULTRY )X (PR + IRF - ER)
IHI ,POULTRYing —
¢ + (SO[L X IRF x QSO[L,POULTRY X FSO[L,POULTRY )

X TCPOULTRY X UPOULTRY X DCF

ing

)
J(Eq. 6.1-7c)

where:
EDE,, POULTRY effective dose factor for ingestion of poultry contaminated by drill cuttings
(Lxmrem)/(pCixyr)
Qfo 1 POULTR] = consumption rate of fodder by poultry (kg/yr), Table 7.2-2
R StV = soil to vegetation ratio (unitless), Table 7.3-1
SOIL = radionuclide deposition and (m? xyr)/kg), as defined in Equation 3.1-3b (see

Section 3.1.3)

= fraction of poultry intake from field/pasture that is contaminated by drill

Ffod,POULTRY

cuttings (unitless), Table 7.2-3

PR precipitation rate (m/yr), Table 7.5-1
I functional irrigation rate (m/yr) as defined by Equation 3.1-3d (see Section
RF
3.1.2)
ER evapotranspiration rate (m/yr), Table 7.5-1
SOIL radionuclide deposition and buildup rate in the soil ((m*xyr )/kg) as defined

QSOIL,POULTRY

by Equation 3.1-3b (see Section 3.1.2)

consumption rate of soil by poultry (kg/yr), Table 7.2-2

F fraction of poultry-soil intake from field/pasture that is contaminated by drill
SOILPOULTRY cuttings (unitless), Table 7.2-3

C POULTRY transfer coefficient for poultry (yr/kg), Table 7.3-4

U POULTRY human consumption rate of poultry (kg/yr), Table 7.2-1

DCF dose conversion factor for ingestion (mrem/pCi), Table 7.1-1

ing
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6.1.7 Ingestion of Egg (Chronic IHI)

Following the poultry consumption of the contaminated water and fodder, the chronic IHI
consumes the contaminated poultry and eggs. The dose from ingestion of contaminated
poultry is calculated using the following formula:

DIH[C,EGGing = (DIHIC ,H20EGGing + DIHIC,DrillEGGin g )X FIH[ Jocal ,JEGG (Eq 6 1 -8)
where:
D]H[C . = dose to the chronic IHI (mrem/yr) due to ingestion of eggs
,EGGing
Do maorco = dose to the chronic IHI (mrem/yr) due to ingestion of eggs that have been
[HIC.H20EGGing irrigated with water from the 1-meter well
D e pringcc = dose to the chronic IHI (mrem/yr) due to ingestion of eggs that have been
C.DrillEGGirg contaminated by drill cuttings
= fraction of consumed eggs produced locally (unitless), Table 7.6-1

F}Hl,local,EGG £es P Y ( )

The dose from ingestion of eggs contaminated by groundwater D, ,op66n, 1S Calculated

using the following formula:
(Eq. 6.1-8a)

D IHIC \H 20EGGing — CIHIC x EDF EGGing

where:

D e 12056Ging = dose to the chronic IHI (mrem/yr) due to ingestion of eggs that have been
' irrigated with water from the 1-meter well

C = radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
IHic determined from an appropriate contaminant transport model
EDF ., = effective dose factor for ingestion of eggs contaminated by groundwater
e (Lxmrem)/(pCixyr), as defined in Equation 3.1-8a (see Section 3.1.7)
The dose from ingestion of eggs contaminated by drill cuttings D, ,.z6. . 18 Calculated

using the following formula:

D e prineecin ¢ = CIHIC,g X EDF 111 £6Ging (Eq. 6.1-8b)
where:
= dose to the chronic IHI (mrem/yr) due to ingestion of eggs that have been
Dy privecei ( yr) g eg

contaminated by drill cuttings
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Cirtrg

EDF,

IHI,EGGing

radionuclide concentration in the garden from contaminated drill cuttings
(pCi/m?), as defined by Equation 6.1-3¢ (above)

effective dose factor for ingestion of eggs contaminated by drill cuttings
(Lxmrem)/(pCixyr), as defined in Equation 6.1-8c, below

The EDF for the dose from ingestion of eggs contaminated by drill cuttings shall be

calculated as:

EDF, IHI ,EGGing =(

where:

EDF

IHI ,EGGing

0 fod ,EGG

R

StoV

SOIL

F

fod [EGG

PR

IRF

ER

SOIL

Qsm’l,EGG

F

SOILEGG

TCEGG

((Q/bd,EGG X (RStoV X SO]L)X Ffod,EGG )X (PR + g — ER)

+ (SOIL X e X Qi 66 X Fon.zce ) j (Eq. 6.1-8¢)
XTC po6 XU gge x DCF,

ing

effective dose factor for ingestion of eggs contaminated by drill cuttings
(Lxmrem)/(pCixyr)

consumption rate of fodder by eggs (kg/yr), Table 7.2-2
soil to vegetation ratio (unitless), Table 7.3-1

radionuclide deposition and ((m*xyr)/kg), as defined in Equation 3.1-3b (see
Section 3.1.3)

fraction of egg intake from field/pasture that is contaminated by drill cuttings
(unitless), Table 7.2-3

precipitation rate (m/yr), Table 7.5-1

functional irrigation rate (m/yr) as defined by Equation 3.1-3d (see Section
3.1.2)

evapotranspiration rate (m/yr), Table 7.5-1

radionuclide deposition and buildup rate in the soil ((m*x<yr)/kg) as defined by
Equation 3.1-3b

consumption rate of soil by eggs (kg/yr), Table 7.2-2

fraction of egg-soil intake from field/pasture that is contaminated with drill
cuttings (unitless), Table 7.2-3

transfer coefficient for eggs (yr/kg), Table 7.3-5
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UEGG = human consumption rate of eggs (kg/yr), Table 7.2-1

DCF = dose conversion factor for ingestion (mrem/pCi), Table 7.1-1
ing

6.1.8 Ingestion of Fish

The fish ingestion route assumes fish are caught from a contaminated stream at the point of
highest concentration, and the IHI receptor in turn consumes the contaminated fish. The dose
from consumption of fish shall be calculated according to Equation 3.1-9 (see Section 3.1.8).

6.2  Chronic IHI, Direct Exposure Dose Pathways

The following text defines the parameter Dy, from Equation 6-1. The direct exposure dose

to the chronic IHI is determined according to Equation 6.2-1:

D IHIC jexp — D HIC SOIL exp T D HIC ,SHOWER oxp T D sLoswiv exp T D SL,BOAT exp (Eq' 6.2- 1)
where:
DIH[C,exp = dose to the chronic IHI (mrem/yr) due to exposure
D 1 soiw exp = flose to chronic IHI (mrem/yr) due to direc.t exposure to soi} contaminated by
irrigation from the 1-meter well and deposition of drill cuttings
D = dose to the chronic IHI (mrem/yr) due to direct exposure while showering or

[HIC,SHOWERexp bathing in water from the 1-meter well

= dose to the chronic IHI (mrem/yr) due to direct exposure from swimming in
stream water at the contaminated SL, as defined in Equation 3.2-4 (see Section
3.2.3)

DSL,SWIM exp

Dy, sour = dose to the chronic IHI (mrem/yr) due to direct exposure from boating in stream
’ P water at the contaminated SL, as defined in Equation 3.2-5 (see Section 3.2.4)

Note that direct exposure from fishing at the shoreline of a contaminated stream is considered
negligible relative to the other exposure pathways and is not included in this methodology.

6.2.1 Direct Exposure from Irrigated Soil (Chronic IHI)

The exposure pathway from direct contact to contaminated soil assumes the soil (1) irrigated
with groundwater from a well 1 meter from the contamination source, and (2) contaminated
with drill cuttings. The chronic IHI receptor is exposed during time spent caring for a
garden. The radionuclide concentration in the soil and the exposure dose is calculated using
the following formula:

DIH]C,SOILexp = D]HIC,HZOSO]lsxp + D]H[C,DrillSO]lexp (Eq. 6.2-2)
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where:
D = dose to chronic IHI (mrem/yr) due to direct exposure to soil contaminated by
THICSOIlLexp irrigation from the 1-meter well and deposition of drill cuttings
D = dose to chronic IHI (mrem/yr) due to direct exposure to soil contaminated by
IHIGH20SO1lIexp irrigation from the 1-meter well
D]HICD SOIE = dose to chronic IHI (mrem/yr) due to direct exposure to soil contaminated by
7i Xp

deposition of drill cuttings

The dose from direct exposure to soil contaminated by groundwater Dy yaosomexpiS

calculated using the following formula:
(Eq. 6.2-2a)

D e JH20SOIL exp — C e x EDF exp

where:

D = dose to chronic IHI (mrem/yr) due to direct exposure to soil contaminated by
[HIC,H20S0IL exp irrigation from the 1-meter well

C = radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
tHIc determined from an appropriate contaminant transport model
pprop P
EDF ¢ o = effective dose factor for external exposure to soil (Lxmrem)/(pCixyr), as

defined in Equation 3.2-2a (see Section 3.2.1)

The dose from direct exposure to soil contaminated by drill cuttings D pinsormep 1S

calculated using the following formula:

D e prinsor, exp = C x EDF (Eq. 6.2-2b)

IHIC g IHI ,SOIL exp

where:

D e prisorL oxp = dose to chronic IHI (mrem/yr) due to direct exposure to soil contaminated by
’ deposition of drill cuttings

C = radionuclide concentration in the garden from contaminated drill cuttings
IHl.g (pCi/m’), as defined by Equation 6.1-3¢ (see Section 6.1.2)
EDF = effective dose factor for direct exposure to soil contaminated by drill cuttings

[HI,SOIL exp (Lxmrem)/(pCixyr), as defined in Equation 6.2-2¢, below

The EDF for IHI soil exposure shall be calculated as:

EDF 1y son exp = DCF oy X F, (Eq. 6.2-2¢)

&
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where:
EDF = effective dose factor for direct exposure to soil contaminated by drill cuttings
IHI ,SOIL exp .
(Lxmrem)/(pCixyr)
DCF = dose conversion factor for external exposure (m*xmrem)/(pCixyr), Table
P 7.1-1
F = fraction of the time the IHI spends in the garden (unitless), Table 7.4-1
[7g

6.2.2 Direct Exposure from Showering (Chronic IHI)

The direct contact exposure pathway from showering and bathing assumes the chronic THI
receptor receives dose from washing in water from the 1-meter well. The dose is calculated
using the following formula:

DIH]C,SHOWER,exp = Cppre % EDFSHOWER,exp (Eq. 6.2-3)

where:

D = dose to the chronic IHI (mrem/yr) due to direct exposure while showering or
IHIC ,SHOWER ,exp L
bathing in water from the 1-meter well

C = radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
fHic determined from an appropriate contaminant transport model
pprop P
EDF ¢\ = effective dose factor for external exposure to water while showering or
SHOWER exp bathing (Lxmrem)/(pCixyr), as defined in Equation 3.2-3a (see Section
3.2.2)

6.2.3 Direct Exposure from Swimming

The direct contact exposure pathway from swimming assumes the chronic IHI receptor
receives dose from swimming in a contaminated stream at the point of highest concentration.
The dose from swimming exposure shall be calculated according to Equation 3.2-4 (see
Section 3.2.3).

6.2.4 Direct Exposure from Boating

The direct contact exposure pathway from boating assumes the chronic IHI receptor receives
dose from activities in a contaminated stream at the point of highest concentration. The dose
from boating exposure shall be calculated according to Equation 3.2-5 (see Section 3.2.4).
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6.3  Chronic Intruder Inhalation Dose Pathways

The following text defines the parameter D,H,anh from Equation 6-1. The inhalation dose to the

chronic IHI is determined according to Equation 6.3-1:

D IHIC inh — D 1m1C RRink T+ D 1m1C.,pUSTinh D 1w1C SHOWERinh T+ D SL,SWIMinh (Eq. 6.3-1)
where:
D ic.in = dose to the chronic IHI (mrem/yr) due to inhalation
V0 — = dose to the chronic IHI (mrem/yr) due to inhalation while irrigating gardens or
’ crops with water from the 1-meter well
D = dose to the chronic IHI (mrem/yr) due to inhalation of dust and soil that has been

IHIC ,DUSTinh . .. . .
contaminated due to irrigation with water from the 1-meter well

)2 — = dose to the chronic IHI (mrem/yr) due to inhalation while showering or bathing
’ in water from the 1-meter well

= dose to the chronic IHI (mrem/yr) due to inhalation while swimming in stream

D in.
St S water at the contaminated SL , as defined in Equation 3.3-5 (see Section 3.3.4)

6.3.1 Inhalation of Water during Irrigation (Chronic IHI)

The exposure pathway from inhalation during irrigation assumes soil is irrigated with
groundwater from the 1-meter well and the chronic THI receptor is exposed by breathing
while the garden is irrigated but only during time spent caring for a garden. The dose is
calculated using the following formula:

DIHIC,IRRinh = CIH]C X EDFIRRmh (Eq. 6.3-2)

where:

= dose to the chronic IHI (mrem/yr) due to inhalation while irrigating gardens or

D .
[HIC ,IRRinh crops with water from the 1-meter well

C = radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
IHIC . . .
determined from an appropriate contaminant transport model
ED FIRR' , = effective dose factor for inhalation of water during irrigation
In

(Lxmrem)/(pCixyr), as defined in Equation 3.3-2a (see Section 3.3.1)
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6.3.2 Inhalation of Dust from Irrigated Soil (Chronic IHI)

The dose pathway associated with inhalation of dust and soil that has been irrigated assumes
that dust and soil has been irrigated with water from the 1-meter well and includes drill
cuttings. The chronic IHI receptor is exposed by breathing dust during time spent caring for
a garden. This formula was derived following the approach of previous pathway
calculations. The dose is calculated using the following formula:

D [HIC,DUSTinh — DIHIC,HZODUSTinh + DIHIC,DrillDUSTinh (Eq. 6.3-3)

where:

= dose to the chronic IHI (mrem/yr) due to inhalation of dust and soil that has
been contaminated due to irrigation with water from the 1-meter well and
from deposition of drill cuttings

DIHIC,DUSTinh

= dose to the chronic IHI (mrem/yr) due to inhalation of dust and soil that has

D ,
[HIC,H 20DUSTink been contaminated due to irrigation with water from the 1-meter well

= dose to the chronic IHI (mrem/yr) due to inhalation of dust and soil that has

D , 4
IHIC ,DrillDUSTi i . 2. . )
" o been contaminated from deposition of drill cuttings

The dose from direct exposure to soil contaminated by groundwater D,;c m0puszinlS

calculated using the following formula:

D e wropustin = C e X EDE pysgin, (Eq. 6.3-3a)
where:
D ‘ = dose to chronic IHI (mrem/yr) due to inhalation of dust and soil that has been
IHIC,H20DUSTinh contaminated due to irrigation with water from the 1-meter well
C = radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
HIc determined from an appropriate contaminant transport model
ED FDUST' . = effective dose factor for inhalation of dust and soil (Lxmrem)/(pCixyr), as
mn

defined in Equation 3.3-3a (see Section 3.3.2)

The dose from direct exposure to soil contaminated by drill cuttings Dc pupuszin 1

calculated using the following formula:

D[H]C,DUSTinh = CIHI,g x EDF IHIC ,ink (Eq. 6.3-3b)

where:

= dose to the chronic IHI (mrem/yr) due to inhalation of dust and soil that has

D , ,
[HIC. DrillDUSTinh been contaminated from deposition of drill cuttings
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C = radionuclide concentration in the garden from contaminated drill cuttings
IHLg (pCi/m®), as defined by Equation 6.1-3¢ (see Section 6.1.2)

EDF 0 i = effective dose factor for inhalation of dust from contaminated drill cuttings
' (Lxmrem)/(pCixyr), as defined in Equation 6.3-3¢, below

The EDF for inhalation of dust from drill cuttings shall be calculated as:

F;,d x Lsail X Uair X DCF;nh
EDFyyc = (Eq. 6.3-3¢)
Ps
where:
EDF i = effective dose factor for inhalation of dust from contaminated drill cuttings
| (Lxmrem)/(pCixyr)

F = fraction of time exposed to drill cuttings (unitless), Table 7.4-1

t,d

- = soil loading in air while working in a garden (kg/m’), Table 7.4-1
U = air intake (m*/yr), Table 7.2-1

air
DCF:‘nh = dose conversion factor for inhalation (mrem/pCi), Table 7.1-1
O = dry bulk density of soil (kg/m®), Table 7.5-1

6.3.3 Inhalation during Showering (Chronic IHI)

The showering inhalation dose pathway assumes the chronic IHI receptor is exposed by
breathing humid air within the shower. The source of water for the shower is a well 1-meter
from the contamination source. The dose is calculated using the following formula:

D IHIC ,SHOWERinh — C e X EDF gy (Eq. 6.3-4)

where:

= dose to the chronic IHI (mrem/yr) due to inhalation while showering or

D _
[HIC, SHOWERnk bathing in water from the 1-meter well

C = radionuclide concentration in groundwater from the 1-meter well (pCi/L), as
IHIC determined from an appropriate contaminant transport model
= effective dose factor for inhalation of water while showering or bathin
EDF g10mepiny & £

(Lxmrem)/(pCixyr), as defined in Equation 3.3-4a (see Section 3.3.3)
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6.3.4 Inhalation during Swimming

The swimming inhalation pathway assumes that water from a stream has been contaminated
by groundwater and that the receptor inhales saturated air. For simplicity and conservatism,
the amount of moisture contained in the inhaled air is assumed to be groundwater. The dose
is calculated using Equation 3.3-5 (see Section 3.3.4).
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7.0 PARAMETERS

The following provides recommended values based on practices at the Savannah River Site,
current literature reviews, and derivations as described herein.

7.1 Dose Conversion Factors

The purpose of this section is to present a set of DCFs for use in dose calculations for the Liquid
Waste PAs and related modeling efforts. A comprehensive list of DCFs was prepared and
included below. Note that due to approaches to screening radionuclide inventories and other
factors, PAs and other models may only use a subset of the values listed.

Radiation doses to the human receptors (MOP or IHI) may result from internal intake of
radionuclides by ingestion, inhalation, or from external exposure to radionuclides present in the
environment. The dose calculations described earlier use DCFs to convert exposure to dose.

Previous PA analyses used the DCFs from the International Commission on Radiological
Protection (ICRP) Publication 72, published in 1996, and the EPA Federal Guidance Report 11,
published in 1988. [ICRP-72; EPA-520-1-88-020] The recommended values have been revised
to reflect newer guidance from updated data sources. Specifically, the DCFs for ingestion and
inhalation come from the DOE’s Derived Concentration Technical Standard, Tables A-1 and A-
2, respectively, of a 2011 Technical Standard Report; and the DCF’s for soil and water exposure
come from a revised input data set for special software associated with the EPA's Federal
Guidance Reports 12 and 13 (DCPAK3.02, data files: FGR12I112.DAT and FGR12I116.DAT).
[DOE-STD-1196-2011, EPA-402-R-93-081, EPA-402-R-99-001]

The ingestion and inhalation DCFs from DOE’s Derived Concentration Technical Standard are
converted to standard units for input into the calculations by multiplying the DCFs by 3.7E+03
(mrem/pCi)/(Sv/Bq). [DOE-STD-1196-2011] These internal DCFs are expressed in millirem
divided by picocurie (mrem/pCi) and presented in Table 7.1-1 for the various radionuclides. The
calculations presented in Sections 3 through 6 assume the receptor (MOP or IHI) is an age- and
gender- weighted Reference Person, as consistent with guidance in DOE’s Derived
Concentration Technical Standard. [DOE-STD-1196-2011] In accordance with this assumption,
the values shown in Table 7.1-1 apply internal DCFs for the Reference Individual (i.e., a
demographic composite of individuals of all ages)

External DCFs for soil exposure assume that contaminated soil is uniformly distributed at a
depth of 0.15 m. The values associated with EPA Federal Guidance Report 12 show the dose
rate per unit of activity of contaminated media, reported in Sieverts per second divided by
Becquerels per meter cubed (Sv/s)/(Bq/m’). [EPA-402-R-93-081] The DCFs are converted to
standard units for input into PA calculations by multiplying the EPA-402-R-93-081 DCFs by
3.7E+03  (mrem/pCi)/(Sv/Bq) and by 31,557,600 (s/yr), resulting in units of
(m’xmrem)/(pCixyr). External DCFs are presented in Table 7.1-1 for both contaminated soil
and for immersion in contaminated water.

DCFs from short-lived progeny may be combined with those from the longer-lived parents as a
modeling simplification. Models make use of this simplification by assuming that the selected
daughter products are in secular equilibrium with the parent radionuclides. The equilibrium is
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calculated using the individual DCFs, adjusted by the branching fraction for the daughter
products to the parent. For example, the ingestion DCFs for Am-242m at secular equilibrium
include:

e Am-242m (7.99E-04 mrem/pCi) with no branching fraction (7.99E-04 mrem/pCi),

e Am-242 (1.56E-06 mrem/pCi) with a branching fraction of 0.996 (1.56E-06 mrem/pCi X
0.996 = 1.56E-06 mrem/pCi),

o Np-238 (4.44E-06 mrem/pCi) with a branching fraction of 0.004 (4.44E-06 mrem/pCi %
0.004 = 1.78E-08 mrem/pCi, and

e (Cm-242 (7.10E-05 mrem/pCi) with a branching fraction of 0.827 (7.10E-05 mrem/pCi x
0.004 = 5.88E-05 mrem/pCi)

Therefore, the ingestion DCFs for Am-242m at secular equilibrium is 7.99E-04 mrem/pCi +
1.56E-06 mrem/pCi + 1.78E-08 mrem/pCi + 5.88E-05 mrem/pCi = 8.60E-04 mrem/pCi.

Due to these secular equilibrium adjustments, Table 7.1-1 shows duplicate entries for some
DCFs where the first entry is the DCF for the specific radionuclide and the second entry (shaded)
represents the sum of the parent and its progeny that are assumed to be in secular equilibrium.
Table 7.1-2 provides a summary which radionuclides are assumed to be in secular equilibrium
with their daughter products (i.e., those that are shaded in Table 7.1-1).

Table 7.1-1: Internal and External DCFs

Internal DCFs (mrem/pCi) External DCFs (m*xmrem)/(pCixyr)
) Ingestion Inhalation Soil Exposure (assumes Water

Nuclide g 0.15 m depth) Immersion
DCFing DCEnh DCExp DCF;mm
Ac-225 1.94E-04 3.77E-03 3.21E-08 1.47E-07
Ac-227 1.45E-03 5.96E-01 1.61E-10 9.63E-10
Ac-227° 2.31E-03 6.00E-01 1.21E-06 4.85E-06
Ac-228 1.90E-06 5.03E-05 2.72E-06 1.01E-05
Ag-108m 1.09E-05 2.59E-05 5.03E-06 1.83E-05
Al-26 1.70E-05 4.85E-05 8.58E-06 3.25E-05
Am-241 8.81E-04 3.63E-01 2.32E-08 1.80E-07
Am-242 1.56E-06 4.96E-05 2.80E-08 1.48E-07
Am-242m 7.99E-04 3.43E-01 6.59E-10 5.29E-09
Am-242m* 8.60E-04 3.55E-01 3.61E-08 1.81E-07
Am-243 8.73E-04 3.61E-01 8.03E-08 5.07E-07
Am-243*° 8.77E-04 3.61E-01 5.19E-07 2.40E-06
Ar-39 0.00E+00 0.00E+00 4.96E-10 1.49E-08
At-217 0.00E+00 0.00E+00 6.94E-10 2.70E-09
At-218 0.00E+00 0.00E+00 3.34E-11 1.46E-10
Ba-133 9.03E-06 7.62E-06 1.07E-06 4.16E-06
Ba-137m 0.00E+00 0.00E+00 1.88E-06 6.81E-06
Bi-210 6.66E-06 4.77E-06 3.35E-09 3.48E-08
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Table 7.1-1: Internal and External DCFs (Continued)

Internal DCFs (mrem/pCi) External DCFs (m*xmrem)/(pCixyr)
Soil Exposure
Nuclide Ingestion Inhalation (assumes 0.15m | Water Immersion
depth)

DCFing DCF;nh DCF;xp DCEmm
Bi-210m 7.44E-05 2.01E-04 7.62E-07 2.91E-06
Bi-210m* 7.44E-05 2.01E-04 7.70E-07 2.96E-06
Bi-211 0.00E+00 0.00E+00 1.40E-07 5.27E-07
Bi-212 1.30E-06 3.81E-05 3.37E-07 1.26E-06
Bi-213 9.92E-07 4.44E-05 3.93E-07 1.47E-06
Bi-214 5.51E-07 3.05E-05 4.76E-06 1.80E-05
Bk-249 4.63E-06 1.63E-03 3.85E-12 6.33E-11
C-14 2.34E-06 8.07E-07 6.91E-12 3.37E-10
Ca-41 1.10E-06 8.47E-07 0.00E+00 0.00E+00
Cd-113m 9.51E-05 4.33E-04 5.46E-10 1.24E-08
Ce-144 2.68E-05 1.81E-04 3.91E-08 1.88E-07
Cf-249 1.65E-03 6.59E-01 9.80E-07 3.63E-06
Cf-250 8.21E-04 3.04E-01 3.14E-08 1.21E-07
Cf-251 1.68E-03 6.70E-01 2.83E-07 1.25E-06
Cf-252 5.59E-04 1.64E-01 1.46E-06 5.62E-06
Cl-36 4.59E-06 1.52E-06 1.46E-09 2.27E-08
Cm-242 7.10E-05 1.46E-02 7.93E-11 1.06E-09
Cm-243 6.66E-04 2.65E-01 3.25E-07 1.37E-06
Cm-244 5.59E-04 2.18E-01 1.13E-10 1.08E-09
Cm-245 8.95E-04 3.70E-01 2.18E-07 1.04E-06
Cm-246 8.92E-04 3.70E-01 1.16E-08 4.52E-08
Cm-247 8.21E-04 3.39E-01 9.55E-07 3.51E-06
Cm-247° 8.22E-04 3.39E-01 9.99E-07 3.76E-06
Cm-248 3.34E-03 1.36E+00 4.19E-06 1.62E-05
Co-60 2.03E-05 2.23E-05 8.07E-06 3.01E-05
Cs-134 6.92E-05 2.43E-05 4.92E-06 1.79E-05
Cs-135 9.77E-06 3.38E-06 4.88E-11 2.77E-09
Cs-137 4.92E-05 1.70E-05 5.34E-10 1.23E-08
Cs-137° 4.92E-05 1.70E-05 1.78E-06 6.44E-06
Eu-152 6.44E-06 3.67E-04 3.63E-06 1.37E-05
Eu-154 9.66E-06 4.26E-04 3.92E-06 1.46E-05
Eu-155 1.67E-06 5.11E-05 1.02E-07 5.69E-07
Fr-221 0.00E+00 0.00E+00 8.01E-08 3.21E-07
Fr-223 1.20E-05 4.18E-06 1.04E-07 5.31E-07
Gd-152 1.97E-04 7.44E-02 0.00E+00 0.00E+00
H-3 7.77E-08 2.47E-08 0.00E+00 0.00E+00
1-129 4.48E-04 1.50E-04 6.06E-09 7.80E-08
K-40 3.04E-05 9.55E-06 5.14E-07 1.96E-06
Kr-85 0.00E+00 0.00E+00 7.79E-09 4.38E-08
Lu-174 1.42E-06 3.00E-05 2.55E-07 1.15E-06
Mo-93 1.15E-05 3.65E-06 2.56E-10 4.66E-09
Mo-93m 5.44E-07 4.63E-07 7.39E-06 2.76E-05
Na-22 1.44E-05 5.59E-06 6.97E-06 2.57E-05
Nb-93m 6.59E-07 1.03E-06 4.57E-11 8.33E-10
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Table 7.1-1: Internal and External DCFs (Continued)

Internal DCFs (mrem/pCi) External DCFs (m*xmrem)/(pCixyr)
Soil Exposure
Nuclide Ingestion Inhalation (assumes 0.15m | Water Immersion
depth)

DCFing DCF;nh DCF;xp DCEmm
Nb-94 8.25E-06 2.46E-05 4.95E-06 1.81E-05
Ni-59 2.95E-07 747E-07 4.83E-11 1.75E-10
Ni-63 7.33E-07 1.84E-06 0.00E+00 0.00E+00
Np-237 4.63E-04 1.87E-01 4.18E-08 2.25E-07
Np-237° 4.67E-04 1.87E-01 6.44E-07 2.60E-06
Np-238 4.44E-06 1.32E-05 1.86E-06 6.87E-06
Np-239 4.11E-06 8.33E-07 4.39E-07 1.89E-06
Np-240 3.55E-07 1.46E-07 3.22E-06 1.20E-05
Np-240m 0.00E+00 0.00E+00 1.01E-06 3.74E-06
Pa-231 2.07E-03 8.77E-01 9.49E-08 3.71E-07
Pa-233 4.88E-06 5.29E-06 6.02E-07 2.37E-06
Pa-234 2.06E-06 6.03E-07 4.53E-06 1.69E-05
Pa-234m 0.00E+00 0.00E+00 6.96E-08 2.86E-07
Pb-209 2.76E-07 7.73E-08 4.64E-10 1.31E-08
Pb-210 3.77E-03 3.74E-03 1.31E-09 1.27E-08
Pb-210° 1.03E-02 6.57E-03 4.69E-09 4.76E-08
Pb-211 9.69E-07 1.62E-05 2.06E-07 7.80E-07
Pb-212 3.81E-05 8.07E-05 3.78E-07 1.56E-06
Pb-214 7.36E-07 1.24E-05 7.34E-07 2.81E-06
Pd-107 1.96E-07 1.19E-07 0.00E+00 0.00E+00
Pm-147 1.34E-06 2.95E-05 2.69E-11 1.13E-09
Po-210 6.48E-03 2.83E-03 3.08E-11 1.13E-10
Po-211 0.00E+00 0.00E+00 2.58E-08 9.43E-08
Po-212 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po-213 0.00E+00 0.00E+00 1.19E-10 4.33E-10
Po-214 0.00E+00 0.00E+00 2.64E-10 9.61E-10
Po-215 0.00E+00 0.00E+00 5.42E-10 1.98E-09
Po-216 0.00E+00 0.00E+00 4.86E-11 1.77E-10
Po-218 0.00E+00 0.00E+00 5.77E-15 3.34E-13
Pr-144 2.52E-07 4.70E-08 1.32E-07 5.20E-07
Pt-193 1.82E-07 1.06E-07 2.73E-12 7.67E-11
Pu-238 9.73E-04 4.07E-01 6.94E-11 9.12E-10
Pu-239 1.07E-03 4.48E-01 1.67E-10 9.94E-10
Pu-240 1.07E-03 4.48E-01 7.01E-11 8.94E-10
Pu-241 1.93E-05 8.51E-03 3.26E-12 1.60E-11
Pu-242 1.01E-03 4.26E-01 2.99E-10 1.67E-09
Pu-243 4.33E-07 1.39E-07 4.40E-08 2.43E-07
Pu-244 1.01E-03 4.18E-01 6.33E-08 2.44E-07
Pu-244° 1.02E-03 4.18E-01 1.08E-06 4.03E-06
Ra-223 8.03E-04 6.77E-04 3.47E-07 1.48E-06
Ra-224 4.66E-04 3.96E-04 2.97E-08 1.15E-07
Ra-225 8.81E-04 7.40E-04 5.57E-09 6.34E-08
Ra-226 1.68E-03 1.72E-03 1.94E-08 7.99E-08
Ra-226" 1.68E-03 1.77E-03 5.52E-06 2.09E-05
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Table 7.1-1: Internal and External DCFs (Continued)

Internal DCFs (mrem/pCi) External DCFs (m*xmrem)/(pCixyr)
Soil Exposure
Nuclide Ingestion Inhalation (assumes 0.15m | Water Immersion
depth)

DCFing DCF;nh DCF;xp DCEmm
Ra-228 5.92E-03 5.44E-03 4.11E-11 7.92E-10
Ra-228° 6.86E-03 1.33E-01 7.34E-06 2.84E-05
Rb-87 7.59E-06 2.39E-06 8.41E-11 4.55E-09
Re-188 7.10E-06 2.22E-06 1.89E-07 7.71E-07
Rh-106 0.00E+00 0.00E+00 7.01E-07 2.57E-06
Rn-219 0.00E+00 0.00E+00 1.74E-07 6.54E-07
Rn-220 0.00E+00 0.00E+00 1.96E-09 7.12E-09
Ru-106 3.55E-05 3.58E-05 0.00E+00 0.00E+00
S-35 6.44E-07 2.35E-07 7.62E-12 3.97E-10
Sb-125 5.44E-06 6.03E-06 1.31E-06 4.81E-06
Sb-126 1.29E-05 4.81E-06 8.69E-06 3.16E-05
Sb-126m 1.85E-07 5.59E-08 4.87E-06 1.77E-05
Sc-46 6.96E-06 2.81E-05 6.42E-06 2.37E-05
Se-79 1.73E-05 6.22E-06 7.97E-12 3.95E-10
Sm-147 2.37E-04 9.03E-02 0.00E+00 0.00E+00
Sm-151 5.00E-07 3.64E-05 4.53E-13 7.24E-12
Sn-121 1.17E-06 2.83E-07 1.10E-10 5.09E-09
Sn-121m 1.96E-06 3.62E-06 9.04E-10 1.31E-08
Sn-126 2.36E-05 4.92E-05 8.15E-08 4.78E-07
Sn-126* 2.56E-05 4.99E-05 6.17E-06 2.27E-05
Sr-90 1.33E-04 1.02E-04 3.99E-10 1.27E-08
Sr-90*° 1.47E-04 1.05E-04 2.46E-08 1.28E-07
Tc-99 3.33E-06 1.34E-06 6.88E-11 3.67E-09
Te-125m 4.51E-06 2.38E-06 6.95E-09 9.08E-08
Th-227 5.44E-05 3.20E-03 3.36E-07 1.34E-06
Th-228 4.29E-04 1.27E-01 4.45E-09 2.15E-08
Th-229 2.25E-03 9.21E-01 1.77E-07 8.64E-07
Th-229* 3.33E-03 9.26E-01 8.31E-07 3.42E-06
Th-230 9.36E-04 3.85E-01 6.82E-10 3.99E-09
Th-231 1.71E-06 3.64E-07 2.03E-08 1.19E-07
Th-232 1.03E-03 4.26E-01 2.98E-10 2.10E-09
Th-234 1.73E-05 1.23E-05 1.45E-08 8.43E-08
T1-207 0.00E+00 0.00E+00 1.37E-08 7.59E-08
T1-208 0.00E+00 0.00E+00 1.08E-05 4.25E-05
T1-209 0.00E+00 0.00E+00 6.76E-06 2.57E-05
U-232 1.49E-03 1.71E-02 4.46E-10 2.84E-09
U-232° 2.43E-03 1.44E-01 4.62E-06 1.82E-05
U-233 2.23E-04 2.36E-03 5.56E-10 2.74E-09
U-234 2.15E-04 2.28E-03 2.15E-10 1.63E-09
U-235 2.03E-04 2.12E-03 4.26E-07 1.76E-06
U-235° 2.05E-04 2.12E-03 4.47E-07 1.88E-06
U-236 2.02E-04 2.14E-03 1.10E-10 1.01E-09
U-238 1.94E-04 2.05E-03 1.01E-10 8.55E-10
U-238° 2.13E-04 2.06E-03 4.61E-06 1.73E-05
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Table 7.1-1: Internal and External DCFs (Continued)

Internal DCFs (mrem/pCi) External DCFs (m*xmrem)/(pCixyr)
Soil Exposure
Nuclide Ingestion Inhalation (assumes 0.15m | Water Immersion
depth)

DCFing DCF;nh DCF;xp DCEmm
U-240 5.55E-06 9.25E-07 9.25E-09 5.02E-08
W-181 4.18E-07 1.35E-07 4.00E-08 3.07E-07
W-185 2.24E-06 5.48E-07 2.29E-10 6.62E-09
W-188 1.05E-05 2.68E-06 5.29E-09 2.43E-08
Y-90 1.37E-05 2.59E-06 2.42E-08 1.15E-07
7r-93 3.70E-06 8.14E-05 0.00E+00 7.88E-14

Sources: DOE-STD-1196-2011, Tables A-1 and A2; EPA’s Special Software: DCPAK3.02, files FGR12II12.DAT
and FGR12I116.DAT.

a Value shows the sum of a parent radionuclide plus daughter products assumed to be at secular equilibrium.
See Table 7.1-2 for a summary of which radionuclides were used in this assumption.
Also, note that Appendix B provides additional Internal DCFs for Infant, Child, and Adult age groups.

Table 7.1-2: Radionuclides Assumed to be in Secular Equilibrium for Liquid Waste PAs

Original Parent Daughters Original Parent Daughters Original Parent Daughters
Radionuclide | /ASSumedat Radionuclide | /ASSumedat Radionuclide | /ASSumedat
Equilibrium Equilibrium Equilibrium

Th-227 Rn-222 Ra-225
Fr-223 Po-218 Ac-225
Ra-223 Pb-214 Fr-221
Rn-219 Ra-226 At218 Tho220 At217
Ac-227 Po-215 Bi-214 ) Bi-213
Pb-211 Po-214 Po-213
Bi-211 Ac-228 T1-209
T1-207 Th-228 Pb-209
Po-211 Ra-224 Th-228
Am-242 Rn-220 Ra-224
Am-242m Np-238 Ra-228 Po-216 Rn-220
Cm-242 Pb-212 U-232 Po-216
Am-243 Np-239 Bi-212 Pb-212
Bi-210m T1-206 Po-212 Bi-212
Cm-247 Pu-243 T1-208 Po-212
Cs-137 Ba-137m Sn-126 Sb-126m T1-208
Np-237 Pa-233 Sb-126 U-235 Th-231
Bi-210 Sr-90 Y-90 Th-234

Pb-210 Po-210 U-238 Pa-234m
U-240 Pa-234

Pu-244 Np-240m
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7.2  Uptake Parameters

Uptake parameters are used to define rates of uptake for food consumption, drink consumption,
and air inhalation. Section 7.2.1 provides the uptake factors that are specific to human uptake.
Section 7.2.2 provides the uptake factors for other receptors (e.g., meat and poultry) that affect
human receptors through food chain interaction.

7.2.1 Human Uptake Parameters

The following describes the human uptake parameters. These parameters are used to define
the rates of consumption and breathing. Table 7.2-1 provides a summary of the human
uptake parameters recommended for dose modeling. These human uptake parameters were
all developed based on the EPA’s Exposure Factors Handbook, as described in Appendix B.
[EPA-600-R-090-052F] Note that these parameters assume that the MOP and IHI receptors
are age- and gender- weighted.

Table 7.2-1: Human Uptake Parameters

. Probabilistic Multiplier
Parameter Symbol in Unit Value?® Mean/
Equations Distribution SD Min Max
Mode
Utoo X Frocattino 340
rate Ofwf.terb ocal Liyr Gamma 12 0.8 0.26 23
consumption UH20 439
rate of soil and
dust . U SOIL kg/yr 3.65E-02 Triangular 1.0 N/A 0.5 2.0
consumption
rate of produce d d
consumption U, kg/yr 132 Log-Normal 0.9 2.6 0.2 3.07
rate of meat
consumption Uiear kg/yr 61.4 Gamma 1.0 0.69 0.29 1.88
rate of milk c
consumption Uik kg/yr 86 Gamma 1.0 0.94 0.16 2.16
rate of poultry
consumption U povirry kg/yr 10.6 N/A N/A N/A N/A N/A
rate of egg
consumption U kg/yr 7.3 N/A N/A N/A N/A N/A
rate of fish d d
consumption U FISH kg/yr 5.6 Log-Normal 1.0 23 0.33 2.93
human 3
breathing rate U,. m’/yr 5,844 Gamma 1.0 0.23 0.77 1.27
a This is the recommended value, for use in deterministic modeling.
b Two values are provided for water consumption. The first value represents water that the MOP consumes

from a contaminated source (i.e., with the local fraction already included); whereas the second value
represents an alternative water value indicative of the total water (i.e., from all sources) consumed. The
first value is the recommended value for use in modeling. The second value is provided for completeness.

c For use in dose calculations, this value must be converted to L/yr by dividing the rate of milk consumption
by the density of milk (p,,;x), which is assumed to be 1.03 kg/L. [Section 2.2 of ORNL-5786]
d Use geometric means and standard deviations for these parameters.

SD = standard deviation
N/A = Not Applicable
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The distributions for these human uptake factors are designed to be implemented as
multiplication factors within the model. Although the mean values are not always 1.0, for
deterministic modeling a value of 1.0 should always be used.

7.2.2 Other Uptake Parameters

The following describes the recommended uptake parameters for animal and livestock
uptake. These parameters are used to define the rates of biotic accumulation within livestock
(or biotic receptors) prior to being consumed by human receptors. Table 7.2-2 provides a
summary of these uptake parameters. The notes associated with this table indicate the
sources for these parameter values. Poultry and egg are assumed to be minor dose
contributors, relative to meat and milk; therefore, as a modeling simplification conservative
values are assumed and no probability sampling is recommended for the poultry and egg

parameters. These uncertainty distributions are designed to be applied as multiplication
factors.
Table 7.2-2: Other Uptake Parameters
Symbol in a b Probabilistic Multiplier

Parameter Equations Unit Value Distribution Mode Min Max
consumption of water
by terrestrial QHZO, MEAT L/yr | 1.02E+04° | Triangular 1.0 1.0 1.8
livestock
consumption of
fodder by terrestrial Qfo AMEAT kg/yr | 1.31E+04° Triangular 1.0 0.75 1.4
livestock
consumption of water c .
by milk cows QH20,M1LK L/yr | 1.83E+04 Triangular 1.0 1.0 1.2
consumption of ¢ .
fodder by milk cows Ooamk | kg/yr | 19E+04° | Triangular 1.0 0.69 1.1
consumption of water | Oir20,pouLrry Liyr | 1.10E+02° N/A N/A N/A N/A
by poultry
consumption of ‘ d
consumption of soil q
consumption of water d
by cgg-producers Onores | Liyr | 110E+02 N/A N/A N/A N/A
consumption of
fodder by egg- Qaree | kelyr | 3.65E+01° N/A N/A N/A N/A
producers
consumption of soil +00¢
by cag-producers Oconrce | kelyr | 3.65E+00 N/A N/A N/A N/A

a Values in this table were converted from per day values (in the cited references) to per year values by

multiplying 365.25 days/yr.
b This is the recommended value, for use in deterministic modeling.
c WSRC-STI-2007-00004, Rev. 4, Table 4-1
d ML083190829, Table A-1
SD = standard deviation

N/A = Not Applicable
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The uptake parameters in Table 7.2-2 are contingent on the behavior and location of the
biotic receptor. For example, if a cow grazes half the time at a field that has not been
contaminated, it would not accumulate as much contaminants as a cow that only grazes in a
contaminated field. Therefore, fractions are associated with some of the uptake values.
These fractional values are presented in Table 7.2-3.

Table 7.2-3: Uptake Fractions for Biotic Receptors

Parameter Symbol in Value® Probabilistic Multiplier
Equations Distribution | Mode Min Max
fraction of fodder (consumed by
terrestrial livestock) that is F fod MEAT 0.75° Triangular 1.0 0.67 1.33
contaminated
fraction of fodder (consumed by milk-
producing livestock) that is F g vk 0.56 Triangular 1.0 0.89 1.8
contaminated consumption
fraction of fodder (consumed by F. c
poultry) that is contaminated Jod POULTRY 1.0 N/A N/A N/A A
fraction of soil (consumed by poult c
that is contamin(ated  poulte) Fson povirer 1.0 N/A N/A N/A A
fraction of fodder (consumed by egg- F c
producers) that is contaminated JodEGG 1.0 N/A NA 1 NA A
fraction of soil (consumed by egg- F c
producers) that is contaminated SOIL,EGG 1.0 N/A N/A N/A A
a This is the recommended value, for use in deterministic modeling.
b WSRC-STI-2007-00004, Rev. 4, Table 4-1
c Conservative assumption.

Note that there is no fraction for contaminated water identified in the equations in Sections 3
through 6. It is conservatively assumed that all of the water consumed by biotic receptors
has been contaminated (i.e., no fraction is needed). The uncertainty distributions are
designed to be applied as multiplication factors.

7.3 Transfer Coefficients for Biotic Accumulation

PA analyses at the Savannah River Site use transfer coefficients (or transfer factors) to calculate
biotic accumulation of contaminants in various media. These include soil-to-plant (also known
as soil-to-vegetable ratios), feed-to-meat, feed-to-milk, feed-to-poultry, feed-to-egg, and water-
to-fish.

The soil-to-plant transfer coefficients determine the fraction of the available contaminant mass
that is drawn from the soil into the edible plant. Feed-to-meat transfer coefficients represent the
element-specific fraction transferred from fodder to meat. Feed-to-milk transfer coefficients
represent the element-specific fraction transferred from fodder to milk. Water-to-fish transfer
coefficients are the equilibrium ratios between concentration in finfish and concentration in
water. Feed-to-poultry transfer coefficients represent the element-specific fraction transferred
from fodder to poultry. Feed-to-egg transfer coefficients represent the element-specific fraction
transferred from fodder to eggs.
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The factors used were developed based on comparison to a number of other DOE facilities and
other references (identified below) to establish relevance of the parameters selected and, as
needed, to verify the regional differences for the Southeastern United States.

In the current Liquid Waste PAs, a number of these transfer coefficients were probabilistically
sampled using a triangular distribution curve. However, Section 5.6.4.3.4 of the HTF PA Rev. 1
indicated that this distribution is unrealistic and has a significant impact when sampled at the
high end. [SRR-CWDA-2010-00128] Therefore, the probability distributions were analyzed to
develop a different (i.e., more realistic) approach to sampling for these parameters, as described
below.

The transfer coefficients recommended for PA modeling are provided below. The data in these
tables was taken from TAEA-472, PNNL-13421, ORNL-5786, NUREG_CR-5512, WSRC-STI-
2007-00004, and SRR-CWDA-2010-00128. Figures 7.3-1 and 7.3-2 outline the process used in
developing this data.

Figure 7.3-1: Transfer Coefficient Data Development, Diagram 1

Copy all Format the Does
Lookup the
data from raw data so reference
element-
selected Excel can . have a
specific
source lookup usable data
* values.
reference values. value?
No
Have all
Go to the next
source
source references”
reference* No
been used?

Yes J/

No value available Input value in
— Input a very “Initial
small, non-zero Recommended”

value (1E-20) to table — Go to

facilitate modeling Diagram 2

*  The source references were assigned a set hierarchy so that the data development would be internally consistent.
The order of this hierarchy is as follows: (1) [AEA-472, (2) PNNL-13421, (3) ORNL-5786, (4), NUREG_CR-
5512, (5) WSRC-STI-2007-00004, Rev. 4, and (6) HTF PA, Rev. 1.
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Figure 7.3-2: Transfer Coefficient Data Development, Diagram 2

Compare “Initial
Recommended”
value to HTF PA,
Rev 1

Do
values
match?

Use the Initial
Recommended
value

Did HTF
PAuse a
“geometric
mean”?
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7.3.1 Soil-to-Plant Transfer Coefficients

Table 7.3-1 provides a listing of the recommended transfer coefficients for the soil-to-plant
biotic accumulation (R, ,). These values were developed using data from IAEA-472, PNNL-

13421, ORNL-5786, NUREG CR-5512, WSRC-STI-2007-00004, and SRR-CWDA-2010-
00128. When wet-weight values were provided, a dry-to-wet ratio of 0.195 was applied.

A stochastic multiplier is recommended to provide greater realism to the model. This
multiplier samples along a log-normal distribution that is truncated. This distribution curve
is based on similar modeling performed in support of the U.S. Department of Energy’s Yucca
Mountain Project, which also applied a log-normal distribution for soil-to-plant transfers.
[ML090720287] The geometric mean value for this multiplier is 1.0, ensuring that (when
applied) the mean is equal to the deterministic value. The standard deviation was calculated
using a logarithmic line-fit curve, comparing the ratio of the mean values to the standard
deviations from the values reported in IAEA-472. The minimum and maximum values for
the probabilistic multiplier were developed based on various ratios between recommended,
minimum, and maximum values.
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Table 7.3-1: Soil-to-Plant Transfer Coefficients (Unitless)

Element Value Element Value Element Value
Ac 6.00E-05 Ge 3.20E-02 Po 7.92E-04
Ag 1.25E-04 H 1.15E+00 Pr 4.80E-03
Al 2.90E-04 Ha 4.80E-04 Pt 8.80E-03
Am 7.74E-05 He 1.00E-20 Pu 2.19E-05
Ar 1.00E-20 Hf 1.93E-04 Ra 7.60E-03
As 2.52E-03 Hg 8.52E-02 Rb 2.05E-01
At 7.00E-02 Ho 3.85E-03 Re 1.13E-01
Au 2.66E-03 1 1.07E-02 Rf 7.20E-04
B 5.60E-01 In 2.21E-04 Rh 1.86E-01
Ba 9.63E-04 Ir 4.49E-03 Rn 1.00E-20
Be 6.29E-04 K 1.36E-01 Ru 6.39E-03
Bi 9.63E-02 Kr 1.00E-20 S 2.89E-01
Bk 2.40E-04 La 8.78E-04 Sb 2.95E-04
Br 2.89E-01 Li 1.80E-03 Sc 3.93E-04
C 1.35E-01 Lr 4.80E-04 Se 1.76E-02
Ca 4.14E+00 Lu 1.20E-03 Si 2.47E-02
Cd 1.74E-01 Md 4.80E-04 Sm 3.85E-03
Ce 2.28E-03 Mg 1.24E-01 Sn 2.12E-03
Cf 6.00E-05 Mn 6.58E-02 Sr 1.37E-01
Cl 3.32E+00 Mo 8.44E-02 Ta 4.82E-03
Cm 1.37E-04 N 7.36E-03 Tb 3.85E-03
Co 2.48E-02 Na 5.78E-03 Tc 1.14E+01
Cr 1.93E-04 Nb 2.18E-03 Te 5.78E-02
Cs 7.03E-03 Nd 3.85E-03 Th 1.65E-04
Cu 5.42E-02 Ne 1.00E-20 Ti 8.20E-04
Dy 3.85E-03 Ni 2.04E-02 Tl 2.21E-04
Er 3.85E-03 No 4.80E-04 Tm 1.20E-03
Es 2.40E-04 Np 4.05E-03 U 2.58E-03
Eu 3.85E-03 (0] 1.44E-01 \% 8.20E-04
F 3.32E-03 Os 6.19E-03 \\ 5.78E-01
Fe 1.40E-02 p 1.93E-01 Xe 1.00E-20
Fm 4.80E-04 Pa 6.00E-05 Y 3.85E-04
Fr 6.12E-02 Pb 5.26E-03 Yb 1.20E-03
Ga 2.21E-04 Pd 1.21E-02 Zn 1.79E-01
Gd 3.85E-03 Pm 2.46E-02 Zr 7.70E-04

Recommended Values for Probabilistic Multiplier
Distribution Mean S.D (geom.) Min Max
(geom.)
Log-Normal (truncated) 1.0 3.7 0.073 514

Notes: Elements in this table that show a value of 1.00E-20 are assumed to have a negligible
effect, if any, on dose calculations. However, some modeling practices require a non-zero

value such that this very small value is recommended.
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7.3.2 Feed-to-Meat Transfer Coefficients

Table 7.3-2 provides a listing of the recommended transfer coefficients for the feed-to-meat
biotic accumulation. The equations in Sections 3 through 6 identify this modeling parameter

with the following symbol: 7C,,,,. The recommended values were developed according to

the process shown in Figures 7.3-1 and 7.3-2.

Revision 1 of the HTF PA represents the first time that probabilities were applied to this
modeling parameter in the current Liquid Waste PAs. [SRR-CWDA-2010-00128] For
simplicity and due to a lack of specific guidance a triangular distribution was used; however,
review of the probabilistic results revealed that the triangular distribution was unrealistic and
provided very unlikely doses that could be tempered by applying a more realistic distribution
curve (see Section 5.6.4.3.4 of the HTF PA). [SRR-CWDA-2010-00128] A literature
review found a similar probabilistic modeling parameter had been developed in support of
the U.S. Department of Energy’s Yucca Mountain Project. [ML090720287] The Yucca
Mountain Project report recommends using a log-normal distribution. This distribution was
applied to the Liquid Waste PA dose calculator through the use of a multiplier. The
geometric mean value for this multiplier is 1.0, ensuring that (when applied) the mean is
equal to the deterministic value. The standard deviation is the average of the standard
deviations from similar parameters used by the Yucca Mountain Project. The minimum and
maximum values for the probabilistic multiplier were developed based on various ratios
between recommended, minimum, and maximum values from various sources.

The values presented here were converted from day/kg to yr/kg by dividing the initial values
by 365.25 day/yr.
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Table 7.3-2: Feed-to-Meat Transfer Coefficients (yr/kg)

Element Value Element Value Element Value
Ac 1.10E-06 Ge 1.92E-03 Po 1.37E-05
Ag 8.21E-06 H 1.00E-20 Pr 5.48E-08
Al 4.11E-06 Ha 1.37E-08 Pt 1.10E-05
Am 1.37E-06 He 1.00E-20 Pu 3.01E-09
Ar 1.00E-20 Hf 2.74E-06 Ra 4.65E-06
As 5.48E-06 Hg 6.84E-04 Rb 2.74E-05
At 2.74E-05 Ho 8.21E-07 Re 2.19E-05
Au 1.37E-05 I 1.83E-05 Rf 1.00E-20

B 2.19E-06 In 2.19E-05 Rh 5.48E-06
Ba 3.83E-07 Ir 4.11E-06 Rn 1.00E-20
Be 2.74E-06 K 5.48E-05 Ru 9.03E-06
Bi 1.10E-06 Kr 1.00E-20 S 5.48E-04
Bk 6.84E-08 La 3.56E-07 Sb 3.29E-06
Br 6.84E-05 Li 2.74E-05 Sc 4.11E-05

C 8.49E-05 Lr 5.48E-07 Se 4.11E-05
Ca 3.56E-05 Lu 1.23E-05 Si 1.10E-07
Cd 1.59E-05 Md 1.00E-20 Sm 8.65E-07
Ce 5.48E-08 Mg 5.48E-05 Sn 2.19E-04
Cf 1.10E-07 Mn 1.64E-06 Sr 3.56E-06
Cl 4.65E-05 Mo 2.74E-06 Ta 3.67E-08
Cm 1.10E-07 N 2.05E-04 Tb 5.48E-08
Co 1.18E-06 Na 4.11E-05 Tc 1.73E-05
Cr 2.46E-05 Nb 7.12E-10 Te 1.92E-05
Cs 6.02E-05 Nd 5.48E-08 Th 6.30E-07
Cu 2.46E-05 Ne 1.00E-20 Ti 8.21E-05
Dy 5.48E-08 Ni 1.37E-05 Tl 1.10E-04
Er 5.48E-08 No 5.48E-07 Tm 1.23E-05
Es 6.84E-08 Np 2.74E-06 U 1.07E-06
Eu 5.48E-08 (0] 1.00E-20 \% 6.84E-06

F 4.11E-04 Os 1.10E-03 W 1.10E-04
Fe 3.83E-05 P 1.51E-04 Xe 1.00E-20
Fm 5.48E-07 Pa 1.22E-06 Y 2.74E-06
Fr 6.84E-06 Pb 1.92E-06 Yb 1.10E-05
Ga 1.37E-06 Pd 1.10E-05 Zn 4.38E-04
Gd 5.48E-08 Pm 5.48E-08 Zr 3.29E-09

Recommended Values for Probabilistic Multiplier
Distribution Mean S.D (geom.) Min Max
(geom.)
Log-Normal
(truncated) 1.0 5.8 0.15 46

Notes: Elements in this table that show a value of 1.00E-20 are assumed to have a
negligible effect, if any, on dose calculations.
practices require a non-zero value such that this very small value is

recommended.

However, some modeling
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7.3.3 Feed-to-Milk Transfer Coefficients

Table 7.3-3 provides a listing of the recommended transfer coefficients for the feed-to-milk
biotic accumulation. The equations in Sections 3 through 6 identify this modeling parameter

with the following symbol: 7c ,,, . The recommended values were developed according to

the process shown in Figures 7.3-1 and 7.3-2.

As with the transfer coefficient for feed-to-meat, the previously used triangular distribution
for this parameter was unrealistic. A literature review found a similar probabilistic modeling
parameter had been developed in support of the U.S. Department of Energy’s Yucca
Mountain Project. [ML090720287] The Yucca Mountain Project report indicates using a
log-normal distribution. This new distribution was applied to the dose calculator as a
multiplier. The geometric mean value for this multiplier is 1.0, ensuring that (when applied)
the mean is equal to the deterministic value. The standard deviation is the average of the
standard deviations from similar parameters used by the Yucca Mountain Project. The
minimum and maximum values for the probabilistic multiplier were developed based on
various ratios between recommended, minimum, and maximum values from various sources.

The values presented here were converted from day/L to yr/L by dividing the initial values
by 365.25 day/yr.

7.3.4 Feed-to-Poultry Transfer Coefficients

Table 7.3-4 provides a listing of the recommended transfer coefficients for the feed-to-
poultry biotic accumulation. The equations in Sections 3 through 6 identify this modeling
parameter with the following symbol: TC ., 7zy - The recommended values were

developed according to the process shown in Figures 7.3-1 and 7.3-2. Poultry is not expected
to be a significant a dose contributor, relative to other intakes; therefore, for simplicity, no
stochastic probability is assumed for this parameter.

The values presented here were converted from day/kg to yr/kg by dividing the initial values
by 365.25 day/yr.
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Table 7.3-3: Feed-to-Milk Transfer Coefficients (yr/L)

Element Value Element Value Element Value
Ac 5.48E-08 Ge 1.97E-04 Po 5.75E-07
Ag 4.33E-06 H 4.11E-05 Pr 8.21E-08
Al 5.64E-07 Ha 1.37E-08 Pt 1.41E-05
Am 1.15E-09 He 1.00E-20 Pu 2.74E-08
Ar 1.00E-20 Hf 1.51E-09 Ra 1.04E-06
As 1.64E-07 Hg 1.29E-06 Rb 3.29E-05
At 2.82E-05 Ho 8.21E-08 Re 4.11E-06
Au 1.51E-08 I 1.48E-05 Rf 5.48E-08

B 4.23E-06 In 5.48E-07 Rh 2.74E-05
Ba 4.38E-07 Ir 5.48E-09 Rn 1.00E-20
Be 2.27E-09 K 1.97E-05 Ru 2.57E-08
Bi 1.37E-06 Kr 1.00E-20 S 2.16E-05
Bk 5.48E-09 La 5.48E-08 Sb 1.04E-07
Br 5.48E-05 Li 5.64E-05 Sc 1.37E-08
C 3.29E-05 Lr 1.37E-08 Se 1.10E-05
Ca 2.74E-05 Lu 5.64E-08 Si 5.48E-08
Cd 5.20E-07 Md 1.37E-08 Sm 8.21E-08
Ce 5.48E-08 Mg 1.07E-05 Sn 2.74E-06
Cf 4.11E-09 Mn 1.12E-07 Sr 3.56E-06
Cl 4.65E-05 Mo 3.01E-06 Ta 1.12E-09
Cm 5.48E-08 N 6.84E-05 Tb 8.21E-08
Co 3.01E-07 Na 3.56E-05 Tc 5.12E-06
Cr 1.18E-06 Nb 1.12E-09 Te 9.31E-07
Cs 1.26E-05 Nd 8.21E-08 Th 1.37E-08
Cu 5.48E-06 Ne 1.00E-20 Ti 2.82E-05
Dy 8.21E-08 Ni 2.60E-06 Tl 5.48E-06
Er 8.21E-08 No 1.37E-08 Tm 5.64E-08
Es 5.48E-09 Np 1.37E-08 U 4.93E-06
Eu 8.21E-08 (0] 1.00E-20 \% 5.64E-08

F 2.74E-06 Os 1.37E-05 \ 5.20E-07
Fe 9.58E-08 P 5.48E-05 Xe 1.00E-20
Fm 1.00E-20 Pa 1.37E-08 Y 5.48E-08
Fr 5.64E-05 Pb 5.20E-07 Yb 5.64E-08
Ga 1.37E-07 Pd 2.74E-05 Zn 7.39E-06
Gd 8.21E-08 Pm 8.21E-08 Zr 9.86E-09

Recommended Values for Probabilistic Multiplier
Distribution Mean S.D (geom.) Min Max
(geom.)
Log-Normal
(truncated) 1.0 3.0 0.3 12

Notes: Elements in this table that show a value of 1.00E-20 are assumed to have a
negligible effect, if any, on dose calculations.
practices require a non-zero value such that this very small value is

recommended.

However, some modeling
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Table 7.3-4: Feed-to-Poultry Transfer Coefficients (yr/kg)

Element Value Element Value Element Value
Ac 1.64E-05 Ge 1.00E-20 Po 6.57E-03
Ag 5.48E-03 H 1.00E-20 Pr 5.48E-06
Al 1.00E-20 Ha 1.00E-20 Pt 1.00E-20
Am 1.64E-05 He 1.00E-20 Pu 8.21E-06
Ar 1.00E-20 Hf 1.64E-07 Ra 8.21E-05
As 2.27E-03 Hg 8.21E-05 Rb 5.48E-03
At 1.00E-20 Ho 5.48E-06 Re 1.10E-04
Au 2.74E-03 I 2.38E-05 Rf 1.00E-20

B 1.00E-20 In 2.19E-03 Rh 5.48E-03
Ba 5.20E-05 Ir 5.48E-03 Rn 1.00E-20
Be 1.10E-03 K 1.10E-03 Ru 1.92E-05
Bi 2.68E-04 Kr 1.00E-20 S 6.30E-03
Bk 1.00E-20 La 2.74E-04 Sb 1.64E-05
Br 1.10E-05 Li 1.00E-20 Sc 1.10E-05

C 1.00E-20 Lr 1.00E-20 Se 2.66E-02
Ca 1.20E-04 Lu 1.00E-20 Si 2.19E-03
Cd 4.65E-03 Md 1.00E-20 Sm 5.48E-06
Ce 5.48E-06 Mg 8.21E-05 Sn 2.19E-03
Cf 1.64E-05 Mn 5.20E-06 Sr 5.48E-05
Cl 8.21E-05 Mo 4.93E-04 Ta 8.21E-07
Cm 1.64E-05 N 2.68E-04 Tb 5.48E-06
Co 2.66E-03 Na 1.92E-02 Tc 8.21E-05
Cr 5.48E-04 Nb 8.21E-07 Te 1.64E-03
Cs 7.39E-03 Nd 5.48E-06 Th 1.64E-05
Cu 1.37E-03 Ne 1.00E-20 Ti 1.00E-20
Dy 5.48E-06 Ni 2.74E-06 Tl 2.19E-03
Er 5.48E-06 No 1.00E-20 Tm 1.00E-20
Es 1.00E-20 Np 1.64E-05 U 2.05E-03
Eu 5.48E-06 0 1.00E-20 \% 1.00E-20

F 3.83E-05 Os 2.30E-04 ALY 5.48E-04
Fe 2.74E-03 P 5.20E-04 Xe 1.00E-20
Fm 1.00E-20 Pa 1.64E-05 Y 2.74E-05
Fr 1.00E-20 Pb 2.19E-03 Yb 1.00E-20
Ga 2.19E-03 Pd 8.21E-07 7n 1.29E-03
Gd 5.48E-06 Pm 5.48E-06 Zr 1.64E-07

Notes: Elements in this table that show a value of 1.00E-20 are assumed to have a
negligible effect, if any, on dose calculations.
practices require a non-zero value such that this very small value is

recommended.

7.3.5 Feed-to-Egg Transfer Coefficients

However, some modeling

Table 7.3-5 provides a listing of the recommended transfer coefficients for the feed-to-egg
biotic accumulation. The equations in Sections 3 through 6 identify this modeling parameter
with the following symbol: 7C, ... The recommended values were developed according to

the process shown in Figures 7.3-1 and 7.3-2. Eggs are not expected to be a significant a
dose contributor, relative to other intakes; therefore, for simplicity, no stochastic probability

is assumed for this parameter.
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The values presented here were converted from day/kg to yr/kg by dividing the initial values
by 365.25 day/yr.

Table 7.3-5: Feed-to-Egg Transfer Coefficients (yr/kg)

Element Value Element Value Element Value
Ac 1.10E-05 Ge 1.00E-20 Po 8.49E-03
Ag 1.37E-03 H 1.00E-20 Pr 1.10E-07
Al 1.00E-20 Ha 1.00E-20 Pt 1.00E-20
Am 8.21E-06 He 1.00E-20 Pu 3.29E-06
Ar 1.00E-20 Hf 5.48E-07 Ra 8.49E-04
As 7.12E-04 Hg 1.37E-03 Rb 8.21E-03
At 1.00E-20 Ho 1.10E-07 Re 1.15E-03
Au 1.37E-03 I 6.57E-03 Rf 1.00E-20

B 1.00E-20 In 2.74E-03 Rh 2.74E-04
Ba 2.38E-03 Ir 2.74E-04 Rn 1.00E-20
Be 5.48E-05 K 2.74E-03 Ru 1.10E-05
Bi 7.12E-04 Kr 1.00E-20 S 1.92E-02
Bk 1.00E-20 La 2.46E-05 Sb 1.92E-04
Br 4.38E-03 Li 1.00E-20 Sc 1.15E-05
C 1.00E-20 Lr 1.00E-20 Se 4.38E-02
Ca 1.20E-03 Lu 1.00E-20 Si 2.74E-03
Cd 2.74E-04 Md 1.00E-20 Sm 1.10E-07
Ce 8.49E-06 Mg 5.48E-03 Sn 2.74E-03
Cf 1.10E-05 Mn 1.15E-04 Sr 9.58E-04
Cl 7.39E-03 Mo 1.75E-03 Ta 2.74E-06
Cm 1.10E-05 N 7.12E-04 Tb 1.10E-07
Co 9.03E-05 Na 1.10E-02 Tc 8.21E-03
Cr 2.46E-03 Nb 2.74E-06 Te 1.40E-02
Cs 1.10E-03 Nd 1.10E-07 Th 1.10E-05
Cu 1.37E-03 Ne 1.00E-20 Ti 1.00E-20
Dy 1.10E-07 Ni 2.74E-04 Tl 2.74E-03
Er 1.10E-07 No 1.00E-20 Tm 1.00E-20
Es 1.00E-20 Np 1.10E-05 U 3.01E-03
Eu 1.10E-07 0 1.00E-20 \% 1.00E-20

F 7.39E-03 Os 1.94E-04 ALY 2.46E-03
Fe 4.93E-03 P 1.75E-03 Xe 1.00E-20
Fm 1.00E-20 Pa 1.10E-05 Y 5.48E-06
Fr 1.00E-20 Pb 2.74E-03 Yb 1.00E-20
Ga 2.74E-03 Pd 1.10E-05 7n 3.83E-03
Gd 1.10E-07 Pm 1.10E-07 Zr 5.48E-07

Notes: Elements in this table that show a value of 1.00E-20 are assumed to have a
negligible effect, if any, on dose calculations. However, some modeling
practices require a non-zero value such that this very small value is
recommended.

Page 92 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058
Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014

7.3.6 Water-to-Fish Transfer Coefficients

Table 7.3-6 provides a listing of the recommended transfer coefficients for the water-to-fish
biotic accumulation. The equations in Sections 3 through 6 identify this modeling parameter

with the following symbol: 7C,,. The recommended values were developed according to
the process shown in Figures 7.3-1 and 7.3-2.

As with the transfer coefficient for feed-to-meat, the previously used triangular distribution
for this parameter was unrealistic. A literature review found a similar probabilistic modeling
parameter had been developed in support of the U.S. Department of Energy’s Yucca
Mountain Project. [ML090720287] The Yucca Mountain Project report indicates using a
log-normal distribution. This new distribution was applied to the dose calculator as a
multiplier. The geometric mean value for this multiplier is 1.0, ensuring that (when applied)
the mean is equal to the deterministic value. The standard deviation is the average of the
standard deviations from similar parameters used by the Yucca Mountain Project. The
minimum and maximum values for the probabilistic multiplier were developed based on
various ratios between recommended, minimum, and maximum values from various sources.
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Table 7.3-6: Water-to-Fish Transfer Coefficients (L/kg)

Element Value Element Value Element Value
Ac 2.50E+01 Ge 4.00E+03 Po 3.60E+01
Ag 1.10E+02 H 1.00E+00 Pr 3.00E+01
Al 5.10E+01 Ha 1.00E-20 Pt 3.50E+01
Am 2.40E+02 He 1.00E+00 Pu 3.00E+01
Ar 1.00E-20 Hf 1.10E+03 Ra 4.00E+00
As 3.30E+02 Hg 6.10E+03 Rb 4.90E+03
At 1.50E+01 Ho 3.00E+01 Re 1.20E+02
Au 2.40E+02 I 3.00E+01 Rf 1.00E-20

B 1.00E-20 In 1.00E+04 Rh 1.00E+01
Ba 1.20E+00 Ir 1.00E+01 Rn 7.55E-10
Be 1.00E+02 K 3.20E+03 Ru 5.50E+01
Bi 1.50E+01 Kr 1.00E-20 S 8.00E+02
Bk 2.50E+01 La 3.70E+01 Sb 3.70E+01
Br 9.10E+01 Li 1.00E-20 Sc 1.90E+02
C 3.00E+00 Lr 1.00E-20 Se 6.00E+03
Ca 1.20E+01 Lu 2.50E+01 Si 2.00E+01
Cd 2.00E+02 Md 1.00E-20 Sm 3.00E+01
Ce 2.50E+01 Mg 3.70E+01 Sn 3.00E+03
Cf 2.50E+01 Mn 2.40E+02 Sr 2.90E+00
Cl 4.70E+01 Mo 1.90E+00 Ta 3.00E+02
Cm 3.00E+01 N 2.00E+05 Tb 4.10E+02
Co 7.60E+01 Na 7.60E+01 Tc 2.00E+01
Cr 4.00E+01 Nb 3.00E+02 Te 1.50E+02
Cs 2.50E+03 Nd 3.00E+01 Th 6.00E+00
Cu 2.30E+02 Ne 1.00E-20 Ti 1.90E+02
Dy 6.50E+02 Ni 2.10E+01 Tl 9.00E+02
Er 3.00E+01 No 1.00E-20 Tm 1.00E-20
Es 2.50E+01 Np 2.10E+01 U 9.60E-01
Eu 1.30E+02 (6) 1.00E+00 \% 9.70E+01
F 1.00E+01 Os 1.00E+03 \W 1.00E+01
Fe 1.70E+02 P 1.40E+05 Xe 1.00E-20
Fm 1.00E-20 Pa 1.00E+01 Y 4.00E+01
Fr 3.00E+01 Pb 2.50E+01 Yb 1.00E-20
Ga 4.00E+02 Pd 1.00E+01 Zn 3.40E+03
Gd 3.00E+01 Pm 3.00E+01 Zr 2.20E+01

Recommended Values for Probabilistic Multiplier
Distribution Mean S.D (geom.) Min Max
(geom.)
Log-Normal
(truncated) 1.0 2.7 0.29 25

Notes: Elements in this table that show a value of 1.00E-20 are assumed to have a
negligible effect, if any, on dose calculations.
practices require a non-zero value such that this very small value is

recommended.

However, some modeling
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7.4  Exposure and Inhalation Parameters

The amount of exposure and inhalation that a human receptor is subjected to is influenced by
human behavior and environmental conditions. For example, in the acute IHI scenario the
human receptor is exposed to drill cuttings because they are assumed to be the driller who is
drilling into the contaminated source. A number of parameters within the equations from
Sections 3 through 6 require definitions. Recommendations for these parameters are provided in
Table 7.4-1.

Table 7.4-1: Exposure and Inhalation Parameters

Parameter Symbol in Unit Value® Probabilistic Multiplier

Equations Distribution | Mean/Mode | SD Min | Max
fraction of time
spent ma F none | 2.7E-02° Triangular 1.0 N/A 0.5 2.0
contaminated g
garden
fraction of time
spent showering or F; SHOWER none | 1.2E-02° | Log-Normal 0.85 0.65 0.25 1.52
bathing
geometry factor °
for showering or GF g ower | none 19 N/A N/A N/A | NA | N/A
bathing
fraction of time b .
spent swimming F, swin none | 1.7E-03 Triangular 1.0 N/A 0 33
geometry factor GFyyp, | none 1 N/A N/A NA | NA | NA
for swimming
fraction of time R
spent boating F, sour none | 2.5E-03 N/A N/A N/A | NA | N/A
geometry factor © d
for boating GFyour none 0.5 N/A N/A N/A | N/A | N/A
fraction of time
spent drilling into E d none | 2.3E-03¢ | Triangular 1.0 N/A 0.1 2.0
contaminated source
airborne release df .
fraction ARF none 1.0E-4 Uniform N/A N/A 0.04 2.0
moisture contentof | prc | op® | 108020 | NA N/A N/A | N/A | N/A
ambient air air
moisture content of 3 .
shower air MComer | kgm® | 4.1E-02 N/A N/A N/A | NJA | N/A
mass loading of soil 3 .
i1 the air L., kg/m 1.0E-7 | Triangular 1.0 NA | 0.1 3.0
a This is the recommended value, for use in deterministic modeling.
b See discussion in Appendix B.
c The geometry factor is the fraction of the human body that is assumed to be exposed to contaminants

during a specific activity.

Conservative assumption

From SRNL-STI-2010-00447, Rev 0, Table 10
From DOE-HDBK-3010-94, Table 3-6

From HNF-SD-WM-TI-707, Table A12

From WSRC-STI-2007-00004, Rev. 4, Table 3-2
SD = standard deviation

N/A = Not Applicable

500 —h o o
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Note that doses due to boating exposures are expected to be minor, relative to the other
pathways; therefore no stochastic probability is assumed for these parameters.

To account for the quantity of contaminants released into the air and available for inhalation, the
Airborne Release Fraction (ARF) is included in some of the inhalation pathway calculations.
The ARF value was selected based on information in Section 3.2.3.1 of Airborne Release
Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities, Volume 1 -
Analysis of Experimental Data. [DOE-HDBK-3010-94] This reference report indicates that
aqueous solutions subjected to free-fall spills have a median ARF of 4E-05 and a bounding value
of 2E-04. For simplicity, the ARF is conservatively assumed to be 1E-04 (i.e., half the
conservative bounding value and two and a half times greater than the median).

Appendix B provides additional discussion of the development of select parameters.
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7.5  Physical Parameters

Physical parameters are used to define various environmental factors that influence the
movement and accumulation of contaminants prior to uptake by the human receptor. Physical
parameters for dose calculations used in Liquid Waste PAs can be organized into three groups:
(1) soil parameters, (2) crop and gardening parameters, (3) drilling parameters. Recommended
values for each of these sets of physical parameters are defined below.

7.5.1 Soil Buildup Parameters
Table 7.5-1 shows recommended values for physical soil parameters.
Table 7.5-1: Soil Parameters

. Probabilistic Multiplier
Parameter Symbol in Unit Value? Mean /
Equations Distribution SD Min Max
Mode
buildup time of
radionuclides in tp yr 25° N/A N/A N/A N/A N/A
soil
e | o e | 2w
ary D Jonsity of Normal 1.0 | 007 | 083 1.15
3 c
soil Ps kg/m 1650
precipitation rate PR m/yr 1.25¢ N/A N/A N/A N/A N/A
f:;%"m“p“at“’n ER miyr | 0.79¢ N/A NA | NA | NA N/A
irrigation rate IR m/yr 1.32° Triangular 1.0 N/A 0.5 1.5
radiological decay
constant of ﬂ,l. l/yr Varies | N/A N/A N/A N/A N/A
radionuclide i
weathering decay A 1yr 18.1 Triangular 1.0 | NA 0.6 1.0
constant w
soil moisture MC,, | none | 02086 N/A NA | NA | NA | NA
content ot
[WSRC-STI-2007-00004, Rev. 4, Table 3-2 except as noted]; N/A = Not applicable
a This is the recommended value, for use in deterministic modeling.
b From SRNL-STI-2010-00447, Rev 0, Table 1
c From WSRC-STI-2006-00198, Rev. 0, Table 5-9 (assumes Upper Vadose Zone soil). The normal

distribution was based on the recommended distribution of the surface soil density. Also note that because
dry bulk soil density and surface soil density are closely related physical parameters, the two variables
should be modeled with a perfect (1-to-1) correlation.

From WSRC-STI-2007-00184, Rev 2

e Converted from L/d/m>. As described in the reference document, this is based on an assumed irrigation
rate of 1 inch per week.

f radiological decay constant of radionuclide i = In(2)/(half-life of radionuclide 7)

g From SRR-CWDA-2010-00128, Rev. 1, Table 4.6-8
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7.5.2 Crop and Gardening Parameters

Table 7.5-2 shows recommended values for physical parameters related to crops and

gardening.
Table 7.5-2: Crop and Gardening Parameters
Symbol in Probabilistic Multiplier
: a
Parameter Equations Unit Value Distribution I\I<I/Iec?(;]e/ SD Min Max
fraction of material
deposited on F. | unitless | 025" | Triangular 1.0 N/A 0.8 1.0
leaves that is ’
retained
fraction of material
remaining on F unitless 1 N/A N/A N/A N/A N/A
leaves after wash
washing
time in which
crops and gardens l‘m yr 1.92E-01 Normal 1.0 0.1 0.85 1.28
are irrigated
fraction of year in t
which crops are F_ unitless irr PCT N/A N/A N/A N/A N/A
irrigated year?
crop and garden
yield (agricultural Y:g kg/m® 22° Log-Normal 1.0 0.23 0.1 1.8
productivity)
depth of crop d, m 0.15 Triangular 1.0 N/A 1.0 4.1
garden tilling till ) ) ) )
fraction of produce . f
that is leafy Floar unitless | 0.2 N/A N/A N/A N/A N/A
Area of garden for 2 .
family of four Aga, Jen m 100 Triangular 1.0 N/A 1.0 10.0
[WSRC-STI-2007-00004, Rev. 4, Table 3-2 except as noted]; N/A = Not applicable
a This is the recommended value, for use in deterministic modeling.
b Consistent with the footnote in Table 3-2 of the reference document (WSRC-STI-2007-00004, Rev. 4), the
retention fraction for Iodine should by multiplied by four (i.e., 0.25 x 4 = 1.0).
c Conservative assumption
d F,, =t,./1year
e From SRNL-STI-2010-00447, Rev 0, Section 3.1.1.1
f From SRNL-STI-2010-00447, Rev 0, Section 3.1.2
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7.5.3 Dirilling Parameters
Table 7.5-3 shows recommended values for physical parameters related drilling a well.

Table 7.5-3: Drilling Parameters

. Probabilistic Multiplier
Parameter Symbol in Unit Value? Mean /
Equations Distribution SD Min Max
Mode
well diameter well . m 0.203° N/A N/A N/A N/A N/A
transfer line area per N/A® m¥m | 0.245¢ N/A NA | NA | NA | NA
length
water density Pro kg/L 1° N/A N/A N/A N/A N/A
well depth well,,, m 30.5™ | Log-Normal | 1.85 | 0.75 0.3 9.9
N/A = Not applicable
a This is the recommended value, for use in deterministic modeling.
b From SRR-CWDA-2010-00054.
c This value is not used in the equations from Section 3 through 6; however it is provided here as a parameter
that is used in the standard approach for calculating drill cutting inventories in the IHI scenarios.
d From SRR-CWDA-2010-00128, Rev. 1, Table 4.6-8. Converted from 0.803 ft*/ft.
e Assumed value.

f Because the recommended deterministic value is different from the recommended mean value, additional
discussion of the well depth parameter is provided in Appendix B.

7.6 Local Fraction (Productivity) Parameters

The following describes the local fraction (or local productivity) parameters. These parameters
are used to define the fraction of food intake that is home-produced, as opposed to coming from
other sources. For example, although the MOP is assumed to have a garden, current practices
indicate that only a fraction of produce consumed comes directly from an individual garden. As
such, only a fraction of the consumed produce would be contaminated.

Table 7.6-1 provides a summary of the recommended values. All of these parameters directly
from the EPA’s Exposure Factors Handbook and are consistent with the definition of the critical
group given in Section 1.1. [EPA-600-R-090-052F, Table 13-68] For sampling, a triangular
distribution is assumed with a mode equal to the recommended fraction, the maximum is
assumed to be double the recommended value, and the minimum is assume to be half the
recommended value.

The EPA’s Exposure Factors Handbook provided comprehensive water ingestion data. [EPA-
600-R-090-052F] The local fraction is already be incorporated within the recommended value
developed for Table 7.2-1.
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Table 7.6-1: Recommended Fractional Values for Local Productivity

Fraction of Foodstuff Produced Locally
Symbol in I~ Mode Min Max
Equations Parameter Description
The fraction of consumed water
Eocal H20 " that comes from the contaminated N/A N/A N/A
water source
EOC“lP LANT The fraction of total produce
0.068 0.034 0.136
F grown at home.
IHLlocalPLANT
F
localMEAT i ;
oca The fraction of total terrestrial 0.024 0.012 0.048
F livestock meat produced at home.
IHLlocalMEAT
F;OC“ZMILK The fraction of total milk produced
0.012 0.006 0.024
F at home.
IHIlocalMILK
Floca ,POULTRY | The fraction of total poultry
0.011 0.0055 0.022
F produced at home.
IHI local, POULTRY
EOC“LEGG The fraction of total eggs produced
0.014 0.007 0.028
F at home.
IHILlocaLEGG
EocalFISH Elslg fraction of households that 0.094 0.047 0.188
[EPA-600-R-090-052F]
a The local fraction for water consumption has already been incorporated into the uptake parameter (Upzo)

shown in Table 7.2-1 and discussed in Appendix B.

7.7 Distribution Coefficients (K.5)

The soil underlying the FTF, HTF, and SDF have a propensity to slow the transport of certain
radionuclides through the environment, thus retarding their arrival to a potential receptor. The
ability of the cementitious materials or the soils to sorb the different radionuclides is represented
using Kzs. The ability of the material to sorb the radionuclide is dependent on the chemical
condition of the environment. Table 7.7-1 shows the deterministic K, values for the sandy soils,
as used in the dose calculations for soil buildup. The K, values are element dependent. A
discussion of the sampling approach follows this table.
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Table 7.7-1: Recommended Sandy Soil K4 Values

Ky Kg
Element (L/kg) Ref. Element (L/kg) Ref.
Ac 1100 a Mn 15 a
Ag 10 b Mo 1000 a
Al 1300 a Na 5 a
Am 1100 a Nb 160 d
As 100 a Ni 7 a
At 0.3 a Np 3 a
Ba 15 C Pa 3 a
Bi 1100 a Pb 2000 a
Bk 1100 a Pd 7 a
C 10 a Po 2000 a
Ca 5 a Pt 7 a
Cd 15 a Pu 650 e
Ce 1100 a Ra 25 C
Cf 1100 a Rb 10 a
Cl 1 b Re 0.6 a
Cm 1100 a Sb 2500 a
Co 40 a Se 1000 a
Cr 1000 b Sm 1100 a
Cs 10 a Sn 2000 a
Cu 50 a Sr 5 c
Eu 1100 a Tc 0.6 a
Fe 200 a Te 1000 a
Fr 10 a Th 900 a
Gd 1100 a Tl 25 f
Hg 800 a U 300 f
I 1 g Y 1100 a
K 5 a /n 15 a
Lu 1100 a Zr 900 a
a From SRNL-STI-2009-00473, Table 16
b From SRNL-STI-2010-00493, Table 9
c From SRNL-STI-2011-00011, Table 2-2
d From ML073510127, Section 2.4.5
e From SRNL-STI-2011-00672, Section 5
f From SRNL-STI-2010-00493, Table 8
g From SRNL-STI-2012-00518, Table 9
Note: Any elements not listed in this table are assumed to have a

minimal impact on the soil buildup calculation (Equation 3.1-
3c) with respect to dose. Therefore, a conservative value of
1.0e-20 L/kg may be assumed when modeling elements that
are not listed. 1 mL/g=1 L/kg.

For probabilistic modeling, a lognormal distribution is recommended with geometric mean and
standard deviation. = [SRNL-STI-2009-00150] Table 7.7-2 provides the recommended
distributions for use in dose modeling. These distributions are constructed using the
recommended deterministic values.

Page 101 of 148



Dose Calculation Methodology for
Liquid Waste Performance Assessments

SRR-CWDA-2013-00058

Revision 1
July 2014

at the Savannah River Site
Table 7.7-2: Ky Variability in Sandy Soil
.. THEN
IF Condition GM GSD Min Max
Ky<2.7L/kg K, 1.001 K,;x0.25 K;*x 1.75
Ky>2.7 L/kg K, K, x 0.375 K; % 0.25 Ky x1.75

K, = the recommended Kd value from Table 7.7-1
GM = geometric mean of the lognormal distribution
GSD = geometric standard deviation of the lognormal distribution

Here, the geometric mean (GM) is equal to the recommended deterministic value. Elements with
a deterministic K, less than 2.7 L/kg will have a geometric standard deviation (GSD) equal to
1.001, but for elements with a deterministic K; greater than or equal to 2.7 L/kg, the GSD is
calculated as the product of 0.375 and the deterministic value. While a GSD of 1.001 results in a
small distribution around the GM, this is only for elements that already have a low deterministic
value and thus have low retardation which for soil include technetium and iodine. Of particular
interest is the technetium, which has a deterministic value in sandy soil of 0.6 L/kg and a small
distribution around this value. The dispersion of technetium K, values was evaluated in SRNS-
STI-2008-00286 and the mean was 3.4 L/kg with a 95 percentile range of 2.4 to 4.4 L/kg.
Therefore, the recommended deterministic value is already conservative based on the site-
specific data such that it would be inappropriate to allow the distribution to range lower.
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8.0 CONCLUSION

The calculations and methods described in Sections 3 through 6 expand on the approaches
described in the current Liquid Waste PAs (see Table 1.0-1) and provide greater transparency
with respect to the respective calculations. The parameter values provided in Section 7 represent
the most current or the most applicable data available. As such, greater confidence can be
achieved through the application of this information.

Appendix C uses concentration data from the current Liquid Waste PAs and applies this revised
dose calculation. The appendix shows that dose results are generally lower, overall, indicating
that doses reported in the current Liquid Waste PAs should be considered conservative. As such,
the information in this report should not significantly impact any previous PA-related decisions.
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APPENDIX A.  ASSUMPTIONS

The dose calculation approach described herein is driven by a number of general assumptions.
These assumptions ensure that the methodology and parameter development follow consistent
approaches and can be reproduced. These assumptions are provided in Table A-1. Many of
these assumptions are directly related to the definition of exposure scenarios and the human
receptors. Others provide guidance to support a consistent approach to parameter development.

Table A-1: Description of Assumptions Supporting the Dose Calculation Methodology

Assumption | Description Justification or Explanation
Human receptors - (both MOP apd IHI). ¢ | Based on the applicability of the dose
assumed to be age- and gender- weighted (i.e., a . R A
. . . coefficients derived in the within the DOE

Al typical or reference person) with habits ] . . .

represented by the median habits of the Standard: Derived Concentration Technical
. Standard. [DOE-STD-1196-2011]

population.

It is assumed that the MOP and IHI receptors

A2 perform gardening and farming activities in a | This assumption is based on the definition of the
manner that reflects the median behavior of the | critical group of human receptors (Section 1.1).
total population.

It is assumed that a contaminated community
well is the primary drinking  Source of the This assumption is based on defined modeling
receptor. All other sources of drinking water are . . .

A3 . scenarios (Section 1.2) and the definition of the
assumed to be free of contaminants. — The critical group of human receptors (Section 1.1)
receptor also bathes in and gardens/farms with group P e
contaminated water.

It is assumed that all local swimming and boating | This assumption is based on defined modeling

A4 is only performed in stream water with the | scenarios (Section 1.2) and the definition of the
highest concentration of contaminants. critical group of human receptors (Section 1.1).
It is assumed that qll local ter.restrlal livestock This assumption is based on defined modeling
and local poultry drink contaminated water and . . .

AS . . . scenarios (Section 1.2) and the definition of the
consume fodder irrigated with contaminated . .
water. critical group of human receptors (Section 1.1).
For tank farms, the IHI scenarios assume a

A6 transfer line intrusion will occur 100 years after | This assumption is based on defined modeling
facility closure. For SDF, the IHI scenarios | scenarios (Section 1.2).
assume no intrusion will occur.

The acute THI scenario assumes that (1) a drilled
well is installed that penetrates the closed liquid
waste facility (i.e., into the contaminated
groundwater for the saltstone disposal facility,

A7 and into a transfer line and the contaminated | This assumption is based on the definition of the
groundwater for the tank farms), and (2) the IHI | critical group of human receptors (Section 1.1).
receptor, in turn, is exposed to ingestion and
inhalation of dust and material from drill
cuttings, and direct exposure through handling
the contaminated drill cuttings.

[tis assumed t.hat. the receptor ingests food at the Given the relatively long durations considered
moment that it is prepared (e.g., harvested or . . . .
. . for Liquid Waste PA modeling, this conservative

A8 slaughtered), rather than modeling a lag period of L .

. assumption is expected to have a negligible
a few days between preparation and | .
. impact on results.
consumption.
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Assumption | Description Justification or Explanation
This ratio was derived from data Table 4 of Site
Specific Reference Person Parameters and
For data interpretation required to develop | Derived Concentration Standards for the
A9 parameter values, the human population ratio of | Savannah River Site. [SRNL-STI-2013-00115]
males to females shall be 0.48-t0-0.52. Specifically, the data for the “Adult” age group
for the South Carolina and Georgia counties
were used.
For development of human uptake parameters, . Lo o
A10 the receptor is assumed to be representative of Tl.n.s assumption is based on the deﬁmt'lon of the
typical (i.c., “per capita”) behaviors. critical group of human receptors (Section 1.1).
Egsrege\(;iloslﬁszt o(fatgargr;lgeih\e/alél;;:cilatzoalr T Given the extensive time periods modeled in
Y . Liquid Waste PAs this approach is appropriate.
All Exposure Factors Handbook, all applicable : . . .
. Using multiple surveys provides greater depth in
surveys shall be considered, regardless of when . . .
the surveys were taken understanding human behavior over time.
Many of the surveys were based on a single day
For development of parameter distributions that or two days of dat.a, such that extrapglatmg the
are based on survey data from the EPA’s 2011 values over an entire year can result in extreme
Al2 ranges. By bounding the data with the 10th and
Exposure Factors Handbook, only data between )
the 10™ and 90™ percentiles shall be used 90th percentiles of the surveyed data, the
P ’ probability sampling will provide results that are
more realistic and representative.
For parameters in which a recommended
deterministic value has been determined but for
Al3 which no distribution data is available, a related | This assumption allows a reasonable sampling
(analogous) dataset may be used by assuming a | distribution to be developed and applied.
linear relationship and scaling the distribution of
data.
For parameters with limited available data (i.e., . . .
. . This assumption allows a reasonable sampling
Al4 only minimum, maximum, and expected values), distribution to be developed and applied
a triangular distribution shall be assumed. P ppliec.
This assumption is needed for a number of PA
The density of water is assumed to be 1.00 kg/L | modeling and dose calculations. The water
AlS and the density of milk is assumed to be 1.03 | value is a generally accepted analogue. The
kg/L. milk value is based on Section 2.2 of ORNL-
5786.
DCFs from short-lived progeny are assumed to Esggzrao?gieégg ds;mgi;gsc]a;tlocrz);(ibrif;(ilgcesitllgt_
Al6 be in secular equilibrium with the parent | . . . P >y g
radionuclides lived radionuclides with their longer-lived
) parents.
Al7 Eg%i?{:g?énéséfpﬁlojf lll(r)lg,f;ills are assumed to This is a conservative modeling simplification.
It is assumed that soil contaminants (both from
Al8 irrigation and drill cuttings, as applicable) are | This is a modeling simplification.
uniformly distributed at a depth of 0.15 m.
For determining the buildup of radionuclides in
surface soil (see Equation 3.1-3b), it is assumed
Al19 that the effects of radionuclide ingrowth are | This is a modeling simplification.
balanced by the effects of weathering, such that
both may be ignored.
A20 An irrigation rate of 1 inch per week shall be This is a modeling simplification,

assumed.
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Assumption

Description

Justification or Explanation

A21

It is assumed that runoff from precipitation does
not influence contaminant concentrations in
surface soil.

This is a modeling simplification.

A22

For parameters related to dose pathways that are
expected to have a minor or negligible impact on
dose (e.g., poultry ingestion, egg ingestion,
boating exposure, etc.), a single conservative
value may be assumed for probabilistic modeling
in lieu of developing a sampling distribution.

This is a modeling simplification.

A23

The EDF for produce consumption adds fruit
consumption to vegetable consumption to
provide a single produce EDF value (Equation
3.1-4a), therefore, the fraction of total produce
grown locally shall be based on the higher
fraction (fruits versus vegetables) for local
productivity.

This is a modeling simplification.

A24

For element-specific or radionuclide-specific
parameter development, when no data is
available for a specific element or radionuclide, a
non-zero value may be assumed, as appropriate.

Some parameters require non-zero values to
prevent modeling errors. This assumption is
only appropriate when no data is available and a
negligible impact is expected.

A25

For intruder scenarios, it is assumed that it takes
20 hours to drill a well.

This assumption is based upon driller
experience.
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APPENDIX B. DEVELOPMENT OF SELECT PARAMETERS

This appendix provides additional documentation to describe the development of the select
parameters. Most of the parameters described within this appendix are based on the EPA’s 2011
Exposure Factors Handbook, which provides extensive data from surveys. [EPA-600-R-090-
052F] The EPA’s 2011 Exposure Factors Handbook shall hereafter be referred to as the EPA
Handbook.

A number of the values recommended vary relative to those reported in Revision 0 of this report.
[SRR-CWDA-2013-00058, Rev. 0] The primary cause for this difference is that the initial report
did not consistently apply the all of the assumptions (see Appendix A). The application of
different assumptions resulted in different recommended values. Despite the inconsistent
approach used to develop the previously recommended values, all of the assumptions used were
reasonable and, therefore, appropriate for the intended use. In other words, calculations
performed using the previous values are not invalidated by any new recommendations.
However, future dose calculations should apply the most current values to ensure a consistent
and defensible approach.

B1. Human Uptake Parameter: Water Consumption Rate

Section 3 of the EPA Handbook provides a comprehensive suite of tabulated data related to
water consumption surveys. This data was used to update the recommendations for Up»o and the
fraction of consumed water that comes from the local water source Fi,caim0. Specifically,
Tables 3-24 and 3-26 of the EPA Handbook were analyzed to develop appropriate parameter
values for water ingestion dose calculations. [EPA-600-R-090-052F]

Table 3-23 from the EPA Handbook was also considered; however the data from this table was
not explicitly used for data development. [EPA-600-R-090-052F] This table provided per capita
data for water ingested from a community well. Ideally, this data set represents water intake
values for the MOP and IHI receptors. However, comparing the median values from EPA
Handbook Table 3-23 to the respective median values from Table 3-26 showed that there is a
significant difference between the community well water intake values and the intake values
from all water sources. Given this difference, the community well water intake values were
ignored and an alternative approach was assumed for developing recommended water intake
values.

EPA Handbook Table 3-26 was used as the starting point in the development of the
recommended data values. This table provides the water intake values from all sources.
Assuming that the MOP or IHI receptors would only consume water from the contaminated well
is not consistent with the human receptor definitions provided in Section 1.1 of this report.
Typical receptor behavior assumes that some water intake comes from other (i.e.,
uncontaminated) water sources. Data from EPA Table 3-24 shows water intake from bottle
water sources. As a reasonably conservative approach, these bottled water intake values are
assumed to represent any water intake that is not from the contaminated well.

The bottled water intake data does not include any median values, because less than 50% of
those surveyed reported drinking any bottled water. Therefore, the ratio of the mean values (all
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sources water intake versus the bottled water intake) was assumed as an appropriate approach for
scaling the intake values. Table B1-1 summarizes the recommended values.

Table B1-1: Recommended Deterministic Values for Water Consumption Rates of VVarious

Populations
Total Annual Water Recommended Annual
Age Consumption (L/yr) Water C_onsumptlon from
(Uso) Contaminated Well (L/yr) | Notes
e (Un20%Flocat1120)
Infant 108 89 Value for 1 to <2 year old
Child 209 166 Value for 6 to <11 year old
Adult 331 430 Value for >21 year old
Reference a
Person 439 340 Value given for All ages
a Recommended value for deterministic modeling.

Based on this data, the recommended median value for Us;p is 439 L/yr and the recommended
median value for U0 X Fiocar 20 = 340 L/yr.

For distribution development, the respective infant, child, adult, and reference person data for
contaminated water intake values were scaled to the respective median values then averaged
across all age groups. An analytical distribution was developed using a stochastic element in
GoldSim and simple trial-and-error to find parameter values that closely match the EPA-based
recommended data values. The gamma distribution with a mean of 1.2 and a standard deviation
of 0.8 was found to provide a close fit (see Figure B1-1).

Figure B1-1: Total Water Ingestion Rate — Distribution Curve
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Finally, the values were truncated to between the 10™ and 90" percentiles (based on the scaled
and averaged EPA-based data) to ensure that sampled values are representative of typical and
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reasonable human behavior. Therefore, the final recommended distribution for the uncertainty
multiplier for water consumption is a gamma distribution with a mean of 1.2, a standard
deviation of 0.8, a minimum of 0.26, and a maximum of 2.3.

B2. Human Uptake Parameter: Soil and Dust Consumption Rate

Table 5-1 of the EPA Handbook provides a number of recommended values for soil and dust
consumption rates (Usos). [EPA-600-R-090-052F] For Liquid Waste PAs, it is assumed that
the receptors (MOP and IHI) are representative of the entire population. Therefore, as a
reasonably conservative approach, the maximum value for the “General Population Central
Tendency” in EPA Handbook Table 5-1 was assumed. The value of 100 mg/day was selected as
the recommended value to use in deterministic modeling. This value was converted from
mg/day to kg/yr by multiplying the consumption rate by 1.0E-06 kg/mg to get kg/day, then
multiplying by 365.25 day/yr: 100 mg/day x 1.0E-06 kg/mg % 365.25 day/yr = 3.65E-02 kg/yr.

Table B2-1 provides recommended values for the four representative age groups.

Table B2-1: Recommended Deterministic Values for Soil Consumption Rates of Various

Populations
Total Annual Soil
(Soil + Dust)
Age Consumption (kg/yr) Notes
(Uson)
General Population, Central
Infant 3.65E-02 Tendency (1 to <6 years)
. General Population, Central
Child 3.65E-02 Tendency (6 to <21 years)
General Population, Central
Adult 1.83E-02 Tendency (Adult)
Reference 3 65E-02° Conservatively assumes maximum of
Person all three
a Recommended value for deterministic modeling.

Unlike the data reported for the water consumption distributions (as discussed in Section B1), the
EPA Handbook provides very little insight to soil and dust consumption distributions. [EPA-
600-R-090-052F] Therefore, a simple triangular distribution was applied that assumed a
minimum value of one-half the deterministic rate (i.e., 50 mg/day) and a maximum value of
twice the deterministic rate (i.e., 200 mg/day).

B3.  Human Uptake Parameter: Produce Consumption Rate

Data from the EPA Handbook was used to update the recommendations for the rate of produce
consumption (Up). Specifically, Tables 9-7, 9-8, and 9-15 were analyzed to develop appropriate
parameter values for the produce consumption rate. [EPA-600-R-090-052F]

Tables 9-7 and 9-8 of the EPA Handbook show the results of four surveys on consumption of
fruits and vegetables, organized by gender and age group. [EPA-600-R-090-052F] Although the
data used from these tables were mean values, the use of this data is conservative because
inspection of other datasets indicated that the mean values are higher than the respective median
values.
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For each set of values, the total produce consumption rate was determined by adding the fruit
intake rate to the vegetable intake rate. Gender-specific values were then combined using an
assumed population distribution of 48% males to 52% females. Finally, for conservatism, the
maximum value from each respective age group was selected as the representative value. Table
B3-1 provides recommended values for the four representative age groups. These values were
converted from g/day to kg/yr.

Table B3-1: Recommended Deterministic Values for Produce Consumption Rates of
Various Populations

Total Annual
Produce (Fruit +
Age Vegetable) Notes
Consumption (kg/yr)
(Up)
Value for less than 5 year old taken
Infant 13 from 1994 data
. Value for less than 6-11 year old
Child 1l taken from 1995 data
Value for less than 51-64 year old
Adult 156 taken from 1977-1978 data
Reference a Value for all ages taken from 1995
132
Person data
a Recommended value for deterministic modeling.

Based on this data, the recommended median value for Up is 132 kg/yr.

For distribution development, the respective infant, child, adult, and all ages data from EPA
Table 9-15 were scaled to the respective values and averaged across all age groups. An analytical
distribution was developed using a stochastic element in GoldSim and simple trial-and-error to
find parameter values that closely match the EPA-based data. The log-normal distribution with a
geometric mean of 0.9 and a geometric standard deviation of 2.6 was found to have a close fit
(see Figure B3-1).
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Figure B3-1: Total Produce Consumption Rate — Distribution Curve
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Finally, the values were truncated to between the 10™ and 90" percentiles (based on the scaled
and averaged EPA-based data) to ensure that sampled values are representative of typical and
reasonable human behavior. Therefore, the final recommended distribution for the uncertainty
multiplier for produce consumption is a log-normal distribution with a geometric mean of 0.9, a
geometric standard deviation of 2.6, a minimum of 0.2, and a maximum of 3.07.

B4. Human Uptake Parameter: Meat Consumption Rate

Data from the EPA Handbook were used to update the recommendations for the human
consumption rate of terrestrial livestock meat (Upg4r). Section 11 of the EPA Handbook
provides an entire suite of tabulated data related to meat consumption. Specifically, Tables 11-7,
11-8, 11-9, and 11-18 were analyzed to develop appropriate parameter values for the meat
consumption rate. [EPA-600-R-090-052F] These tables show the results of four surveys on
consumption, organized by gender and age group. [EPA-600-R-090-052F]

Tables 11-7, 11-8, 11-9 of the EPA Handbook show the results of five surveys on consumption
of a variety of meat products, organized by gender and age group. [EPA-600-R-090-052F]
Although the data used from these tables were mean values, the use of this data is conservative
because inspection of other datasets indicated that the mean values are higher than the respective
median values.

For each set of values, the total terrestrial livestock meat consumption rate was determined by
adding the intake rates of beef, pork, lamb, veal, game, frankfurters, sausages, lunch meats,
spreads, and meat mixtures. Gender-specific values were then combined using an assumed
population distribution of 48% males to 52% females. Finally, for conservatism, the maximum
value from each respective age group was selected as the representative value. Table B4-1
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provides recommended values for the four representative age groups. These values were
converted from g/day to kg/yr.

Table B4-1: Recommended Deterministic Values for Terrestrial Livestock Meat
Consumption Rates of Various Populations

Total Meat
Age Consumption (kg/yr) Notes
(Unmigar)
Value for less than 5 year old taken
Infant 272 from 1994 data
. Value for 9-11 year olds taken from
Child 52.2 1977-1978 data
Value for 19 to 22 year olds taken
Adult 739 from 1977-1978 data
Reference 61.4° Value for all ages taken from 1977-
Person ) 1978 data
a Recommended value for deterministic modeling.

Based on this data, the recommended mean value for Upgaris 61.4 kg/yr.

For distribution development, the respective infant, child, adult, and all ages data from EPA
Table 11-18 were scaled to the respective mean values and averaged across all age groups. An
analytical distribution was developed using a stochastic element in GoldSim and simple trial-
and-error to find parameter values that closely match the EPA-based data. The gamma
distribution with a mean of 1.0 and a standard deviation of 0.69 was found to have a close fit (see
Figure B4-1).

Figure B4-1: Total Terrestrial Livestock Meat Consumption Rate — Distribution Curve
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Finally, the values were truncated to between the 10™ and 90" percentiles (based on the scaled
and averaged EPA-based data) to ensure that sampled values are representative of typical and
reasonable human behavior. Therefore, the final recommended distribution for the uncertainty
multiplier for terrestrial livestock meat consumption is a gamma distribution with a mean of 1.0,
a standard deviation of 0.69, a minimum of 0.29, and a maximum of 1.88.

B5. Human Uptake Parameter: Milk Consumption Rate

Data from the EPA Handbook shall be used to update the recommendations for the human
consumption rate of milk (Uyzzx). Section 11 of the EPA Handbook provides a suite of tabulated
data related to milk consumption. Specifically, Tables 11-4, 11-10, 11-11, and 11-12 of the EPA
Handbook shall be analyzed to develop appropriate parameter values for the milk consumption
rate. [EPA-600-R-090-052F]

Tables 11-10 through 11-12 of the EPA Handbook show the results of five surveys on
consumption, organized by gender and age group. [EPA-600-R-090-052F] Although the data
used from these tables were mean values, the use of this data is conservative because inspection
of other datasets indicated that the mean values are higher than the respective median values.

For each set of values, the total fluid milk consumption rate was determined. Gender-specific
values were then combined using an assumed population distribution of 48% males to 52%
females. Finally, for conservatism, the maximum value from each respective age group was
selected as the representative value. Table B5-1 provides recommended values for the four
representative age groups. These values were converted from g/day to kg/yr.
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Table B5-1: Recommended Deterministic Values for Milk Consumption Rates of Various

Populations
Total Milk
Age Consumption (kg/yr) Notes
WUmig)
Value for less than 5 year old taken
Infant 161 from 1995 data
. Value for 9-11 year olds taken from
Child 14l 1977-1978 data
Value for 19 to 22 year olds taken
Adult 139 from 1977-1978 data
Reference a Value for all ages taken from 1995
86
Person data
a Recommended value for deterministic modeling.

Based on this data, the recommended mean value for Uk is 86 kg/yr.

For distribution development, the respective infant, child, adult, and all ages data from EPA
Table 11-4 were scaled to the respective mean values and averaged across all age groups. An
analytical distribution was developed using a stochastic element in GoldSim and simple trial-
and-error to find parameter values that closely match the EPA-based data.
distribution with a mean of 1.0 and a standard deviation of 0.94 was found to have a close fit (see

Figure B5-1).

Figure B5-1: Total Milk Consumption Rate — Distribution Curve
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Finally, the values were truncated to between the 10™ and 90" percentiles (based on the scaled
and averaged EPA-based data) to ensure that sampled values are representative of typical and
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reasonable human behavior. Therefore, the final recommended distribution for the uncertainty
multiplier for milk consumption is a gamma distribution with a mean of 1.0, a standard deviation
0f 0.94, a minimum of 0.16, and a maximum of 2.16.

B6. Human Uptake Parameter: Poultry Consumption Rate

Data from the EPA Handbook were used to update the recommendations for the human
consumption rate of poultry (Upourrry). Section 11 of the EPA Handbook provides an entire
suite of tabulated data related to meat consumption. Specifically, Tables 11-7, 11-8, and 11-9
were analyzed to develop appropriate parameter values for the meat consumption rate. [EPA-
600-R-090-052F] These tables show the results of four surveys on consumption, organized by
gender and age group. [EPA-600-R-090-052F]

Tables 11-7, 11-8, and 11-9 of the EPA Handbook show the results of five surveys on
consumption of a variety of meat products, organized by gender and age group. [EPA-600-R-
090-052F] Although the data used from these tables were mean values, the use of this data is
conservative because inspection of other datasets indicated that the mean values are higher than
the respective median values.

For each set of values, the total poultry consumption rate was selected. Gender-specific values
were then combined using an assumed population distribution of 48% males to 52% females.
Finally, for conservatism, the maximum value from each respective age group was selected as
the representative value. Table B6-1 provides recommended values for the four representative
age groups. These values were converted from g/day to kg/yr.

Table B6-1: Recommended Deterministic Values for Poultry Consumption Rates of
Various Populations

Total Poultry

Age Consumption (kg/yr) Notes
(Urourtry)
Infant 58 Value for less than 5 year old taken

from 1994 data
Value for 9-11 year olds taken from

Child 93 1977-1978 data
Value for 19 to 22 year olds taken
Adult 12.8 from 1977-1978 data
Reference a Value for all ages taken from 1994
10.6
Person data
a Recommended value for deterministic modeling.

Based on this data, the recommended mean value for Upoyrrry is 10.6 kg/yr.

The dose contribution from poultry is considered small relative to the other ingestion pathways
(e.g., water, produce, etc.). Therefore, it is recommended that no sampling distribution be
applied to this parameter. The deterministic value is appropriate to use for probabilistic
modeling.
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B7. Human Uptake Parameter: Egg Consumption Rate

Data from the EPA Handbook shall be used to update the recommendations for the human
consumption rate of egg (Urgg). Section 11 of the EPA Handbook provides a suite of tabulated
data related to egg consumption. Specifically, Tables 11-10, 11-11, and 11-12 of the EPA
Handbook shall be analyzed to develop appropriate parameter values for the egg consumption
rate. [EPA-600-R-090-052F]

Tables 11-10 through 11-12 of the EPA Handbook show the results of five surveys on
consumption, organized by gender and age group. [EPA-600-R-090-052F] Although the data
used from these tables were mean values, the use of this data is conservative because inspection
of other datasets indicated that the mean values are higher than the respective median values.

For each set of values, the total egg consumption rate was selected. Gender-specific values were
then combined using an assumed population distribution of 48% males to 52% females. Finally,
for conservatism, the maximum value from each respective age group was selected as the
representative value. Table B7-1 provides recommended values for the four representative age
groups. These values were converted from g/day to kg/yr.

Table B7-1: Recommended Deterministic Values for Egg Consumption Rates of Various

Populations
Total Milk
Age Consumption (kg/yr) Notes
(Ukaq)
Value for 1-2 year olds taken from
Infant 73 1977-1978 data
. Value for 9-11 year olds taken from
Child 72 1977-1978 data
Value for 35 to 50 year olds taken
Adult 1.6 from 1977-1978 data
Reference 7 38 Value for all ages taken from 1987-
Person ) 1988 data
a Recommended value for deterministic modeling.

Based on this data, the recommended mean value for Uggg is 7.3 kg/yr.

The dose contribution from egg is considered small relative to the other ingestion pathways (e.g.,
water, produce, etc.). Therefore, it is recommended that no sampling distribution be applied to
this parameter. The deterministic value is appropriate to use for probabilistic modeling.

B8. Human Uptake Parameter: Fish Consumption

Data from the EPA Handbook were used to update the recommendations for the human
consumption rate of fish (Ugssy). Section 10 of the EPA Handbook provides an entire suite of
tabulated data related to fish consumption. Specifically, Tables 10-13 and 10-23 were analyzed
to develop appropriate parameter values for the fish consumption rate. [EPA-600-R-090-052F]
The data in Table 10-13 shows total fish consumption, organized by gender and age group.
[EPA-600-R-090-052F]

Gender-specific values were combined using an assumed population distribution of 48% males
to 52% females. For conservatism, values were weighted based on a comparison of the total (i.e.
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Overall) demographic category and the regional (i.e., South Atlantic) data. Table B8-1 provides
recommended values for the four representative age groups. These values were converted from
g/day to kg/yr.

Table B8-1: Recommended Deterministic Values for Fish Consumption Rates of VVarious

Populations
Total Fish
Age Consumption (kg/yr) Notes
(UFISH)

Infant 2.4 Value for 0-9 year olds used.

Child 3.9 Value for 10-19 year olds used.

Adult 8.4 Value for 60-69 year olds used.
Reference 56 Overall (all fish consumers) value.

Person '
a Recommended value for deterministic modeling.

Based on this data, the recommended mean value for Upsy is 5.6 kg/yr.

For distribution development, the probability distribution data from EPA Handbook Table 10-23
was scaled relative to the geometric mean. An analytical distribution was developed using a
stochastic element in GoldSim and simple trial-and-error to find parameter values that closely
match the EPA-based data. The log-normal distribution with a geometric mean of 1.0 and a
geometric standard deviation of 2.3 was found to have a close fit (see Figure B§-1).

Figure B8-1: Total Fish Consumption Rate — Distribution Curve
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Finally, the values were truncated to between the 10™ and 90™ percentiles (based on the scaled
EPA-based data) to ensure that sampled values are representative of typical and reasonable
human behavior. Therefore, the final recommended distribution for the uncertainty multiplier for
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fish consumption is a log-normal distribution with a geometric mean of 1.0, a geometric standard
deviation of 2.3, a minimum of 0.33, and a maximum of 2.93.

B9. Human Uptake Parameter: Inhalation Rate

Data from the EPA Handbook was used to update the recommendations for the human inhalation
rate (Uyr). EPA Handbook Tables 6-1, 6-14, and 6-15 were used to develop appropriate
parameter values for the inhalation rate. [EPA-600-R-090-052F] EPA Handbook Table 6-1
shows the mean inhalation rates, by age groups. [EPA-600-R-090-052F] Table B9-1 provides
recommended values for the four representative age groups. These values were converted from
m’/day to m’/yr.

Table B9-1: Recommended Deterministic Values for Human Inhalation Rates of VVarious

Populations
Inhalation Rate
Age (m°lyr) Notes
(UAIR)

Infant 2,922 Value for 1 to <2 year olds.

Child 4,383 Value for 6 to <11 year olds.

Adult 5,844 Value for 6 to <11 year olds.
Reference 53447 Assumes the same value as the adult

Person ’ age group.
a Recommended value for deterministic modeling.

Based on this data, the recommended mean value for Uy is 5,844 m’ /yr.

For distribution development, the respective infant, child, adult, and all ages data from EPA
Handbook Tables 6-14 and 6-15 were scaled to the respective mean values and averaged together
across all age groups. Gender-specific values were combined using an assumed population
distribution of 48% males to 52% females. An analytical distribution was developed using a
stochastic element in GoldSim and simple trial-and-error to find parameter values that closely
match the EPA-based data. The gamma distribution with a mean of 1.0 and a standard deviation
of 0.23 was found to have a close fit (see Figure B9-1).

Finally, the values were truncated to between the 10™ and 90" percentiles (based on the scaled
and averaged EPA-based data) to ensure that sampled values are representative of typical and
reasonable human behavior. Therefore, the final recommended distribution for the uncertainty
multiplier for inhalation rates is a gamma distribution with a mean of 1.0, a standard deviation of
0.23, a minimum of 0.77, and a maximum of 1.27.
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Figure B9-1: Human Inhalation Rate — Distribution Curve
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B10. Fraction of Time in Garden

Table 16-100 of the EPA Handbook indicates that the average person spends 0.2 hr/day
performing lawn and garden care. [EPA-600-R-090-052F] Given 24 hr/day, this results in a
fractional value of 0.0083 (0.2 hr/day + 24 hr/day). However, this value includes segments of
the population that perform some amount of gardening as well as those who do no gardening at
all, which is therefore inconsistent with the assumption that the MOP receptor has a garden. To
account for this, the fractional value of 0.0083 is divided by 0.31 (because EPA Handbook Table
13-71 indicates that 31% of all households have gardens). This results in recommended a
fractional value of 0.027 (0.0083 + 0.31), which is equivalent to about 4.5 hours per week.

As a modeling simplification a triangular sampling distribution is assumed for probabilistic
modeling, where the mode is equal to the recommended value (0.027), the minimum is one-half
the recommended value (0.013), and the maximum is double the recommended value (0.054).

B11. Fraction of Time in Shower

EPA Handbook Table 16-1 provides recommended values for bathing and showering, organized
by age group. For individuals less than 21 years of age, bathing and showering was counted
separately. The maximum of either the bathing time or the showering time was assumed. Table
B11-1 provides recommended values for the four representative age groups. These values were
converted from minutes/day to a fractional value.
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Table B11-1: Recommended Deterministic Values for the Fraction of Time Spent Bathing
or Showering, Various Populations

Fraction of Time Spent
Age Bathing or Showering Notes
(F'sower)

Infant 1.6E-02 Value for 1 to <2 year olds.

Child 1.7E-02 Value for 6 to <11 year olds.

Adult 1.2E-02 Value for 18 to <65 year olds.
Reference a Assumes the same value as the adult

1.2E-02

Person age group.

a Recommended value for deterministic modeling.

Based on this data, the recommended mean value for F; syower is 1.2E-02.

For distribution development, the respective infant, child, adult, and all ages data from EPA
Handbook Table 16-32 were scaled to the respective mean values and averaged together across
all age groups. An analytical distribution was developed using a stochastic element in GoldSim
and simple trial-and-error to find parameter values that closely match the EPA-based data. The
log-normal distribution with a mean of 0.85 and a standard deviation of 0.65 was found to have a
close fit (see Figure B11-1).

Figure B11-1: Fraction of Time Spent Bathing or Showering — Distribution Curve
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Finally, the values were truncated to between the 10™ and 90™ percentiles (based on the scaled
and averaged EPA-based data) to ensure that sampled values are representative of typical and
reasonable human behavior. Therefore, the final recommended distribution for the uncertainty
multiplier for the fraction of time spent bathing or showering is a log-normal distribution with a
mean of 0.85, a standard deviation of 0.65, a minimum of 0.25, and a maximum of 1.52.
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B12. Fraction of Time Swimming

Table 16-1 of the EPA Handbook provides age-dependent recommendations for minutes per
month spent swimming; however the values recommended for the adult swimming pattern is
based on median data rather than the more appropriate mean data. [EPA-600-R-090-052F] To
correct for this, the distribution values for 18 to 64 year olds (from EPA Handbook Table 16-42)
were input into a GoldSim stochastic element and sampled 10,000 times. The resulting mean
value was assumed. This same approach was applied to determine the mean value for the all
ages group.

Table B12-1 provides recommended values for the four representative age groups. These values
were converted from minutes/month to a fractional value.

Table B12-1: Recommended Deterministic Values for the Fraction of Time Spent
Swimming, Various Populations

Fraction of Time Spent

Age Swimming Notes
(Ft SWIM)
Infant 2 .4E-03 Value for 1 to <2 year olds.
Child 3 4E-03 Value for 6 to <11 year olds.
Value for 18 to 64 year olds (based
Adult 1.2E-03 on sampling the statistical data in

EPA Table 16-42).
Value for all ages (based on

Rgfeerrsinnce 1.7E-03° sampling the statistical data in EPA
Table 16-42).
a Recommended value for deterministic modeling.

Based on this data, the recommended mean value for F; sy, is 1.7E-03.

For distribution development, a simple triangular distribution is assumed. As a probabilistic
multiplier, the recommended mode is 1.0, the minimum is 0, and the maximum is 3.3 (which is
equivalent to 181 minutes per month when scaled by the recommended deterministic value).

B13. Fraction of Time Spent Drilling

This dose calculation methodology assumes that it takes 20 hours to install a well. Given that
there are 8,766 hours per year this is equivalent to a fractional value of 2.3E-03. As a modeling
simplification, a triangular distribution is assumed with a minimum equal to 2 hours and a
maximum of 40 hours (i.e., as a multiplier, the mode is 1.0, the minimum is 0.1 and the
maximum is 2.0).

B14. Well Depth

In the current Liquid Waste PAs, GoldSim models use two separate stochastic elements to
determine well depths: “WellDepth” and “CompletionStratum”. These parameters were only
used when the GoldSim model was used to simulate transport.

The WellDepth element was used for the IHI calculations to determine the concentration of
contaminants from drill cuttings. In this case, a shallower depth gives a higher dose because the
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contaminants are more concentrated within the drill cuttings. This input conservatively assumed
a single discrete value of 100 feet (30.5 m) for the well depth, such that the stochastic parameter
did not actually sample a distribution. This 100-foot value was a conservative assumption
because more than 85% of the wells within and near the Savannah River Site were drilled to
deeper depths. [SRS-REG-2007-00029, Rev. 0, SRR-CWDA-2010-00054, Rev. 0]

Alternatively, the CompletionStratum element in GoldSim was used to modify the groundwater
concentrations for the MOP and Chronic IHI dose calculations based on well depths. This
modifier was determined based on appropriate modeling results for aquifer flow and transport,
which showed that contaminant concentrations in the Gordon Aquifer was generally much lower
than in the Upper Three Runs Aquifer. Instead of estimating an actual well depth, however, the
CompletionStratum element discretely sampled the probability of a well depth reaching a
specific aquifer, and then was used to modify the modeled concentrations accordingly.

Realistically, it would be appropriate to assume that both an IHI well and the 100-meter well
would be drilled to similar depths. This is because the relative distance between a 100-meter
well and a 1-meter well is not significant with respect to groundwater levels. As a modeling
simplification, it is recommended that the modeling approach be modified to apply a single
sampling distribution for both the 1-meter and the 100-meter well depths.

Further, to determine an appropriate sampling approach, an evaluation was performed using well
depth data from over 2,600 wells drilled within and near the boundary of the Savannah River
Site. Based on this data analysis, well depths should be sampled along a gamma distribution,
with a mean value of 185 feet (55.8 m), a minimum depth of 30 feet (9.1 m), a maximum depth
of 990 feet (302 m). Figure B14-1 shows the actual well depths (sorted) versus results based on
the recommended sampling distribution. This shows that the recommended sampling would
better reflect actual well depth drilling results. The depth of 100 feet (30.5 m) is still
recommended for deterministic modeling to maintain an appropriate level of conservatism.

For implementation in GoldSim, it is recommended to use a stochastic modeling element as a
multiplier. The deterministic value should be set to 1.0 (which would be multiplied by the 100
foot value as a data input element). The truncated gamma distribution for sampling would then
be set to a mean of 1.85 (100 ft x 1.85 = 185 ft), a minimum of 0.3 (100 ft x 0.3 = 30 ft), and a
maximum of 9.9 (100 ft x 9.9 = 990 ft). The best fit was found by using a recommended
standard deviation of 0.75 (100 ft x 0.75 = 75 ft).
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Figure B14-1: Well Depth Sampling Comparison
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The analytically sampled well depths were then screened for comparison to a previously
established discrete well depth distribution (described in General Separations Area Well Drilling
Probabilities). [SRS-REG-2007-00029] The previous distribution determined that 13% of past
wells were drilled into the Upper Zone of the Upper Three Runs (UTR) Aquifer (i.e., less than or
equal to 109 feet deep), 44% into the Lower Zone of the UTR Aquifer (between 109 and 170 feet
deep), and 43% into the Gordon Aquifer (greater than or equal to 170 feet deep).

Actual Drilled Depths (ft) = = Analytically Sampled Well Depths (ft) ‘

With the revised recommended sampling distribution for well depth, using 109 feet and 170 feet
as the respective aquifer thresholds results in selecting the Gordon Aquifer 53% of the time.
Because the Gordon aquifer is assumed to return lower concentrations than the other aquifers,
this value is non-conservative. To address this non-conservatism, it is recommended that the
screening depths be adjusted to better capture the recommended aquifer distribution as follows:
the Upper Zone of the UTR Aquifer should be less than or equal to 106 feet deep, the Lower
Zone of the UTR Aquifer should be between 106 and 188 feet deep, and the Gordon Aquifer
should be greater than or equal to 188 feet deep. By making this screening depth adjustment, the
well depth distribution again reflects the expected aquifer distributions of 13%, 44% and 43% for
the Upper UTR, Lower UTR, and the Gordon Aquifers, respectively.

B15. Additional Internal DCFs

Table 7.1-1 provided recommended ingestion and inhalation DCFs for the assumed reference
person. To facilitate future modeling of alternative conceptual scenarios, the following provides
additional DCFs for specific age groups (i.e., Infant, Child, and Adult). As with Table 7.1-1,
some nuclides shows duplicate entries for these DCFs where the first entry is the DCF for the
specific radionuclide and the second entry (shaded) represents the sum of the parent and its
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progeny that are assumed to be in secular equilibrium. Note that although this data is available,
current PA and Special Analysis modeling does not include such alternative conceptual scenarios

as the application would be inconsistent with current modeling assumptions.

Table B15-1: Alternative Internal DCFs

Internal DCFs (mrem/pCi)

Nuclide Ingestion Ingestion Ingestion Inhalation Inhalation Inhalation
Infant Child Adult Infant Child Adult
DCFing DCFing DCFing DCFinh DCFinh DCFinh
Ac-225 8.99E-04 3.02E-04 1.43E-04 5.55E-02 3.96E-02 3.40E-02
Ac-227 2.47E-03 1.38E-03 1.19E-03 1.28E+00 6.59E-01 5.77E-01
Ac-227* 6.81E-03 3.15E-03 1.61E-03 1.41E+00 7.46E-01 6.53E-01
Ac-228 9.25E-06 2.89E-06 1.40E-06 1.98E-04 7.29E-05 5.96E-05
Ag-108m 4.11E-05 1.59E-05 8.70E-06 2.36E-04 1.48E-04 1.49E-04
Al-26 7.84E-05 2.62E-05 1.29E-05 6.66E-04 4.14E-04 4.22E-04
Am-241 1.39E-03 8.21E-04 7.55E-04 6.59E-01 3.74E-01 3.57E-01
Am-242 8.07E-06 2.39E-06 1.11E-06 2.61E-04 8.92E-05 7.99E-05
Am-242m 1.11E-03 7.36E-04 7.03E-04 5.66E-01 3.47E-01 3.39E-01
Am-242m* 1.35E-03 8.11E-04 7.40E-04 6.30E-01 3.69E-01 3.59E-01
Am-243 1.37E-03 8.18E-04 7.51E-04 6.48E-01 3.70E-01 3.54E-01
Am-243° 1.39E-03 8.24E-04 7.54E-04 6.48E-01 3.70E-01 3.54E-01
Ar-39 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
At-217 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
At-218 0.00E+00 0.00E+00 0.00E+00 0.00E-+00 0.00E+00 0.00E+00
Ba-133 2.33E-05 1.74E-05 5.70E-06 7.44E-05 4.26E-05 4.14E-05
Ba-137m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Bi-210 3.60E-05 1.06E-05 4.85E-06 1.01E-03 5.88E-04 5.40E-04
Bi-210m a 3.37E-04 1.10E-04 5.55E-05 7.25E-02 4.00E-02 3.96E-02
Bi-210m* 3.37E-04 1.10E-04 5.55E-05 7.25E-02 4.00E-02 3.96E-02
Bi-211 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Bi-212 6.66E-06 1.88E-06 9.66E-07 2.40E-04 1.51E-04 1.36E-04
Bi-213 5.14E-06 1.43E-06 7.33E-07 2.38E-04 1.44E-04 1.31E-04
Bi-214 2.78E-06 7.77E-07 4.14E-07 1.32E-04 6.81E-05 6.36E-05
Bk-249 1.07E-05 5.07E-06 3.67E-06 3.70E-03 1.92E-03 1.55E-03
C-14 5.96E-06 2.96E-06 2.15E-06 4.00E-05 2.34E-05 2.28E-05
Ca-41 2.26E-06 2.06E-06 8.40E-07 1.65E-06 1.42E-06 8.51E-07
Cd-113m 2.09E-04 1.09E-04 8.66E-05 1.02E-03 5.07E-04 4.14E-04
Ce-144 1.44E-04 4.26E-05 1.94E-05 9.95E-04 2.89E-04 2.13E-04
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Table 7.1-1: Alternative Internal DCFs (Continued)
Internal DCFs (mrem/pCi)
Nuclide Ingestion Inges:tion Ingestion Inhalation Inhalgtion Inhalation
Infant Child Adult Infant Child Adult

DCFing DCFing DCFing DCFinh DCFinh DCFinh

Cf-249 3.20E-03 1.72E-03 1.30E-03 1.59E+00 7.99E-01 6.22E-01
C£-250 2.01E-03 8.58E-04 5.96E-04 9.73E-01 3.89E-01 2.79E-01
Cf-251 3.25E-03 1.75E-03 1.32E-03 1.62E+00 8.14E-01 6.33E-01
Cf-252 1.91E-03 6.88E-04 3.35E-04 8.07E-01 2.75E-01 1.36E-01
Cl-36 2.33E-05 7.07E-06 3.43E-06 2.42E-04 1.45E-04 1.48E-04
Cm-242 2.81E-04 8.73E-05 4.33E-05 7.66E-02 2.68E-02 2.39E-02
Cm-243 1.21E-03 6.18E-04 5.55E-04 5.55E-01 2.73E-01 2.59E-01
Cm-244 1.08E-03 5.18E-04 4.55E-04 5.00E-01 2.28E-01 2.11E-01
Cm-245 1.40E-03 8.44E-04 7.70E-04 6.62E-01 3.81E-01 3.64E-01
Cm-246 1.39E-03 8.36E-04 7.66E-04 6.62E-01 3.81E-01 3.63E-01
Cm-247 1.30E-03 7.73E-04 7.07E-04 6.07E-01 3.49E-01 3.33E-01
Cm-247° 1.30E-03 7.74E-04 7.07E-04 6.07E-01 3.49E-01 3.33E-01
Cm-248 5.33E-03 3.16E-03 2.87E-03 2.44E+00 1.41E+00 1.34E+00
Co-60 9.92E-05 4.14E-05 1.27E-05 2.18E-04 1.27E-04 1.22E-04
Cs-134 5.81E-05 5.22E-05 7.14E-05 1.54E-04 8.58E-05 8.21E-05
Cs-135 1.14E-05 8.18E-06 9.81E-06 7.84E-05 4.74E-05 4.63E-05
Cs-137 4.59E-05 3.77E-05 5.03E-05 2.58E-04 1.53E-04 1.54E-04
Cs-137° 4.59E-05 3.77E-05 5.03E-05 2.58E-04 1.53E-04 1.54E-04
Eu-152 2.68E-05 9.51E-06 4.96E-06 9.73E-04 4.44E-04 3.45E-04
Eu-154 4.33E-05 1.45E-05 7.29E-06 1.28E-03 5.33E-04 3.96E-04
Eu-155 8.29E-06 2.58E-06 1.23E-06 1.86E-04 6.77E-05 4.59E-05
Fr-221 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Fr-223 6.29E-05 1.85E-05 8.81E-06 8.44E-05 5.62E-05 4.92E-05
Gd-152 4.29E-04 1.96E-04 1.52E-04 1.98E-01 8.70E-02 7.03E-02
H-3 2.04E-07 9.07E-08 7.07E-08 2.32E-06 1.03E-06 1.07E-06
1-129 8.14E-04 7.10E-04 4.00E-04 5.92E-04 4.77E-04 4.00E-04
K-40 1.55E-04 4.70E-05 2.28E-05 5.29E-04 3.17E-04 3.28E-04
Kr-85 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Lu-174 6.81E-06 2.18E-06 1.05E-06 1.18E-04 4.07E-05 2.67E-05
Mo-93 2.40E-05 1.36E-05 1.07E-05 1.45E-05 8.73E-06 8.73E-06
Mo-93m 2.10E-06 7.70E-07 4.44E-07 2.53E-06 8.33E-07 7.96E-07
Na-22 5.44E-05 2.04E-05 1.17E-05 2.16E-04 1.21E-04 1.17E-04
Nb-93m 3.52E-06 1.04E-06 4.77E-07 1.58E-05 7.55E-06 7.73E-06
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Table 7.1-1: Internal and External DCFs (Continued)
Internal DCFs (mrem/pCi)
Nuclide Ingestion Inges:tion Ingestion Inhalation Inhalgtion Inhalation
Infant Child Adult Infant Child Adult
DCFing DCFing DCFing DCFinh DCFinh DCFinh
Nb-94 3.60E-05 1.27E-05 6.40E-06 3.05E-04 1.90E-04 1.89E-04
Ni-59 1.25E-06 4.14E-07 2.31E-07 7.33E-06 3.30E-06 3.38E-06
Ni-63 3.15E-06 1.04E-06 5.74E-07 1.80E-05 8.07E-06 8.25E-06
Np-237 7.84E-04 4.26E-04 3.96E-04 3.49E-01 1.86E-01 1.84E-01
Np-237° 8.10E-04 4.33E-04 3.99E-04 3.49E-01 1.86E-01 1.84E-01
Np-238 2.23E-05 6.99E-06 3.31E-06 2.96E-05 1.38E-05 1.29E-05
Np-239 2.17E-05 6.55E-06 3.01E-06 8.29E-06 4.88E-06 4.33E-06
Np-240 1.72E-06 5.14E-07 2.68E-07 7.96E-07 3.30E-07 3.13E-07
Np-240m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pa-231 3.03E-03 2.09E-03 1.77E-03 1.51E+00 9.77E-01 8.51E-01
Pa-233 2.54E-05 7.73E-06 3.57E-06 3.23E-05 1.93E-05 1.69E-05
Pa-234 9.92E-06 3.18E-06 1.55E-06 3.64E-06 1.57E-06 1.47E-06
Pa-234m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pb-209 1.41E-06 4.03E-07 2.10E-07 5.33E-07 2.76E-07 2.58E-07
Pb-210 1.35E-02 7.22E-03 2.58E-03 4.26E-02 2.16E-02 2.23E-02
Pb-210° 1.35E-02 1.68E-02 7.06E-03 7.55E-02 4.12E-02 4.02E-02
Pb-211 5.37E-06 1.54E-06 6.59E-07 1.01E-04 5.62E-05 5.03E-05
Pb-212 2.35E-04 7.55E-05 2.22E-05 1.22E-03 8.88E-04 7.59E-04
Pb-214 3.89E-06 1.14E-06 5.14E-07 1.04E-04 5.66E-05 5.92E-05
Pd-107 1.05E-06 3.12E-07 1.42E-07 4.81E-06 2.34E-06 2.44E-06
Pm-147 7.03E-06 2.09E-06 9.66E-07 1.27E-04 4.22E-05 2.58E-05
Po-210 3.26E-02 9.58E-03 4.48E-03 3.20E-02 1.90E-02 1.73E-02
Po-211 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po-212 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po-213 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po-214 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po-215 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po-216 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po-218 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pr-144 1.30E-06 3.54E-07 1.87E-07 2.76E-07 7.88E-08 8.07E-08
Pt-193 9.95E-07 2.91E-07 1.32E-07 5.33E-06 2.62E-06 2.69E-06
Pu-238 1.48E-03 9.03E-04 8.44E-04 7.07E-01 4.14E-01 4.00E-01
Pu-239 1.56E-03 1.00E-03 9.29E-04 7.55E-01 4.63E-01 4.40E-01
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Table 7.1-1: Internal and External DCFs (Continued)
Internal DCFs (mrem/pCi)
Nuclide Ingestion Inges:tion Ingestion Inhalation Inhalgtion Inhalation
Infant Child Adult Infant Child Adult

DCFing DCFing DCFing DCFinh DCFinh DCFinh

Pu-240 1.56E-03 1.00E-03 9.29E-04 7.55E-01 4.63E-01 4.40E-01
Pu-241 2.14E-05 1.87E-05 1.75E-05 1.08E-02 8.81E-03 8.44E-03
Pu-242 1.48E-03 9.55E-04 8.84E-04 7.14E-01 4.40E-01 4.18E-01
Pu-243 2.32E-06 6.77E-07 3.16E-07 7.62E-07 3.42E-07 3.63E-07
Pu-244 1.53E-03 9.62E-04 8.81E-04 7.07E-01 4.33E-01 4.14E-01
Pu-244° 1.56E-03 9.71E-04 8.85E-04 7.07E-01 4.33E-01 4.14E-01
Ra-223 4.07E-03 1.68E-03 3.81E-04 5.70E-02 4.03E-02 3.47E-02
Ra-224 2.41E-03 9.47E-04 2.39E-04 2.21E-02 1.56E-02 1.35E-02
Ra-225 4.44E-03 1.86E-03 3.69E-04 5.14E-02 3.61E-02 3.11E-02
Ra-226 3.53E-03 2.97E-03 1.04E-03 6.99E-02 3.85E-02 3.81E-02
Ra-226* 3.54E-03 2.97E-03 1.04E-03 7.02E-02 3.86E-02 3.82E-02
Ra-228 2.09E-02 1.45E-02 2.58E-03 1.17E-01 6.07E-02 6.33E-02
Ra-228* 2.50E-02 1.60E-02 3.11E-03 6.85E-01 2.69E-01 2.39E-01
Rb-87 3.96E-05 1.17E-05 5.66E-06 1.07E-04 6.33E-05 6.22E-05
Re-188 4.07E-05 1.05E-05 5.03E-06 1.64E-05 3.70E-06 2.47E-06
Rh-106 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rn-219 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rn-220 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ru-106 1.84E-04 5.55E-05 2.60E-05 5.14E-04 2.62E-04 2.68E-04
S-35 3.20E-06 9.92E-07 4.85E-07 1.33E-05 8.55E-06 7.55E-06
Sb-125 2.28E-05 7.92E-06 4.26E-06 9.10E-05 5.03E-05 4.81E-05
Sb-126 5.85E-05 2.00E-05 9.92E-06 2.98E-05 1.60E-05 1.47E-05
Sb-126m 8.81E-07 2.60E-07 1.41E-07 3.13E-07 9.10E-08 8.84E-08
Sc-46 2.95E-05 1.07E-05 5.44E-06 1.24E-04 4.33E-05 2.76E-05
Se-79 9.77E-05 4.77E-05 1.01E-05 4.48E-05 2.59E-05 2.51E-05
Sm-147 5.07E-04 2.36E-04 1.83E-04 2.38E-01 1.05E-01 8.55E-02
Sm-151 2.39E-06 7.36E-07 3.66E-07 9.92E-05 4.29E-05 3.43E-05
Sn-121 6.33E-06 1.86E-06 8.51E-07 2.04E-06 1.17E-06 1.05E-06
Sn-121m 1.03E-05 3.07E-06 1.43E-06 1.02E-04 5.99E-05 5.88E-05
Sn-126 1.14E-04 3.65E-05 1.78E-05 9.81E-04 5.99E-04 6.14E-04
Sn-126* 1.23E-04 3.96E-05 1.93E-05 9.85E-04 6.02E-04 6.16E-04
Sr-90 2.68E-04 2.21E-04 1.02E-04 9.92E-04 5.88E-04 6.07E-04
Sr-90*° 3.42E-04 2.42E-04 1.12E-04 1.01E-03 5.95E-04 6.13E-04
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Table 7.1-1: Internal and External DCFs (Continued)
Internal DCFs (mrem/pCi)
Nuclide Ingestion Inges:tion Ingestion Inhalation Inhalgtion Inhalation
Infant Child Adult Infant Child Adult

DCFing DCFing DCFing DCFinh DCFinh DCFinh

Tc-99 1.76E-05 4.85E-06 2.38E-06 8.92E-05 5.37E-05 5.25E-05
Te-125m 2.34E-05 6.88E-06 3.22E-06 2.87E-05 1.94E-05 1.67E-05
Th-227 2.64E-04 8.55E-05 3.37E-05 6.99E-02 4.77E-02 4.14E-02
Th-228 1.37E-03 5.07E-04 2.66E-04 5.44E-01 1.91E-01 1.61E-01
Th-229 3.85E-03 2.31E-03 1.85E-03 1.91E+00 1.08E+00 8.84E-01
Th-229° 9.19E-03 4.48E-03 2.36E-03 2.02E+00 1.15E+00 9.50E-01
Th-230 1.52E-03 9.10E-04 7.92E-04 7.36E-01 4.18E-01 3.77E-01
Th-231 9.21E-06 2.72E-06 1.24E-06 3.00E-06 1.51E-06 1.40E-06
Th-232 1.69E-03 1.07E-03 8.55E-04 8.33E-01 4.96E-01 4.07E-01
Th-234 9.32E-05 2.76E-05 1.25E-05 9.07E-05 3.36E-05 3.18E-05
T1-207 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
T1-208 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
T1-209 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
U-232 3.04E-03 2.12E-03 1.24E-03 2.43E-01 1.40E-01 1.44E-01
U-232° 7.06E-03 3.65E-03 1.76E-03 8.11E-01 3.48E-01 3.19E-01
U-233 5.11E-04 2.89E-04 1.89E-04 7.03E-02 3.89E-02 3.81E-02
U-234 4.96E-04 2.76E-04 1.83E-04 6.92E-02 3.81E-02 3.74E-02
U-235 4.77E-04 2.64E-04 1.73E-04 6.29E-02 3.40E-02 3.38E-02
U-235° 4.87E-04 2.67E-04 1.74E-04 6.29E-02 3.40E-02 3.38E-02
U-236 4.66E-04 2.59E-04 1.72E-04 6.44E-02 3.49E-02 3.46E-02
U-238 4.48E-04 2.50E-04 1.65E-04 5.96E-02 3.22E-02 3.21E-02
U-238° 5.51E-04 2.81E-04 1.79E-04 5.97E-02 3.22E-02 3.21E-02
U-240 2.95E-05 8.77E-06 4.03E-06 5.85E-06 2.52E-06 2.45E-06
W-181 2.01E-06 6.62E-07 3.20E-07 2.66E-06 1.26E-06 1.20E-06
W-185 1.21E-05 3.59E-06 1.64E-06 2.75E-05 1.79E-05 1.57E-05
W-188 5.70E-05 1.69E-05 7.73E-06 1.20E-04 6.73E-05 6.36E-05
Y-90 7.40E-05 2.18E-05 9.92E-06 1.89E-05 6.59E-06 6.55E-06
Zr-93 2.77E-06 2.11E-06 3.96E-06 1.73E-05 3.55E-05 8.92E-05

Sources: DOE-STD-1196-2011, Tables A-1 and A2.
a Value shows the sum of a parent radionuclide plus daughter products assumed to be at secular equilibrium.
See Table 7.1-2 for a summary of which radionuclides were used in this assumption.
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APPENDIX C. BIOSPHERE DOSE CONVERSION FACTORS FROM
REVISED DOSE CALCULATION METHODOLOGY

This appendix uses unit concentrations (i.e., 1.0 pCi/L) for each radionuclide to calculate
biosphere dose conversion factors (BDCFs) for all groundwater pathways considered. Note that
due to soil buildup (see Eq. 3.1-3b), some BDCFs vary over time. For such BDCFs, the highest
value over time is reported.
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Table C-1: Biosphere Dose Conversion Factors for Ingestion Pathways for Select Radionuclides

Fruit and . .

r'?u"’:: c::ge Water Ingestion Soil Ingestion \I/sggee;:liglﬁ In'g\;/éi?iton Ingglsltli(on Poultry Ingestion Egg Ingestion Inglg:elz'gon
(mrem/yr)/ (pCi/L) | (mrem/yr)/ (pCi/L) (“(‘Ir)ecnil//g)r)/ (n(“;‘(’:“iyg)r)/ (r?;ecnll//g)r | (mrem/yry (pCI/L) | (mrem/yry (pCi/L) (“(llgec“i“/g)r)/

Ac-227 7.85E-01 1.34E-03 6.40E-03 | 4.96E-05 | 2.74E-06 7.93E-07 4.66E-07 3.04E-02
Ag-108m 3.71E-03 3.04E-07 3.02E-05 | 1.75E-06 | 1.02E-06 8.64E-07 1.89E-07 6.31E-04
Al-26 5.78E-03 1.44E-05 481E-05 | 1.37E-06 | 2.08E-07 4.09E-24 3.58E-24 4.56E-04
Am-241 3.00E-01 7.15E-04 2.45E-03 | 2.36E-05 | 2.19E-08 3.41E-07 1.50E-07 1.11E-01
Am-242m 2.92E-01 6.74E-04 2.39E-03 | 2.30E-05 | 2.14E-08 3.28E-07 1.44E-07 1.09E-01
Am-243 2.98E-01 7.24E-04 2.44E-03 | 2.35E-05 | 2.18E-08 3.42E-07 1.50E-07 1.11E-01
Bi-210m 2.53E-02 6.15E-05 1.66E-03 | 4.18E-06 | 4.58E-06 6.59E-07 1.54E-06 5.88E-04
C-14 7.96E-04 6.53E-08 8.64E-06 | 4.17E-06 | 1.75E-06 3.49E-25 3.06E-25 3.70E-06
Cf-249 5.61E-01 1.33E-03 4.59E-03 | 3.54E-06 | 1.47E-07 6.38E-07 3.75E-07 2.17E-02
Cf-251 5.71E-01 1.38E-03 4.67E-03 | 3.61E-06 | 1.49E-07 6.53E-07 3.84E-07 2.21E-02
CI-36 1.56E-03 1.28E-08 2.32E-05 | 4.95E-06 | 5.19E-06 5.75E-09 4.53E-07 1.14E-04
Cm-243 2.26E-01 4.19E-04 1.86E-03 | 1.43E-06 | 7.90E-07 2.35E-07 1.38E-07 1.05E-02
Cm-244 1.90E-01 3.05E-04 1.56E-03 | 1.20E-06 | 6.63E-07 1.88E-07 1.11E-07 8.83E-03
Cm-245 3.04E-01 7.39E-04 2.50E-03 | 1.92E-06 | 1.06E-06 3.49E-07 2.05E-07 1.41E-02
Cm-246 3.03E-01 7.36E-04 2.49E-03 | 1.92E-06 | 1.06E-06 3.48E-07 2.05E-07 1.41E-02
Cm-247 2.80E-01 6.80E-04 2.30E-03 | 1.77E-06 | 9.76E-07 3.21E-07 1.89E-07 1.30E-02
Cm-248 1.14E+00 2.76E-03 9.34E-03 | 7.18E-06 | 3.96E-06 1.30E-06 7.66E-07 5.28E-02
Co-60 6.90E-03 1.64E-06 6.58E-05 | 4.85E-07 | 1.36E-07 8.27E-07 2.46E-08 8.12E-04
Cs-135 3.32E-03 2.73E-07 2.75E-05 | 1.15E-05 | 2.67E-06 1.05E-06 1.37E-07 1.29E-02
Cs-137 1.67E-02 1.35E-06 1.38E-04 | 5.80E-05 | 1.34E-05 5.27E-06 6.87E-07 6.48E-02
Eu-152 2.19E-03 3.08E-06 2.07E-05 | 7.13E-09 | 1.17E-08 7.03E-10 1.24E-11 4.41E-04
Eu-154 3.28E-03 3.66E-06 3.01E-05 | 1.06E-08 | 1.75E-08 9.91E-10 1.74E-11 6.61E-04
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Table C-1: Biosphere Dose Conversion Factors for Ingestion Pathways for Select Radionuclides (Continued)

Radio- Water Ingestion Ingsezltlion ?Egé&gglg Inlg\]/éz(t:‘iton Ing/lelslt‘i(on Poultry Ingestion Egg Ingestion IngIJ:eI:tk;on
nucli
elde (mrem/yr)/ (pCi/L) (‘T(I;%‘E’/“Ly)r)/ (n(llrfcr?//g)r)/ (“?;ecni’//g)r)/ (‘T(I;%‘E’/“Ly)r)/ (mrem/yr)/ (pCi/L) | (mrem/yr)/ (pCi/L) (Hg)ec“i‘//g)r)/
Eu-155 5.68E-04 3.99E-07 | 4.97E-06 | 1.82E-09 | 3.00E-09 1.56E-10 2.74E-12 1.14E-04
Gd-152 6.70E-02 1.63E-04 | 7.00E-04 | 2.24E-07 | 3.65E-07 2.61E-08 4.59E-10 3.11E-03
H-3 2.64E-05 0.00E+00 | 2.15E-07 | 1.51E-23 | 6.90E-08 0.00E+00 0.00E+00 4.09E-08
1-129 1.52E-01 1.25E-06 | 4.96E-03 | 2.70E-04 | 2.09E-04 1.93E-07 4.67E-05 7.08E-03
K-40 1.03E-02 424E-07 | 9.83E-05 | 3.37E-05 | 1.33E-05 4.86E-07 1.06E-06 5.12B-02
Mo-93 3.91E-03 9.35E-06 | 2.26E-04 | 1.47E-06 | 1.44E-06 1.79E-07 5.58E-07 1.15E-05
Nb-93m 2.24E-04 1.89E-07 | 1.92E-06 | 9.26E-12 | 1.61E-11 9.49E-12 2.78E-11 1.04E-04
Nb-94 2.81E-03 3.26E-06 | 2.46E-05 | 1.17E-10 | 2.02E-10 1.28E-10 3.73E-10 1.30E-03
Ni-59 1.00E-04 576E-09 | 8.46E-07 | 7.94E-08 | 1.67E-08 1.17E-11 1.02E-09 3.26E-06
Ni-63 2.49E-04 1.43E-08 | 2.10E-06 | 1.97E-07 | 4.14E-08 2.89E-11 2.54E-09 8.10E-06
Np-237 1.59E-01 391E-06 | 1.30E-03 | 2.50E-05 | 1.38E-07 1.09E-07 6.41E-08 5.16E-03
Pa-231 7.04E-01 1.73E-05 | 5.73E-03 | 4.92E-05 | 6.13E-07 4.83E-07 2.84E-07 1.09E-02
Pb-210 3.50E+00 6.40E-03 | 3.67E-02 | 4.11E-04 | 121E-04 4.91E-04 5.38E-04 1.36E-01
Pd-107 6.66E-05 3.83E-09 | 5.54B-07 | 4.22E-08 | 1.17E-07 2.32E-12 2.72E-11 1.03E-06
Pt-193 6.19E-05 3.53E-09 | 5.11E-07 | 3.92E-08 | 5.56E-08 0.00E-+00 0.00E+00 3.35E-06
Pu-238 3.31E-01 6.66E-04 | 2.70E-03 | 5.71E-08 | 5.77E-07 1.77E-07 6.21E-08 1.54E-02
Pu-239 3.64E-01 8.00E-04 | 2.97E-03 | 6.28E-08 | 6.34E-07 2.01E-07 7.05E-08 1.69E-02
Pu-240 3.64E-01 799E-04 | 2.97E-03 | 6.28E-08 | 6.34E-07 2.01E-07 7.05E-08 1.69E-02
Pu-241 6.56E-03 8.80E-06 | 5.33E-05 | 1.13E-09 | 1.14E-08 3.08E-09 1.08E-09 3.05E-04
Pu-242 3.43E-01 7.55E-04 | 2.80E-03 | 5.93E-08 | 5.99E-07 1.90E-07 6.66E-08 1.60E-02
Pu-244 3.47E-01 7.62E-04 | 2.83B-03 | 5.99E-08 | 6.05E-07 1.91E-07 6.72E-08 1.61E-02
Ra-226 5.71E-01 1.17E-04 | 4.87E-03 | 1.54E-04 | 3.81E-05 2.07E-06 1.88E-05 3.54E-03
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Table C-1: Biosphere Dose Conversion Factors for Ingestion Pathways for Select Radionuclides (Continued)

. Fruit and . .

Radio- Water Ingestion Ingsezltlion \I/r(]agg;[ggl: Inlg\]/éz(t:‘iton Ing/lelslt‘i(on Poultry Ingestion Egg Ingestion IngIJ:eI:tk;on
nucli

elde (mrem/yr)/ (pCi/L) (‘T(I;%‘E’/“Ly)r)/ (n(llrfcr?//g)r)/ (“?;ecni’//g)r)/ (‘T(I;%‘E’/“Ly)r)/ (mrem/yr)/ (pCi/L) | (mrem/yr)/ (pCi/L) (Hg)ec“i‘//g)r)/
Ra-228 2.33E+00 3.93E-04 | 1.96B-02 | 627E-04 | 1.55E-04 8.36E-06 7.58E-05 1.44E-02
Se-79 5.88E-03 1.41E-05 | 1.09E-04 | 1.79E-05 | 4.91E-06 1.17E-05 1.68E-05 5.46E-02
Sm-147 8.06E-02 1.96E-04 | 8.42E-04 | 4.26E-06 | 4.39E-07 3.14E-08 5.52E-10 3.74E-03
Sm-151 1.70E-04 3.78E-07 | 1.74E-06 | 8.93E-09 | 9.23E-10 6.38E-11 1.12E-12 7.90E-06
Sn-126 8.70E-03 227E-05 | 827E-05 | 1.14E-04 | 1.56E-06 1.38E-06 1.52E-06 4.04E-02
Sr-90 5.00E-02 2.03E-06 | 4.75E-04 | 1.06E-05 | 1.16E-05 1.17E-07 1.79E-06 2.24E-04
Tc-99 1.13E-03 5.57E-09 | 2.48E-05 | 1.56E-06 | 4.64E-07 4.48E-09 3.93E-07 3.51E-05
Th-229 1.13E+00 2.66E-03 | 9.33E-03 | 4.10E-05 | 9.88E-07 1.28E-06 7.54E-07 1.05E-02
Th-230 3.18E-01 749E-04 | 2.62B-03 | 1.15E-05 | 2.78E-07 3.61E-07 2.12E-07 2.96E-03
Th-232 3.50E-01 8.24E-04 | 2.89E-03 | 127E-05 | 3.06E-07 3.97E-07 2.33E-07 3.25E-03
U-232 8.26E-01 1.26E-03 | 7.53E-03 | 521E-05 | 2.64E-04 1.01E-04 1.31E-04 1.23E-03
U-233 7.58E-02 1.28E-04 | 6.98E-04 | 4.79E-06 | 2.43E-05 9.59E-06 1.23E-05 1.13E-04
U-234 7.31E-02 1.23E-04 | 6.73E-04 | 4.62E-06 | 2.34E-05 9.25E-06 1.19E-05 1.09E-04
U-235 6.97E-02 1.17E-04 | 6.42E-04 | 4.41E-06 | 2.23E-05 8.82E-06 1.14E-05 1.04E-04
U-236 6.87E-02 1.16E-04 | 6.33E-04 | 4.34E-06 | 2.20E-05 8.69E-06 1.12E-05 1.02E-04
U-238 7.24E-02 1.22E-04 | 6.67E-04 | 4.58E-06 | 2.32E-05 9.16E-06 1.18E-05 1.08E-04
Zr-93 1.26E-03 2.96E-06 | 1.08E-05 | 2.40E-10 | 7.95E-10 1.43E-11 4.18E-11 4.29E-05
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Table C-2: Biosphere Dose Conversion Factors for Exposure and Inhalation Pathways for Select Radionuclides

. Boating Sswimming Showe!' Irrigatic_)n ' Swimmin
Radio- Soil Exposure Shower Exposure Exposure Exposure Inhalatio | Inhalatio Dust Inhalation g

nuclide n n Inhalation
(mrem/yr)/ (mrem/yr)/ (mrem/yr)/ (mrem/yr)/ (mrem/yr)/ | (mrem/yr)/ (mrem/yr)/ (mrem/yr)/

(pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L)

Ac-227 8.60E-04 5.82E-05 6.06E-06 8.25E-06 1.73E-04 | 9.47E-05 1.51E-04 5.96E-06
Ag-108m 1.71E-04 2.20E-04 2.29E-05 3.11E-05 7.45E-09 | 4.09E-09 3.12E-10 2.57E-10
Al-26 8.86E-03 3.90E-04 4.06E-05 5.53E-05 1.39E-08 | 7.65E-09 1.77E-08 4.82E-10
Am-241 2.30E-05 2.16E-06 2.25E-07 3.06E-07 1.04E-04 | 5.73E-05 1.27E-04 3.61E-06
Am-242m 3.45E-05 2.17E-06 2.26E-07 3.08E-07 1.02E-04 | 5.60E-05 1.20E-04 3.53E-06
Am-243 5.23E-04 2.88E-05 3.00E-06 4.08E-06 1.04E-04 | 5.70E-05 1.29E-04 3.59E-06
Bi-210m 7.77E-04 3.55E-05 3.70E-06 5.03E-06 5.78E-08 | 3.17E-08 7.19E-08 2.00E-09
C-14 2.35E-10 4.04E-09 421E-10 5.73E-10 2.32E-10 1.27E-10 9.73E-12 8.02E-12
Cf-249 9.66E-04 4.36E-05 4.54E-06 6.17E-06 1.90E-04 1.04E-04 2.30E-04 6.55E-06
Cf-251 2.83E-04 1.50E-05 1.56E-06 2.13E-06 1.93E-04 1.06E-04 2.37E-04 6.66E-06
ClI-36 4.97E-09 2.72E-07 2.84E-08 3.86E-08 437E-10 | 2.40E-10 1.83E-12 1.51E-11
Cm-243 2.50E-04 1.64E-05 1.71E-06 2.33E-06 7.62E-05 | 4.18E-05 7.21E-05 2.63E-06
Cm-244 7.52E-08 1.30E-08 1.35E-09 1.84E-09 6.27E-05 3.44E-05 5.14E-05 2.17E-06
Cm-245 2.20E-04 1.25E-05 1.30E-06 1.77E-06 1.06E-04 | 5.84E-05 1.32E-04 3.68E-06
Cm-246 1.17E-05 5.42E-07 5.65E-08 7.68E-08 1.06E-04 | 5.84E-05 1.32E-04 3.68E-06
Cm-247 1.01E-03 4.51E-05 4.70E-06 6.39E-06 9.75E-05 5.35E-05 1.21E-04 3.37E-06
Cm-248 4.23E-03 1.94E-04 2.03E-05 2.75E-05 3.91E-04 | 2.15E-04 4.86E-04 1.35E-05
Co-60 7.96E-04 3.61E-04 3.76E-05 5.12E-05 6.41E-09 | 3.52E-09 7.79E-10 2.22E-10
Cs-135 1.66E-09 3.32E-08 3.46E-09 4.71E-09 9.72E-10 | 5.33E-10 4.08E-11 3.36E-11
Cs-137 5.96E-05 7.73E-05 8.05E-06 1.10E-05 4.89E-09 | 2.68E-09 2.02E-10 1.69E-10
Eu-152 2.12E-03 1.64E-04 1.71E-05 2.33E-05 1.06E-07 | 5.79E-08 7.58E-08 3.65E-09
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Table C-2: Biosphere Dose Conversion Factors for Exposure and Inhalation Pathways for Select Radionuclides
(Continued)

. Soil Exposure Shower Exposure | Boating Exposure Swimming Showe:r Irrigati_on DUSt. Swimm_ing
Radio- Exposure Inhalation | Inhalation | Inhalation | Inhalation
nuclide (mrem/yr)/ (pCi/L) | (mrem/yr)/ (pCi/L) | (mrem/yr)/ (pCi/L) | (mrem/yr)/ (pCi/L) (n(l;%n://g; Y (n(l;%n://]il)r Y (n(lrr)ecnll//ﬁ/)r y (n(llr)%nll//z)r) /
Eu-154 1.81E-03 1.75E-04 1.83E-05 2.48E-05 1.23E-07 | 6.72E-08 | 6.98E-08 | 4.23E-09
Eu-155 2.98E-05 6.83E-06 7.11E-07 9.67E-07 1.47E-08 | 8.06E-09 | 5.28E-09 5.08E-10
Gd-152 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.14E-05 1.17E-05 2.66E-05 7.39E-07

H-3 0.00E+00 0.00E-+00 0.00E+00 0.00E+00 7.10E-12 | 3.90E-12 | 0.00E+00 | 2.45E-13
1-129 2.06E-08 9.36E-07 9.75E-08 1.33E-07 4.31E-08 2.37E-08 1.81E-10 1.49E-09
K-40 8.75E-06 2.35E-05 2.45E-06 3.33E-06 2.75E-09 1.51E-09 | 5.76E-11 9.49E-11
Mo-93 2.54E-07 5.59E-08 5.83E-09 7.92E-09 1.05E-09 | 5.76E-10 1.28E-09 3.63E-11
Nb-93m 1.60E-08 1.00E-08 1.04E-09 1.42E-09 2.96E-10 1.63E-10 1.27E-10 1.02E-11
Nb-94 2.38E-03 2.17E-04 2.26E-05 3.08E-05 7.07E-09 | 3.88E-09 | 4.20E-09 2.44E-10
Ni-59 1.15E-09 2.10E-09 2.19E-10 2.98E-10 2.15E-10 1.18E-10 6.31E-12 7.42E-12
Ni-63 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.29E-10 2.90E-10 1.55E-11 1.83E-11
Np-237 6.58E-06 3.12E-05 3.25E-06 4.42E-06 5.38E-05 | 2.95E-05 | 6.76E-07 1.86E-06
Pa-231 9.69E-07 4.45E-06 4.64E-07 6.31E-07 2.52E-04 1.38E-04 | 3.17E-06 8.71E-06
Pb-210 3.56E-06 5.71E-07 5.95E-08 8.09E-08 1.89E-06 1.04E-06 1.76E-06 | 6.53E-08
Pd-107 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.42E-11 1.88E-11 1.00E-12 1.18E-12
Pt-193 6.46E-11 9.20E-10 9.59E-11 1.30E-10 3.05E-11 1.67E-11 8.89E-13 1.05E-12
Pu-238 5.80E-08 1.09E-08 1.14E-09 1.55E-09 1.17E-04 6.42E-05 1.20E-04 4.04E-06
Pu-239 1.52E-07 1.19E-08 1.24E-09 1.69E-09 1.29E-04 | 7.07E-05 1.45E-04 | 4.45E-06
Pu-240 6.39E-08 1.07E-08 1.12E-09 1.52E-09 1.29E-04 | 7.07E-05 1.45E-04 | 4.45E-06
Pu-241 1.82E-09 1.92E-10 2.00E-11 2.72E-11 2.45E-06 1.34E-06 1.68E-06 8.46E-08
Pu-242 2.73E-07 2.00E-08 2.09E-09 2.84E-09 1.23E-04 | 6.72E-05 1.38E-04 | 4.23E-06
Pu-244 9.85E-04 4.84E-05 5.04E-06 6.85E-06 1.20E-04 | 6.60E-05 1.35E-04 | 4.15E-06
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Table C-2: Biosphere Dose Conversion Factors for Exposure and Inhalation Pathways for Select Radionuclides
(Continued)

. Soil Exposure Shower Exposure | Boating Exposure Swimming Showgr Irrigati_on DUSt. Swimm_ing
Radio- Exposure Inhalation | Inhalation | Inhalation | Inhalation
nuclide (mrem/yr)/ (pCi/L) | (mrem/yr)/ (pCi/L) | (mrem/yr)/ (pCi/L) | (mrem/yr)/ (pCi/L) (n(l;%n://g; Y (n(l;%n://]il)r Y (n(lrr)ecnll//ﬁ/)r y (n(llr)%l?//z)r) /
Ra-226 4.69E-04 2.51E-04 2.61E-05 3.55E-05 5.09E-07 | 2.79E-07 | 5.33E-08 1.76E-08
Ra-228 5.13E-04 3.41E-04 3.55E-05 4.83E-05 3.82E-05 | 2.10E-05 | 3.29E-06 1.32E-06

Se-79 7.93E-09 4.74E-09 4.94E-10 6.72E-10 1.79E-09 | 9.81E-10 | 2.19E-09 6.18E-11
Sm-147 0.00E+00 0.00E-+00 0.00E+00 0.00E+00 2.60E-05 1.43E-05 | 3.23E-05 8.97E-07
Sm-151 4.18E-10 8.69E-11 9.05E-12 1.23E-11 1.05E-08 5.74E-09 1.19E-08 3.62E-10
Sn-126 6.66E-03 2.72E-04 2.84E-05 3.86E-05 1.44E-08 | 7.87E-09 1.91E-08 | 4.96E-10

Sr-90 4.15E-07 1.54E-06 1.60E-07 2.18E-07 3.02E-08 1.66E-08 | 6.28E-10 1.04E-09

Tc-99 1.41E-10 4.40E-08 4.59E-09 6.24E-09 3.85E-10 | 2.11E-10 | 9.70E-13 1.33E-11
Th-229 8.11E-04 4.10E-05 4.28E-06 5.81E-06 2.66E-04 1.46E-04 | 3.20E-04 | 9.20E-06
Th-230 6.66E-07 4.79E-08 4.99E-09 6.78E-09 1.11E-04 | 6.08E-05 1.33E-04 | 3.83E-06
Th-232 2.91E-07 2.52E-08 2.63E-09 3.57E-09 1.23E-04 | 6.72E-05 1.47E-04 | 4.23E-06

U-232 2.93E-03 2.18E-04 2.28E-05 3.09E-05 4.14E-05 | 2.27E-05 | 3.24E-05 1.43E-06

U-233 3.88E-07 3.29E-08 3.43E-09 4.66E-09 6.79E-07 | 3.72E-07 | 5.84E-07 2.35E-08

U-234 1.50E-07 1.96E-08 2.04E-09 2.77E-09 6.56E-07 | 3.60E-07 | 5.64E-07 2.27E-08

U-235 3.12E-04 2.26E-05 2.35E-06 3.20E-06 6.10E-07 | 3.35E-07 | 5.24E-07 2.11E-08

U-236 7.68E-08 1.21E-08 1.26E-09 1.72E-09 6.15E-07 | 3.38E-07 | 5.29E-07 2.13E-08

U-238 3.22E-03 2.08E-04 2.16E-05 2.94E-05 5.92E-07 | 3.25E-07 | 5.10E-07 2.05E-08

Zr-93 0.00E+00 9.46E-13 9.85E-14 1.34E-13 2.34E-08 1.28E-08 | 2.82E-08 8.09E-10
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APPENDIX D

ASSESSMENT OF REVISED DOSE CALCULATION
METHODOLOGY ON EXISTING PAS AND SAS

Page 142 of 148



Dose Calculation Methodology for SRR-CWDA-2013-00058
Liquid Waste Performance Assessments Revision 1
at the Savannah River Site July 2014

APPENDIX D. ASSESSMENT OF REVISED DOSE CALCULATION
METHODOLOGY ON EXISTING PAS AND SAS

The dose calculation methodology introduced within this report is different than the
methodology applied in the current (existing) Liquid Waste PAs. This appendix uses
concentration data from the existing PAs to recalculate doses using this updated methodology in
order to assess the impact of the recommended changes.

Note that the doses presented in this appendix do not represent actual projected dose, as would
be developed for PAs or Special Analyses. Some modeling parameters (such as K, values) are
used in both concentration calculations and the dose calculations, such that the doses presented
here may have internally inconsistent values. Additionally, coarse timesteps were used for this
analysis; using smaller timesteps could yield different results, especially with respect to releases
that occur quickly. Therefore the doses presented here are for comparison purposes only.

This appendix has four sections. Section D1 shows dose comparisons using FTF groundwater
concentrations. Section D2 shows dose comparisons using HTF groundwater concentrations.
Section D3 shows dose comparisons using SDF groundwater concentrations. Finally, Section
D4 summarizes the dose comparisons and provides general conclusions.

D1. FTF Dose Comparison

At the time of the preparation of this report, the most current FTF contaminant concentrations
were determined for the FTF Special Analysis for Tanks 5 and 6. [SRR-CWDA-2012-00106]
This Special Analysis had two important modeling cases in it: the Evaluation Case (which was
based on the Base Case from the FTF PA, only with updated inventory data) and the Composite
Sensitivity Study (which incorporated a number of other parameter value updates). The
following figures (Figure D1-1 and D1-2) applied the respective groundwater concentration
values at the 100-meter boundary from these models to provide a total groundwater dose
comparison. In general, the resulting doses were lower when using the revised dose calculation
and the parameter values described within the body of this report.
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Figure D1-1: 100-Meter MOP Dose Comparison Using Concentrations from the Tank 5
and 6 FTF Special Analysis, Evaluation Case (0-50,000 Years)
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Figure D1-2: 100-Meter MOP Dose Comparison Using Concentrations from the Tank 5
and 6 FTF Special Analysis, Composite Sensitivity Study (0-50,000 Years)
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D2. HTF Dose Comparison

At the time of the preparation of this report, the most current HTF contaminant concentrations
were determined for the Revision 1 of the HTF PA. [SRR-CWDA-2010-00128] The following
figure (Figure D2-1) applied the groundwater concentration values at the 100-meter boundary
from the HTF PA Base Case model to provide a total dose comparison. In general, the resulting
doses were lower within the first 10,000 years when using the revised dose calculation and the
parameter values described within the body of this report. After 10,000 years, the revised dose
results gradually increase to be approximately 10% to 15% higher than the doses in the HTF PA.
This increase is driven by an increase to the Ra-226 dose conversion, particularly due to the
increased water intake.

Figure D2-1: 100-Meter MOP Dose Comparison Using Concentrations from the HTF PA,
Base Case (0-50,000 Years)

80

60

40

Dose (mrem/yr)

0 :
0 5000 10,000 15,000 20,000 25,000 30,000 35.000 40.000 45,000 50,000

Years After Closure

= HTF PA,Base = = HTF PA New, Base

D3. SDF Dose Comparison

At the time of the preparation of this report, the most current SDF contaminant concentrations
were determined for Revision 2 of the FY2013 SDF Special Analysis. [SRR-CWDA-2013-
00062] The following figure (Figure D3-1) applied the groundwater concentration values at the
100-meter boundary from the Evaluation Case model in the FY2013 SDF Special Analysis to
provide a total dose comparison. In general, the resulting doses were not significantly different
when using the revised dose calculation and the parameter values described within the body of
this report.
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Figure D3-1: 100-Meter MOP Dose Comparison Using Concentrations from the FY2013
SDF Special Analysis, Evaluation Case (0-50,000 Years)
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Finally, Figure D3-2 shown the results comparing the groundwater doses using the Evaluation
Case concentrations from the FY2014 SDF Special Analysis. This Special Analysis is currently
in internal DOE review and is subject to change.
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Figure D3-2: 100-Meter MOP Dose Comparison Using Concentrations from the FY2014
SDF Special Analysis, Evaluation Case (0-50,000 Years)
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D4.  Summary of Dose Comparisons

Table D-1 shows the peak doses for the scenarios that were considered. As seen in the previous
figures, none of the dose results significantly changed within the first 10,000 years of simulation.
Beyond the first 10,000 years, FTF results were generally lower, HTF results were generally
higher, and the SDF results were very similar through the application of this revised dose
calculation. Again, note that results may vary based upon timesteps and other potential modeling
parameters. The values shown here are intend for comparison purposes only and do not
constitute specific “Base Case” results.

Table D-1: Peak Dose Comparisons

Peak Dose (mrem/yr) to the 100-Meter MOP

Within Within Between Within

1,000 10,000 10,000 and 50,000

Years Years 20,000 Years Years
SA Evaluation Case 0.41 33 39.7 594
FTF Tank 5/6 Revised Dose 0.35 2.9 37.4 480
SA Composite Sensitivity Study 0.34 2.4 21.5 22
Revised Dose 0.30 1.7 16.1 16.1
PA Base Case 0.28 3.9 8.7 47
HTF PA, Rev. 1 Revised Dose 0.23 32 9.0 62
FY2013 SDF SA Evaluation Case 0.04 11.5 2.9 398
SA, Rev. 2 Revised Dose 0.05 12.5 3.9 479
FY?2014 SDF SA Evaluation Case 0.03 11.5 52 361
SA, Rev. 1 Revised Dose 0.04 12.3 7.3 398
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